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Background 

The prevalence of overweight and obesity has been increasing in many countries and has been 

recognised as a global cause for concern (World Health Organization, 2007). Excess body weight 

has been associated with several adverse health outcomes and with important consequences for 

cardiovascular health in particular. Estimates suggest 35% of ischaemic heart disease (IHD) cases 

are attributable to overweight and obesity, as well as 80% of type 2 diabetes cases and 55% of 

hypertension cases (World Health Organization, 2007). 

 

In England, 2009 data suggest 33% of women and 44% of men were overweight, with a further 

24% of women and 22% of men classified as obese (NHS Information Centre, 2010), a pattern 

consistent with other nations of the UK (Bates et al., 2009). If trends are to continue, it has been 

predicted that, by 2050, 60% of men and 50% of women will be obese (Butland et al., 2007). A 

similar pattern has been observed in children and adolescents in the UK, with around 25% of four- 

to 10-year-olds and 36% of 11- to 18-year-olds reported as overweight (Bates et al., 2009). It is 

thought that one quarter of children may be obese by 2050 (Butland et al., 2007). With the 

considerable health costs associated with the co-morbidities, this represents a significant burden 

for health care systems. 

 

Overweight and obesity are international classifications of body fatness, and are defined as having 

a body mass index (BMI) of ≥25kg/m2 and of ≥30kg/m2 respectively (World Health Organisation, 

1995). Although a crude weight-for-height measure, BMI provides a useful tool for the assessment 

of health risk. At present, WHO does not recommend different, population-specific BMI cut points 

for determining overweight and obesity, despite evidence that adiposity-related disease risks may 

be higher at lower BMI levels in certain populations (WHO expert consultation, 2004). Rather, 

according to the WHO Expert Consultation, intermediate cut-off points of 23.0, 27.5, 32.5 and 37.5 

kg/m2 should be used, where necessary, as trigger points for public health action. 

 

In children, where the interpretation of BMI is limited by growth trajectories, it is common practice 

to interpret BMI in relation to an age-specific reference population mean. The International Obesity 

Task Force (IOTF) thus defines obesity in childhood as the BMI Z-score (or standard deviation 

score) that, if maintained through to adulthood (18 years), would equate to a classification of 

overweight and obese (Cole et al., 2000). Other classifications are also found in the literature: for 

example, adopting cut-off points at the extremes of distribution, such as above the 90th centile. In 

these methods, the mean, standard deviation and centiles will vary according to the reference 

population or growth charts used. The studies included in this review employ different reference 

sources and a variety of cut-off points for describing incident overweight and obesity in children. 

As well as incident overweight and obesity, many of the studies in the review report continuous 

measures of or changes in body weight (in kg or lb). 
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Body fatness can also be estimated using a number of other methods. Skinfold thickness 

measurements can be taken using callipers at the biceps, triceps, subscapular and supra-iliac 

sites, to give an indication of subcutaneous fat. Waist circumference is a crude measure of intra-

abdominal fat, which has been associated with increased risk of cardio-metabolic disorders: a 

circumference of 102cm or more in men and 88cm in women constitutes one of the defining facets 

of metabolic syndrome (Scottish Intercollegiate Guidelines Network, 2007). Waist-to-hip ratio is 

also thought to give an indication of body fat distribution. Body fat distribution can be assessed 

using dual-energy X-ray absorptiometry (DEXA) when applied to specific areas of the body or 

combined with further measurements of body dimensions such as sagittal diameter and/or waist 

circumference. 

 

The role of carbohydrates in weight gain or incidence of obesity is unclear. The theoretical basis 

for the purported carbohydrate-body weight link lies in the glycaemic response elicited by 

carbohydrates, with the suggestion that foods with a high glycaemic index or load (GI or GL) may 

interfere with hunger and satiety signalling, and consequently lead to overconsumption (Bornet et 

al., 2007;Bellisle and Drewnowski, 2007;Van Dam and Seidell, 2007). There has also been the 

suggestion that liquid sources of carbohydrates may interfere with appetite regulatory systems to a 

greater extent than solid energy sources (Van Dam and Seidell, 2007;Bellisle and Drewnowski, 

2007). Existing reviews in the field, however, are cautious in their conclusions, citing 

inconsistencies in the literature (Van Dam and Seidell, 2007;Gibson, 2008;Vega-Lopez and Mayol-

Kreiser, 2009). Many reviews focus on a specific type of carbohydrate, such as added sugars, or 

sugar-sweetened beverages (Gibson, 2008;Malik et al., 2006). Some authors assert that 

increased intakes of carbohydrates, as indicated by dietary surveys, have occurred concurrently 

with the rising rates of overweight and obesity (Dyson, 2008;Malik et al., 2006). An early report by 

the Committee on Medical Aspects of Food Policy (Committee on Medical Aspects of Food Policy, 

1989) reported evidence of an inverse relationship between reported sugar intake and body weight 

(Richardson, 1972;Keen et al., 1979). On the other hand, the same publication reported evidence 

of weight loss prompted by sugar restriction (Mann et al., 1970;Rifkind et al., 1966;Werner et al., 

1984;Thornton et al., 1983). 

 

The focus of this chapter is to review literature investigating the prevention of weight gain or 

increased body fatness in relation to dietary carbohydrate in healthy individuals (or those with 

minimally raised markers of cardiometabolic disease). Cohort studies were required to have a 

minimum duration of follow-up of at least 3 years for inclusion. Additionally, cohort results in which 

a change in intake and change in outcome are reported over the same time period were excluded. 

This decision was taken so that results were included only where a direction of effect could be 

identified. Intervention trials were only included that were at least one year in duration.
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Previous studies in COMA reports 

The two tables below list studies included in previously published reports from the Committee of 

Medical Aspects of Food Policy (Committee on Medical Aspects of Food Policy, 1989;Committee 

on Medical Aspects of Food Policy, 1994;Lewington et al., 2007) that concerned the relationship 

between dietary carbohydrates and obesity. 

Excluded studies 

Articles listed in Table 5.1 were not eligible for inclusion in this review for the reasons listed. 

Table 5.1 Previous studies in COMA reports*: excluded studies  

Authors, Year Intervention description 
Intervention 

duration/ 
follow up 

Exclusion code 
that would be 
applied in this 

review 

Exclusion detail 

(Burr et al., 1989) 1) Fat advice 
2) Fish advice 
3) Fibre advice 

2 years 6 Subjects did not fit the definition of ‘healthy’ – all 
were diagnosed with acute myocardial infarction. 

(Dreon et al., 
1988) 

Not applicable Not 
applicable 

2 The study was not a randomised trial or 
cohort/prospective study (cross-sectional survey). 

(Kanders et al., 
1988) 

1) Balanced deficit diet 
2) Balanced deficit diet supplemented 
with aspartame  

12 weeks 3 No carbohydrate difference between groups was 
reported. 

(Keen et al., 
1979) 

Not applicable  Not 
applicable 

2 The study was not a randomised trial or 
cohort/prospective study (cross-sectional survey). 

(Kromhout, 1983) Not applicable  Not 
applicable 

2 The study was not a randomised trial or 
cohort/prospective study (cross-sectional survey). 

(Lissner et al., 
1987) 

1) Low fat, high carbohydrate 
2) Medium fat, medium carbohydrate 
3) High fat, low carbohydrate 

2 weeks 2 Subjects were not reported to be randomly 
allocated to groups. 

(Lock et al., 1980) 1) Usual diet + sucrose 
2) Usual diet + dried glucose syrup 

2 years 2 Subjects were not reported to be randomly 
allocated to groups. 

(Macdonald, 
1967) 

1) Sucrose-cream diet 
2) Sucrose-sunflower oil diet 
3) Glucose-cream diet 
4) Glucose-sunflower oil diet 

5 days  2 Subjects were not reported to be randomly 
allocated to groups. 

(Mann and 
Truswell, 1972) 

1) Basal diet 
2) Basal + starch diet 
3) Basal + sucrose diet 

14 days 6 Subjects did not fit the definition of ‘healthy’ – all 
had been admitted to hospital with non-metabolic 
conditions such as cerebral vascular accident and 
nerve palsy. 

(Mann et al., 
1974) 

1) Basal diet 
2) Basal diet + sucrose replaced by starch 
3) Basal diet + starch removed 

14 days  2 Subjects were not reported to be randomly 
allocated to groups. 

(Porikos et al., 
1977) 

1) Aspartame sweetened products 15 days 2 Subjects were not reported to be randomly 
allocated to groups. 

(Porikos et al., 
1982) 

1) High sucrose diet  
2) Aspartame diet 

24 days 2 Subjects were not reported to be randomly 
allocated to groups. 

(Reiser et al., 
1979a) 

1) Sucrose diet 
2) Starch diet 

6 weeks 2 Subjects were not reported to be randomly 
allocated to groups. 

(Reiser et al., 
1979b) 

1) Diet comprised 30% of calories from 
sucrose 
2) Diet comprised 30% of calories from 
wheat starch 

6 weeks 2 Subjects were not reported to be randomly 
allocated to groups. 

(Richardson, 
1972) 

Not applicable Not 
applicable 

2 The study was not a randomised trial or 
cohort/prospective study (cross-sectional survey). 

(Rifkind et al., 
1966) 

1) Sucrose-restricted diet 10 weeks 2 Subjects were not reported to be randomly 
allocated to groups. 

(Romieu et al., 
1988) 

Not applicable 1 year 5 Data not reported on relevant outcome in relation 
to relevant carbohydrate. 

(Rosenthal et al., 
1985) 

1) High-complex-carbohydrate, high-fibre, 
low-fat, low-cholesterol diet 

26 days 2 The study did not have a ‘control’ group - all 
subjects received the same intervention. 

(Thornton et al., 
1983) 

1) Usual diet + refined carbohydrate foods 
2) Usual diet + wholegrain foods 

6 weeks 6 Subjects did not fit the definition of ‘healthy’ – all 
had radiolucent gall stones. 

(Werner et al., 1) Usual diet + sucrose  6 weeks 6 Subjects did not fit the definition of ‘healthy’ – all 
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Authors, Year Intervention description 
Intervention 

duration/ 
follow up 

Exclusion code 
that would be 
applied in this 

review 

Exclusion detail 

1984) 2) Usual diet + saccharine  had radiolucent gall stones. 

Included studies 

The following paper would have been eligible for inclusion in this review had it been published 

after the 1990 cut point. 

 

Table 5.2 Previous RCT in COMA reports*: included study 

Authors, 
Study Name 

Subject 
inclusion 
criteria 

Characteristics of 
participants 

Trial Design 
(washout duration) 

Intervention 
duration 

Intervention 
Style 

Total 
number of 

participants 

 
Intervention description 

(Mann et al., 
1970) 

Generally 
healthy 

Office workers 
 
100% Male 
 
Age: 35-53 
 

Parallel Group 22 weeks Substitution 51 1) Low sugar diet – foods 
containing sucrose were cut out 
and replaced with substitutes to 
maintain weight. 
2) Reduced starch diet – starchy 
foods were halved and replaced 
with substitutes to maintain 
weight. 
3) Usual diet.  

*(Committee on Medical Aspects of Food Policy, 1989;Committee on Medical Aspects of Food Policy, 1994;Lewington 

et al., 2007) 

 

This randomised controlled trial assessed serum-lipids and weight loss in men (n=51) over a 22-

week period (Mann et al., 1970). Subjects were randomised to either a low sugar diet, a reduced 

starch diet or were requested to continue with their usual diet. Men in the low sugar diet group 

tended to experience greater weight loss compared to the reduced starch group, in which weight 

loss was minimal. The statistical significance of the differences however was not reported.  

 
  



 

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN 
or the advice/policy of Public Health England and Health Departments.  

6 

Summary of the evidence base 

Cohort Studies 

 

An overview of each cohort study that provides data for this chapter may be seen in Table 5.3. No 

meta-analyses of cohort data were possible using this evidence base. This was generally 

due either to variation in detail of outcome or exposure within a limited number of studies, 

although insufficient information concerning the variance around the risk estimates was 

also occasionally an issue. Essentially, studies were not similar enough to be pooled. 

 

In total, 37 papers provided data on 29 studies. Of these, 13 studies followed cohorts of children or 

adolescents, and the remainder studied adults.  Data on children younger than age 5 were not 

included in this review. 

 

These cohort studies were conducted in the USA (14), Denmark (3), Australia (3), the UK (2), 

Germany (1), the Netherlands (1), Norway (1), Finland (2), and Europe (EPIC) (1).  Most included 

both male and female participants, but 7 cohorts had only females (Palmer et al., 2008;Hays et al., 

2006;Phillips et al., 2004;Albertson et al., 2009;Colditz et al., 1990;Sammel et al., 2003;Fiorito et 

al., 2009) and 2 included men only (Koh-Banerjee et al., 2003;Bazzano et al., 2005). 

Dietary assessment was mostly achieved through food frequency questionnaires (FFQ), but a 

smaller number of studies employed food diaries (Magarey et al., 2001;Johnson et al., 

2007;Albertson et al., 2009;Tam et al., 2006;Cheng et al., 2009), dietary recall (Fiorito et al., 

2009;Haffner et al., 1991) or the dietary history method (Boreham et al., 1999;Rissanen et al., 

1991;Koppes et al., 2009). 

 

Length of follow-up ranged from the minimum for inclusion (3 years) in the National Weight Control 

Registry study (Phelan et al., 2007) to a maximum of 23 years in the Amsterdam Growth and 

Health Study (Koppes et al., 2009). The average duration of follow-up was 8 years (taking longest 

follow-up for multiple papers). 

The size of each cohort study in terms of participant numbers at baseline varied markedly. No 

restriction was placed on size of cohort with regard to inclusion in the review. The smallest cohort 

study of healthy postmenopausal women had just 67 participants (Hays et al., 2006), and the 

largest was the multicentre European study (EPIC) with in excess of 146,000 participants (Du et 

al., 2009). 

 

Please interpret observational data with caution: With observational studies, especially in the field 

of diet and nutrition, there is substantial potential for biases caused by incomplete adjustment for 

confounding, measurement error in the exposure estimate, and other biases in participant 

selection or data collection. The bias could be large in size, and act in either direction, either 

towards or away from the null. 
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Trial Design 

Thirty one publications provided information on the relationship between body weight, weight 

change, markers of adiposity and aspects of dietary carbohydrate. 

 

Details concerning the design, participants, duration and nature of the interventions are included in 

Table 5.4. These papers provided data from 26 studies of adults and 4 of children or adolescents 

(Abrams et al., 2007;Ebbeling et al., 2003;Demol et al., 2009;James et al., 2004).  None employed 

a cross-over design. There are two papers from the Women’s Health Initiative Dietary Modification 

Trial, which provided data at different periods of follow-up (Tinker et al., 2008;Howard et al., 2006).  

Most studies used men and women, but 10 included only women (Bhargava, 2006;Clifton et al., 

2008;Dale et al., 2009;Gardner et al., 2007;Howard et al., 2006;Pasman et al., 1997a;Pasman et 

al., 1997b;Shah et al., 1996;Sheppard et al., 1991;Sichieri et al., 2007a;Tinker et al., 2008).  With 

the exception of the Women’s Health Initiative Dietary Modification Trial (Tinker et al., 

2008;Howard et al., 2006) and the feasibility study for this trial (Sheppard et al., 1991) in which a 

large proportion of participants were less than BMI 25, all trials of adults used overweight or obese 

participants only. No trials of exclusively lean individuals met the criteria for inclusion in this 

review. The evidence base is therefore mainly reliant on studies that have explored the impact of 

dietary carbohydrate on individuals with pre-existing excess adiposity.  

 

Trials were conducted in the USA (16), Denmark (1), Australia (3), Spain (1), New Zealand (2), the 

UK (1), Germany (1), the Netherlands (2), Brazil (1) and Israel (2). 

 

The duration of interventions are detailed in the Trials Characteristics Table, and ranged from 12 

months to 6 years in the Women’s Health Initiative Dietary Modification Trial (Howard et al., 2006).  

 

The average number of participants across all trials, except the very large Women’s Health 

Initiative Dietary Modification Trial (Howard et al., 2006;Tinker et al., 2008), was 230. Thirteen 

trials were rather small, with less than 100 participants in total. 

 

Certain studies stated that diets were ad libitum in nature (Due et al., 2004;Ebbeling et al., 

2003;Ebbeling et al., 2007;Ebbeling et al., 2005;Shah et al., 1996;Swinburn et al., 2001), that is, 

the participants were not guided to consume a specific quantity of food or to achieve a certain 

level of energy intake.  
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Risk of bias 

A summary of the risk of bias assessment is provided in Table 5.5. Criteria for judging whether a 

risk of bias was evident were based on the Cochrane Handbook. A judgement of ‘unclear’ was 

provided if there was insufficient evidence within the paper to make a clear judgement.  

Judgements concerning whether there was evidence of a risk of bias in terms of outcome 

assessment (the experimenters involved in assessing the outcome were aware which intervention 

had been followed by each participant) are reported as the final column in each of the specific 

results tables. 

 

All trials included were randomised controlled trials. All were judged to be either ‘unbiased’ or 

‘unclear’ (method of random allocation to groups not reported in paper) in terms of allocation 

sequence generation or allocation concealment. None were judged to be ‘biased’ in these aspects 

of trial design. Blinding of participants and researchers to the various dietary approaches was 

more difficult to achieve, as might be anticipated with dietary intervention trials.  Only 1 trial (of 

children) was judged as ‘unbiased’ in respect of participants awareness of the dietary intervention 

(Abrams et al., 2007), but 6 trials were judged to have ‘no bias’ in respect of researchers 

awareness (Ebbeling et al., 2007;Howard et al., 2006;Gardner et al., 2007;Pasman et al., 

1997b;Sacks et al., 2009).   

 

There was some evidence of incomplete (Abrams et al., 2007;Abete et al., 2008;Carels et al., 

2005;Delbridge et al., 2009;Keogh et al., 2007;McManus et al., 2001;Pasman et al., 

1997a;Pasman et al., 1997b;Sheppard et al., 1991;Sichieri et al., 2007a) or selective outcome 

reporting in certain publications (Das et al., 2007;Demol et al., 2009;Ebbeling et al., 

2003;Greenberg et al., 2009;Pasman et al., 1997a;Abrams et al., 2007).  
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Table 5.3 Description of cohort studies providing outcome data on body weight, body mass index, body fat and fat distribution  

Study name Reference Country Subjects age 
Length of 
follow-up 

(years) 
Gender 

Dietary assessment 
method 

Method of body 
weight 

assessment 

Total number of 
cohort participants at 

baseline* 

Loss of cohort 
members to follow-

up % 
 

Studies of children and adolescents 

Adelaide Longitudinal Study 
of Growth & Nutrition 

(Magarey et al., 
2001) 

Australia Children 
 (2-15 yr) 

13 
M&F 

3-d and 4-d food diary 
Measured 500 

Not reported 

ALSPAC 

 

(Johnson et al., 
2007) 

UK 

 

Children 
(5+ yr) 

4 

M&F 

3-d food diary 
Measured 

692 

25 

(Johnson et al., 
2008) 

UK Children 
(5+ yr) 

4 
M&F 

3-d food diary 
Measured 682 

25 

Amsterdam Growth and 
Health Study 

 

(Koppes et al., 
2009) 

The 
Netherlands 

Adolescents 
(12-15 yr) 

23 
M&F 

Diet history 
Measured 698 

50 

(Twisk et al., 1998) 
The 
Netherlands 

Adolescents 
(12-15 yr) 

14 

M&F 

Diet history 
Measured 

233 

22 

(Van Lenthe et al., 
1998) 

The 
Netherlands 

Adolescents 
(12-15 yr) 

14 
M&F 

Diet history 
Measured 233 

22 

Cardiovascular Risk in Young 
Finns Study 

(Nissinen et al., 
2009) 

Finland Children and 
adolescents 
(3-18 yr) 

21 

M&F 

FFQ 
Measured 

3596 

33 

Copenhagen Childrens' 
Study 

(Lissau et al., 
1993) 

Denmark Children 
(9-10 yr) 

12 
M&F 

General 
Questionnaire 

Measured 881 
Not reported 

Massachusetts Institute of 
Technology Growth and 
Development Study 

(Phillips et al., 
2004) 

USA Children 
(8-12 yr) 

6.9 

F 

FFQ 
Measured 

196 

28 

National Heart, Lung, and 
Blood Institute Growth and 
Health Study 

(Albertson et al., 
2009) 

USA 

 

Children 
(9-10 yr) 

7 

F 

3-d food diary 
Measured 

2379 

Not reported 

(Barton et al., 
2005) 

USA Children  
(9-10 yr) 

10 
F 

3-d food diary 
Measured 2379 

10 

(Striegel-Moore et 
al., 2006) 

USA 
 

Children 
(9-10 yr) 

10 
F 

3-d food diary 
Measured 2379 

11 

Nepean study (Tam et al., 2006) Australia Children 
(8 yr) 

5.4 
M&F 

3-d food diary 
Measured 268 

Not reported 
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Study name Reference Country Subjects age 
Length of 
follow-up 

(years) 
Gender 

Dietary assessment 
method 

Method of body 
weight 

assessment 

Total number of 
cohort participants at 

baseline* 

Loss of cohort 
members to follow-

up % 
 

Oslo Youth Study (Kvaavik et al., 
2005) 

Norway Adolescents 
(13 yr) 

19 

M&F 

General 
questionnaire (used 
at baseline, in 1981 
and 1991) and FFQ 
(used in 1999)  

Self-reported  

1086 

15.7 

Pediatric Bone Mineral 
Accrual Study 

(Mundt et al., 
2006) 

Australia Children and 
adolescents 
(8-19 yr) 

5 

M&F 

Food recall 
Measured 

208 

Not reported 

Pennsylvania Study of 
Health and Development of 
Young girls 

(Fiorito et al., 
2009) 

USA Children 
(mean 5 yr) 

10 

F 

3x 24-hr recalls 
Measured 

170 

15 

The DONALD Study 

 

(Cheng et al., 
2009) 

Germany 

 

Children and 
adolescents 
(9-18 yr) 

4 

M&F 

3-d food diary 
Measured 

376 

Not reported 

(Libuda et al., 
2008) 

Germany 
 

 5 
M&F 

3-d food diary 
Measured 1170 

Not reported 

The Northern Ireland Young 
Hearts Project 

(Boreham et al., 
1999) 

UK Adolescents 
(12-15 yr) 

4 
M&F 

Diet history 
Measured 509 

1.7 

Studies of adults 

Black Women's Health Study (Palmer et al., 
2008) 

USA Adults 
(21-69 yr) 

10 
F 

FFQ 
Self-reported 59000 

20 

Danish Diet, Cancer and 
Health Study** 

(Halkjaer et al., 
2009) 

Denmark 

 

Adults 
(50-64 yr) 

5 

M&F 

FFQ 
Measured and 

self-reported   56506 

21 

(Halkjaer et al., 
2006) 

Denmark Adults 
(50-64 yr) 

5 
M&F 

FFQ 
Measured  56506 

21 

Eating Behaviour and Body 
Weight in Women 

(Hays et al., 2006) USA Adults 
(55-65 yr) 

4.4 
F 

FFQ 
Measured 67 

Not reported 

EPIC Denmark**, Germany, 
Italy, The Netherlands and 
the United Kingdom 

(Du et al., 2009) Europe Adults 
(20-78 yr) 

6.5 

M&F 

FFQ 
Measured and 

self-reported   146543 

30 

Finnish Mobile Clinic Health (Rissanen et al., Finland Adults 5.7 
M&F 

Diet history 
Measured  6102 

7 
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Study name Reference Country Subjects age 
Length of 
follow-up 

(years) 
Gender 

Dietary assessment 
method 

Method of body 
weight 

assessment 

Total number of 
cohort participants at 

baseline* 

Loss of cohort 
members to follow-

up % 
 

Surveys 1991) (30-64 yr) 

Health Professionals' 
Follow-Up Study 

(Koh-Banerjee et 
al., 2003) 

USA Adults 
(40-75 yr) 

9 
M 

FFQ 
Self-reported 51529 

35 

MONICA 

 

(Hare-Bruun et al., 
2006) 

Denmark 

 

Adults 
(30-60 yr) 

6 

M&F 

Diet history 
Measured 

Subsample of 552 

Not reported 

(Iqbal et al., 2006)   5 
M&F 

7-d food diary 
Measured 2025 

Not reported 

MONICA I (Halkjaer et al., 
2004) 

Denmark Adults 
(30-60 yr) 

6 
M&F 

FFQ 
Measured 2436 

Not reported 

National Weight Control 
Registry 

(Phelan et al., 
2007) 

USA Adults 
(Average 50 
yr) 

3 

M&F 

FFQ 
Self-reported 

891 

Not reported 

Nurses' Health Study (Colditz et al., 
1990) 

USA Adults  
(30-55 yr) 

4 
F 

FFQ 
Self-reported 121700 

Not reported 

Pawtucket Heart Health 
Program 

(Parker et al., 
1997) 

USA Adults 
(18-64 yr) 

4 
M&F 

FFQ 
Measured 556 

Not reported 

Penn Study of Ovarian Aging (Sammel et al., 
2003) 

USA Adults 
(35-47 yr) 

4 
F 

FFQ 
Measured 436 

Not reported 

Physicians' Health Study I (Bazzano et al., 
2005) 

USA Adults 
(40-84 yr) 

13 
M 

FFQ 
Self-reported 22071 

Not reported 

San Antonio Heart Study (Haffner et al., 
1991) 

USA Adults 
(25-64 yr) 

8 
M&F 

Food recall 
Measured 2217 

Not reported 

The CARDIA Study (Ludwig et al., 
1999) 

USA Young 
adults 
(18-30 yr) 

10 

M&F 

FFQ 
Measured 

5115 

Not reported 

The Framingham Heart 
Study 

(Dhingra et al., 
2007) 

USA Adults 
(mean 53 yr) 

4 
M&F 

General 
questionnaire 

Measured 8997 
Not reported 

 

*Numbers vary between publications of the same study (some are sub-cohorts) 

 ** The Danish ‘Diet Cancer and Health’ study is affiliated with EPIC 
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Table 5.4 Trial characteristics table (studies with grey shading are on children and adolescents) 

Authors, Study 
Name 

Subject Inclusion 
Criteria 

Characteristics 
of Participants 

Trial 
Design 

(washout 
duration) 

Inter-
vention 

Duration 

Intervention 
style/ Energy 

restriction 
goal? 

Total No. 
Subjects 

Intervention 
Group Names 

Intervention Description 
Diet/Supplement  

Nutritional Characteristics 

Consump
tion data 
provided
? 

Funding Source 

(Abete et al., 
2008) 

No medical 
conditions which 
influence outcomes 
No medication 
Weight stable 

Spain 
 
56% Male 
 
Age: (36) 
 
BMI: (32) 

Parallel 
Group 

8 weeks 
Energy-
restricted, 
plus 1 yr 
mainten-
ance 

Free living 
diet plan 
 
 
Yes 
 
 

32 1. Higher GI 
diet 
 
 
 
 
 
2. Lower GI 
diet 

1. Individually prescribed diet 
within a strict dietary frame-
work repeated on a 3 day 
rotation basis. 84% of CHO 
provided by rice and potatoes. 
 
2. Individually prescribed diet 
within a strict dietary frame-
work repeated on a 3 day 
rotation basis. 84% of CHO 
provided by pasta and 
legumes. 

1. %E:  C 47.8 P 19.6 F 32.6 
Fibre g/d:18.5 
GI 60-65 units 
 
 
 
2. %E:  C 50.2 P 18.3 F 31.5 
Fibre g/d:24.9 
GI 40-45 units 

yes Government 
funding 

(Abrams et al., 
2007) 

Tanner stage 2 or 3 
or premenarcheal 
Healthy, non-obese 

USA 
 
50% Male 
 
Age: 9-13 yr 
 
BMI: non-
obese 

Parallel 
Group 

1 year Free living 
diet plan 
 
 
No 

97 1. Prebiotic 
supplement  
 
2. 
Maltodextrin 
control 
supplement 

1: 8g/d of a 1:1 mix of 
oligofructose and long-chain 
inulin. Mixed with calcium-
fortified orange juice and 
drunk with breakfast 
2: 8g/d maltodextrin 
consumed as above 

Supplements provided: 
1. 12 kcal/d  
 
 
 
2. 32 kcal/d 

no USDA, NIH, NCRR, 
NIDDK 

(Bhargava, 2006) 
The Women’s 
Health Trial: 
Feasibility Study 
in Minority 
Populations 

Age 50-80y 
Post-menopausal 
Women 

UK and USA 
 
0% Male 
 
Age: 50 - 79 
 
BMI: 29 

Parallel 
Group 

12 months Free living 
diet plan 
 
 
No 

2208 1. Low fat 
 
 
 
2. Control 

1. Reduce fat intake to 20% 
and increase fruit, vegetable 
and grain consumption. 
 
2. No intervention 

1. 5430 kJ, E%: F 20, 13g/d 
sat fat, 13g/d fibre 
 
 
2. 6149 kJ, 20g/d sat fat, 
12g/d fibre 

yes National Cancer 
Institute 

(Carels et al., 
2005) 

BMI >30 
No CHD, T2DM or 
HTN 
Sedentary only 

USA 
 
56% Male 
 
Age: (43) 
 
BMI: (38) 

Parallel 
Group 

Duration 
of 
treatment 
program 
unclear. 
12 months 
follow-up 
 

Free living 
diet plan 
 
 
Yes 

53 1. Weight loss 
program 
 
 
 
2. Weight loss 
program + 
low GI 
education 

1. LEARN program only. Advice: 
increase activity, reduce 
energy and fat. . GI=56 pre and 
57 post intervention. 
 
2. LEARN program + Low GI 
dietary advice. Advice: increase 
activity, reduce energy and fat 
GI= 55 pre and 52 post 
intervention.  
GI values from Brand-Miller 
tables. 

1. %E:  C 53 P 17 F 32 
Energy: 1659kJ/d 
 
 
 
2. %E:  C 54 P 18 F 29 
 Energy: 1674kJ/d 

yes 
 

Not reported 
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Authors, Study 
Name 

Subject Inclusion 
Criteria 

Characteristics 
of Participants 

Trial 
Design 

(washout 
duration) 

Inter-
vention 

Duration 

Intervention 
style/ Energy 

restriction 
goal? 

Total No. 
Subjects 

Intervention 
Group Names 

Intervention Description 
Diet/Supplement  

Nutritional Characteristics 

Consump
tion data 
provided
? 

Funding Source 

(Clifton et al., 
2008) 
 
Australian 
Protein Study 

27-40 
Female adults 

Australia 
 
0% Male 
 
Age: (49) 
 
BMI: (33) 

Parallel 
Group 

12 weeks 
intensive, 
plus 12 
mo follow 
up 

Free living 
diet plan 
 
 
Yes, aim for 
5600 kJ each 
group 

119 1. High 
protein diet 
 
 
 
2. High 
carbohydrate 
diet 

1. 46% CHO, 34% PRO, 20% 
FAT 
 
 
 
2. 64% CHO, 17% PRO, 20% 
FAT 

1. %E:  C 46.4 P 23.2 F 28.5 
g/d: C 179 P 94.6 F 51.4 
Energy: 6583kJ/d 
Fibre g/d:3.9 
 
2. %E:  C 50.8 P 19.6 F 27.5 
g/d: C 189.5 P 77 F 48.4 
Energy: 6391kJ/d 
Fibre g/d:4.3 

yes Meat and 
Livestock 
Australia  

(Dale et al., 2009) BMI >27.5 New Zealand 
 
0% Male 
 
Age: (45) 
 
BMI: (32) 

Factorial 2 years Free living 
diet plan 
 
 
Unclear if 
energy 
restricted 

200 1. High MUFA 
diet 
 
 
2. High 
carbohydrate 
diet 

1. 40%CHO, 25%PRO, 
21%MUFA 
 
 
2. 55%CHO, 15-20%PRO, 25-
30%FAT 

1. %E:  C 43 P 22 F 31 
g/d: C 185 P 88 F 61 
Energy: 6985kJ/d 
Fibre g/d:23 
2. %E:  C 47 P 22 F 27 
g/d: C 183 P 77 F 46 
Energy: 6192kJ/d 
Fibre g/d:23 

yes 
 

Health Research 
Council of New 
Zealand 

(Dansinger et al., 
2005) 

≥1 cardiac risk factor 
BMI 27-42 
Free of chronic 
disease 
No insulin therapy 
No medications 
which influence 
outcomes 

USA 
 
49% Male 
 
Age: (49) 
 
BMI: (35) 

Parallel 
Group 

12 months Free living 
diet plan 
 
 
Weight 
Watchers 
energy 
restricted- 
other diets 
not 

160 1. Atkins 
 
 
2. Zone 
 
 
3. Weight 
watchers 
 
4. Ornish 

1. Carbohydrate restriction (%E 
41 CHO). 
 
2. Macronutrient balance (%E 
42 CHO). 
 
3. Calorie restriction (%E 46 
CHO). 
 
4. Fat restriction. (%E 55 CHO) 
For all participants dietary 
advice was strictly followed for 
the first 2 months. Participants 
then selected their own 
adherence levels. 

1. g/d: C 190 P 82 F 80.5 
 Energy 1846 kcal/d 
Fibre g/d:13 
2. g/d: C 198 P 90.4 F 66 
Energy 1886 kcal/d 
Fibre g/d:17.4 
3. g/d: C 202 P 80 F 58 
Energy 1755 kcal/d 
Fibre g/d:14 
4. g/d: C 237 P 74 F 54.5 
Energy 1711 kcal/d 
Fibre g/d:14.5 

yes 
 
 
 
 
 

NIH 

(Das et al., 2007) 
 
CALERIE 

BMI 25-30 
Generally healthy 
No medications 
which influence 
outcomes 
Not extremely 
athletic/active 
Weight stable 

USA 
 
% Male: not 
reported 
 
Age: (35) 
 
BMI: (28) 

Parallel 
Group 

12 months All food 
provided 
 
 
Yes 

34 1. Energy 
restricted 
high GL diet 
 
2. Energy 
restricted low 
GL diet 

1. 30% calorie restriction. fibre 
15 g/1000kcal. Estimated 
GI=86, GL=116 g/1000 kcal 
 
2. 30% calorie restriction. fibre 
15 g/1000 kcal. Estimated 
GI=53, GL=45 g/1000kcal 

1. %E:  C 60 P 20 F 20 
 
 
 
2. %E:  C 40 P 30 F 30 

yes 
 
 

NIH and 
Government 
funding 
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Authors, Study 
Name 

Subject Inclusion 
Criteria 

Characteristics 
of Participants 

Trial 
Design 

(washout 
duration) 

Inter-
vention 

Duration 

Intervention 
style/ Energy 

restriction 
goal? 

Total No. 
Subjects 

Intervention 
Group Names 

Intervention Description 
Diet/Supplement  

Nutritional Characteristics 

Consump
tion data 
provided
? 

Funding Source 

(Delbridge et al., 
2009) 

Age 18-70y 
BMI >27 
Generally healthy 

Australia 
 
50% Male 
 
Age: 44 
 
BMI: 39 

Parallel 
Group 

12 months 
Weight 
maintenan
ce plan 
following 
3 month 
weight 
loss 

Free living 
diet plan 
 
First 3 
months 
energy 
restricted. 
Unrestricted 
during 12 
month weight 
maintenance 
phase 

141 1. Low fat, 
high protein  
weight 
maintenance 
diet 
2. Low fat, 
high 
carbohydrate  
weight 
maintenance 
diet 

1. Low fat, high protein (30%) 
diet prescribed for weight 
maintenance 
 
 
2. Low fat, high carbohydrate 
diet prescribed for weight 
maintenance 
 
Diets isocaloric 

1. %E:  C 40 P 30 F 30 
 
 
 
 
2. %E:  C 55 P 15 F 30 

Intended 
diet 

Meat and 
Livestock 
Australia 

(Demol et al., 
2009) 

BMI >95th centile 
No medications 
which influence 
outcomes 
No recent weight loss 
program 
Without chronic 
disease 

Israel 
 
38% Male 
 
Age: 12 - 
18(14) 
 
BMI: mean not 
reported 

Parallel 
Group 

12 weeks 
intensive, 
9 mo 
maintenan
ce plan 

Free living 
diet plan 
 
 
Yes, aim for 
1200- 1500 
kcal/day for 
each group 

55  
 
1. Low 
carbohydrate, 
high protein 
 
2. Low 
carbohydrate, 
high fat 
 
3. High 
carbohydrate, 
low fat 

All groups prescribed energy 
restriction to 1200-1500 kcal/d                                                    
1. Low-carbohydrate, low-fat, 
protein-rich diet containing 
60 g carbohydrate (up to 20%), 
30% fat and 50% protein. 
2. Low-carbohydrate, high-fat 
diet containing: 60 g 
carbohydrate (up to 20%), 60% 
fat and 20% protein 
3. High-carbohydrate, low-fat 
diet containing: 50–60% 
carbohydrate, 30% fat and 20% 
protein 

 
 
1. %E:  C 20 P 50 F 30 
g/d: C 60   
 
 
2. %E:  C 20 P 20 F 60 
g/d: C 60  
 
 
3. %E:  C 50 P 20 F 30 

Intended 
diet 

Not reported 

(Due et al., 2004) 
 
The Danish 
Protein Swap 
Study 

Previously 
overweight/obese 

Denmark 
 
24% Male 
 
Age: (40) 
 
BMI: (30) 

Parallel 
Group 

6 months 
strict, 6-12 
mo  less 
strict, plus 
24 mo 
follow up 

All food 
provided 
 
 
No, ad 
libitum 

50 1. High 
protein 
 
2. Moderate 
protein 

1. 25%PRO, <30%FAT 
 
2. 12%PRO, <30%FAT 

1. %E:  C 48.9 P 21.2 F 30 
Energy: 8400kJ/d 
2. %E:  C 54.7 P 13.9 F 31.4 
Energy: 8200kJ/d 

yes 
 

Research institute 
funding, The 
Federation of 
Danish Pig 
Producers and 
Slaughterhouse 
and The Danish 
Livestock and 
Meat Board 

(Ebbeling et al., 
2003) 

BMI >95th centile 
Generally healthy 

USA 
 
28% Male 
 
Age: 13 - 
21(16) 
 
BMI: (36) 

Parallel 
Group 

6 months 
strict, 6-12 
mo  less 
strict 

Free living 
diet plan 
 
 
1. Low GL 
diet – no, ad 
libitum 
 
2. Low fat 

16 1. Low GL diet 
 
 
 
 
 
 
2. Low fat 
diet 

1. Low to moderate GL foods 
(non-starchy vegetables, fruits, 
legumes, nuts, dairy). Target 
45-50%CHO, 30-35%FAT. Ad lib 
diet. GL (g/1000kcal) was 86, 6 
at baseline, 68 at 6 months and 
69 at 12 months 
2. Conventional low fat diet. 
Increase grains, vegetables & 

1. %E:  C 51 P 19 F 31 
Energy 1522 kcal/d 
 
 
 
 
 
2. %E:  C 55 P 18 F 28 
Energy 1604 kcal/d 

yes 
 

National Institute 
of Diabetes & 
Digestive & 
Kidney Diseases, 
Charles H. Hood 
Foundation and 
NIH 
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Authors, Study 
Name 

Subject Inclusion 
Criteria 

Characteristics 
of Participants 

Trial 
Design 

(washout 
duration) 

Inter-
vention 

Duration 

Intervention 
style/ Energy 

restriction 
goal? 

Total No. 
Subjects 

Intervention 
Group Names 

Intervention Description 
Diet/Supplement  

Nutritional Characteristics 

Consump
tion data 
provided
? 

Funding Source 

diet – yes 
 

fruit. Target energy reduction 
250-500kcal/d. Targets:55-
60%CHO, 25-30%FAT. GL 
(g/1000kcal) was 79 at 
baseline, 77 at 6 months and 
79 at 12 months 

(Ebbeling et al., 
2005) 

Age 18-35y 
BMI >27.5                            
Healthy 

USA 
 
12% Male 
 
Age: 28 
 
BMI: obese 

Parallel 
Group 

6 months 
strict, 6-12 
mo  less 
strict 

Free living 
diet plan 
1. Low GL 
diet – no, ad 
libitum 
 
2. Low fat 
diet – yes 

34 1. Low GI diet 
 
 
 
2. Low fat 
diet 

1. Ad lib low GI food, 45-50% 
CHO, 30-35%FAT.  
GL 53 g/1000kcal 
 
2. Meal plans based on an 
exchange system, energy 
deficit of 250-500kcal/d. 
 GL 77 g/1000 kcal 

1. %E:  C 47.2 P 21.1 F 33 
Energy 1391 kcal/d 
Fibre g/d:20.7 
 
2. %E:  C 59.4 P 18.7 F 23.4 
Energy 1409 kcal/d 
Fibre g/d:17.8 

yes 
 

National Institute 
of Diabetes & 
Digestive & 
Kidney Diseases, 
Charles H. Hood 
Foundation and 
research institute 
funding 

(Ebbeling et al., 
2007) 

Age 18-35y 
BMI >30 
Generally healthy 
No medication 
No recent weight loss 
program 
Non smokers 
No T2DM 

USA 
 
21% Male 
 
Age: 18 - 
35(27) 
 
BMI: mean not 
reported 

Parallel 
Group 

6 months 
intensive, 
12 mo 
follow up. 
Monthly 
group 
workshop
s through-
out 18 mo 

Free living 
diet plan 
 
 
No 

73 1. Low GL diet 
 
 
2. Low fat 
diet 

1. Ad libitum low GL foods. 
Target: 40% CHO, 25% PRO, 
35% FAT.  
2. General healthy eating 
advice. Target: 55% CHO, 25% 
PRO, 20% FAT. Ad libitum 
consumption. 

Approx from figures: 
1. %E:  C 40 P 21 F 36 
Energy 1600 kcal/d 
Fibre g/d:12 
 
2. %E:  C 53 P 21 F 25 
Energy 1500 kcal/d 
Fibre g/d:10 
 

yes 
 

National Institute 
of Diabetes & 
Digestive & 
Kidney Diseases, 
Charles H. Hood 
Foundation and 
research institute 
funding 

(Foster et al., 
2003) 

No medications 
which influence 
outcomes 
Without chronic 
disease 

USA 
 
32% Male 
 
Age: (44) 
 
BMI: (34) 

Parallel 
Group 

12 months Free living 
diet plan 
 
 
Yes, for 
LEARN weight 
management 
diet only 

63 1. Low 
carbohydrate 
diet 
2. 
Conventional 
diet plan 

1. Atkins diet book provided. 
Low CHO, high FAT, high PRO 
 
2. LEARN weight management 
diet. High CHO, low FAT, 
energy restricted diet (1200-
1500kcal/d for women and 
1500-1800kcal/d for men). 

1. <20g CHO for 1st 2 wks, 
rising until desired wt. 
achieved. 60% participants 
ketotic in first 8 wks, 
falling to 20% at 1 yr 
 
 
2. %E:  C 60 P 15 F 25 

Intended 
diet 

NIH 

(Frisch et al., 
2009) 

Age 18-70y 
BMI 25-30 
Generally healthy 

Germany 
 
31% Male 
 
Age: (47) 
 
BMI: (34) 

Parallel 
Group 

6 months, 
plus 6 mo 
follow up 
 
Weekly 
phone 
contact 1st 
6 mo, 
then 
continue 
diet for 
next 6 mo 

Free living 
diet plan 
 
 
Yes 

200 1. Moderate 
carbohydrate 
diet 
 
2. High 
carbohydrate 
diet 

1. Prescribed diet: <40% CHO, 
25% PRO, >35% FAT. Energy 
deficit >500kcal/d. 
 
2. Conventional low fat diet. 
Prescribed diet: >55% CHO, 
15% PRO, <30% FAT. Energy 
deficit >500kcal/d. 

1. %E:  C 40.9 P 19.3 F 36.5 
Energy 1742 kcal/d 
 
 
2. %E:  C 49.5 P 17.7 F 29.7 
Energy 1783 kcal/d 

yes 
 

German Health 
Insurances and 
the Institute for 
Applied 
Telemedicine 
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Authors, Study 
Name 

Subject Inclusion 
Criteria 

Characteristics 
of Participants 

Trial 
Design 

(washout 
duration) 

Inter-
vention 

Duration 

Intervention 
style/ Energy 

restriction 
goal? 

Total No. 
Subjects 

Intervention 
Group Names 

Intervention Description 
Diet/Supplement  

Nutritional Characteristics 

Consump
tion data 
provided
? 

Funding Source 

(Gardner et al., 
2007) 
A to Z Weight 
Loss Study 

Generally healthy 
Moderate alcohol 
intake 
No T2DM 
Pre-menopausal 
Weight stable 

USA 
 
0% Male 
 
Age: (41) 
 
BMI:27 - 
40(32) 

Parallel 
Group 

12 months 
 
8 wks 
intensive 
weekly 
sessions, 
continue 
diets w. 
email and 
telephone 
contact 
until 
12mo post 
random-
isation 

Free living 
diet plan 
 
Zone and 
LEARN diets 
energy 
restricted- 
other diets 
not 

311 1. Atkins: low 
carbohydrate 
 
2. Zone: 
moderate 
carbohydrate 
3. Ornish: 
high 
carbohydrate 

1. Atkins diet: very low in 
carbohydrate 
 
2. Zone: reduced carbohydrate 
 
 
3. Ornish: high carbohydrate 
intake 
4. LEARN program (data not 
extracted) – lifestyle, exercise, 
attitudes, relationships, 
nutrition 

1. %E:  C 17.7 P 27.7 F 54.7 
Energy: 5781.97kJ/d 
Fibre g/d:11 
2. %E:  C 42 P 23.7 F 34.8 
Energy: 6091.8kJ/d 
Fibre g/d:16.9 
3. %E:  C 63.1 P 16.9 F 21.1 
Energy: 5895kJ/d 
Fibre g/d:22.1 

yes 
 
 
 

NIH  

(Greenberg et al., 
2009) 
 
DIRECT 

Age 40-65y 
BMI >27 

Israel 
 
86% Male 
 
Age: (52) 
 
BMI: (31) 

Parallel 
Group 

2 years 
 
18 classes 
attended 
over 2 yr, 
at wks 1, 
3, 5, 7, 
then each 
6th week 

Free living 
diet plan 
 
 
Yes, for diet 
(1) 

322 1. Low fat 
 
 
2. Med-
iterranean 
 
 
3. Low 
carbohydrate 

1. Diet based on the American 
Heart Association guidelines. 
 
2. Mediterranean group not 
relevant for this review – data 
not extracted 
 
3. Based on the Atkins diet. 

1. %E:  C 50.2 P 23.8 F 28 
Energy 1261 kcal/d 
Fibre g/d:22.5 
2. %E:  C 44.9 P 24 F 32.9 
Energy 1393 kcal/d 
Fibre g/d:22.6 
3. %E:  C 37.6 P 26.4 F 36.4 
Energy 1323 kcal/d 
Fibre g/d:16 

yes 
 
 
 

Research institute 
funding, Atkins 
Research 
Foundation and 
University funding 

(Howard et al., 
2006) 
The Women’s 
Health Initiative 
Dietary 
Modification Trial 

Age 50-79y 
Fat intake >32% 
Post-menopausal 
 

USA 
 
0% Male 
 
Age: (62) 
 
BMI: (29) 

Parallel 
Group 

8 years 
18 group 
sessions in 
1st yr, 4 
per yr 
thereafter 

Free living 
diet plan 
 
 
No 

48835 1. Low fat 
 
 
 
2. Control 

1. Advice: reduce fat intake to 
20%, increase fruit, vegetables 
and wholegrain 
 
2. Received information 
relating to health and healthy 
diets 

1. %E:  C 52.7  F 29.8 
Energy 1446 kcal/d 
Fibre g/d:16.9 
 
2. %E:  C 44.7  F 38.1 
Energy 1564 kcal/d 
Fibre g/d:14.4 

yes 
 

National Heart, 
Lung, and Blood 
Institute 

(James et al., 
2004) 
CHOPPS 

Children aged 7-11 yr 
Attending one of 6 
junior schools in 
Dorset  

UK (England) 
 
50% Male 
 
Age: 7 - 11 
 
BMI: 10-12% 
obese in each 
group 

Parallel 
Group       
Cluster 
Random-
ised Trial 

12 months 
 
1 hr 
session 
per term, 
over 4 
terms 

Free living 
diet plan 
 
 
No 

644 1. Control 
 
2. Reduced 
carbonated 
beverages 

1. No  intervention 
 
2. Educational intervention 
discouraging the consumption 
of any 'fizzy' drinks and 
encouraging a healthy diet. 

3d drinks diaries 
completed – no other 
dietary data available 
 
Total carbonated drinks w 
sugar at 12 mo over 3d 

1. 1.2 glasses  
2. 0.9 glasses 

  

no 
 

Educational 
grants and 
Bournemouth 
Diabetes and 
Endocrine Centre 

(Keogh et al., 
2007) 

Age 20-65y 
BMI 27-40 
Moderate alcohol 
intake 

Australia 
 
32% Male 
 

Parallel 
Group 

12 weeks 
 
Active 
weight 

Free living 
diet plan 
 
Yes, aim for 

44 1. Low 
carbohydrate 
diet 
 

1. Energy restricted, low CHO 
diet, low in saturated fat. 
 
 

1. %E:  C 33 P 40 F 27 
Fibre g/d:26 
 
 

Intended 
diet only 

Research institute 
funding 
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Authors, Study 
Name 

Subject Inclusion 
Criteria 

Characteristics 
of Participants 

Trial 
Design 

(washout 
duration) 

Inter-
vention 

Duration 

Intervention 
style/ Energy 

restriction 
goal? 

Total No. 
Subjects 

Intervention 
Group Names 

Intervention Description 
Diet/Supplement  

Nutritional Characteristics 

Consump
tion data 
provided
? 

Funding Source 

No HTN or T2DM 
No medications 
which influence 
outcomes 

Age: (49) 
 
BMI: (33) 

loss phase 
1-12 wk, 
monthly 
dietician 
meeting 
until wk 
52 

~6000 kJ for 
each group 

2. High 
carbohydrate 
diet 

2. Energy restricted, high CHO 
diet, low in saturated fat. 

2. %E:  C 60 P 20 F 20 
Fibre g/d:40 

(Layman et al., 
2009) 

BMI >25 
Non-smokers 
No lipid-lowering 
medication/ steroids/ 
antidepressants 

USA 
 
45% Male 
 
Age: 40 - 
56(45) 
 
BMI: (33) 

Parallel 
Group 

12 months 
 
4 months 
weight 
loss 
followed 
by 8 mo 
weight 
main-
tenance. 
Weekly 
meetings 
for 12 mo 

Free living 
diet plan 
 
 
Yes 

130 1. High 
carbohydrate, 
low protein 
diet 
 
 
 
 
2. Low 
carbohydrate, 
high protein 
diet 

1. Carbohydrate energy 55%. 
Protein provided ~15% energy 
intake, with 
carbohydrate:protein ratio 
>3.2 and lipids ~30% energy 
intake. Protein provided 
0.8g.kg/d. Kcal and fibre were 
similar between groups 
2. Carbohydrate energy 37% 
Protein provided ~30% energy 
intake, with 
carbohydrate:protein ratio 
<1.5 and lipids ~30% energy 
intake. Protein provided 
1.6g.kg/d. Kcal and fibre similar 
between groups 

1. g/d: C 232 P 70 F 51 
Energy: 6800kJ/d 
Fibre g/d:25 
 
 
 
 
 
2. g/d: C 168 P 116 F 67 
Energy: 7180kJ/d 
Fibre g/d:20 

yes 
 

The National 
Cattlemen’s Beef 
Association, Beef 
Checkoff, and  
Kraft Foods 

(McManus et al., 
2001) 

Age 18-70y 
BMI >25 
Free of chronic 
disease 

USA 
 
10% Male 
 
Age: (44) 
 
BMI:27 - 
46(34) 

Parallel 
Group 

18 months Free living 
diet plan 
 
 
Yes 

101 1. Moderate 
fat diet 
 
 
2. Low fat 
diet 

1. Intended diet: 45-50%CHO, 
30%FAT. Energy limit of 
1200kcal/d (women) or 
1500kcal/d (men). 
2. Intended diet:60-65%CHO, 
20%FAT. Energy limit of 
1200kcal/d (women) or 
1500kcal/d (men) 

1. %E:  C 47 P 19 F 35 
 Energy: 1877kJ/d 
Fibre g/d:25 
 
2. %E:  C 50 P 19 F 30 
Energy: 1697kJ/d 
Fibre g/d:19 

yes 
 

The Peanut 
Institute, The 
International 
Olive Oil Council 
and The 
International Tree 
Nut Council 

(Pasman et al., 
1997a) 

BMI >30 
Energy restriction 
during trial run-in 
Weight loss >5kg 
during run-in 

The 
Netherlands 
 
0% Male 
 
Age: (41) 
 
BMI: (33) 

Parallel 
Group 

14 months Supplement 
 
Energy 
restricted for 
2 months but 
no energy 
restriction 
thereafter for 
14 months 

39 1. Guar gum - 
High 
compliance 
 
 
 
 
2. Control 
 
3. Guar gum - 
Low 
compliance 

1. 20g partially hydrolysed guar 
gum in 2x10g doses daily to be 
consumed in afternoon and 
evening. Dissolved in 200ml 
water/coffee/orange juice. 
High compliance - consumed 
>80% supplements 
2. Nothing was provided as 
placebo to the control group 
3. 20g partially hydrolysed guar 
gum in 2x10g dose. 50-80% 
compliant 

Nb. groups 1 and 3 are 
post-hoc defined – 
subjects not randomised 
to these groups initially 
 
1. 5.8 MJ/d 
2. 6.6 MJ/d 
3. 7.0 MJ/d 
 
 
 

yes 
 
 
 

 Sandoz Nutrition 
Ltd (Novartis 
Nutrition) 
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Authors, Study 
Name 

Subject Inclusion 
Criteria 

Characteristics 
of Participants 

Trial 
Design 

(washout 
duration) 

Inter-
vention 

Duration 

Intervention 
style/ Energy 

restriction 
goal? 

Total No. 
Subjects 

Intervention 
Group Names 

Intervention Description 
Diet/Supplement  

Nutritional Characteristics 

Consump
tion data 
provided
? 

Funding Source 

(Pasman et al., 
1997b) 

BMI >30 
Energy restriction 
during trial run-in 
Good compliance 
during run-in 

The 
Netherlands 
 
0% Male 
 
Age: (35) 
 
BMI: (31) 

Parallel 
Group 

14 months Supplement 
 
 
No 

33 1. CHO/Cr-Pic 
(Chromium 
III)/Fibre/ 
Caffeine 
2. 
Carbohydrate 
 supplement 
3. Control 

1. Group not comparable, 
multi-ingredient supplement. 
Data not extracted 
 
2. 50g carbohydrate daily, 
dissolved in 250ml water (42% 
glucose, 58% maltodextrin) 
3. No supplement 

1. data not extracted 
 
 
 
2. %E:  C 50 P 13 F 36 
Energy: 8100kJ/d 
Fibre g/d:12 
3. %E:  C 42 P 15 F 37 
Energy: 7600kJ/d 
Fibre g/d:15 

yes 
 
 
 

 Novartis 
Nutrition Ltd 

(Sacks et al., 
2009) 

Age 30-70y 
BMI 25-40 
No CVD 
or T2DM 

USA 
 
36% Male 
 
Age: (51) 
 
BMI: (33) 

Parallel 
Group 

2 years 
 
Contact 
through-
out 2 yrs 

Free living 
diet plan 
 
 
Yes 

811  
 
1. Low-fat, 
average-
protein 
2. Low-fat, 
high-protein 
3. High-fat, 
average-
protein 
4. High-fat, 
high-protein 

ALL DIETS: energy deficit 
750kcal/d 
1. 20% fat, 15% protein and 
65% CHO. 
2. 20% fat, 25% protein and 
55% CHO. 
3. 40% fat, 15% protein and 
45% CHO 
4. 40% fat, 25% protein and 
35% CHO 

 
 
1. %E:  C 57.5 P 17.6 F 26.2 
Energy: 1636 kcal/d 
2. %E:  C 53.4 P 21.8 F 25.9 
Energy: 1572 kcal/d 
3. %E:  C 49.1 P 18.4 F 33.9 
Energy: 1607 kcal/d 
4. %E:  C 43 P 22.6 F 24.3 
Energy: 1624 kcal/d 

yes 
 
 
 
 
 

NIH  

(Shah et al., 
1996) 
 
American Low-
fat Study 

20-40% above ideal 
weight 
Age 25-45y 
Generally healthy 
Moderate alcohol 
intake 
Non smokers 
Without chronic 
disease 
Women 

USA 
 
0% Male 
 
Age: 25 - 
45(36) 
 
BMI: (30) 

Parallel 
Group 

6 months 
 
26 wk 
phase w 
16 group 
sessions 
 
Stated 
goal was 
12 mo 
inter-
vention 

Free living 
diet plan 
 
 
Yes 

122 1. Low fat, 
high complex 
carbohydrate 
diet 
 
2. Energy 
restricted diet 

1. Limit fat to 20g/d, ad libitum  
complex carbohydrates 
 
 
2. Energy restriction to 4184 or 
5021kj/d (based on weight). 
Reduce fat intake to <30% total 
energy. 
Increase complex 
carbohydrates such as grains, 
legumes, fruits & vegetables. 
Reduce simple sugar 
consumption 

1. %E:  C 61 P 16 F 22 
Energy: 1617 kcal/d 
Fibre g/d:17.4 
 
 
2. %E:  C 54 P 16 F 30 
Energy: 1531 kcal/d 
Fibre g/d:16.7 

yes 
 

NIH grant 

(Sheppard et al., 
1991) 
 
The Women’s 
Health Trial 
Feasibility Study 

<150% of ideal 
weight for frame 
Age 45-69y 
At risk of breast 
cancer 
Not on low fat diet 

USA 
 
0% Male 
 
Age: (56) 
 
BMI: (26) 

Parallel 
Group 

24 months 
 
Meetings: 
Weekly 
for 2 mo. 
Biweekly 
for 2 mo., 
monthly 
thereafter 
 

Free living 
diet plan 
 
 
No 

303 1. Low fat 
diet 
 
 
 
 
2. Control 

1. Dietary advice aimed to 
decrease fat intake: 20% FAT 
(from 39%). No emphasis on 
weight loss.  
 
2. No intervention 

1. %E:  C 58.7 P 19.1 F 22.8 
Energy: 5640kJ/d 
15% E CHO increase at 2 
years 
 
2. %E:  C 46.9 P 16.1 F 36.5 
 Energy: 6748kJ/d 

yes 
 

National Cancer 
Institute  
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Authors, Study 
Name 

Subject Inclusion 
Criteria 

Characteristics 
of Participants 

Trial 
Design 

(washout 
duration) 

Inter-
vention 

Duration 

Intervention 
style/ Energy 

restriction 
goal? 

Total No. 
Subjects 

Intervention 
Group Names 

Intervention Description 
Diet/Supplement  

Nutritional Characteristics 

Consump
tion data 
provided
? 

Funding Source 

(Sichieri et al., 
2007a) 

Age 25-45y 
BMI 23-30 
Generally healthy 
No T2DM 
Parity ≥1 
Pre-menopausal 

Brazil 
 
0% Male 
 
Age: (37) 
 
BMI: (27) 

Parallel 
Group 

18 months 
 
Monthly 
contact 

Substitution 
 
 
Yes 

203 1. Low GI/GL 
diet 
 
 
 
2. High GI/GL 
diet 

1. Energy restriction 100-
300kcal/d. Staple foods 
provided. At 18m, GI=30, 
GL=104 
 
2. Energy restriction 100-
300kcal/d. Staple foods 
provided. At 18m, GI=72, 
GL=280 

1. %E:  C 60 P  F 27 
Energy: 11200kJ/d 
Fibre g/d:36 
 
 
2. %E:  C 62 P  F 26 
Energy: 14000kJ/d 
Fibre g/d:45 

yes 
 

NIH and research 
institute funding 

(Swinburn et al., 
2001) 
 
New Zealand 
Diabetic 
Workforce Study 

Age >40y 
Impaired glucose 
tolerance (2-h blood 
glucose 7.8-11.0 
mmol/l) or high 
normal blood glucose 
(7.0-7.8 mmol/l) 

New Zealand 
 
74% Male 
 
Age: >40 - (53) 
 
BMI: mean not 
reported 

Parallel 
Group 

12 months 
 
With 5 yr 
follow up 
 
 

Free living 
diet plan 
 
 
No 

176 1. Low fat 
 
 
 
2. Control  

1. Reduced fat, ad libitum E 
diet 
 
 
2. No intervention – usual diet 

1. %E:  C 54.5 P 18.6 F 25.9 
Energy: 1832 kcal/d 
Fibre g/d:20.5 
 
2. %E:  C 45.6 P 16.5 F 33.8 
Energy: 2307 kcal/d 
Fibre g/d:20.3 

yes 
 

Auckland Medical 
Research 
Foundation, 
National Heart 
Foundation of 
New Zealand, and 
the Lotteries 
Medical Board 

(Tinker et al., 
2008) 
 
The Women’s 
Health Initiative 
Dietary 
Modification Trial 

Age 50-79y 
Fat intake >32% 
Post-menopausal 
No type 2DM 
No cancer 

USA 
 
0% Male 
 
Age: (62) 
 
BMI: (29) 

Parallel 
Group 

12 mo 
intensive 
8 years 
follow up 

Free living 
diet plan 
 
 
No 

48835 1. Control 
 
 
 
 
 
2. Low fat 

1. Received information 
relating to health and healthy 
diets 
 
 
 
2. Advice: reduce fat intake to 
20%, increase fruit, vegetables 
and grains 

At 1 yr post 
randomisation: 
1. %E:  C 48 P 16.8 F 35 
Energy: 1594 kcal/d 
Fibre g/d:15.5 
 
2. %E:  C 58.5 P 17.6 F 24.2 
Energy: 1502 kcal/d 
Fibre g/d:18.5 

yes 
 

NIH 
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Table 5.5 Bias assessment  

Authors 
Allocation sequence 
generation 

Allocation 
concealment 

Participant 
blinding 

Researcher 
Blinding 

Incomplete outcome 
reporting 

Selective outcome 
reporting 

Any other bias 

(Abete et al., 2008) Unclear Unclear Unclear Unclear Bias No Bias No Bias 

(Abrams et al., 2007) Unclear Unclear No bias No bias Bias Bias No Bias 

(Bhargava, 2006) Unclear Unclear Bias Unclear Unclear No Bias No Bias 

(Carels et al., 2005) Unclear Unclear Bias Bias Bias No Bias No Bias 

(Clifton et al., 2008) Unclear Unclear Unclear Unclear Unclear Unclear Unclear 

(Dale et al., 2009) No Bias No Bias Bias Bias No Bias No Bias No Bias 

(Dansinger et al., 2005) No Bias No Bias Bias Bias No Bias No Bias No Bias 

(Das et al., 2007) No Bias Unclear Bias Unclear No Bias Bias No Bias 

(Delbridge et al., 2009) No Bias Unclear Unclear Unclear Bias No Bias No Bias 

(Demol et al., 2009) Unclear Unclear Bias Bias No Bias Bias No Bias 

(Due et al., 2004) No Bias Unclear Unclear Unclear Unclear Unclear Unclear 

(Ebbeling et al., 2003) Unclear Unclear Bias Bias No Bias Bias Unclear 

(Ebbeling et al., 2005) Unclear Unclear Unclear Unclear No Bias No Bias No Bias 

(Ebbeling et al., 2007) No Bias No Bias Bias No Bias No Bias No Bias No Bias 

(Foster et al., 2003) No Bias Unclear Bias Unclear No Bias No Bias No Bias 

(Frisch et al., 2009) No Bias Unclear Unclear Unclear No Bias No Bias No Bias 

(Gardner et al., 2007) No Bias Unclear Bias No Bias No Bias No Bias No Bias 

(Greenberg et al., 2009) No Bias Unclear Unclear Unclear No Bias Bias Bias 

(Howard et al., 2006) No Bias Unclear Bias No Bias No Bias No Bias No Bias 

(James et al., 2004) No Bias No Bias Bias Bias No Bias No Bias No Bias 

(Keogh et al., 2007) Unclear Unclear Unclear Unclear Bias No Bias No Bias 

(Layman et al., 2009) Unclear Unclear Bias Unclear No Bias Unclear Unclear 

(McManus et al., 2001) No Bias No Bias Bias Bias Bias No Bias No Bias 

(Pasman et al., 1997a) Unclear Unclear Bias Unclear Bias Bias Bias 

(Pasman et al., 1997b) Unclear Unclear No Bias No Bias Bias No Bias No Bias 

(Sacks et al., 2009) No Bias Unclear No Bias No Bias No Bias No Bias No Bias 

(Shah et al., 1996) Unclear Unclear Bias Unclear Unclear No Bias No Bias 

(Sheppard et al., 1991) Unclear Unclear Bias Bias Bias No Bias No Bias 

(Sichieri et al., 2007a) No Bias Unclear Bias Unclear Bias No Bias No Bias 

(Swinburn et al., 2001) No Bias Unclear Bias Unclear Unclear No Bias No Bias 

(Tinker et al., 2008) No Bias Unclear Bias No Bias No Bias No Bias No Bias 
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Body weight and body mass index 

Results reported in this section include only continuous measures of body weight and body mass 

index (BMI). 

 

Body weight, body mass index and total carbohydrates 

Summary of cohort results in adults 

 

Data were extracted from six publications reporting results from 1 Danish study: MONICA (Iqbal et 

al., 2006) and 5 US studies: the National Weight Control Registry (Phelan et al., 2007;Colditz et 

al., 1990;Hays et al., 2006;Ludwig et al., 1999;Parker et al., 1997). The NHS and the Pawtucket 

Heart Health Program studies estimated consumption of total carbohydrates as grams per day, 

and four expressed carbohydrate intakes as percentage contribution to energy (see Table 5.6). 

Both the National Weight Control Registry (Phelan et al., 2007) and the NHS (Colditz et al., 1990) 

relied upon self-reported weight measurements. All other studies used body weight measurements 

taken by a clinician or professional. All but one of the studies reported change in body weight from 

baseline to follow-up as the outcome.  

 

Due to variation in presentation of the exposure (grams or percentage energy) and outcome 

(mean follow-up body weight or change in weight), it was not possible to combine these studies in 

a meta-analysis. 

 

The two studies that reported baseline carbohydrate intake expressed as grams per day and 

change in body weight observed inconsistent results. The Nurses’ Health Study (Colditz et al., 

1990) reported an inverse association, indicating decreasing body weight changes for each unit 

increase in carbohydrate at study baseline.  However, the coefficient was very small. The much 

smaller Pawtucket Heart Health Program cohort (Parker et al., 1997) reported a positive direction 

of association, with increasing body weight gains for each additional unit of baseline carbohydrate 

consumed. However, this was not statistically significant. 

 

Four studies expressed baseline carbohydrate intake as the percentage of energy and explored 

the relationship with changes in body weight over time. Most of these studies described negative 

beta coefficients, suggestive of a decrease in body weight over the period of follow-up with 

increasing baseline carbohydrate intake, however the majority of the analyses were not found to 

be statistically significant and the effects described were generally small. An exception to this was 

the Eating Behaviour and Body Weight in Women study (Hays et al., 2006), in which the negative 

estimate achieved statistical significance at the 1% level. In this small study of postmenopausal 

women, each one percentage increase in carbohydrate energy at baseline was associated with a 

decrease in weight per year of 0.12 kg (p<0.05). 
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One study was particularly unusual in that participants were part of a National Weight Control 

Registry, a Registry of those who had lost ≥ 13.6kg and maintained this weight loss for ≥ 1 year 

(Phelan et al., 2007). Phelan et al. reported mean body weight change in cohort members who 

stated that they followed a low carbohydrate diet or not. The low carbohydrate diet members 

gained 7kg (SD 7.1) compared to a gain of 5.7kg (SD 8.7) experienced by the other members. 

 

The CARDIA study of black and white participants aged 18-30 years at baseline, reported 

adjusted mean body weight at 10 year follow up as opposed to weight change (Ludwig et al., 

1999). Mean body weight of participants in the lowest quintile of carbohydrate intake was 

significantly higher (by approx. 3kg) than for those in the highest quintile of intake (p=0.04). 

However, this study found that the association between body weight and carbohydrate was 

attenuated by additional adjustment for dietary fibre. 

 

In summary, these studies provide some evidence of smaller body weight gains or lower final BMI 

in individuals consuming a higher percentage of energy from carbohydrate, but the associations 

are not entirely consistent, tend to be weak and generally do not achieve statistical significance. 

 

Exposure definition and assessment 

The MONICA study (Iqbal et al., 2006) collected dietary data using food diaries. All other studies 

used FFQs.  

 

Adjustment for appropriate confounders 

Most studies included important covariates in their analyses (age, gender where appropriate, 

baseline weight or BMI, energy intake, smoking). The Eating Behaviour and Body Weight in 

Women Study and the National Weight Control Registry study were less fully adjusted. The 

CARDIA study found that the inverse association between body weight and carbohydrate was 

attenuated by additional adjustment for dietary fibre (Ludwig et al., 1999). However, it should be 

recognised that as expressed by Colditz et al. (Colditz et al., 1990) one of the strongest predictors 

of weight gain is likely to be prior experience of weight change and that regardless of the 

covariates included in a model, the influence of nutrients is likely to be rather weak relative to this 

effect. With regard to energy adjustment, there is considerable debate about the merits of 

adjustment, with no clear consensus. It may be considered appropriate to adjust for energy in 

terms of minimising the impact of dietary under reporting and the effects of body size (bigger size 

equating to higher energy intake), whilst others consider that (depending on the exposure) energy 

intake is on the causal pathway and therefore adjustment would ‘remove’ the effect of the 

exposure and may therefore be inappropriate. Different methods of energy adjustment (nutrient 

density approach, residuals approach etc.) may also potentially have different effects on the 

outcome (Sichieri et al., 2007b;Willett et al., 1997). 
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Summary of cohort results in children 

Data were extracted from three cohort studies: the Amsterdam Growth and Health Study, The 

Northern Ireland Young Hearts Project and the Adelaide Longitudinal Study of Growth and 

Nutrition conducted in The Netherlands, Northern Ireland, and Australia respectively (Twisk et al., 

1998;Boreham et al., 1999;Magarey et al., 2001). Body weight was professionally measured in all 

3 studies. There was no evidence of an association between total carbohydrate intake and follow-

up BMI in any of these studies of children and adolescents (see Table 5.7). 

 

Exposure definition and assessment 

All three studies reported carbohydrate intake as percent energy, with the Amsterdam Growth and 

Health Study (Twisk et al., 1998) additionally reporting grams per day. This was measured by 

dietary history in both the Amsterdam Growth and Health Study and the Northern Ireland Young 

Hearts Project (Boreham et al., 1999) and using food diaries in the Adelaide Longitudinal Study of 

Growth and Nutrition (Magarey et al., 2001).  

 

Adjustment for appropriate confounders 

The Northern Ireland Young Hearts Project adjusted for social class and sexual maturity. The 

Adelaide Longitudinal Study of Growth and Nutrition (Magarey et al., 2001) included gender, 

energy intake, age and parental BMI as covariates in the model. Adjustments applied in the 

Amsterdam Growth and Health Study were not clearly reported (Twisk et al., 1998). 

 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases.  

 

Summary of RCT data 

 

Weight and weight change  

Twenty one papers provided data on 20 trials that compared the effects on body weight of diets 

higher or lower in dietary carbohydrate. Details concerning the design, participants, duration and 

nature of the interventions are included in Table 5.4 and results are included in Table 5.8. All 

studies were conducted on adults. 

Data from three studies; Ebbeling et al. (Ebbeling et al., 2007), Gardner et al. (Gardner et al., 

2007) and Sacks et al. (Sacks et al., 2009) could not be included in the meta-analysis. 

Data on body weight change in the study by Ebbeling et al. (Ebbeling et al., 2007) were published 

only in a figure, from which it was inappropriate to accurately extract numerical values. This study 

compared the effects of a low fat (20% energy), high carbohydrate (55% energy) diet with a 

moderate fat (35% energy), lower carbohydrate (40% energy, low glycaemic load) diet in 73 obese 

young adults (18-35 yr) with a 6-month intensive intervention period and a 12-month follow-up 
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period (group workshop sessions continued throughout, as did the diet). The low carbohydrate diet 

was not energy-restricted, but the high carbohydrate diet was designed to create an energy deficit 

in the region of 250-500 kcal per day.  However, there was no difference in body weights in the 2 

diet groups at the 6, 12 and 18-month follow-up points (p=0.99 for the group x time interaction). 

Overall, both groups lost weight equally.  However, there were some differences between 

subjects, with those assessed as having an elevated post-load insulin concentration being more 

responsive to the low carbohydrate/low GL diet. This group of participants lost more weight 

initially, and over the full course of the study (-5.8kg vs. -1.2kg for low carb vs. high carb, at 18 

months p<0.04). The low insulin responders were not differentially affected by the carbohydrate 

content of the diets. 

 

The A to Z weight loss study reported by Gardner et al. compared weight losses on 4 popular 

weight loss diets that differed in carbohydrate content in 311 overweight or obese non diabetic, 

premenopausal women (Gardner et al., 2007). Data from three groups were extracted for this 

review. These compared the Atkins (low carbohydrate), Zone (moderate carbohydrate) and Ornish 

(high carbohydrate) diets over the period of one year (for details of the macronutrient composition 

of these diets see Table 5.4). The group following the Atkins diet approach (low carbohydrate) lost 

the most weight at 12 months, and this was significantly different from the loss in the Zone group 

participants (p<0.05). There was no difference in weight loss between the Zone and Ornish diet 

groups. 

 

Sacks et al. (Sacks et al., 2009) allocated 811 overweight adults to 4 diets that differed in the 

proportion of energy derived from the macronutrients in a 2x2 factorial design (high vs. low fat and 

average vs. high protein), which also permitted a dose response analysis of the effect of 

carbohydrate percentage (ranging from 35 to 65% energy). Participants were given group and 

individual guidance throughout the 2 years of the study. At the end of the study, weight losses 

were similar in the groups that were assigned to diets with 65% or 35% carbohydrates (2.9 and 3.4 

kg, respectively, p>0.2). Additionally, there was no impact of the fat or protein content on this 

finding.  

 

An additional three studies could not be included in the meta-analysis as the % energy from 

carbohydrate difference between groups was less than 5%. 

 

In the trial conducted by McManus et al. (McManus et al., 2001) 101 overweight men and women 

were allocated to a lower carbohydrate, moderate-fat diet (35% of energy) or a higher 

carbohydrate, low-fat diet (20% of energy). After 18 months, 31/50 subjects in the moderate-fat 

group, and 30/51 in the low fat group were available for measurements. In the lower carbohydrate, 

moderate-fat group, there was a mean decrease in body weight of 4.1 kg, compared to an 

increase in the low-fat group of 2.9 kg (p<0.001 between the groups). However, at 18 months, the 

difference between groups in percentage energy from carbohydrate was less than 5%. 
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Dale and colleagues randomly assigned 200 women who had previously lost 5% or more of their 

initial body weight to groups that were advised to follow a high carbohydrate or a relatively high 

monounsaturated fat diet (Dale et al., 2009). These groups were also divided into those receiving 

either an intensive or less intensive form of support. After 2 years of follow-up, data were available 

from 174 (87%) participants.  Weight losses did not vary significantly between diet groups and the 

authors concluded that ‘diets of different macronutrient composition produced comparable 

beneficial effects in terms of weight loss maintenance’.  However, achieved differences in 

percentage energy from carbohydrate between groups were much less than intended (43 vs. 47% 

energy) and since this was less than our 5% cut-off, this study was not included in the meta-

analysis. 

 

Clifton et al. (Clifton et al., 2008) studied the effect of lower carbohydrate, higher protein intakes on 

the maintenance of weight loss in 79 healthy obese women after a 12 week intensive weight loss 

phase. After one year of follow-up, weight loss was similar in the high-protein (34% of energy) and 

the high-carbohydrate diet groups (64% of energy).  

 

Overall, the findings from the studies not included in the meta-analysis are inconsistent, but 

generally do not indicate a differential benefit in terms of weight loss with either higher or lower 

carbohydrate diets. 

 

Trials were separated into 2 main types on the basis of proportion of energy derived from 

percentage macronutrients. For inclusion in meta-analysis there was a difference of energy from 

carbohydrate between trial groups of 5% or more. Actual consumption was used rather than 

intended diet unless otherwise stated – see trial characteristics table.  

 

Higher carbohydrate, lower fat diets were differentiated from lower carbohydrate, higher fat diets 

where percentage of energy from fat was 2% or more. Higher carbohydrate, lower protein diets 

were differentiated from lower carbohydrate, higher protein diets where percentage of energy from 

protein was 2% or more and higher carbohydrate, lower protein and fat diets were differentiated 

from lower carbohydrate, higher protein and fat diets where percentage of energy from fat was 2% 

or more but protein intakes were also different by more than 2%. 
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Fourteen studies provided sufficient data for inclusion in the meta-analyses comparing different 

carbohydrate intakes and changes in weight (in kg) (see Table 5.8). Data from the Women’s 

Health Initiative Dietary Modification Trial are provided in 2 publications which report outcomes at 

different time points post randomisation (1 yr, 3 years and 90 months) (Tinker et al., 2008;Howard 

et al., 2006). Data from the 90 months follow-up only were included in this meta-analysis as the 

intervention was judged to still be ‘ongoing’ at that point and provides information on the long term 

impact of dietary change on body weight (Howard et al., 2006). One study reported results from 

four groups (Dansinger et al., 2005) and one study reported results from three groups (Delbridge 

et al., 2009).  For both of these studies the group with the lowest carbohydrate intake was 

compared with the group with highest carbohydrate intake. There were insufficient studies to 

stratify by protein shift only, or by a shift in both fat and protein, so these results were combined 

into one plot.   

These remaining 14 studies were stratified into the two categories based on reported differences 

(≥2%) in macronutrients.  Eight studies reported changes in percentage fat with less than 2% 

change in protein.  Six studies reported changes in protein of at least 2% with or without changes 

in fat.   

 

All studies included adults as participants. Definitions of different levels of carbohydrate, fat and 

protein are reported in the trial characteristics table (Table 5.4). Studies where weight was 

presented as pounds were converted to kilograms. The first follow up reported at the end of the 

intervention and over 12 months was used. This varied from 12 months to 6 years.   

 

There were insufficient studies to create a funnel plot for examining possible publication bias.   

 

Carbohydrate swapped with fat 

The pooled estimate indicated that weight was 0.93kg lower (95% CI, -0.01 to 1.87kg) with 

consumption of a high carbohydrate, low fat diet compared with a low carbohydrate and high fat 

diet.  This was not significantly different from zero (p=0.05).  Heterogeneity denoted by I2 was 65% 

(95% CI, 26 to 84%). Statistically, there was no evidence that high carbohydrate, low fat diets 

result in differences in weight after 12 months. 
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Figure 5.1 Forest plot for high carbohydrate, lower fat vs. lower carbohydrate, higher fat diets and 

body weight (kg) 

 

 

Carbohydrate swapped with protein and swapped with both protein and fat 

The pooled estimate for studies with a change in protein or fat and protein indicated that weight 

was 0.48kg higher (95% CI, -0.97 to 1.74kg) with consumption of a higher carbohydrate, lower 

protein and fat diet compared with a lower carbohydrate, higher protein and fat diet. This was not 

significantly different from zero (p=0.46).  Heterogeneity denoted by I2 was 14% (95% CI, 0 to 

78%). Statistically, there was no evidence that a diet higher in carbohydrate and lower in fat and 

protein is associated with differences in body weight. 
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Figure 5.2 Forest plot for high carbohydrate diets swapped with protein only or fat and protein and 

body weight (kg) 

 

 

 

Due to high levels of unexplained heterogeneity, four continuous variables were analysed using 

metaregression to determine if they had an effect on the pooled estimates. These included 

between-group percentage difference in fat, percentage difference in protein, percentage 

difference in carbohydrate and initial BMI of participants.  None were statistically significant.  The 

difference in the influence of percentage dietary fat was of borderline statistical significance 

(p=0.08).  A metaregression analysis using difference in fat only decreased the pooled estimate for 

all studies of -0.38kg by 0.24kg (95%CI -0.03 to 0.51) for each 1% increase in fat.  This means 

that if the difference in carbohydrate was due to the carbohydrate being replaced with fat (rather 

than protein) the pooled estimate is pulled to the left resulting in higher body weight with a lower 

carbohydrate diet.  
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Body mass index 

Thirteen papers on 12 trials provided data on the effects of high or low carbohydrate diets on BMI. 

Details concerning the design, participants, duration and nature of the interventions are included in 

Table 5.4 and results are included in Table 5.9. 

 

Two studies were conducted on obese adolescents (Ebbeling et al., 2003;Demol et al., 2009), and 

were therefore not included in the meta-analysis of adult studies. The study reported by Demol et 

al. compared the effects of a high carbohydrate low fat diet, with lower carbohydrate diets that 

varied in the proportion of energy derived from fat or protein on body weight and the metabolic 

profile of obese adolescents (Demol et al., 2009). Both low carbohydrate diets aimed to deliver up 

to 20% of energy from carbohydrate (60g/d), which was compared with 50-60% of energy from 

carbohydrate in the high carbohydrate diet. The participants were free-living and were instructed to 

follow a pre-set rotating menu, which aimed to deliver 1200-1500 kcal per day. After one year, all 

groups had lost weight, however the changes in BMI and BMI-percentile within each diet group did 

not differ. All diets were equally effective in reducing weight. 

 

Ebbeling 2003 (Ebbeling et al., 2003) compared the effects of a conventional reduced fat (30-35% 

energy), high carbohydrate (55-60% energy) diet with a moderate fat (30-35% energy), lower 

carbohydrate (45-50% energy, low/moderate GI) diet in 16 obese adolescents (13-21 yr) over 12 

months. Fourteen subjects completed the full trial. There was a decrease in BMI at 12 months in 

the lower carbohydrate group (-1.2 SE 0.7), but a small increase in the high carbohydrate group 

(+0.6 SE 0.5), and the difference between groups was statistically significant in the analysis of 

completers and using the intention-to-treat approach (p=0.02).   

 

These 2 studies of adolescents provide contradictory evidence concerning the benefits of high 

carbohydrate, low fat diets on BMI change. 

 

Two studies were excluded from the meta-analysis since the difference in carbohydrate between 

the intervention groups was less than 5% energy in the main analysis (McManus et al., 2001;Dale 

et al., 2009).  These excluded studies of adults provide contradictory evidence concerning the 

benefits of higher carbohydrate, low fat diets on BMI change, but the differences in carbohydrate 

content are small. 

 

In the trial conducted by McManus et al. (McManus et al., 2001) 101 overweight men and women 

were allocated to a lower carbohydrate, moderate-fat diet (35% of energy) or a higher 

carbohydrate, low-fat diet (20% of energy). After 18 months, 31/50 subjects in the moderate-fat 

group, and 30/51 in the low fat group were available for measurements. In the lower carbohydrate, 

moderate-fat group, BMI decreased by 1.6 kg/m2, compared to an increase in the low-fat group of 

1.4 kg/m2 (p<0.001).  However, at 18 months, the difference in percentage energy from 

carbohydrate was less than 5% between groups. 
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Dale and colleagues randomly assigned 200 women who had previously lost 5% or more of their 

initial body weight to groups that were advised to follow a high carbohydrate or a relatively high 

monounsaturated fat diet (Dale et al., 2009). These groups were also divided into those receiving 

either an intensive or less intensive form of support. After 2 years of follow-up, data were available 

from 174 (87%) participants.  BMI change did not vary significantly between diet groups and the 

authors concluded that ‘diets of different macronutrient composition produced comparable 

beneficial effects in terms of weight loss maintenance’. 

 

Eight studies of adults therefore remained for inclusion in the meta-analyses comparing different 

carbohydrate intakes and changes in BMI (weight/height2) reported as kg/m2.  One study reported 

results from four groups (Dansinger et al., 2005) and one study reported results from three groups 

(Gardner et al., 2007).  For both of these studies the group with the lowest carbohydrate intake 

was compared with the group with highest carbohydrate intake.  Data from the Women’s Health 

Initiative Dietary Modification Trial are provided in 2 publications which report outcomes at different 

time points post randomisation (1 yr, 3 years and 90 months) (Tinker et al., 2008;Howard et al., 

2006). Data from the 90 months follow-up only were included in this meta-analysis as the 

intervention was judged to still be ‘ongoing’ at that point and provides information on the long term 

impact of dietary change on BMI (Howard et al., 2006).  

 

Trials were separated into 3 main types on the basis of proportion of energy derived from 

percentage macronutrients. For inclusion in meta-analysis there a difference of energy from 

carbohydrate between trial groups of 5% or more was considered meaningful. Actual consumption 

was used rather than intended diet unless otherwise stated – see trial characteristics table.  

 

Higher carbohydrate, lower fat diets were differentiated from lower carbohydrate, higher fat diets 

where percentage of energy from fat was 2% or more. Higher carbohydrate, lower protein diets 

were differentiated from lower carbohydrate, higher protein diets where percentage of energy from 

protein was 2% or more and higher carbohydrate, lower protein and fat diets were differentiated 

from lower carbohydrate, higher protein and fat diets where percentage of energy from fat was 2% 

or more but protein intakes were also different by more than 2%. 

 

The studies were stratified according to whether fat only was exchanged with carbohydrate or 

whether protein only or both protein and fat were exchanged with carbohydrate.  There were 

insufficient studies to stratify by protein shift only, or by a shift in both fat and protein, so these 

results were combined into one plot.  All studies included adults as participants.  Definitions of 

different levels of carbohydrate, fat and protein are reported in the trial characteristics table (Table 

5.4). The higher carbohydrate diets varied in percentage energy from carbohydrate between 47 

and 63%, and the lower carbohydrate diets between 18 and 49%.  The first follow up reported at 

the end of the intervention and over 12 months was used. This varied from 12 months to 7 years.   
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Higher carbohydrate, low fat diets compared with lower carbohydrate, higher fat diets 

No pooled estimate was reported for studies reporting differences in fat and carbohydrate as 

heterogeneity was high at 80%.  Statistically there was no evidence that BMI was different for high 

carbohydrate low fat diets. 

 

Figure 5.3 Forest plot for higher carbohydrate, lower fat vs. lower carbohydrate, higher fat diets 

and BMI (kg/m2) 
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Higher carbohydrate and lower protein or higher carbohydrate and lower protein and fat diets 

The pooled estimate indicated that BMI was 0.26 kg/m2 (95% CI, -0.46 to 0.98) different with 

consumption of a high carbohydrate lower fat lower protein diet or high carbohydrate lower protein 

diet.  This was not significantly different from zero (p=0.48).  Heterogeneity for studies with change 

in fat and protein and carbohydrate was 59% (95% CI, 0 to 86%).  A funnel plot was not carried 

out due to the small number of studies included in the analysis.  Statistically, there was no 

evidence that a diet higher in carbohydrate and lower in protein and fat or protein only is 

associated with differences in BMI.   

 

Figure 5.4 Forest plot for higher carbohydrate diets swapped with protein only or fat and protein 

and BMI (kg/m2)
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Table 5.6 Body weight and total carbohydrate: cohort studies in adults 

Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  
(mean) 
%Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assess-
ment 

Exposure 
Outcome/ 
Assessment 
Details 

Sub-group detail 
Contrast 
(mean) 

Exposure 
Units 

Mean 
outcome 
(SD) 

Beta 
coefficient 
(SE)/(CI) 

p 
p 
tren
d 

Adjustments  

13625 
(Colditz et al., 
1990)  NHS 

USA,  
Primarily White, 
Cancer free, No 
heart disease, 
Not diabetic      

30-55  
 
%M 0 

31940 4 years 
FFQ 
(61) 

Carbohydrate, 
total 
(grams/day) 

Change in 
weight (kg) 
Baseline to 
Follow-up  
 
Self-reported  

    1 g/day   
-0.001 
(0.000714) 

    
Age, BMI, 
Energy intake       

14120 
(Parker et al., 
1997)  
Pawtucket 
Heart Health 
Program 

USA,  
Primarily White, 
Not diabetic       

18-64  
 
%M 38 

556 4 years FFQ  
Carbohydrate, 
total 
(grams/day) 

Change in 
weight (kg) 
Baseline to 
Follow-up  
 
Measured by 
clinician/ 
professional  

    1 g/day   
0.5988 
(7.7676) 

0.94   

Age, BMI, 
energy intake, 
physical 
activity, 
Smoking      

13668 
(Ludwig et al., 
1999)  The 
CARDIA Study 

USA, Multi-
ethnic, 
Generally 
healthy, No 
hypertension, 
Not diabetic      

18-30  
 
%M 
45.9 

5115 
10 
years 

FFQ 
(700) 

Carbohydrate, 
total (% energy) 

Body weight 
(kg)  
 
Measured by 
clinician/ 
professional  

Race - White 
(51.9) vs 
(33.5)  

kg: 75.2 
vs. 76.6  

    0.04 

Age, Alcohol, 
Weight, Centre, 
Education, 
energy intake, 
physical 
activity, 
Gender, 
Smoking, 
Vitamin intake     

13669 
The CARDIA 
Study 

      
  Race - Black 

(51.9) vs 
(33.5)  

kg: 82.6 
vs. 84.1  

    0.03 As above     

13809 
(Iqbal et al., 
2006)  MONICA 

Denmark, 
Primarily White      

30-60 
(45) 
 
%M 
48.9 

2025 5 years 
Food 
diary  

Carbohydrate, 
total (% energy) 

Change in 
weight (kg) 
Baseline to 
Follow-up  
 
Measured by 
clinician/ 
professional  

Men   
1 % 
Energy 

  -0.77 (0.67) 0.25   

Age, BMI, 
Cohort, 
Education, 
Energy intake, 
Food volume, 
Physical 
activity, 
Smoking      

14195 
MONICA       

  Women   
 

  -1.2 (0.95) 0.19   As above 

14271 
MONICA       

  Men, BMI <25   
 

  -0.2 (0.9)     As above 

14272 
      

  Men, BMI 25-30   
 

  -1 (1 )     As above 
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Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  
(mean) 
%Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assess-
ment 

Exposure 
Outcome/ 
Assessment 
Details 

Sub-group detail 
Contrast 
(mean) 

Exposure 
Units 

Mean 
outcome 
(SD) 

Beta 
coefficient 
(SE)/(CI) 

p 
p 
tren
d 

Adjustments  

MONICA 

14273 
MONICA       

  Men, BMI >30   
 

  -4.7 (2.7 )     As above 

14277 
MONICA       

  Women, BMI <25   
 

  -0.9 (1.1)     As above 

14278 
MONICA        

Women, BMI 25-
30 

  
 

  -2.1 (2.1)     As above 

14279 
MONICA       

  Women, BMI >30   
 

  -5.5 (5)      As above 

14296 
MONICA       

  
Obese Men with 
familial obesity 

  
 

  -4.5 (2.32) 0.05   As above 

14297 
MONICA       

  
Obese Men 
without familial 
obesity 

  
 

  -3.1 (2.3) 0.17   As above 

14298 
MONICA       

  
Men, Normal 
weight + familial 
obesity 

  
 

  -1.1 (1.5) 0.44   As above 

14299 
MONICA       

  
Men, Normal 
weight without 
familial obesity 

  
 

  0.2 (0.8) 0.86   As above 

14300 
MONICA       

  
Obese Women 
with familial 
obesity 

  
 

  -3.8 (4) 0.34   As above 

14301 
MONICA       

  
Obese Women 
without familial 
obesity 

  
 

  -3.2 (5)  0.52   As above 

14302 
MONICA       

  
Women, Normal 
weight with 
familial obesity 

  
 

  -1.2 (1.9)   0.55   As above 

14303 MONICA 
      

  
Women, Normal 
weight without 
familial obesity 

  
 

  -1.2 (1.2) 0.31   As above 

14690 
(Hays et al., 
2006)  Eating 
Behaviour and 
Body Weight in 
Women 

USA, Primarily 
White, BMI <30, 
Generally 
healthy, No 
medications 
which influence 
outcomes, Post-
menopausal    

55-65 
(61) 
 
%M 0 

67 
4.4 
years 

FFQ  
Carbohydrate, 
total (% energy) 

Rate of weight 
change (kg/yr)  
 
Measured by 
clinician/ 
professional  

    
1 % 
Energy 

  
-0.123 
(0.041) 

0.008   
Fibre, Hunger 
Score, Protein       
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Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  
(mean) 
%Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assess-
ment 

Exposure 
Outcome/ 
Assessment 
Details 

Sub-group detail 
Contrast 
(mean) 

Exposure 
Units 

Mean 
outcome 
(SD) 

Beta 
coefficient 
(SE)/(CI) 

p 
p 
tren
d 

Adjustments  

14757 
(Phelan et al., 
2007) National 
Weight Control 
Registry 

USA, Previous 
weight loss 
programme 
participants       

(50) 
 
%M 29 

891 3 years FFQ  
Carbohydrate, 
total (% energy) 

Change in 
weight (kg) 
Baseline to 
Follow-up  
Self-reported  

      

Low carbohydrate diet 
group: 7kg (SD 7.1) 
Not low carbohydrate 
diet: 5.7kg (SD 8.7) 
  

   0.16 

Gender, 
Baseline 
weight, 
Previous weight 
loss 

Table 5.7 BMI and total carbohydrate: cohort studies in children 

Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age range  
(mean) 
 %Male 

(Cases)
/Total 

Follow Up 
(% loss) 

Diet Assessment Exposure 
Outcome/ Assessment 
Details 

Sub-
group 
detail 

Exposure 
Units 

Beta coefficient 
(SE)/(CI) 

p P trend Adjustments  

14165 
(Boreham et 
al., 1999)  The 
Northern 
Ireland Young 
Hearts Project 

Northern 
Ireland      

12-15 
 
%M 49.3 

509 
3 years (11) 

Dietary history  
Carbohydrate, 
total (% energy) 

BMI  
 
Measured by clinician/ 
professional  

Male 1 % Energy 
Beta coefficient 
not reported 

  NS 
Social Class, 
Genderual 
maturity         

14213 
 

  
     

 
  

Female 1 % Energy 
Beta coefficient 
not reported  

 NS 
Social Class, 
Sexual maturity         

14612 
(Magarey et al., 
2001)  Adelaide 
Longitudinal 
Study of 
Growth & 
Nutrition 

Australia        
2-15 
 
%M 58 

500 13 years Food diary  
Carbohydrate, 
total (% energy) 

BMI  
 
Measured by clinician/ 
professional  

  1 % Energy 0  (0.001) 0.77   

Energy Intake, 
gender, parental 
BMI, BMI at 
previous age 

13312 
(Twisk et al., 
1998)  
Amsterdam 
Growth and 
Health Study 

The 
Netherlands        

12-15 (13) 
 
%M 46 

233 
14 years 
(22) 

Dietary history  
Carbohydrate, 
total (grams/day) 

BMI  
 
Measured by clinician/ 
professional  

  g/day 
0.02 (-0.02, 
0.05) 

0.33    Time, gender 

13311 
      

Carbohydrate, 
total (% energy) 

BMI  
 
Measured by clinician/ 
professional  

  1 % Energy 
-0.01 (-0.04, 
0.02)  

0.53     As above 
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Table 5.8 Body weight and high carbohydrate diets: RCT data 

Result 
ID/ 
Author 

Subgroup 
detail 

Intervention 
group 

Completers
/ Allocated 

Baseline 
Follow-
up 

Within 
group ∆ 
from 
baseline 

p-value 
Within 
group ∆ 
from base-
line 

p-value 
difference 
between 
groups 

Difference 
between 
groups at 
follow-up 

Difference 
between 
groups in  ∆ 
from 
baseline 

Outcome/ 
Assessment 
method 

Result/ 
Outcome 
details 

Result-
specific 
follow-up 

Weight 
Change 

Outcome 
Assess-
ment 
Bias 

*16851 
(Bhargav
a, 2006) 

 

  Control 

379/ 
allocated 
not 
reported 

75.92 (SD 
12.56) 

75.53 (SD 
12.62) 

 -0.39 0.05 
 

    
Body 
weight  

Measured by 
clinician/ 
professional 
 (kg) 

1 year Decrease Unclear 

  Low fat 

615/ 
allocated 
not 
reported 

75.95 (SD 
12.43) 

73.86 (SD 
12.6) 

- 2.09 0.05 0.05     
   

Decrease 
 

17430 
(Clifton 
et al., 
2008) 

 

  
High 
carbohydrate 
diet 

38/38     4.4 (SD 6.1)   
 

    
Body 
weight  

Measured by 
clinician/ 
professional 
 (kg) 

1.25 
years 

Decrease Unclear 

  
High protein 
diet 

40/41     4.6 (SD 5.5)   
 

    
   

Decrease 
 

17383 
(Dale et 
al., 
2009) 

  
High 
carbohydrate 
diet 

89/100 
85.5 (SD 
15.6) 

83.5 (SD 
15.9) 

    
 

    
Body 
weight  

Measured by 
clinician/ 
professional 
 (kg) 

1 year Decrease Unclear 

  High MUFA diet 85/100 
86.2 (SD 
13.6) 

84.8 (SD 
14.7) 

    
 

    
   

Decrease 
 

17361 
 

 

  
High 
carbohydrate 
diet 

89/100 
85.5 (SD 
15.6) 

83.0 (SD 
15.2) 

          
Body 
weight  

 (kg) 2 years Decrease Unclear 

  High MUFA diet 85/100 
86.2 (SD 
13.6) 

84.3 (SD 
14.3) 

          
   

Decrease 
 

15978 
 

  

High MUFA diet 
minus high 
carbohydrate 
diet 

High 
MUFA: 
85/100 
High CHO: 
89/100 

            
0.7 (CI -1.1, 
2.4) 

Body 
weight  

 (kg) 2 years 
Decrease 
in both 

Unclear 

**15692 
(Dansing
er et al., 
2005) 

 

  Atkins 40/40     
-2.1 (SD 
4.8) 

0.01 
 

    
Body 
weight 
change 

Measured by 
clinician/ 
professional 
 (kg) 

1 year Decrease No bias 

  Ornish 40/40     
-3.3 (SD 
7.3) 

0.01 
 

    
  

Decrease 
 

  
Weight 
watchers 

40/40     -3 (SD 4.9) 0.01 
 

    
  

Decrease 
 

  Zone 40/40     -3.2 (SD 6) 0.01 
 

    
  

Decrease 
 

**15307 
(Delbridg

  
Low fat, high 
carbohydrate 

70/70     3.8 (SE 0.9)   
 

    
Body 
weight 

Measured by 
clinician/ 

1 year Increase Unclear 
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Result 
ID/ 
Author 

Subgroup 
detail 

Intervention 
group 

Completers
/ Allocated 

Baseline 
Follow-
up 

Within 
group ∆ 
from 
baseline 

p-value 
Within 
group ∆ 
from base-
line 

p-value 
difference 
between 
groups 

Difference 
between 
groups at 
follow-up 

Difference 
between 
groups in  ∆ 
from 
baseline 

Outcome/ 
Assessment 
method 

Result/ 
Outcome 
details 

Result-
specific 
follow-up 

Weight 
Change 

Outcome 
Assess-
ment 
Bias 

e et al., 
2009) 

 

weight 
maintenance 
diet 

professional 
 (kg) 

  

Low fat, high 
protein weight 
maintenance 
diet 

68/71     3.1 (SE 0.8)   0.544     
   

Increase 
 

**16026 
(Due et 
al., 
2004) 

 

  High protein 23/23     
-6.2 (CI -
8.6, -3.8) 

  
 

    
Body 
weight  

Measured by 
clinician/ 
professional 
 (kg) 

1 year Decrease Unclear 

  
Moderate 
protein 

18/18     
-4.3(CI -6.4, 
-2.2) 

  
 

    
   

Decrease 
 

15464 
(Ebbelin
g et al., 
2007) 

  Low fat diet 
ITT: 
37/37 

      <0.05 
 

    
Body 
weight 
change 

Measured by 
clinician/ 
professional 

1 year Decrease No bias 

  Low GL diet 
ITT: 
36/36 

      <0.05 NS     
   

Decrease 
 

15465 
 

  Low fat diet 
ITT: 
37/37 

        
 

    
Body 
weight 
change 

Measured by 
clinician/ 
professional 

18 
months 

Decrease No bias 

  Low GL diet 
ITT: 
36/36 

        NS     
   

Decrease 
 

15467 
 

Insulin 
(30m 
post 
75gdose) 
<57.5µUI
/ml 

Low fat diet 
ITT: 
37/37 

      <0.05 
 

    
Body 
weight 
change 

Measured by 
clinician/ 
professional 

1 year Decrease No bias 

Low GL diet 
ITT: 
36/36 

      NS NS     
   

Decrease 
 

15468 
 

Insulin 
(30m 
post 
75gdose) 
<57.5µUI
/ml 

Low fat diet 
ITT: 
37/37 

      NS 
 

    
Body 
weight 
change 

Measured by 
clinician/ 
professional 

18 
months 

Decrease No bias 

Low GL diet 
ITT: 
36/36 

      NS NS     
   

Decrease 
 

15470 
 

Insulin 
(30m 
post 

Low fat diet 
ITT: 
37/37 

  No loss   NS 
 

    
Change in 
weight 

Measured by 
clinician/ 
professional 

1 year Decrease No bias 



 

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN or the advice/policy of Public Health England and Health Departments.  
41 

Result 
ID/ 
Author 

Subgroup 
detail 

Intervention 
group 

Completers
/ Allocated 

Baseline 
Follow-
up 

Within 
group ∆ 
from 
baseline 

p-value 
Within 
group ∆ 
from base-
line 

p-value 
difference 
between 
groups 

Difference 
between 
groups at 
follow-up 

Difference 
between 
groups in  ∆ 
from 
baseline 

Outcome/ 
Assessment 
method 

Result/ 
Outcome 
details 

Result-
specific 
follow-up 

Weight 
Change 

Outcome 
Assess-
ment 
Bias 

75gdose) 
>57.5µUI
/ml Low GL diet 

ITT: 
36/36 

  
Greater 
loss 

  <0.05 NS     
   

Decrease 
 

15471 
 

Insulin 
(30m 
post 
75gdose) 
>57.5µUI
/ml 

Low fat diet 
ITT: 
37/37 

    -1.2 NS 
 

    
Body 
weight 
change 

Measured by 
clinician/ 
professional 
 (kg) 

18 
months 

Decrease No bias 

Low GL diet 
ITT: 
36/36 

    -5.8 <0.05 0.004     
   

Decrease 
 

*15420 
(Ebbelin
g et al., 
2005) 

 

  Low fat diet 12/17 
83.2 (SE 
3.3) 

  
-6.1% (CI -
11.2, -0.7) 

  
 

    
Body 
weight  

Measured by 
clinician/ 
professional 
 (kg) 

1 year Decrease Unclear 

  Low GI diet 11/17 
93.9 (SE 
5.3) 

  
-7.8% (CI -
13, -2.2) 

  
 

    
   

Decrease 
 

**15194 
(Foster 
et al., 
2003) 

  
Conventional 
diet plan 

30/30     
-2.5 (SD 
6.3) 

<0.05 
 

    
% change in 
body 
weight 

Measured by 
clinician/ 
professional 

1 year Decrease Unclear 

  
Low 
carbohydrate 
diet 

33/33     
-4.4 (SD 
6.7) 

<0.05 0.26     
   

Decrease 
 

*15149 
(Frisch et 
al., 
2009) 

 

  
High 
carbohydrate 
diet 

100/100     
-4.3 (SE 
5.1) 

  
 

    
Body 
weight 
change 

Measured by 
clinician/ 
professional 
(kg) 

1 year Decrease Unclear 

  
Moderate 
carbohydrate 
diet 

100/100     
-5.8 (SE 
6.1) 

  0.065     
   

Decrease 
 

15133 
(Gardner 
et al., 
2007) 
 

  

Atkins: low 
carbohydrate 
Zone: moderate 
carbohydrate 
Ornish: high 
carbohydrate 

Atkins: 
77/77 
Zone: 
79/79 
Ornish: 
76/76 

    

 -4.7  
( -6.3, -0.8) 
-1.6 
(-2.8, -0.4) 
-2.2 
(-3.6, -0.8) 

  
 

Atkins 
different 
from Zone, 
P<0.05 

  

Body 
weight 
change (kg) 
Mean  
(95% CI) 

Measured by 
clinician/ 
professional 
  
  

1 year Decrease No bias 

15136 
 

  

Ornish: high 
carbohydrate 
minus Zone: 
moderate 
carbohydrate 

Zone: 
79/79 
Ornish: 
76/76 

        
 

No 
significant 
difference 

  
Body 
weight 
change 

  
Measured by 
clinician/ 
professional 
   

1 year 
Decrease 
in both 

No bias 
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Result 
ID/ 
Author 

Subgroup 
detail 

Intervention 
group 

Completers
/ Allocated 

Baseline 
Follow-
up 

Within 
group ∆ 
from 
baseline 

p-value 
Within 
group ∆ 
from base-
line 

p-value 
difference 
between 
groups 

Difference 
between 
groups at 
follow-up 

Difference 
between 
groups in  ∆ 
from 
baseline 

Outcome/ 
Assessment 
method 

Result/ 
Outcome 
details 

Result-
specific 
follow-up 

Weight 
Change 

Outcome 
Assess-
ment 
Bias 

15139 
 

  

Atkins: low 
carbohydrate 
minus Ornish: 
high 
carbohydrate 

Atkins: 
77/77 
Ornish: 
76/76 

        
 

No 
significant 
difference 

  
Body 
weight 
change 

Measured by 
clinician/ 
professional 

1 year 
Decrease 
in both 

No bias 

*15661 
(Greenb
erg et 
al., 
2009) 

  
Low 
carbohydrate 

109/109     
-4.7 (SD 
6.5) 

  NS     
Body 
weight 
change 

Measured by 
clinician/ 
professional 
(kg) 

24 
months 

Decrease Unclear 

  Low fat 104/104     
-2.9 (SD 
4.2) 

  
 

    
   

Decrease 
 

(Howard 
et al., 
2006) 
*16240 
 

  Control 
25056/ 
29294 

76.7 (SD 
16.5) 

76.1 (SD 
16.9) 

-0.1 (SD 
10.1) 

  
 

    
Body 
weight  

Measured by 
clinician/ 
professional 
(kg) 

90 
months 

No 
change 

No bias 

  Low fat diet 
16297/ 
19541 

76.8 (SD 
16.6) 

75.7 (SD 
17.1) 

-0.8 (SD 
10.1) 

  <0.001     
   

Decrease 
 

**15597 
(Keogh 
et al., 
2007) 

  
High 
carbohydrate 
diet 

completers 
not 
reported/ 
12 

    
-4.6 (SE 
2.1) 

0.01 
 

    
Body 
weight 
change 

Measured by 
clinician/ 
professional 
(kg) 

1 year Decrease Unclear 

  
Low 
carbohydrate 
diet 

completers 
not 
reported/ 
13 

    
-5.5 (SE 
1.2) 

0.01 
 

    
   

Decrease 
 

**14950 
(Layman 
et al., 
2009) 

  
High 
carbohydrate, 
low protein diet 

51/66     
-7.4 (SE 
0.6) 

NS 
 

    
Change in 
weight 

Measured by 
clinician/ 
professional 
(kg) 

1 year Decrease Unclear 

  

Low 
carbohydrate, 
high protein 
diet 

52/64     -9.3 (SE 1) NS 
 

    
   

Decrease 
 

14952 
 

  
High 
carbohydrate, 
low protein diet 

51/66     
-8.0 (SE 
0.7) 

NS 
 

    
% change in 
body 
weight 

Measured by 
clinician/ 
professional 

1 year Decrease Unclear 

  

Low 
carbohydrate, 
high protein 
diet 

52/64     
-9.6 (SE 
0.9) 

NS 
 

    
   

Decrease 
 



 

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN or the advice/policy of Public Health England and Health Departments.  
43 

Result 
ID/ 
Author 

Subgroup 
detail 

Intervention 
group 

Completers
/ Allocated 

Baseline 
Follow-
up 

Within 
group ∆ 
from 
baseline 

p-value 
Within 
group ∆ 
from base-
line 

p-value 
difference 
between 
groups 

Difference 
between 
groups at 
follow-up 

Difference 
between 
groups in  ∆ 
from 
baseline 

Outcome/ 
Assessment 
method 

Result/ 
Outcome 
details 

Result-
specific 
follow-up 

Weight 
Change 

Outcome 
Assess-
ment 
Bias 

14885 
(McMan
us et al., 
2001) 

  Low fat diet 13/51     
-5.0 (SD 
7.3) 

<0.05 
 

    
Body 
weight 
change 

Measured by 
clinician/ 
professional 
(kg) 

1 year Decrease Unclear 

  
Moderate fat 
diet 

27/50     
-4.8 (SD 
5.2) 

<0.001 
 

    
   

Decrease 
 

14886 
 

 

  Low fat diet 30/51     2.9 (SD 7.7) NS 
 

    
Body 
weight 
change 

Measured by 
clinician/ 
professional 

18 
months 

Increase Unclear 

  
Moderate fat 
diet 

31/50     
-4.1 (SD 
6.5) 

<0.01 
 

    
   

Decrease 
 

14888 
 

  Low fat diet 13/51     -8.0 (SD 13) <0.05 
 

    
Change in 
Ideal body 
weight (%) 

Measured by 
clinician/ 
professional 

1 year Decrease Unclear 

  
Moderate fat 
diet 

27/50     
-8.0 (SD 
9.0) 

<0.001 
 

    
   

Decrease 
 

14889 
 

 

  Low fat diet 30/51     5 (SD 13) NS 
 

    
Change in 
Ideal body 
weight (%) 

Measured by 
clinician/ 
professional 

18 
months 

 Increase Unclear 

  
Moderate fat 
diet 

31/50     -6 (SD 11) <0.01 0.001     
   

Decrease 
 

16014 
(Sacks et 
al., 
2009) 
 

  
High-fat, 
average-protein 

ITT: 
/204 

        NS     
Body 
weight 
change 

Measured by 
clinician/ 
professional 
(kg) 

1 year Decrease No bias 

  
High-fat, high-
protein 

ITT: 
/201 

        NS     
   

Decrease 
 

  
Low-fat, 
average-protein 

ITT: 
/204 

        NS     
   

Decrease 
 

  
Low-fat, high-
protein 

ITT: 
/202 

        NS     
   

Decrease 
 

16015 
 

  
High-fat, 
average-protein 

ITT: 
/204 

        NS     
Body 
weight 
change 

Measured by 
clinician/ 
professional 
(kg) 

18 
months 

Decrease No bias 

  
High-fat, high-
protein 

ITT: 
/201 

        NS     
   

Decrease 
 

  
Low-fat, 
average-protein 

ITT: 
/204 

        NS     
   

Decrease 
 

  
Low-fat, high-
protein 

ITT: 
/202 

        NS     
   

Decrease 
 

16012   High-fat, ITT:         NS     Body Measured by 2 years Decrease No bias 
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Result 
ID/ 
Author 

Subgroup 
detail 

Intervention 
group 

Completers
/ Allocated 

Baseline 
Follow-
up 

Within 
group ∆ 
from 
baseline 

p-value 
Within 
group ∆ 
from base-
line 

p-value 
difference 
between 
groups 

Difference 
between 
groups at 
follow-up 

Difference 
between 
groups in  ∆ 
from 
baseline 

Outcome/ 
Assessment 
method 

Result/ 
Outcome 
details 

Result-
specific 
follow-up 

Weight 
Change 

Outcome 
Assess-
ment 
Bias 

 average-protein /204 weight 
change 

clinician/ 
professional 
(kg) 

  
High-fat, high-
protein 

ITT: 
/201 

        NS     
   

Decrease 
 

  
Low-fat, 
average-protein 

ITT: 
/204 

        NS     
   

Decrease 
 

  
Low-fat, high-
protein 

ITT: 
/202 

        NS     
   

Decrease 
 

 
*15417 
(Shah et 
al., 
1996) 

  
Energy 
restricted diet 

36/36 
175.7 (SD 
9.7) 

173.9 (SD 
19) 

    
 

    
Body 
weight  

Assessment 
method not 
reported 
(lb) 

1 year Decrease Unclear 

  
Low fat, high 
complex CHO 

39/39 
176.2 (SD 
9.8) 

170.8 (SD 
14.1) 

    
 

    
   

Decrease 
 

 
15710 
(Sheppar
d et al., 
1991) 

  Control 105/119 
66.0 (SD 
9.8) 

  
-0.4 (SD 
3.5) 

  
 

    
Body 
weight  

Measured by 
clinician/ 
professional 
(kg) 

1 year 
No 
change 

Unclear 

  Low fat diet 171/184 
68.9 (SD 
10.8) 

  
-3.0 (SD 
4.8) 

  
 

    
   

Decrease 
 

*15711 

  Control 94/119 
66.0 (SD 
9.8) 

  
-0.1 (SD 
4.1) 

  
 

    
Body 
weight  

Measured by 
clinician/ 
professional 
(kg) 

24 
months 

No 
change 

Unclear 

  Low fat diet 158/184 
68.9 (SD 
10.8) 

  
-1.9 (SD 
4.9) 

  
 

    
   

Decrease 
 

*15835 
(Swinbur
n et al., 
2001) 

  Control diet 70/70     
0.59 (SE 
1.61) 

  
 

    
Body 
weight 
change 

Measured by 
clinician/ 
professional 
(kg) 

1 year 
No 
change 

Unclear 

  Low fat 66/66     
-3.32 (SE 
0.68) 

  
 

    
   

Decrease 
 

15856 
  Control diet 57/70     

1.06 (SE 
0.46) 

  
 

    
Body 
weight 
change 

Measured by 
clinician/ 
professional 
(kg) 

2 years 
No 
change 

Unclear 

  Low fat 47/66     
-3.15 (SE 
0.78) 

  
 

    
   

Decrease 
 

15857   Control diet 51/70     
2.13 (SE 
0.7) 

  
 

    
Body 
weight 
change 

Measured by 
clinician/ 
professional 

3 years 
No 
change 

Unclear 
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Result 
ID/ 
Author 

Subgroup 
detail 

Intervention 
group 

Completers
/ Allocated 

Baseline 
Follow-
up 

Within 
group ∆ 
from 
baseline 

p-value 
Within 
group ∆ 
from base-
line 

p-value 
difference 
between 
groups 

Difference 
between 
groups at 
follow-up 

Difference 
between 
groups in  ∆ 
from 
baseline 

Outcome/ 
Assessment 
method 

Result/ 
Outcome 
details 

Result-
specific 
follow-up 

Weight 
Change 

Outcome 
Assess-
ment 
Bias 

(kg) 

  Low fat 48/66     
-1.6 (SE 
0.78) 

  
 

    
   

Decrease 
 

15858 

  Control diet 52/70     
1.26 (SE 
0.68) 

  
 

    
Body 
weight 
change 

Measured by 
clinician/ 
professional 
(kg) 

5 years 
No 
change 

Unclear 

  Low fat 51/66     
1.06 (SE 
0.64) 

  
 

    
   

Decrease 
 

15354 
(Tinker 
et al., 
2008) 

  Control 
24977/292
94 

76.2 (SD 
16.3) 

75.9 (SD 
16.5) 

    
 

    
Body 
weight 

Not reported 
 (kg) 

1 year 
No 
change 

Unclear 

  Low fat diet 
17026/195
41 

76.4 (SD 
16.5) 

74 (SD 
16.5) 

    0.001     
   

Decrease 
 

15362 
 

  Control 
22321/292
94 

76.2 (SD 
16.3) 

76.2 (SD 
16.6) 

    
 

    
Body 
weight 

Not reported 
(kg) 

6 years 
No 
change 

Unclear 

  Low fat diet 
14409/195
41 

76.4 (SD 
16.5) 

75.6 (SD 
16.8) 

    0.001     
   

Decrease 
 

*This result was used in the meta-analysis for carbohydrate/fat swap and body weight (Figure 5.1) 

**This results was used in the meta-analysis for carbohydrate/protein and carbohydrate/fat and protein swap and body weight (Figure 5.2) 
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Table 5.9 BMI and high carbohydrate diets: RCT data 

Result 
ID/ 
Author 

Intervention 
group 

Completers/ 
Allocated 

Baseline Follow-up 
Within group 
∆ from 
baseline 

p-value 
Within 
group ∆ 
from 
baseline 

p-value 
difference 
between 
groups 

Difference 
between 
groups in  ∆ 
from baseline 

Outcome/ 
Assessment 
method 

Result/ 
Outcome details 

Result-
specific 
follow-up 

Weight 
Change 

Outcome 
Assessment 
Bias 

Adolescent studies 
         

15392 
(Demol 
et al., 
2009) 

High 
carbohydrate, 
low fat 

20/20 33.8 (SD 1.5) 31.1 (SD 1.6)     
 

  BMI 
Measured by clinician/ 
professional 

1 year Decrease Bias 

Low 
carbohydrate, 
high fat 

17/17 33.7 (SD 1.6) 32.6 (SD 1.7)     NS   
   

Decrease 
 

Low 
carbohydrate, 
high protein 

18/18 35.2 (SD 1.6) 32.4 (SD 1.6)     NS   
   

Decrease 
 

15394 
 

High 
carbohydrate, 
low fat 

20/20 3.3 (SD 0.3) 2.5 (SD 0.3)     
 

  BMI SDS 
Measured by clinician/ 
professional 

1 year Decrease Bias 

Low 
carbohydrate, 
high fat 

17/17 3.1 (SD 0.3) 2.7 (SD 0.4)     NS   
   

Decrease 
 

Low 
carbohydrate, 
high protein 

18/18 3.4 (SD 0.3) 2.7 (SD 0.4)     NS   
   

Decrease 
 

15019 
(Ebbelin
g et al., 
2003) 

Low fat diet 8/8 37.1 (SE 1.2)   0.6 (SE 0.5)   
 

  BMI 
Measured by clinician/ 
professional 

1 year No change Bias 

Low GL diet 8/8 34.9 (SE 1.0)   -1.2 (SE 0.7)   0.02   
   

Decrease 
 

Adult studies 
            

*16865 
(Bhargav
a, 2006) 

 

Control 
379/allocat
ed not 
reported 

28.9 (SD 4.65) 
28.75 (SD 
4.68) 

  0.05 
 

  BMI 
Measured by clinician/ 
professional 

1 year Decrease Unclear 

Low fat 
615/allocat
ed not 
reported 

28.77 (SD 4.43) 
27.98 (SD 
4.47) 

  0.05 0.05   
   

Decrease 
 

15977 
(Dale et 
al., 
2009) 

High MUFA diet 
minus high 
carbohydrate 
diet 

High MUFA: 
85/100 
High CHO: 
89/100 

        
 

0.2 (CI -0.4, 
0.9) 

BMI 
Measured by clinician/ 
professional 

2 years 
Decrease in 
both 

Unclear 

17362 
 

High 
carbohydrate 
diet 

89/100 31.8 (SD 5.2) 30.8 (SD 5.1)         BMI 
Measured by clinician/ 
professional 

2 years  Decrease Unclear 

High MUFA diet 85/100 31.9 (SD 4.9) 31.2 (SD 5.1)         
   

Decrease 
 

17384 
 

High 
carbohydrate 

89/100 31.8 (SD 5.2) 31.0 (SD 5.4)     
 

  BMI 
Measured by clinician/ 
professional 

1 year  Decrease Unclear 
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Result 
ID/ 
Author 

Intervention 
group 

Completers/ 
Allocated 

Baseline Follow-up 
Within group 
∆ from 
baseline 

p-value 
Within 
group ∆ 
from 
baseline 

p-value 
difference 
between 
groups 

Difference 
between 
groups in  ∆ 
from baseline 

Outcome/ 
Assessment 
method 

Result/ 
Outcome details 

Result-
specific 
follow-up 

Weight 
Change 

Outcome 
Assessment 
Bias 

diet 

High MUFA diet 85/100 31.9 (SD 4.9) 31.4 (SD 5.3)     
 

  
   

Decrease 
 

**15693 
(Dansing
er et al., 
2005) 

 

Atkins 40/40     -0.7 (SD 1.6) 0.01 
 

  BMI 
Measured by clinician/ 
professional 

1 year Decrease No bias 

Ornish 40/40     -1.4 (SD 2.5) 0.05 
 

  
   

Decrease 
 

Weight 
watchers 

40/40     -1.1 (SD 1.7) 0.01 
 

  
   

Decrease 
 

Zone 40/40     -1.1 (SD 2) 0.01 
 

  
   

Decrease 
 

**15316 
(Delbrid
ge et al., 
2009) 

 

Low fat, high 
carbohydrate 
weight 
maintenance 
diet 

70/70     1.3 (SE 0.3)   
 

  BMI 
Measured by clinician/ 
professional 

1 year Increase Unclear 

Low fat, high 
protein weight 
maintenance 
diet 

68/71     1.1 (SE 0.3)   0.624   
   

Increase 
 

**16028 
(Due et 
al., 
2004) 

 

High protein 18/23     
-1.5 (CI -2.8, -
0.8) 

  
 

  BMI 
Measured by clinician/ 
professional 

1 year Decrease Unclear 

Moderate 
protein 

23/18     
-2.2 (CI -3, -
1.2) 

  
 

  
   

Decrease 
 

*15156 
(Frisch 
et al., 
2009) 

High 
carbohydrate 
diet 

100/100     -1.5 (SD 1.8) 0.05 
 

  BMI 
Measured by clinician/ 
professional 

1 year Decrease Unclear 

Moderate 
carbohydrate 
diet 

100/100     -1.9 (SD 2.1) 0.05 0.11   
   

Decrease 
 

**14058 
(Gardner 
et al., 
2007) 

Atkins: low 
carbohydrate 

77/77     
-1.65 (SD 
2.54) 

  0.05   BMI 
Measured by clinician/ 
professional 

1 year Decrease No bias 

Ornish: high 
carbohydrate 

76/76     
-0.77 (SD 
2.14) 

  NS   
   

Decrease 
 

Zone: moderate 
carbohydrate 

79/79     -0.53 (SD 2)   
 

  
   

Decrease 
 

Low fat diet 380/19541 26.2 (SD 4.9) 26.1 (SD 4.8) 0.1 (SD 2.8)   0.67   
   

Decrease 
 

(Howard 
et al., 
2006) 
*16241 

Control 
24943/ 
29294 

29.1 (SD 5.9) 29.2 (SD 5.9) 0.3 (SD 3.1)   
 

  BMI 
Measured by clinician/ 
professional 

90 months No change No bias 

Low fat diet 
16230/ 
19541 

29.1 (SD 5.9) 29.0 (SD 6.1) 0.003 (SD 3.2)   <0.001   
   

Decrease 
 



 

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN or the advice/policy of Public Health England and Health Departments.  
48 

Result 
ID/ 
Author 

Intervention 
group 

Completers/ 
Allocated 

Baseline Follow-up 
Within group 
∆ from 
baseline 

p-value 
Within 
group ∆ 
from 
baseline 

p-value 
difference 
between 
groups 

Difference 
between 
groups in  ∆ 
from baseline 

Outcome/ 
Assessment 
method 

Result/ 
Outcome details 

Result-
specific 
follow-up 

Weight 
Change 

Outcome 
Assessment 
Bias 

 

14891 
(McMan
us et al., 
2001) 
 

Low fat diet 13/51     -1.8 (SD 2.9) <0.05 
 

  BMI 
Measured by clinician/ 
professional 

1 year  Decrease Unclear 

Moderate fat 
diet 

27/50     -2.0 (SD 2.1) <0.001 
 

  
   

Decrease 
 

14892 
 

Low fat diet 30/51     1.4 (SD 3.3) <0.05 
 

  BMI 
Measured by clinician/ 
professional 

18 months  Increase Unclear 

Moderate fat 
diet 

31/50     -1.6 (SD 2.5) <0.01 <0.001   
   

Decrease 
 

*15859 
(Swinbur
n et al., 
2001) 

 

Control diet 70/70     0.22 (SE 0.15)   
 

  BMI 
Measured by clinician/ 
professional 

1 year No change Unclear 

Low fat 66/66     
-1.09 (SE 
0.24) 

  
 

  
   

Decrease 
 

15860 
 

Control diet 57/70     0.38 (SE 0.15)   
 

  BMI 
Measured by clinician/ 
professional 

2 years No change Unclear 

Low fat 47/66     
-1.01 (SE 
0.28) 

  
 

  
   

Decrease 
 

15861 
 

Control diet 51/70     0.75 (SE 0.24)   
 

  BMI 
Measured by clinician/ 
professional 

3 years No change Unclear 

Low fat 48/66     
-0.46 (SE 
0.28) 

  
 

  
   

Decrease 
 

15862 
 

Control diet 52/70     0.59 (SE 0.27)   
 

  BMI 
Measured by clinician/ 
professional 

5 years No change Unclear 

Low fat 51/66     0.72 (SE 0.28)   
 

  
   

Decrease 
 

15363 
(Tinker 
et al., 
2008) 

 

Control 
24977/ 
29294 

28.9 (SD 5.8) 28.7 (SD 5.7)     
 

  BMI Not reported 1 year No change Unclear 

Low fat diet 
17026/ 
19541 

28.9 (SD 5.8) 28 (SD 5.8)     0.001   
   

Decrease 
 

15364 
 

Control 
22321/ 
29294 

28.9 (SD 5.8) 29.1 (SD 5.8)     
 

  BMI Not reported 6 year No change Unclear 

Low fat diet 
14409/ 
19541 

28.9 (SD 5.8) 28.8 (SD 5.9)     0.001   
   

Decrease 
 

*This result was used in the meta-analysis for carbohydrate/fat swap and BMI (Figure 5.3) 

**This results was used in the meta-analysis for carbohydrate/protein and carbohydrate/fat and protein swap and BMI (Figure 5.4)
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Body weight and carbohydrate supplements 

 

No cohort studies reported results concerning carbohydrate supplements and body composition.  

 

Summary of RCT data 

 

One randomised double blind trial explored the effects of a 50g carbohydrate supplement (42% 

glucose, 58% maltodextrins) compared with a control (do nothing) intervention on body weight 

over 16 months (Pasman et al., 1997b). An initial 2 month weight loss phase with a very low 

energy diet was employed, and then the trajectory of weight gain was compared in the 2 groups 

over a further 14 months in the carbohydrate and control groups. A further group was also 

followed which consumed a combination supplement of carbohydrate, chromium-picolinate, 

caffeine and soluble fibre. These data were not extracted.  Details concerning the design, 

participants, duration and nature of the interventions are included in Table 5.4 and results are 

included in Table 5.10. While there was somewhat less weight regain in the group that consumed 

a daily carbohydrate supplement, this was not statistically different from the regain in the control 

group. 

nb. while the authors claim the study was double-blind, it is unclear how this was achieved without 

a placebo product. 

 

Table 5.10 Body weight and carbohydrate supplements: RCT data 

Result 
ID/ 
Author 

Intervention 
group 

Completers
/ Allocated 

Follow-up 

p-value 
difference 
between 
groups 

Outcome/Assessment 
method 

Result/Outcom
e details 

Result-
specific 
follow-up 

Weight 
Change 

Outcome 
Assessment 
Bias 

15499 
(Pasman 
et al., 
1997b) 
 

Carbohydrate 11/10 
68.1 
±55.2% 

NS 
Percent weight lost in 
very low energy diet 
phase regained   

 Measured by 
clinician/ 
professional 

14 months Increase unclear 

Control 9/9 
85.5 
±55.8%     

Increase 
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Body weight and sucrose 

Summary of cohort results in adults 

 

The NHS and the Pawtucket Heart Health Program provided data on sucrose intake and change 

in body weight (Colditz et al., 1990;Parker et al., 1997), neither of which showed evidence of a 

statistically significant relationship (see Table 5.11). Both estimated baseline sucrose intake from 

FFQs, in grams per day. One relied upon self-reports of weight change (Colditz et al., 1990). Both 

studies adjusted for important confounders (age, baseline BMI, energy intake). 

 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

Summary of RCT data 

 

No RCTs reported data on sucrose and body weight change. 

 

Table 5.11 Body weight and sucrose: cohort studies in adults 

Result ID/ 
Reference
/ Cohort 
Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  
(mean)
  
%Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment 
Details 

Exposure 
Units 

Beta 
coefficient 
(SE)/(CI) 

p Adjustments 

14174 
(Colditz et 
al., 1990)  
NHS 

USA,  
Primarily 
White, 
Cancer free, 
No heart 
disease, Not 
diabetic      

30-55  
 
%M 0 

121700 4 years FFQ (61) Sucrose 

Change in 
weight (kg) 
Baseline to 
Follow-up  
 
Self-reported  

1 g/day 
-0.0024 
(0.0012) 

  Age, BMI, EI       

14121 
(Parker et 
al., 1997)  
Pawtucket 
Heart 
Health 
Program 

USA,  
Primarily 
White, Not 
diabetic       

18-64  
 
%M 38 

556 4 years FFQ  Sucrose 

Change in 
weight (kg) 
Baseline to 
Follow-up  
 
Measured by 
clinician/ 
professional  

1 g/day 
2.5961 
(3.1911)  

0.41 
Age, BMI, EI, 
PA, Smoking      
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Body weight or BMI and dietary fibre  

Summary of cohort results in adults 

 

Data were extracted from four publications presenting data from the following four cohort studies: 

NHS (Colditz et al., 1990); MONICA (Iqbal et al., 2006); the CARDIA Study (Ludwig et al., 1999); 

and the Eating Behaviour and Body Weight in Women study (Hays et al., 2006). The NHS and 

MONICA reported data on dietary fibre in grams per day in relation to weight change (Colditz et 

al., 1990;Iqbal et al., 2006). No statistically significant beta coefficients were found, nor did there 

appear to be a consistent direction of effect in these two studies. 

 

The two studies that calculated fibre density, on the other hand, both reported statistically 

significant results: the CARDIA study (Ludwig et al., 1999) found mean body weight at follow up, 

adjusted for covariates, to be significantly lower among high fibre-density consumers than low 

fibre-density consumers; whilst the Eating Behaviour and Body Weight in Women study (Hays et 

al., 2006) found fibre density to be positively associated with weight change, suggesting an 

increase in body weight with increasing fibre density. In this small study of 36 postmenopausal 

women, each one gram fibre per 1000 kcal increase at baseline was associated with an increase 

in weight per year of 0.38 kg (p=0.005) over the 4 year follow-up period.  

 

The majority of the studies gathered anthropometric measures using clinicians or professionals; 

the NHS (Colditz et al., 1990), however, relied upon self-reported weight. 

 

In summary, these cohort studies provide inconsistent evidence concerning the association 

between dietary fibre intake and BMI or body weight. 

 

Exposure definition and assessment 

With the exception of MONICA (Iqbal et al., 2006), which collected food diaries, all studies 

measured dietary intake via FFQ. Varying methods were used to calculate fibre from dietary data.  

 

Adjustment for appropriate confounders 

The Eating Behaviour and Body Weight in Women study (Hays et al., 2006) adjusted only for 

carbohydrate intake, hunger score and protein intake. All other studies included the important 

covariates of age, weight and energy intake (Colditz et al., 1990) as well as other appropriate 

lifestyle or demographic variables (Iqbal et al., 2006;Ludwig et al., 1999). In the CARDIA study 

dietary fibre remained independently associated with body weight after additional adjustment for 

carbohydrate intake, and the relationship between dietary fibre and body weight was generally 

more robust than between dietary carbohydrate and body weight (Ludwig et al., 1999).  
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Summary of cohort results in children 

 

Only The DONALD Study reported on the relationship between dietary fibre and change in body 

weight in children (Cheng et al., 2009). This study found no association between dietary fibre 

intake assessed by food diaries and BMI change over 4 years in 376 German girls and boys. 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases.  

 

Summary of RCT data 

 

Two studies provided data on the effects of dietary fibre supplementation on body weight and BMI 

changes in children and adults respectively (Abrams et al., 2007;Pasman et al., 1997a). 

 

Abrams et al. (Abrams et al., 2007) conducted an exploratory study of the effects of a prebiotic 

supplement containing oligofructose and inulin and habitual calcium intake on changes in body 

composition of pre-pubertal children.  This randomised, double-blind trial included 97 children 

initially aged 9-13 years who were allocated to consume either an 8g/d prebiotic supplement or an 

equivalent 8g/d maltodextrin control supplement for one year.  The prebiotic supplement group 

exhibited a significantly smaller increase in body weight, BMI and BMI Z-score than the control 

group (p<0.05 for all) after one year. The control group tended towards an exaggerated increase 

in adiposity, whereas the prebiotic group grew along recommended lines.  

 

One study of adults provided data on the effects of partially hydrolysed guar gum supplements on 

body weight and BMI maintenance in weight-reduced subjects over 16 months (Pasman et al., 

1997a). Details concerning the design, participants, duration and nature of the interventions are 

included in Table 5.4 and results are included in Table 5.14. The consumption of 20g of water 

soluble fibre (guar gum) per day for 14 months, following a 2 month very low calorie diet weight 

loss phase, did not prevent weight regain compared with the non-treated control condition (no 

placebo used). 

 

nb. this is a rather curious design – the paper does not clarify whether the decision to split into 

high and low compliance groups was made a priori. Furthermore, the paper does not report the 

degree of hydrolysis, molecular weight or viscosity of the guar gum, so difference from native guar 

gum cannot be assessed.
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Table 5.12 Body weight and dietary fibre and fibre density: cohort studies in adults 

Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  
(mean  
%Male 

(Cases)/ 
Total 

Follow Up 
(% loss) 

Diet 
Assess-
ment 

Exposure 
Outcome/ 
Assessment 
Details 

Sub-group 
detail 

Contrast 
(mean) 

Exposure 
Units 

Mean 
outcome 
(SD) 

Beta 
coefficient 
(SE)/(CI) 

p p trend Adjustments 

14173 
(Colditz et 
al., 1990)  
NHS 

USA,  
Primarily White, 
Cancer free, No 
heart disease, 
Not diabetic      

30-55  
 
%M 0 

121700 4 years 
FFQ 
(61) 

Dietary Fibre,  
g/d 
(Southgate 
method) 

Change in weight 
(kg) Baseline to 
Follow-up  
 
Self-reported  

    1 g/day   
0.0055 
(0.003) 

    
Age, BMI, energy 
intake     

14194 
(Iqbal et al., 
2006)  
MONICA 

Denmark, 
Primarily White      

30-60 
(45) 
 
%M 
48.9 

2025 5 years 
Food 
diary  

Dietary Fibre,  
g/d 

Change in weight 
(kg) Baseline to 
Follow-up  
Measured by 
clinician/ 
professional  

Men   1 g/day   9.6 (6.9)  0.17   

Age, BMI, Cohort, 
Education, energy 
intake, Food 
volume, Physical 
activity, Smoking      

14197 
      

  Women   1 g/day   -22.3 (13.4)   0.1   As above      

14274 
       

  
Men, BMI 
<25 

  1 g/day   10.5 (8.2)      As above      

14275 
       

  
Men, BMI 
25-30 

  1 g/day   9.7 (11)      As above      

14276 
       

  
Men, BMI 
>30 

  1 g/day   -7 (23.2)       As above      

14280 
       

  
Women, 
BMI <25 

  1 g/day   -31.5 (14.7)     As above      

14281 
       

  
Women, 
BMI 25-30 

  1 g/day   27.5 (32.3)     As above      

14282 
       

  
Women, 
BMI >30 

  1 g/day   -59.4 (47.2)       As above      

13666 
(Ludwig et 
al., 1999)  
The CARDIA 
Study 

USA, Multi-
ethnic, 
Generally 
healthy, No 
hypertension, 
Not diabetic      

18-30  
 
%M 
45.9 

5115 10 years 
FFQ 
(700) 

Fibre density 
(g/unit 
energy. AOAC 
method) 

Body weight (kg)  
 
Measured by 
clinician/ 
professional  

Race - 
White 

Q5 vs Q1 
(12.3) vs 
(5.2) 

g/4184kJ
/day 

kg: 75.01 
vs. 78.66  

    <0.001 

Age, Alcohol, 
Weight, Centre, 
Education, Energy 
intake, physical 
activity, Gender, 
Smoking, Vitamin 
intake     

13667 
        

Race - Black 
Q5 vs Q1 
(12.3) vs 
(5.2) 

g/4184kJ
/day 

kg: 79.92 
vs. 83.52  

    0.001 As above 

14691 
(Hays et al., 
2006)  Eating 
Behaviour 
and Body 
Weight in 
Women 

USA, Primarily 
White, BMI <30, 
Generally 
healthy, No 
medications 
which influence 
outcomes, Post-
menopausal    

55-65 
(61) 
 
%M 0 

67 4.4 years FFQ  
Fibre density 
(g/unit 
energy) 

Rate of weight 
change (kg/yr)  
 
Measured by 
clinician/ 
professional  

    
1 g/ 
1000 kcal 

  
0.384 
(0.117) 

0.005   
CHO, Hunger 
Score, Protein       
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Table 5.13 BMI and dietary fibre: cohort study in children 
Result ID/ 
Reference/ 
Cohort 
Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age range  
(mean) 
 %Male 

(Cases)
/Total 

Follow Up 
(% loss) 

Diet 
Assessment 

Exposure 
Outcome/ Assessment 
Details 

Exposure 
Units 

Beta 
coefficient 
(SE)/(CI) 

p Adjustments  

14006 
(Cheng et 
al., 2009)  
The 
DONALD 
Study 

Germany        
(9) 
%M46 

376 4 years Food diary  
Dietary fibre, g/d (The dietary fibre content for foods 
was determined by different enzymatic methods as 
defined in the respective food tables) 

Change in BMI SD 
score  
 
Measured by clinician/ 
professional  

1 g/day -0.007 (0.01) 0.5 
Age, Breastfed, EI, GI, 
Parental overweight, 
Gender, Birth year    

 

Table 5.14 Body weight and BMI and dietary fibre: RCT data 

Result ID/ 
Author 

Intervention group 
Completers
/ Allocated 

Baseline Follow-up 
p-value Within 
group ∆ from 
baseline 

p-value 
difference 
between groups 

Outcome/ 
Assessment method 

Result/Outcome 
details 

Result-specific 
follow-up 

Weight 
Change 

Outcome 
Assessment Bias 

Children 
           

(Abrams et 
al., 2007) 

Prebiotic supplement 48/50 42.6 (SE 1.3) 47.7 (SE 0.4) 
 

0.048 Body weight   Measured by 
clinician/ professional 
 (kg) 

12 months Increase unclear 

Control – maltodextrin 
supplement 

49/50 41.3 (SE 1.3) 49.0 (SE 0.4) 
    

Increase 
 

Prebiotic supplement 48/50 0.26 (SE 0.18)  0.25 (SE 0.04) 0.30 0.048 BMI Z-score   Measured by 
clinician/ professional 
 

12 months Increase unclear 

Control – maltodextrin 
supplement 

49/50 0.20 (SE 0.18) 0.38 (SE 0.04) 0.001 
   

Increase 
 

Prebiotic supplement 48/50 18.9 (SE 0.37) 19.5 (SE 0.15) 
 

0.016 BMI   Measured by 
clinician/ professional 
  

12 months Increase unclear 

Control – maltodextrin 
supplement 

49/50 18.6 (SE 0.37) 20.0 (SE 0.15) 
    

Increase 
 

Adults 
           

15531 
(Pasman et 
al., 1997a) 

 

Control 10/14 78.3 (SD 10.6) 85.0 (SD 12.0) <0.05 
 

Body weight 
maintenance after 
loss  Measured by 

clinician/ professional 
 (kg) 

14 months Increase unclear 

Guar gum - High 
compliance 

10/10 78.6 (SD 10.2) 85.6 (SD 13.1) <0.05 NS 
  

Increase 
 

Guar Gum - Low 
compliance 

10/10 77.3 (SD 6.1) 88.4 (SD 10.1) <0.05 NS 
  

Increase 
 

15534 
 

Control 11/14 28.8 (SD 3.8) 31.4 (SD 5.1) <0.05 
 

BMI maintenance 
after weight loss 

 Measured by 
clinician/ professional 

14 months Increase Unclear 

Guar gum - High 
compliance 

10/10 29.7 (SD 2.3) 32.3 (SD 3.7) <0.05 NS 
  

Increase 
 

Guar gum - Low 
compliance 

10/10 29.0 (SD 3.3) 33.2 (SD 5.0) <0.05 NS 
  

Increase 
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Body weight and BMI and carbohydrate rich food groups 

Summary of cohort results in adults 

 

One cohort study of adult men and women from south eastern New England (USA) provided data. 

The Pawtucket Heart Health Program investigated the link between various baseline nutrients and 

food groups, including certain carbohydrate-rich foods and change in body weight after 4 years 

(Parker et al., 1997). In this study, the consumption of ‘sweets’ was measured via FFQ. However, 

a precise definition was not provided in the paper. These foods were not significantly associated 

with weight change. Analyses included appropriate adjustments for confounders (Table 5.15). 

 

Summary of cohort results in children 

 

Data were extracted from three publications, reporting results from three cohort studies in children 

(Table 5.16). These included the Cardiovascular Risk in Young Finns Study, the National Heart, 

Lung and Blood Institute Growth and Health Study and the MIT Growth and Development Study 

(Nissinen et al., 2009;Barton et al., 2005;Phillips et al., 2004). All three studies used measured, 

rather than self-reported weight to calculate BMI. The food groups studied were ‘sweets’ and 

‘candy’ (Nissinen et al., 2009;Phillips et al., 2004), breakfast cereals (Barton et al., 2005), potato or 

corn crisps and baked goods (Phillips et al., 2004). Consumption of ‘sweets’ or ‘candy’ was not 

significantly associated with BMI in either study. Results were also non-significant for potato and 

corn crisps and for baked goods (Phillips et al., 2004). However, a significant negative association 

was reported between frequency of breakfast cereal consumption and BMI z-score (Barton et al., 

2005), indicating a lower BMI with increasing breakfast cereal consumption. 

 

Exposure definition and assessment 

The Cardiovascular Risk in Young Finns Study (Nissinen et al., 2009) and the MIT Growth and 

Development Study (Phillips et al., 2004) both employed FFQs to collect dietary data, whilst the 

National Heart, Lung and Blood Institute Growth and Health Study (Barton et al., 2005) used 

three-day food diaries. Food group consumption was recorded as units per month (Nissinen et al., 

2009), frequency over three days (Barton et al., 2005) or per cent contribution to energy intake 

(Phillips et al., 2004).  

 

Adjustment for appropriate confounders 

All three studies included some covariates for adjustment, including age, weight, and some 

parental characteristics. The National Heart, Lung and Blood Institute Growth and Health Study 

additionally adjusted for study site, physical activity and energy intake; and the MIT Growth and 

Development Study for age at menarche and fruit and vegetable intake. 

 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

Summary of RCT data 
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No RCTs reported data concerning carbohydrate rich foods and body weight or BMI. 
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Table 5.15 Body weight and carbohydrate rich food groups: cohort study in adults 
Result ID/ 
Reference/ 
Cohort Name 

Country, Ethnicity, 
Inclusion criteria 

Age range  
(mean) 
 %Male 

(Cases)
/Total 

Follow Up 
(% loss) 

Diet 
Assessment 

Exposure Outcome/ Assessment Details 
Exposure 
Units 

Beta coefficient 
(SE)/(CI) 

p Adjustments 

14122 
(Parker et al., 
1997)  
Pawtucket 
Heart Health 
Program 

USA,  
Primarily White, Not 
diabetic       

18-64  
%M 
38 

556 4 years FFQ  
‘Sweets’ – not defined in 
paper 

Change in weight (kg) Baseline to 
Follow-up  
Measured by clinician/ 
professional  

Servings / 
week 

-0.3057 
(0.4751) 

0.52 
Age, BMI, Energy intake, 
physical activity, Smoking      

 

Table 5.16 BMI and carbohydrate rich food groups: cohort studies in children 

Result ID/ Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  
(mean) 
 %Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment 
Details 

Sub-
group 
detail 

Contrast 
(mean) 

Exposure 
Units 

Beta 
coefficient 
(SE)/(CI) 

p P trend Adjustments  

14183 
(Barton et al., 2005)  
National Heart, Lung, 
and Blood Institute 
Growth and Health 
Study 

USA,  
Multi-
ethnic      

9-10 
 
%M 0 

2379 
10 years 
(10) 

Food diary  

Breakfast cereal 
consumption 
frequency (number 
of days consuming 
out of 3 days 
recorded, 0, 1, 2 or 
3) 

BMI z-score  
 
Measured by 
clinician/ 
professional  

 
    

-0.15 
(0.005) 

  <0.001 

Study site, 
Parental 
education, 
number of 
parents, physical 
activity, energy 
intake 

13924 
(Nissinen et al., 2009)  
Cardiovascular Risk in 
Young Finns Study 

Finland, 
Primarily 
White      

3-18 (11) 
%M 
45.2 

3596 
21 years 
(33) 

FFQ (19) 
 ‘Sweets’ - 
confectionery 

BMI  
 
Measured by 
clinician/ 
professional  

Male  
10 Units/ 
month 

0.01 (0.14) 0.98  
Age, Weight, 
Parental 
education       

14633 
       

  Female  
10 Units/ 
month 

0.03 (0.14)  0.85  As above 

14185 
(Phillips et al., 2004)  
Massachusetts 
Institute of 
Technology Growth 
and Development 
Study 

USA, 
Primarily 
White, BMI 
<30, 
Generally 
healthy     

8-12 
 
%M 0 

196 
6.9 years 
(28) 

FFQ (116) 
Percent of calories 
from chips (potato 
and corn crisps) 

BMI z-score 
  
Measured by 
clinician/ 
professional  

 

1. <1  
2. 1 to 1.4 
3. 1.5 to 2.4 
4. ≥2.5 

% Energy 

1. Referent 
2. 0.032 
3. 0.030 
4. 0.047 

1. N/A 
2. 0.39 
3. 0.39 
4. 0.26 
 

0.24 

Age at menarche, 
Fruit and veg, 
Parental 
overweight       

14184 
      

Percent of calories 
from candy 
(confectionery) 

  
 

1. <1.5 
2. 1.5 to 24 
3. 2.5 to 3.9 
4. ≥4 

% Energy 

1. Referent 
2. 0.021 
3. 0.005 
4. 0.082 

1. N/A 
2. 0.52 
3. 0.9 
4. 0.066 

0.09 As above       

14186 
      

Percent of calories 
from baked goods 
(buns, pastries, 
cookies, cakes, pies 

  
 

1. <2 
2. 2 to 3.4 
3. 3.5 to 4.4 
4. ≥4.5 

% Energy 

 1. Referent 
2. -0.029 
3. -0.03 
4. -0.027 

1. N/A 
2. 0.31 
3. 0.45 
4. 0.42 

0.33 As above       
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and brownies) 
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Body weight and BMI and whole grains 

Summary of cohort results in children 

 

The literature search found no cohort studies in adults investigating wholegrain intake and body 

weight or BMI. Only one cohort study in children was found: the DONALD Study (Cheng et al., 

2009) (see Table 5.17). No association was found between total whole grain foods and change in 

BMI SD score in this study, adjusting for several appropriate covariates. 

 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

Summary of RCT data 

 

Data from one intervention, the Women’s Health Initiative Dietary Modification Trial are tabulated 

in Tables 5.18 and 5.19 using two publications with different follow-up points (Howard et al., 

2006;Tinker et al., 2008).  Details concerning the design, participants, duration and nature of the 

intervention are included in Table 5.4. 

The Women’s Health Initiative Randomized Controlled Dietary Modification Trial was designed to 

test the hypothesis that a low fat, high fruit and vegetable (F&V), high grain diet would reduce the 

risk of cardiovascular disease in middle-aged and older women.  The goal of the dietary 

intervention was to decrease total fat to 20% of energy intake, to increase F&V portions to 5 or 

more per day and to increase servings of grains to a minimum of 6 per day. Changes in outcome 

may therefore not be attributed solely to the increase in whole grain intake. There were no weight 

loss or energy restriction goals for either group.  

 

Dietary change was implemented through a behavioural modification program that ran intensively 

throughout the first year of the trial and then less intensively thereafter.  At the year 1 assessment, 

wholegrain consumption in the intervention group had increased by one third of a serving, whilst 

the comparison group remained unchanged (Tinker et al., 2008).  

The intervention group experienced greater weight loss than the control group at 1 year (difference 

between groups 1.9kg, p<0.001) and maintained some of this weight loss difference at 7.5 years 

(difference between groups of 0.6 kg after 7.5 years (p<0.001). 

 

Similarly, mean BMI was lower at 1 year and at 7.5 years in the intervention group compared with 

the control group (both time points p<0.001).  Actual body weight and BMI changes in this study 

were small, but this was a very large trial and 27% of the women had an initial BMI less than 

25kg/m2. These data provide some evidence that a lower fat, higher fruit, vegetable and whole 
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grain diet may be helpful in the prevention of weight gain in the long term, at least in 

postmenopausal women. 
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Table 5.17 BMI and whole grains: cohort study in children 

Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age range  
(mean) 
 %Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment 
Details 

Exposure 
Units 

Beta 
coefficient 
(SE) 

p Adjustments 

14007 
(Cheng et al., 
2009)  The 
DONALD Study 

Germany        
(9) 
%M 
46 

376 4 years Food diary  

Total wholegrain foods 
(Amaranth, whole buckwheat, bulgar, spelt, spelt flakes, barley 
flakes, whole barley, unripe spelt, whole and rolled oats, oat flakes, 
oat flour, millet, millet flakes, whole kamut wheat, corn bran, 
unpolished rice, popcorn, puffed rice, puffed wheat, puffed spelt, 
whole rice flour, rice flakes, wholemeal rye, rye flour, whole 
triticale, whole wheat, wheat germ, wheat bran, whole-wheat 
flakes, and whole-wheat flour) 
 

Change in 
BMI SD score  
Measured by 
clinician/ 
professional  

1 g/day 
0.005 
(0.008) 

0.5 

Age, Breastfed, 
energy intake, 
GI, Parental 
overweight, 
Gender, Birth 
year    

 

Table 5.18 Body weight and whole grains: RCT data 

Result ID/ 
Author 

Intervention 
group 

Completers/ 
Allocated 

Baseline Follow-up 
Within group 
∆ from 
baseline 

p-value 
difference 
between groups 

Outcome/ 
Assessment method 

Result/Outcome 
details 

Result-
specific 
follow-up 

Weight Change 
Outcome 
Assessment Bias 

16240 
(Howard et 
al., 2006) 

Control 25056/29294 76.7 (SD 16.5) 76.1 (SD 16.9) -0.1 (SD 10.1) 
 

Body weight  
Measured by clinician/ 
professional 
(kg) 

7.5 years No change No bias 

Low fat diet 16297/19541 76.8 (SD 16.6) 75.7 (SD 17.1) -0.8 (SD 10.1) <0.001 
   

Decrease 
 

15354 
(Tinker et 
al., 2008) 

 

Control 24977/29294 76.2 (SD 16.3) 75.9 (SD 16.5)   
 

Body weight  
Assessment method 
not reported 
(kg) 

1 year No change unclear 

Low fat diet 17026/19541 76.4 (SD 16.5) 74 (SD 16.5)   0.001 
   

Decrease 
 

 

Table 5.19 BMI and whole grains: RCT data 

Result ID/ 
Author 

Intervention 
group 

Completers/ 
Allocated 

Baseline Follow-up 
Within group 
∆ from 
baseline 

p-value 
difference 
between 
groups 

Outcome/ 
Assessment 
method 

Result/Outcome details 
Result-specific 
follow-up 

Weight Change 
Outcome 
Assessment Bias 

16241 
(Howard et 
al., 2006) 

Control 24943/29294 29.1 (SD 5.9) 29.2 (SD 5.9) 0.3 (SD 3.1) 
 

BMI 
Measured by clinician/ 
professional 

7.5 years No change No bias 

Low fat diet 16230/19541 29.1 (SD 5.9) 29.0 (SD 6.1) 0.003 (SD 3.2) <0.001 
   

Decrease 
 

15363 
(Tinker et 
al., 2008) 

Control 24977/29294 28.9 (SD 5.8) 28.7 (SD 5.7)   
 

BMI 
Assessment method not 
reported 

1 year No change unclear 

Low fat diet 17026/19541 28.9 (SD 5.8) 28 (SD 5.8)   0.001 
   

Decrease 
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Body weight and BMI and glycaemic index and load 

Summary of cohort results in adults 

 

Two publications from two cohort studies: the MONICA study and the EPIC study reported change 

in body weight during follow-up in relation to baseline dietary glycaemic index (GI) (Hare-Bruun et 

al., 2006;Du et al., 2009) The MONICA study also investigated body weight change in relation to 

glycaemic load (GL) (Hare-Bruun et al., 2006) (see Table 5.20).  

 

Anthropometry was professionally measured in the MONICA study, with a combination of direct 

measures and self-reported data in the EPIC study. The EPIC study (Du et al., 2009) reported a 

beta coefficient suggestive of increases in weight over time with each additional 10 GI units, 

however confidence intervals were wide and the beta coefficient was small. Statistical significance 

was not reported separately by subgroup for the quintile comparisons in the MONICA study (Hare-

Bruun et al., 2006), however none of the p values for men and women combined indicated 

statistical significance. Only one of the beta coefficients in the MONICA study (Hare-Bruun et al., 

2006) revealed a statistically significant result, indicative of greater weight change with increasing 

GI for women, but not men. No statistically significant differences in body weight change were 

found between high GL and low GL quintiles. 

 

Exposure definition and assessment 

The glycaemic index is a relative measure of the plasma glucose response induced by a specific 

food, as compared to the response induced by the same amount of carbohydrate from a reference 

source, such as white bread or pure glucose (Liu et al., 2000). Similarly, the glycaemic load is the 

product of a specific food’s GI and its carbohydrate content (Liu et al., 2000), therefore taking into 

account both the quality and quantity of carbohydrate consumed. This may be interpreted as a 

measure of diet-induced insulin demand (Stevens et al., 2002). 

 

Intake was assessed using a dietary history in the MONICA study (Hare-Bruun et al., 2006) and 

FFQ in EPIC (Du et al., 2009). The studies used different reference sources to calculate GI values: 

white bread in the MONICA study (Hare-Bruun et al., 2006) and glucose was used for the EPIC 

study (Du et al., 2009).  

 

Dietary GI and GL were calculated by summing the products of the GI for each food multiplied by 

its carbohydrate content per serving multiplied by the average number of servings of that food per 

day (to give dietary GL), then dividing by the average daily carbohydrate intake to give dietary GI: 

 

Dietary GI = {∑[(servings of food per day) x (CHO content) x GI)]}/total CHO (Meyer et al., 2000).  
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The glycaemic index (and thus also GL) is determined not only by the nature of the carbohydrate 

component of a food or diet, but also by the types and amounts of protein, fat and dietary fibre, as 

well food processing and storage (Venn and Green, 2007). Unless tightly controlled in an 

experimental situation, in most cases high and low GI/GL diets differ in many ways other than the 

carbohydrate fraction, including dietary fibre content, energy density and sensory quality. 

 

Adjustment for appropriate confounders 

Both studies included important covariates in their adjustments. 

 

Summary of cohort results in children 

One cohort study in children, the DONALD study (Cheng et al., 2009), reported the change in BMI 

SD score in relation to both glycaemic index and glycaemic load. GI and GL were calculated from 

food diaries, using glucose as the reference food. None of the associations achieved statistical 

significance. All analyses were adjusted for appropriate confounders, including age, gender, 

energy intake, fibre intake, parental overweight and whether breastfed (Table 5.21). 

 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

Summary of RCT data 

Five studies provided data on the effects of diets high or low in glycaemic index or load on body 

weight, and four of these provided sufficient information to be included in a meta-analysis. Details 

concerning the design, participants, duration and nature of the interventions are included in Table 

5.4 and results are included in Table 5.22.  Data on body weight change in the study by Ebbeling 

et al. (Ebbeling et al., 2007) were published only in a figure, from which it was inappropriate to 

extract numerical values, and so this could not be included in the meta-analysis. This study 

compared the effects of a low fat (20% energy), high carbohydrate (55% energy) diet with a 

moderate fat (35% energy), lower carbohydrate (40% energy, low glycaemic load) diet in 73 obese 

young adults (18-35 years) with a 6-month intensive intervention period and a 12-month follow-up 

period (group workshop sessions continued throughout, as did the diet). The low carbohydrate diet 

was not energy-restricted, but the high carbohydrate diet was designed to create an energy deficit 

in the region of 250-500 kcal per day.  However, there was no difference in body weights in the 

two diet groups at the 6, 12 and 18-months follow-up points (p=0.99 for the group x time 

interaction). Overall, both groups lost weight equally.  However, there were some differences 

between subjects, with those assessed as having an elevated post-load insulin concentration 

being more responsive to the low carbohydrate/low GL diet. This group of participants lost more 

weight initially, and over the full course of the study (-5.8kg vs. -1.2kg for low vs. high 

carbohydrate diets, at 18 months p<0.04). The low insulin responders were not differentially 

affected by the carbohydrate content of the diets. 
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Four studies providing dietary differences in glycaemic index or glycaemic load between groups 

were included in a meta-analysis (Carels et al., 2005;Das et al., 2007;Ebbeling et al., 2005;Sichieri 

et al., 2007a).  All studies included adults as participants.  The first follow up reported at the end of 

the intervention was used. This varied from 12 to 18 months.   

 

The study by Carels et al. (Carels et al., 2005) was a comparison between the LEARN weight loss 

program (low energy and fat diet with enhanced physical activity) with and without low GI 

education. The difference in average dietary glycaemic index and load between the two groups 

was small, and total carbohydrate and energy intakes were similar (GL in higher vs. lower group 

respectively 70.9 g/1000kcal and 67.0 g/1000kcal). The study by Ebbeling et al. (Ebbeling et al., 

2005) compared an ad libitum low GL diet (53g/1000 kcal) with an energy restricted, higher GL 

diet (77g/1000 kcal).  Reported energy and fibre intakes were similar.  The CALERIE study (Das et 

al., 2007) and the study reported by Sichieri et al. (Sichieri et al., 2007a) both compared high 

GI/GL and low GI/GL diets that were equally energy restricted. 

 

The overall pooled estimate indicated that body weight was 0.08kg (95% CI, -0.96 to 1.13) higher 

with consumption of a high dietary glycaemic index or load diet but this was not significantly 

different from zero (p=0.88) (Figure 5.5).  Heterogeneity denoted by I2 was 0% (95% CI, 0 to 8).  

Statistically, there was no evidence of a difference in body weight with differences in dietary 

glycaemic index or glycaemic load. 

 

Figure 5.5 Forest plot for high glycaemic index or glycaemic load diets and body weight (kg) 

Overall  (I-squared = 0.0%, p = 0.919)

Das SK, et al., 2007

Sichieri R, et al., 2007

Ebbeling CB, et al., 2005

ID

Carels RA, et al., 2005

Study

0.08 (-0.96, 1.13)

0.16 (-2.40, 2.72)

0.15 (-1.02, 1.32)

-1.51 (-8.17, 5.16)

difference in means (95% CI)

-2.50 (-12.36, 7.36)

Weighted

0.08 (-0.96, 1.13)

0.16 (-2.40, 2.72)

0.15 (-1.02, 1.32)

-1.51 (-8.17, 5.16)

difference in means (95% CI)

-2.50 (-12.36, 7.36)

Weighted

Higher weight with low GI/GL  Higher weight with high GI/GL 

0-15 -10 -5 0 5 10

Difference in weight (kg) between groups: Low GI/GL vs high GI/GL
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Table 5.20 Body weight and glycaemic index and load: cohort studies in adults 

Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age range  
(mean)  
%Male 

(Cases)
/Total 

Follow Up 
(% loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment 
Details 

Sub-group 
detail 

Contrast 
(mean) 

Exposu
re 
Units 

Mean outcome (SD) 
Beta 
coefficient 
(SE)/(CI) 

p Adjustments 

13657 
(Du et al., 
2009)  EPIC 
Denmark, 
Germany, 
Italy, The 
Netherlands 
and UK 

Europe, 
Cancer free, 
No heart 
disease, Not 
diabetic      

20-78 (53) 
 
%M 40 

146543 
6.5 years 
(30) 

FFQ  
Glycaemic 
index 

Body weight 
change (g)  
 
Both self 
reported and 
direct 
measures  

    
10 
Units/ 
day 

  84 (-5, 172)   

Age, Alcohol, 
Baseline weight, 
carbohydrate 
intake, Smoking, 
Education, fat 
intake, Fibre, 
Height, Menopausal 
Status, Physical 
activity, Protein, 
Gender  

13825 
(Hare-Bruun 
et al., 2006)  
MONICA 

Denmark, 
Primarily 
White, Not 
diabetic       

30-60 (45) 
 
%M 48.9 

552 6 years 
Dietary 
history  

Glycaemic 
load 

Change in 
weight (kg) 
Baseline to 
Follow-up  
 
Measured by 
clinician/ 
professional  

Men Q5 vs Q1    
Mean: 2.2 SD: 4.6  
vs.Mean: 1.8 SD: 6.6 

            

13829 
MONICA      

Glycaemic 
load 

  Women Q5 vs Q1    
Mean: 3.4 SD: 4.4  
vs.Mean: 3.2 SD: 5.2  

            

13807 
MONICA      

Glycaemic 
index 

  Men Q5 vs Q1    
Mean: 1.9 SD: 4.5  
vs.Mean: 1.9 SD: 5.7  

            

13821 
MONICA      

Glycaemic 
index 

  Women Q5 vs Q1    
Mean: 2.2 SD: 6  
vs.Mean: 1.9 SD: 5.9  

            

13833 
MONICA      

Glycaemic 
index 

  Men   1 Unit   
-0.0002   
(-0.002, 
0.002) 

 NS 

Age, Weight, 
Education, fat 
intake, Protein, 
energy intake, Fibre, 
physical activity, 
Smoking    

13837 
MONICA      

Glycaemic 
index 

  Women   1 Unit   
0.002  
(0.0001, 
0.004) 

<0.05 As above 
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Table 5.21 BMI and glycaemic index and load: cohort study in children 

Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age range  
(mean) 
 %Male 

(Cases)
/Total 

Follow Up 
(% loss) 

Diet 
Assessment 

Exposure Outcome/ Assessment Details 
Sub-
group 
detail 

Exposure 
Units 

Beta 
coefficient 
(SE)/(CI) 

p Adjustments  

14005 
(Cheng et al., 
2009)  The 
DONALD Study 

Germany        
(9) 
%M46 

376 4 years Food diary  
Glycaemic 
load 

Change in BMI SD score  
Measured by clinician/ professional  

  1 g/day -0.017 (0.01) 0.08 
Age, Breastfed, energy intake, 
Fibre, Parental overweight, 
Gender, Birth year    

14004 
The DONALD 
Study 

  
 
    

Glycaemic 
index 

Change in BMI SD score  
Measured by clinician/ professional  

  1 Unit/day -0.014 (0.01) 0.2 As above    

14012 
The DONALD 
Study 

     
Glycaemic 
index 

Change in BMI SD score  
Measured by clinician/ professional  

BMI <25 1 Unit/day -0.017 (0.011) 0.1 As above    

14017 
The DONALD 
Study 

 
 
    

Glycaemic 
index 

Change in BMI SD score  
Measured by clinician/ professional  

BMI >25 1 Unit/day 
-0.0001 
(0.021)  

1 As above    

 

Table 5.22 Body weight and BMI and glycaemic index and load: RCT data 

Result ID/ 
Author 

Subgroup 
detail 

Intervention 
group 

Completers
/ Allocated 

Baseline 
Follow-
up 

Within group ∆ 
from baseline 

p-value 
Within group 
∆ from 
baseline 

p-value 
difference 
between groups 

Outcome/ 
Assessment 
method 

Result/Outcome 
details 

Result-
specific 
follow-up 

Weight 
Change 

Outcome 
Assessment 
Bias 

*14908 
(Carels et 
al., 2005) 

 

  
Weight loss 
program 

~19/~26 
104.8 (SD 
21.2) 

96.6 (SD 
15.9) 

    NS Body Weight  
Measured by clinician/ 
professional 
(kg) 

1 year Decrease Unclear 

  
Weight loss 
program + low 
GI education 

~19/~26 
101.2 (SD 
16.3) 

94.1 (SD 
15.3) 

    
   

Decrease 
 

14909 
 

  
Weight loss 
program 

~19/~26 37.2 (SD 5.1) 
34.4 (SD 
4.3) 

    NS BMI  
Measured by clinician/ 
professional 
(kg) 

1 year Decrease Unclear 

  
Weight loss 
program + low 
GI education 

~19/~26 38.0 (SD 13.4) 
35.5 (SD 
13.4) 

    
   

Decrease 
 

*15224 
(Das et al., 
2007) 

 

  
Energy 
restricted high 
GL diet 

15/17 78.5 (SD 12.3)   -8% (SD 4.1%)   
 

Body weight  
Measured by clinician/ 
professional 
(kg) 

1 year Decrease No bias 

  
Energy 
restricted low 
GL diet 

14/17 78 (SD 9.3)   -7.8% (SD 5%)   NS 
  

Decrease 
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Result ID/ 
Author 

Subgroup 
detail 

Intervention 
group 

Completers
/ Allocated 

Baseline 
Follow-
up 

Within group ∆ 
from baseline 

p-value 
Within group 
∆ from 
baseline 

p-value 
difference 
between groups 

Outcome/ 
Assessment 
method 

Result/Outcome 
details 

Result-
specific 
follow-up 

Weight 
Change 

Outcome 
Assessment 
Bias 

15464 
(Ebbeling 
et al., 
2007) 

  Low fat diet 
ITT: 
37/37 

      <0.05 
 

Body weight 
change 

Measured by clinician/ 
professional 
(kg) 

1 year Decrease No bias 

  Low GL diet 
ITT: 
36/36 

      <0.05 NS 
  

Decrease 
 

15465 
 

  Low fat diet 
ITT: 
37/37 

        
 

Body weight 
change 

Measured by clinician/ 
professional 
(kg) 

18 
months 

Decrease No bias 

  Low GL diet 
ITT: 
36/36 

        NS 
  

Decrease 
 

15467 
 

Insulin (30m 
post 75gdose) 
<57.5µUI/ml 

Low fat diet 
ITT: 
37/37 

      <0.05 
 

Body weight 
change 

Measured by clinician/ 
professional 
(kg) 

1 year Decrease No bias 

Low GL diet 
ITT: 
36/36 

      NS NS 
  

Decrease 
 

15468 
 

Insulin (30m 
post 75gdose) 
<57.5µUI/ml 

Low fat diet 
ITT: 
37/37 

      NS 
 

Body weight 
change 

Measured by clinician/ 
professional 
(kg) 

18 
months 

Decrease No bias 

Low GL diet 
ITT: 
36/36 

      NS NS 
  

Decrease 
 

15470 
 

Insulin (30m 
post 75gdose) 
>57.5µUI/ml 

Low fat diet 
ITT: 
37/37 

  No loss   NS 
 

Body weight 
change 

Measured by clinician/ 
professional 
(kg) 

1 year Decrease No bias 

Low GL diet 
ITT: 
36/36 

  
Greater 
loss 

  <0.05 NS 
  

Decrease 
 

15471 
 

Insulin (30m 
post 75gdose) 
>57.5µUI/ml 

Low fat diet 
ITT: 
37/37 

    -1.2 NS 
 

Body weight 
change Measured by clinician/ 

professional 
(kg) 

18 
months 

Decrease No bias 

Low GL diet 
ITT: 
36/36 

    -5.8 <0.05 0.004 
  

Decrease 
 

*15420 
(Ebbeling 
et al., 
2005) 

 

  Low fat diet 12/17 83.2 (SE 3.3)   
-6.1% (CI -11.2, 
-0.7) 

  
 

Body weight  
Measured by clinician/ 
professional 
(kg) 

1 year Decrease Unclear 

  Low GI diet 11/17 93.9 (SE 5.3)   
-7.8% (CI -13, -
2.2) 

  
   

Decrease 
 

15775 
(Sichieri et 
al., 2007a) 
 

  High GI/GL diet 46/102     -1.25 (SD 3.2)   
 

Body weight 
change 

Measured by clinician/ 
professional 
(kg) 

1 year 
No 
change 

Unclear 

  Low GI/GL diet 44/101     -1.0 (SD 2.4)   
   

No 
change  

15776 
 

  High GI/GL diet 44/102     -0.95 (SD 3.2)   
 

Body weight 
change 

Measured by clinician/ 
professional 
(kg) 

15 
months 

No 
change 

Unclear 

  Low GI/GL diet 49/101     -1.04 (SD 3)   
   

No 
change  

*15777 
 

  High GI/GL diet 60/102     -0.26 (SD 3.6)   
 

Body weight 
change 

Measured by clinician/ 
professional 
(kg) 

18 
months 

No 
change 

Unclear 

  Low GI/GL diet 63/101     -0.41 (SD 2.9)   
   

No 
change  

*This result was used in the meta-analysis for glycaemic index or glycaemic load diets and body weight change (Figure 5.5)
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Body weight or BMI and sweetened beverages 

[Fruit juice data were only extracted from cohort studies which were already captured in the 

review. In accord with our original protocol, a specific search for studies reporting fruit juice 

consumption has not been undertaken.] 

 

Summary of cohort results in adults 

 

Results from one publication concerning the Black Women’s Health Study (Palmer et al., 2008), 

were extracted (see Table 5.23). Beverage intake was measured by FFQ, and body weight 

change was self-reported. The results of this study are difficult to interpret: firstly, no statistical 

comparisons were performed; and secondly, group means refer to weight gain only. Weight 

decrease was also observed at follow-up, however, whilst the proportion of the cohort reporting 

weight loss is given, figures for mean weight lost are missing. 

 

Summary of cohort results in children 

 

Data were extracted from six publications presenting results from the following six cohort studies 

(Kvaavik et al., 2005;Nissinen et al., 2009;Libuda et al., 2008;Striegel-Moore et al., 2006;Phillips et 

al., 2004;Fiorito et al., 2009). Clinic measures of weight and height were used to estimate BMI in 

all studies except the Oslo Youth Study (Kvaavik et al., 2005) which relied upon self-reported data. 

Three European cohort studies reported no association between sweetened beverage 

consumption and BMI (Kvaavik et al., 2005;Nissinen et al., 2009;Libuda et al., 2008). Three US 

cohorts reported associations that indicate increasing BMI with increasing consumption of 

sweetened beverages.  

 

The National Heart, Lung, and Blood Institute Growth and Health Study (Striegel-Moore et al., 

2006) found that in a large cohort of black and white US girls, BMI increased by 0.01 unit for every 

100 g of regular soda consumed. The MIT Growth and Development Study (Phillips et al., 2004) 

also showed a statistically significant increase in BMI z-score with increasing intake of soda 

(sugar-sweetened only). The Pennsylvania Study of Health and Development of Young Girls 

(Fiorito et al., 2009) also reported a statistically significant relationship between sugar-sweetened 

beverage consumption at age five and difference in BMI-for-age-percentile at ages 5-15 years 

(see Table 5.24). Girls drinking two or more servings per day (serving defined as 8oz) at age 5 

years had higher BMI-for-age-percentiles at all subsequent ages compared with lower consumers 

(p<0.05). 

 

The DONALD study, National Heart, Lung and Blood Institute Growth and Health study and the 

Pennsylvania Study of Health and Development of Young Girls (Libuda et al., 2008;Striegel-Moore 
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et al., 2006;Fiorito et al., 2009) included fruit juices in their study. None of these found a 

statistically significant association between baseline fruit juice consumption and BMI at follow-up. 

Collectively, these studies provide conflicting evidence concerning the relationship between 

sweetened beverages and BMI, with the US studies tending to find small but positive associations 

and the European studies tending to report no evidence of a statistical association. 

 

Exposure definition and assessment 

Dietary data were collected by diet recall (Fiorito et al., 2009), food diaries (Libuda et al., 

2008;Striegel-Moore et al., 2006) and FFQ (Nissinen et al., 2009;Phillips et al., 2004). One study 

assessed intake using a general questionnaire (Kvaavik et al., 2005). One study distinguished 

between ‘soda’ and ‘fruit drinks’ (Striegel-Moore et al., 2006); others considered all forms of sugar-

containing beverages together.  

 

Adjustment for appropriate confounders 

Each study included a different set of covariates in their analyses. The DONALD study (Libuda et 

al., 2008) adjusted for more confounders than the other studies. 

 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

Summary of RCT data 

One UK study of primary school children provided data on carbonated beverage consumption and 

body mass index (see Table 5.25). The cluster randomised controlled trial reported by James et al. 

(James et al., 2004) recorded both BMI and BMI z-score at baseline and one year after an 

intervention study which aimed to assess the effects of an educational programme designed to 

reduce the consumption of carbonated beverages in children. A total of 644 children aged 7-11 

years were randomised to intervention or control groups. Drinks diaries completed over 3 days 

revealed that carbonated drinks consumption decreased by 0.6 glasses in the intervention group 

(half of these were carbonated drinks with sugar) but increased by 0.2 glasses in the control group 

(mean difference 0.7, 95% confidence interval 0.1 to 1.3). nb. carbonated beverages here included 

all types of carbonated beverage, whether non-calorically-  or sugar-sweetened. 

 

The intervention and control group children increased BMI and z-score similarly, with no significant 

between-group difference in the changes.  However, interpretation of this study with regard to the 

effects of carbohydrate on body weight change is hampered by the fact that the intervention 

concerned carbonated beverages, which were not exclusively sugar-sweetened. Additionally, the 

relatively low number of children consenting to participate (36% of children provided drinks diaries 

at the start and end) and subsequent drop-out of approximately 10% of children means that the 

study population is not necessarily representative of UK school children in general.  A follow up 2 
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years later with data from 434 of the original 644 children found no differences between the groups 

in terms of the prevalence of overweight(James et al., 2007).
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Table 5.23 Body weight and sweetened beverages: cohort study in adults 
Result ID/ 
Reference/ 
Cohort 
Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  
(mean)  
%Male 

(Cases)
/Total 

Follow Up 
(% loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment 
Details 

Contrast (mean) Exposure Units 
Mean outcome 
(SD) 

Adjustments 

14319 
(Palmer et 
al., 2008)  
Black 
Women's 
Health Study 

USA, Black, 
Cancer free, No 
heart disease, 
Not diabetic      

21-69  
%M 0 

59000 
10 years 
(20) 

FFQ (68) 

Full-calorie sugar 
sweetened beverages 
(fruit drinks, including 
fortified fruit drinks, 
kool-aid and fruit juice 
other than orange and 
grapefruit) 

Body weight 
change (kg) 
Self-reported  

1. Increasers:  ≤1/wk to ≥1/d 
2. Maintain High: ≥1/d to ≥1/d  
3. Maintain Low: ≤1/wk to ≤1/wk 
4. Decreases: ≥1/d to ≤1/d 
5. All others 

Servings (336g)/ 
day 

Weight gain  
1. 5.4 (0.26) 
2. 5.5 (0.14) 
3. 5.2 (0.10) 
4. 4.6 (0.15) 
5. 5.3 (0.07) 

 

 

Table 5.24 BMI and sweetened beverages: cohort studies in children 

Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range 
(mean) 
 %Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment 
Details 

Sub-
group 
detail 

Contrast 
(mean) 

Exposure 
Units 

Mean 
outcome 
(SD) 

Beta 
coefficient 
(SE)/(CI) 

p p trend Adjustments 

14210 
(Fiorito et al., 
2009)  
Pennsylvania 
Study of 
Health and 
Development 
of Young girls 

USA, 
Primarily 
White, Age 
5-18y       

(5) 
%M 0 

170 
10 
years 
(15) 

Dietary recall  

Mixed sugar and non-
calorically sweetened 
beverage 
consumption at age 5 
yr 

BMI centile  
Measured by 
clinician/ 
professional  

 Age 9 
1.<1 
2.>=1<2 
3.>2                                                  

Servings/
day 

1. 60.8 
(27.3) 
2. 63 (26.8) 
3. 77.1 
(22.4) 

  
Significant main 
effect of beverage 
frequency group 
p<0.05 
  
  

  
  
  
  

  

        

14214 
Pennsylvania 
Study of 
Health and 
Development 
of Young girls 

      
BMI centile  
  

 Age 11 
1.<1 
2.>=1<2 
3.>2                                                  

Servings/
day 

1. 60.1 (27) 
2. 63.6 
(29.4) 
3. 75.4 
(22.5) 

          

14215 
Pennsylvania 
Study of 
Health and 
Development 
of Young girls 

      
BMI centile  
  

 Age 13 
1.<1 
2.>=1<2 
3.>2                                                  

Servings/
day 

1. 60.1 
(26.2) 
2. 62.4 
(25.3) 
3. 70.6 
(26.9) 
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Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range 
(mean) 
 %Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment 
Details 

Sub-
group 
detail 

Contrast 
(mean) 

Exposure 
Units 

Mean 
outcome 
(SD) 

Beta 
coefficient 
(SE)/(CI) 

p p trend Adjustments 

14216 
Pennsylvania 
Study of 
Health and 
Development 
of Young girls 

USA, 
Primarily 
White, Age 
5-18y       

(5) 
%M 
0 

170 
10 
years 
(15) 

Dietary recall  
Mixed sugar and 
artificial sweetener 
beverages 

BMI centile-
age 15  
  

  
1.<1 
2.>=1<2 
3.>2                                                  

Servings/
day 

1. 60.3 
(25.5) 
2. 60.4 
(23.9) 
3. 66.6 
(25.2) 

          

14524 
(Kvaavik et 
al., 2005)  
Oslo Youth 
Study 

Norway, 
Ethnicity 
unknown      

(13) 
%M 
49 

1086 
19 
years 
(15.7) 

Question-
naire 
(general)  

Full-calorie sugar-
sweetened beverages 
(High consumers: 
reported  >3 times/wk 
(1991) and 4 times/wk 
(1999) Low 
consumers:  <2 
times/wk (1991) and 
<3 times/wk (1999). 
Inconsistent: changing 
consumption 
frequency) 

BMI  
Self-reported  

Female 
1: Long-term 
low 
consumer 
2: 
Inconsistent 
consumer 
3: Long-term 
High 
Consumer 

 

BMI 
1: 23.4 
(4.1) 
2: 23 (3.9) 
3: 24 (5.3) 

  
0.627 

 

14525 
Oslo Youth 
Study 

     
  Male 

 

BMI 
1: 25.6 
(3.5) 
2: 25.9 
(4.2) 
3: 25.3 
(4.2) 

  
0.685 

 

13413 
(Libuda et al., 
2008)  The 
DONALD 
Study 

Germany, 
Age 11-18y       

9-18 
(12) 
%M 
51 

1170 5 years Food diary  

Energy from regular 
soft drinks at baseline 
(carbonated and non-
carbonated sugar 
sweetened drinks 
such as lemonades, 
iced tea and both 
diluted and sugar 
sweetened fruit juice 
drinks) 

BMI SDS  
Measured by 
clinician/ 
professional  

Male   1 MJ/day   0.037  0.211   

Age, 
Birthweight,  
EI, Maternal 
BMI, Maternal 
Education, 
Assessment 
period, Years 
of 
adolescence      

13605 
The DONALD 
Study 

     
  Female   1 MJ/day   0.005 0.877   As above      

17589 
The DONALD 
Study 

     
Energy from 100% 
fruit juice at baseline  

  Male   1 MJ/day   0.033  0.310   As above      

17594 
The DONALD 
Study 

     
Energy from 100% 
fruit juice at baseline 

  Female   1 MJ/day   -0.046  0.161   As above      

14632 
(Nissinen et 
al., 2009)  
Cardiovascul
ar Risk in 
Young Finns 
Study 

Finland, 
Primarily 
White      

3-18 
(11) 
%M 
45.2 

3596 
21 
years 
(33) 

FFQ (19) 
Full-calorie sugar 
sweetened beverages 

BMI  
Measured by 
clinician/ 
professional  

Male   
10 Units/ 
month  

0.01 (0.1) 0.51 
 

Age, Weight, 
Parental 
education       
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Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range 
(mean) 
 %Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment 
Details 

Sub-
group 
detail 

Contrast 
(mean) 

Exposure 
Units 

Mean 
outcome 
(SD) 

Beta 
coefficient 
(SE)/(CI) 

p p trend Adjustments 

14096 
(Phillips et 
al., 2004)  
Massachuset
ts Institute of 
Technology 
Growth and 
Development 
Study 

USA, 
Primarily 
White, BMI 
<30, 
Generally 
healthy     

8-12 
%M 
0 

196 
6.9 
years 
(28) 

FFQ (116) 
Percent of calories 
from soda (sugar 
sweetened only) 

BMI z-score  
Measured by 
clinician/ 
professional  

  

1. <0.74  
2. 0.75 to 1.4 
3. 1.5 to 3.1 
4. ≥3.2 

% Energy 
 

1. Referent 
2. 0.089 
3. 0.172 
4. 0.178 

1. N/A 
2. 0.03 
3. <0.001 
4. 0.001 

<0.001 

Age at 
menarche, 
Fruit and veg, 
Parental 
Overweight       

14634 
Cardiovascul
ar Risk in 
Young Finns 
Study 

      
  Female   

10 Units/ 
month  

-0.16 (0.14) 0.24 
 

Age, Weight, 
Parental 
education       

13799 
(Striegel-
Moore et al., 
2006)  
National 
Heart, Lung, 
and Blood 
Institute 
Growth and 
Health Study 

USA, Multi-
ethnic      

9-10 
%M 
0 

2379 
10 
years 
(10) 

Food diary  

‘Regular soda’ (all 
non-diet carbonated 
beverages except 
water) 

BMI  
Measured by 
clinician/ 
professional  

    
100 
g/day 

  
0.011 
(0.005) 

 <0.05   

Energy intake, 
Ethnicity, 
Other 
beverage, 
Study area, 
Visit      

17583 
National 
Heart, Lung, 
and Blood 
Institute 
Growth and 
Health Study 

     

‘Fruit drinks’ (fruit-
flavoured drinks, 
punches and ades that 
contain <100% juice) 

      
100 
g/day 

  
0.009 
(0.007) 

 NS   As above      

17582 
National 
Heart, Lung, 
and Blood 
Institute 
Growth and 
Health Study 

     
‘Fruit juice’ (fruit and 
vegetable juices) 

      
100 
g/day 

  
0.005 
(0.007) 

 NS   As above      
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Table 5.25 BMI and sweetened beverages: RCT data 

Result ID/ 
Author 

Intervention group 
Completers/ 
Allocated 

Baseline Follow-up 
Within group 
∆ from 
baseline 

Difference between 
groups in  ∆ from 
baseline 

Outcome/ 
Assessment 
method 

Result/Outcome 
details 

Result-
specific 
follow-up 

Weight 
Change 

Outcome 
Assessment Bias 

Children study 
          

14911 
(James et 
al., 2004) 

Control minus reduced 
carbonated beverages 

Control: 279/319 
Intervention: 
295/325 

      0.1 (CI -0.1, 0.3), NS BMI 
 Measured by 
clinician/ 
professional 

1 year 
Increase in 
both 

unclear 

14912 
 

Control 279/319 17.6 (SD 0.7) 18.3 (SD 0.8) 0.8 (SD 0.3)   BMI 
 Measured by 
clinician/ 
professional 

1 year Increase unclear 

Reduced carbonated 
beverages 

295/325 17.4 (SD 0.6) 17.9 (SD 0.7) 0.7 (SD 0.2)   
   

Increase 
 

14931 
 

Control minus reduced 
carbonated beverages 

Control: 279/319 
Intervention: 
295/325 

      
0.04 (CI -0.04, 0.12), 
NS 

BMI z-score 
Measured by 
clinician/ 
professional 

1 year 
Increase in 
both 

unclear 

14932 
 

Control 279/319 0.47 (SD 0.2) 0.6 (SD 0.19) 0.08 (SD 0.13)   BMI z-score 
 Measured by 
clinician/ 
professional 

1 year Increase unclear 

Reduced carbonated 
beverages 

295/325 0.5 (SD 0.23) 0.48 (SD 0.23) 0.04 (SD 0.07)   
   

Increase 
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Categorical Body Weight-Related Outcomes  

 

Studies in this section of the chapter provide obesity-related data in the form of categorical 

variables such as risk of major weight gain, weight gain above a certain threshold, or incident 

obesity. Additionally, data have been reported as mean dietary intakes in subjects classified as 

weight gainers or non-gainers or in subjects above and below selected cut-points indicative of 

obesity e.g. >85th or 90th BMI centile. 

 

Weight gain and total carbohydrate intake and high carbohydrate diets  

Summary of cohort results in adults 

 

Data were extracted from two publications (Table 5.26), presenting findings from two cohort 

studies: the San Antonio Heart Study and the Finnish Mobile Clinic Health Surveys conducted in 

the USA and Finland respectively (Haffner et al., 1991;Rissanen et al., 1991). No statistically 

significant differences in percentage energy from carbohydrate or total carbohydrate intake were 

observed between weight gainers and non-gainers in the San Antonio Heart Study of Mexican 

Americans and non-Hispanic whites. Findings from the Finnish Mobile Clinic Health Survey 

indicate a significantly increased risk of weight gain over 5.7 years for women in the highest 

quintile of carbohydrate consumption compared with women in the lowest quintile. However, this 

estimate is age-adjusted only, and no data are provided concerning the range of carbohydrate 

intakes in each quintile. No such association was reported for men in this study.  

 

Incident weight gain was defined differently in each study: ≥ 5kg/5year in the Finnish Mobile Clinic 

Health Survey; and ≥ 6.8kg in the San Antonio Heart Study. In both cohort studies body weight 

was measured by research staff. 

 

Exposure definition and assessment 

The San Antonio Heart Study measured carbohydrate intake as both per cent energy and grams 

per day using dietary recall data (Haffner et al., 1991); the Finnish Mobile Clinic Health Survey as 

per cent energy only (derived from dietary history) (Rissanen et al., 1991).  

 

Adjustment for appropriate confounders 

Both cohorts adjusted for age only. 
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Summary of cohort results in children 

No cohort studies of children reported categorical outcomes in response to carbohydrate 

consumption. 

 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

Summary of RCT data 

 

One randomised controlled trial assessed the percentage of participants that gained more than 

5kg or lost more than 10kg over the course of a 2 year low fat trial (Sheppard et al., 1991). The 

women in this study (which was a feasibility study for the Women’s Health Intervention Dietary 

Modification Trial) were randomised to either a low fat diet or to continue with their usual diet. The 

low fat group participants were instructed to reduce their fat intake to less than 20% of energy, 

replacing fat sources of energy with non-fat energy (carbohydrate energy percent increased by 

15% in the low fat group, and by 2.9% in the control group over the duration of the trial). There 

was no energy restriction imperative and the participants were not markedly overweight, although 

both groups reported lower energy intakes at 1 and 2 years after baseline (-1653 kJ and -448 kJ  

in low fat and control groups, at 2 years). 

 

At the 2 year follow-up, the intervention women (n=158) weighed 1.9kg less than at baseline, and 

the control women (n=94) weighed 0.1kg less. A higher percentage of the women in the low 

fat/high carbohydrate group experienced large changes (decreases) in body weight (10kg loss) 

compared with the control group (see Table 5.27). The statistical significance of the differences 

between groups was not reported.  Results should be treated with caution, however, as there is 

likely to be severe under-reporting in this study.
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Table 5.26 Weight gain and total carbohydrate: cohort studies in adults 

Result ID/ 
Reference/ Cohort 
Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age range  
(mean)  
%Male 

(Cases)/ 
Total 

Follow 
Up (% 
loss) 

Diet 
Assess-
ment 

Exposure 
Outcome/ 
Assessment 
Details 

Sub-group 
detail 

Contrast 
(mean) 

Exposure 
Units 

RR (CI) Mean exposure (SD) p 
Adjust- 
ments  

14068 
(Haffner et al., 
1991)  San Antonio 
Heart Study 

USA        
25-64  
 
%M 42.3 

(73) /2217 8 years 
Dietary 
recall  

Carbohydrate, 
total (% energy) 

Weight gain 
≥6.8 kg  
 
Measured by 
clinician/ 
professional  

Mexican-
American 
Men 

  
1 % 
Energy 

  
Gainers: (n: 73) 40.5 (12.2) 
Non-gainers: (n: 257) 41.3 
(10.4) 

0.45 
       
Age 

14072 
San Antonio Heart 
Study 

  
(35) /2217 

    
Non-Hispanic 
White Men 

  
1 % 
Energy 

  
Gainers: (n: 35) 41.3 (12) 
Non-gainers: (n: 155) 39.3 
(11.5) 

0.36 Age 

14077 
San Antonio Heart 
Study 

  
(127) /2217 

    

Mexican-
American 
Women 

  
1 % 
Energy 

  
Gainers: (n: 127) 44.6 (9.4) 
Non-gainers: (n: 322) 44.2 
(11.5) 

0.64 Age 

14081 
San Antonio Heart 
Study 

  
(65) /2217 

    

Non-Hispanic 
White 
Women 

  
1 % 
Energy 

  
Gainers: (n: 65) 39.8 (11.1) 
Non-gainers: (n: 195) 42 
(10.6) 

0.30 Age 

14069 
San Antonio Heart 
Study 

USA        
25-64  
 
%M 42.3 

(73) /2217 8 years 
Dietary 
recall  

Carbohydrate, 
total 
(grams/day) 

Weight gain 
≥6.8 kg  
 
Measured by 
clinician/ 
professional  

Mexican-
American 
Men 

  g/day   
Gainers: (n: 73) 247 (124.1) 
Non-gainers: (n: 257) 245.2 
(102.4) 

0.52 

Age 

14073 
San Antonio Heart 
Study 

  
(35) /2217 

    
Non-Hispanic 
White Men 

  g/day   
Gainers: (n: 35) 241.9 (121.3) 
Non-gainers: (n: 155) 232.8 
(112.9) 

0.92 Age 

14078 
San Antonio Heart 
Study 

  
(127) /2217 

    

Mexican-
American 
Women 

  g/day   
Gainers: (n: 127) 185.6 (89.9) 
Non-gainers: (n: 322) 183.9 
(82.2) 

0.38 Age 

14082 
San Antonio Heart 
Study 

  
(65) /2217 

    

Non-Hispanic 
White 
Women 

  g/day   
Gainers: (n: 65) 160.2 (83.6) 
Non-gainers: (n: 195) 170.9 
(80.7) 

0.38 Age 

13143 
(Rissanen et al., 
1991)  Finnish 
Mobile Clinic Health 
Surveys 

Finland       
30-64  
 
%M 48 

(Number of 
cases not 
reported) 
/6102 

5.7 years 
(7) 

Dietary 
history  

Carbohydrate, 
total (% energy) 

Weight gain ≥ 
5kg  
Measured by 
clinician/ 
professional 

Women Q5 vs Q1    1.7 (1, 2.6)     Age        

13144 
Finnish Mobile 
Clinic Health 
Surveys 

      

Weight gain ≥ 
5kg  
Measured by 
clinician/ 
professional 

Men Q5 vs Q1    
Carbohydrate intake did not predict weight 
change in men (data were not reported) 
  

 Age        
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Table 5.27 Weight gain and loss and high carbohydrate diets: RCT data 

Result ID/ 
Author 

Intervention 
group 

Completers/ 
Allocated 

Outcome at   
follow-up 

Outcome/Assessment 
method 

Result/Outcome details 
Result-specific follow-
up 

Weight 
Change 

Outcome Assessment 
Bias 

15717 
(Sheppard et al., 
1991) 

Control 105/119 
3% of 
participants 

weight gain ≥ 5kg 
 Weight measured by clinician/ 
professional 
  

1 year No change Unclear 

Low fat diet 171/184 
5% of 
participants    

Decrease 
 

15715 
Control 105/119 

2% of 
participants 

weight loss ≥ 10kg 
 Weight measured by clinician/ 
professional 
  

1 year No change Unclear 

Low fat diet 171/184 
8% of 
participants 

   Decrease  
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Weight regain and carbohydrate supplement  

 

No cohort studies reported results concerning carbohydrate supplements and weight regain. 

 

Summary of RCT data 

 

One small randomised double blind trial, explored the effects of a 50g carbohydrate supplement 

(42% glucose, 58% maltodextrins) compared with a control (do nothing) intervention on weight 

regain expressed as percentage of participants that regained more than 50% of the weight lost in 

an initial very low energy diet (VLED) weight loss phase (Pasman et al., 1997b). A further group 

was also followed which consumed a combination supplement of carbohydrate, chromium-

picolinate, caffeine and soluble fibre. These data were not extracted.  Details concerning the 

design, participants, duration and nature of the interventions are included in Table 5.4 and results 

are included in Table 5.28. The average amount of weight regain was 62% in subjects in the 

carbohydrate supplement group, compared with 86% in the control group. Thirty six percent of the 

carbohydrate group compared with 21% of the controls regained less than 50% of the weight lost 

earlier. Neither of these outcome differences were statistically different. 

 

nb. while the authors claim the study was double-blind, it is unclear how this was achieved without 

a placebo product. 

 

Table 5.28 Weight regain and carbohydrate supplement: RCT data 

Result ID/ 
Author 

Intervention 
group 

Completers/ 
Allocated 

Within group ∆ 
from baseline 

Outcome/ 
Assessment 
method 

Result/Outcome 
details 

Result-
specific 
follow-up 

Weight 
Change 

Outcome 
Assessment 
Bias 

15500 
(Pasman et 
al., 1997b) 

Carbohydrate 11/10 61.8 (SD 55.2) 
Amount of 
weight regain 
(post VLCD) % 

Measured by 
clinician/ 
professional 

14 months Increase Unclear 

Control 9/9 85.5 (SD 55.8) 
   

Increase 
 

15501 

Carbohydrate 11/10 
36% of 
participants 

Weight regain 
<50% (of lost 
weight) 

Measured by 
clinician/ 
professional 
 

14 months Increase Unclear 

Control 9/9 
21% of 
participants    

Increase 
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Weight gain and sucrose 

Summary of cohort results in adults 

 

Data were extracted from one publication, reporting results from the San Antonio Heart Study 

(Haffner et al., 1991). No statistically significant differences in terms of sucrose intake were 

detected between weight gainers and non-gainers in this study. Body weight was measured by a 

clinician, with incident weight gain defined as ≥ 6.8kg. Sucrose intake was estimated from 24-hour 

dietary recalls. 

 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

Summary of RCT data 

 

No RCTs reported data on sugars and weight gain expressed as a binary outcome. 

 

Table 5.29 Weight gain and sucrose: cohort study in adults 

Result ID/ 
Reference/ 
Cohort 
Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  
(mean)
  
%Male 

(Cases)
/Total 

Follow 
Up  
(% loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment 
Details 

Sub-group 
detail 

Mean 
exposure 
(SD) 

p Adjustments 

14070 
(Haffner et 
al., 1991)  
San 
Antonio 
Heart 
Study 

USA        

25-64  
 
%M 
42.3 

(73) 
/330 

8 years 
Dietary 
recall  

Sucrose 
g/day 

Weight gain 
≥6.8 kg  
Measured by 
clinician/ 
professional  

Mexican-
American 
Men 

Gainers: (n: 
73) 8.41 
(7.4) 
Non-
gainers:   
(n: 257) 
9.17 (6.72) 

0.18 Age 

14074 
San 
Antonio 
Heart 
Study 

  
(35) 
/190    

  
Non-
Hispanic 
White Men 

Gainers: (n: 
35) 8.86 
(8.19) 
Non-
gainers:  
(n: 155) 
8.33 (6.62) 

0.96 

Age 

14079 
San 
Antonio 
Heart 
Study 

  
(127) 
/449    

  
Mexican-
American 
Women 

Gainers:(n: 
127) 10.6 
(7.2) 
Non-
gainers:  
(n: 322) 
10.6 (7.9) 

0.72 

Age 

14083 
San 
Antonio 
Heart 
Study 

  
(65) 
/260    

  

Non-
Hispanic 
White 
Women 

Gainers: (n: 
65) 9.3 
(7.4) 
Non-
gainers:  
(n: 195) 9.7 
(7.2) 

0.61 

Age 
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Weight gain and polysaccharides 

Summary of cohort results in adults 

 

Data were extracted from one publication, reporting results from the San Antonio Heart Study 

(Haffner et al., 1991). No statistically significant differences in terms of starch intake were detected 

between weight gainers and non-gainers in this study. Body weight was measured by a clinician, 

with incident weight gain defined as ≥ 6.8kg. Starch intake was estimated from 24-hour dietary 

recalls. 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

Summary of RCT data 

 

No RCTs reported data on polysaccharides and weight change. 

 

Table 5.30 Weight gain and polysaccharides: cohort study in adults 

Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  
(mean)  
%Male 

(Cases)/ 
Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment 
Details 

Sub-
group 
detail 

Mean exposure 
(SD) 

p 

Adjust
ments 

14071 
(Haffner et 
al., 1991)  
San Antonio 
Heart Study 

USA        
25-64  
 
%M 42.3 

(73) /330 8 years 
Dietary 
recall  

Starch, 
total 
g/day 

Weight gain  
≥6.8 kg  
 
Measured by 
clinician/ 
professional  

Mexican-
American 
Men 

Gainers: (n: 73) 
10.4 (7.6) 
Non-gainers: (n: 
257) 10.5 (6.5) 

0.87 Age 

14075 
San Antonio 
Heart Study 

   
 

(35) /190 
   

  

Non-
Hispanic 
White 
Men 

Gainers:(n: 35) 
6.03 (4.32) 
Non-gainers: (n: 
155) 7.55 (5.82) 

0.15 
Age 

14080 
San Antonio 
Heart Study 

  
(127) 
/449    

  
Mexican-
American 
Women 

Gainers: (n: 127) 
11 (7.1) 
Non-gainers: (n: 
322) 11.4 (6.9) 

0.82 
Age 

14084 
San Antonio 
Heart Study 

  
(65) /260 

   
  

Non-
Hispanic 
White 
Women 

Gainers: (n: 65) 8 
(5.8) 
Non-gainers: (n: 
195) 7.9 (5.7) 

0.69 
Age 
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Weight gain, overweight and obesity and confectionery and desserts  

Summary of cohort results in adults 

 

The Penn Study of Ovarian Aging provided data on weight gain and added sugars, in the form of 

desserts and candy (Sammel et al., 2003). Consumption of desserts and candy was lower in 

participants who gained 10lb (4.5 kg) or more compared with those who did not (p=0.015). The 

study was limited to pre-menopausal females only. Diet was measured by FFQ, and weight was 

measured rather than self-reported. The analyses adjusted for BMI at baseline only (table 5.31). 

 

Summary of cohort results in children 

 

Data were extracted from two publications, presenting results from two Scandinavian cohort 

studies (Nissinen et al., 2009;Lissau et al., 1993) (see Table 5.32). The Cardiovascular Risk in 

Young Finns Study (Nissinen et al., 2009) reported relative risk of overweight (BMI>25) in relation 

to ‘sweets’ intake: confidence intervals for both male and female subgroups straddled 1, 

suggesting no evidence of an increased risk following increased ‘sweets’ intake. The Copenhagen 

Children’s Study (Lissau et al., 1993) reported an odds ratio of 0.4 for risk of overweight in young 

adulthood (BMI>90th centile) with frequent reported consumption of ‘sweets’ (everyday or several 

times per week) compared with less than once per week, however this did not achieve statistical 

significance. Both studies used researcher measurements of height and weight, though incidence 

of overweight was defined differently in each.  

 

Exposure definition and assessment 

The Cardiovascular Risk in Young Finns Study (Nissinen et al., 2009) assessed candy intake via 

FFQ, whilst the Copenhagen Children’s Study (Lissau et al., 1993) ascertained consumption 

frequency by questionnaires administered to the participants’ mothers. The Cardiovascular Risk in 

Young Finns Study (Nissinen et al., 2009) was concerned with change in intake, rather than 

absolute intake.  

 

Drawing on these findings, it is important to note that the study methodologies are subject to 

limitations and more specifically, under-reporting. Poppitt et al. highlight that consumption of 

added sugar intakes is likely to be subject to under-reporting by participants (Poppitt et al., 1998). 

Furthermore, confectionery and desserts, whilst being generally high in carbohydrate, may also be 

rich sources of fats and this means that it is difficult to draw conclusions concerning the role of 

carbohydrates in obesity from these studies. These results should therefore be interpreted 

cautiously.  
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Adjustment for appropriate confounders 

Both studies appeared to adjust appropriately for confounders, including age, gender and BMI 

(where appropriate). The Copenhagen Children’s Study (Lissau et al., 1993) additionally adjusted 

for occupation in adulthood, and the Cardiovascular Risk in Young Finns Study (Nissinen et al., 

2009) for education, physical activity and smoking. 

 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

 

Summary of RCT data 

 

No RCTs reported data on added sugars and weight gain, overweight or obesity as a binary 

outcome. 
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Table 5.31 Weight gain and sweet foods including confectionery: cohort study in adults 

Result ID/ 
Reference/ 
Cohort 
Name 

Country, 
Ethnicity, 
Inclusion criteria 

Age 
range  
(mean) 
 %Male 

(Cases)/ 
Total 

Follow Up 
(% loss) 

Diet Assessment Exposure 
Outcome/ Assessment 
Details 

Exposure Units 
Mean 
exposure (SD) 

p Adjustments  

13922 
(Sammel et 
al., 2003)  
Penn Study 
of Ovarian 
Aging 

USA,  
Cancer free, 
Generally healthy, 
Not Alcoholics, 
Not diabetic, Pre-
menopausal, 
Without liver 
cirrhosis   

35-47 
(41) 
 
%M 0 

(85) /436 4 years FFQ (25) 

Sweet 
snack foods 
(desserts 
and candy) 

Weight gain ≥10lb  
Measured by clinician/ 
professional  

servings/day 

Gainers: 0.9 
(0.9) 
Non-gainers: 
1.5 (2.3) 

0.015 
BMI  category at 
baseline      

 

Table 5.32 Risk of overweight and confectionery: cohort studies in children 

Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age range  
(mean) 
 %Male 

(Cases)/ 
Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure Outcome/ Assessment 

Details 
Sub-group 
detail 

Contrast 
(mean) 

Exposure 
Units 

RR (CI) p Adjustments  

14351 
(Lissau et al., 
1993)  
Copenhagen 
Childrens' 
Study 

Denmark, 
Primarily 
White      

9-10 
 
%M 
Not reported 

(35) /881 12 years 
Questionnaire 
(general)  

Sweets/ candy 
(Sweet-eating 
habits) 

BMI>90th centile in 
young adulthood 
 
Measured by clinician/ 
professional  

  
1. Daily 
2. >1 

times/ 
week 

0.4 0.1 
BMI, Occupation, 
Gender       

14701 
(Nissinen et al., 
2009)  
Cardiovascular 
Risk in Young 
Finns Study 

Finland, 
Primarily 
White      

3-18 (11) 
 
%M 45.2 

(Number 
of cases 
not 
reported) 
/3596 

21 years 
(33) 

FFQ (19) 
Sweets/ candy 
(change in 
intake) 

BMI >25 
 
Measured by clinician/ 
professional  

Male 

Increased 
intake vs 
Stable 
low 
intake  

 
1.02 (0.71, 
1.46)   

Age, BMI, 
Education, physical 
activity, Smoking      

14704 
Cardiovascular 
Risk in Young 
Finns Study 

      
  Female 

Increased 
intake vs 
Stable 
low 
intake  

 
0.87 (0.62, 
1.22)   

Age, BMI, 
Education, physical 
activity, Smoking      
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Weight gain and total cereals or high cereal foods 

Summary of cohort results in adults 

 

Data were extracted from two publications, reporting results from two US cohort studies, one 

including only males (Bazzano et al., 2005) and one only females (Sammel et al., 2003). Data on 

breakfast cereal consumption and the broader ‘breads and cereals’ exposure category are 

included here (see Table 5.33). The Penn Study of Ovarian Aging (Sammel et al., 2003) used 

clinician or professional measurements to categorise weight gain, however the Physicians’ Health 

Study I (PHS I), relied upon self-reports. Findings from the PHS I, at 13 years, (Bazzano et al., 

2005) are suggestive of a decreased risk of weight gain of 10kg or more for those who consume 

more than one serving of breakfast cereal per day as compared with those who rarely consumed 

breakfast cereal. Results were non-significant, however, when examining weight gain of 15kg or 

more. The type of breakfast cereal (whole vs. refined grain) had little impact on the point 

estimates. The Penn Study of Ovarian Aging (Sammel et al., 2003) had a shorter follow-up of four 

years, and studied trends for total cereal consumption and weight gain of 10lb (4.5kg) or more. 

Differences between consumption of total cereal foods (including bread, breakfast cereals and 

salted snacks) in weight gainers and non-gainers were not found to be statistically significant. 

 

These 2 cohort studies provide some evidence of a lower risk of significant weight gain with 

consumption of breakfast cereal, but no overall impact of total cereal foods. 

 

Exposure definition and assessment 

Both studies employed FFQs to collect dietary data.  

 

Adjustment for appropriate confounders 

The PHS I (Bazzano et al., 2005) included a suitable range of covariates in the analyses. The 

Penn Study of Ovarian Aging (Sammel et al., 2003) adjusted only for initial BMI. 

 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

Summary of RCT data 

 

No RCTs reported data on total cereals and weight gain. 
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Table 5.33 Weight gain and total cereals or cereal-based foods: cohort studies in adults 
Result ID/ 
Reference/ 
Cohort Name 

Country, Ethnicity, 
Inclusion criteria 

Age range  
(mean) 
%Male 

(Cases)
/Total 

Follow Up 
(% loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment Details 

Contrast 
(mean) 

Exposure 
Units 

RR (CI) 
Mean 
exposure 
(SD) 

p p trend Adjustments  

13193 
(Bazzano et 
al., 2005)  
PHS I 

USA        
40-84 (54) 
%M 
100 

(1550) 
/22071 

13 years FFQ (61) 
Breakfast 
cereals, total 

Weight gain ≥10kg  
Self-reported  

≥1 vs 
Rarely  

servings/
day 

0.71 
(0.58, 
0.85)  

   0.0003 

Age, Alcohol, BMI,  
Hypercholesterol-
aemia, 
hypertension, 
physical activity, 
Smoking, 
Supplements      

13195 
PHS I   

(551) 
/22071    

weight gain ≥ 15kg  
Self-reported  

≥1 vs 
Rarely  

servings/
day 

0.74 
(0.54, 
1.02)  

   0.08 As above      

13187 
PHS I   

(1550) 
/22071   

Breakfast 
cereals, high 
fibre 
(Wholegrain 
types) 

Weight gain ≥10kg  
Self-reported  

≥1 vs 
Rarely  

servings/
day 

0.78 
(0.64, 
0.96)  

   0.01 As above      

13188 
PHS I   

(551) 
/22071    

Weight gain ≥ 15kg  
Self-reported  

≥1 vs 
Rarely  

servings/
day 

0.82 
(0.58, 
1.16)  

   0.27 As above      

13189 
PHS I   

(1550) 
/22071   

Breakfast 
cereals, low 
fibre (Refined 
grain types) 

Weight gain ≥10kg  
Self-reported  

≥1 vs 
Rarely  

servings/
day 

0.77 
(0.56, 
1.06)  

   0.05 As above      

13190 
PHS I   

(551) 
/22071    

weight gain ≥ 15kg  
Self-reported  

≥1 vs 
Rarely  

servings/
day 

0.69 
(0.39, 
1.22)  

   0.21 As above      

13916 
(Sammel et 
al., 2003)  
Penn Study 
of Ovarian 
Aging 

USA,  
Cancer free, 
Generally healthy, 
Not Alcoholics, 
Not diabetic, Pre-
menopausal, 
Without liver 
cirrhosis   

35-47 (41) 
%M 0 

(85) 
/436 

4 years FFQ (25) 

Breads and 
cereals  
= Sum of 
servings of 
bread, cereals 
and salty 
snacks 

Weight gain ≥10lb  
Measured by 
clinician/ 
professional  

  
servings/
day 

  

Gainers: 
1.8 (1.9) 
Non-
gainers: 2 
(1.7) 

0.606   BMI        
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Weight regain and glycaemic index 

 

No cohort data reported results concerning glycaemic index and weight regain after loss.  

 

Summary of RCT data 

 

One small study is included here that reported weight regain at 12 months post-intervention for 16 

obese individuals that had been randomly allocated to either a high or low GI diet for 8 weeks 

(Abete et al., 2008) (see Table 5.34). The extent of weight regain was only statistically significant 

in the group following the high GI diet (however, this re-gain assessment represented only 47% of 

the initial study group of 32 participants). 

 

Table 5.34 Weight regain and glycaemic index: RCT data 

Result 
ID/ 
Author 

Intervent
ion group 

Completers
/ Allocated 

Within 
group ∆ 
from 
baseline 

p-value 
within group 
∆ from 
baseline 

Outcome/ 
Assessment method 

Result/ 
Outcome 
details 

Result-
specific 
follow-up 

Weight 
Change 

Outcome 
Assessment 
Bias 

15554 
(Abete 
et al., 
2008) 

 

Higher GI 
diet 

8/16 5.1 (SD 5.4) 0.003 
Weight regain from 
initial follow-up 

 Measured by 
clinician/ 
professional 
 (kg) 

1 year Decrease unclear 

Lower GI 
diet 

7/16 4 (SD 5.5) 0.101 
   

Decrease 
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Weight gain, overweight and obesity and sweetened beverages  

[Fruit juice data were only extracted from cohort studies which were already captured in the 

review. In accord with our original protocol, a specific search for studies reporting fruit juice 

consumption has not been undertaken.] 

 

Summary of cohort results in adults 

 

A publication from the Framingham Heart Study (Dhingra et al., 2007) was the only cohort study in 

adults to be extracted (see Table 5.35). Dhingra et al. (Dhingra et al., 2007) presented results on 

both mixed sugar- and non-calorically sweetened beverages. Being a baseline consumer of at 

least one 12oz can of sweetened carbonated drinks per day compared with zero drinks was found 

to increase the odds of being obese (BMI >30) at the 4 year follow-up by 31%. However, 

interpretation of this study with regard to the effects of carbohydrate on body weight change is 

hampered by the fact that the exposure concerned carbonated beverages, which were not 

exclusively sugar-sweetened. Intake was measured by a general questionnaire, and weight was 

assessed by clinicians. The analyses adjusted for several important confounders. 

 

Summary of cohort results in children 

 

Data were extracted from four publications, reporting results from the following four cohort studies: 

Cardiovascular Risk in Young Finns Study, The Oslo Youth Study, The Pennsylvania Study of 

Health and Development of Young Girls study and the Nepean study (Nissinen et al., 

2009;Kvaavik et al., 2005;Fiorito et al., 2009;Tam et al., 2006). Results are included in Table 5.36. 

The Oslo Youth Study (Kvaavik et al., 2005) was the only study to use self-reported weight to 

derive BMI. Of those studies which reported risk estimates (Nissinen et al., 2009;Kvaavik et al., 

2005), the Cardiovascular Risk in Young Finns Study reported no association and the Oslo Youth 

Study found an increased risk of overweight for females (but not males), who reported an increase 

in sweetened beverages, over the 21 years of follow-up. 

 

The Pennsylvania Study of Health and Development of Young Girls (Fiorito et al., 2009) tracked 5 

year old white US girls through to 15 years. At each follow-up, the percentage of girls who were 

greater than the 85th percentile for BMI was highest in the girls who consumed sweetened 

beverages most frequently at age 5 (main effect of beverage frequency group p<0.001).  This 

association was not observed for 100% fruit juice intake. The Nepean study (Tam et al., 2006) 

reported a statistically significant difference in intake of soft drinks and cordial between categories 

of weight trends, although it is unclear where this difference lay as post-hoc analyses were not 

reported. The same study found intakes of carbohydrates from fruit juice and fruit drinks to not 

significantly differ between weight gainers, maintainers and losers. 
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The Cardiovascular Risk in Young Finns Study experienced a higher percentage loss to follow-up 

than the other studies (Nissinen et al., 2009). 

Overall, the four studies provide inconsistent directions of association but generally do not support 

an association between sweetened beverages and weight gain or obesity when expressed as a 

categorical outcome.  

 

Exposure definition and assessment 

Definitions of exposure varied between studies. A publication from the Framingham Heart Study 

(Dhingra et al., 2007) presented results on both mixed sugar and non-calorically sweetened 

beverages. The Oslo Youth Study (Kvaavik et al., 2005) measured ‘full-calorie sweetened 

beverages’, focusing on carbonated drinks. The Pennsylvania Study of Health and Development 

of Young Girls (Fiorito et al., 2009) included carbonated beverages, as well as all sugar- or non-

calorically sweetened drinks and fruit-flavoured drinks (<100% fruit). The Nepean study (Tam et 

al., 2006) examined beverages separately as soft drinks and cordial, and fruit juices and drinks. 

The Cardiovascular Risk in Young Finns Study (Nissinen et al., 2009), on the other hand, reported 

a change in intake of sugar-sweetened beverages as the exposure variable.  

 

The studies also used a variety of methods to collect consumption data: FFQ, general 

questionnaire, dietary recall or diet diary.  

 

Adjustment for appropriate confounders 

The Cardiovascular Risk in Young Finns Study (Nissinen et al., 2009) appeared to be the only 

study to include an appropriate range of adjustments. 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

Summary of RCT data 

 

Only one trial provided data on the relationship between sweetened beverages and overweight or 

obesity (see Table 5.37). The cluster randomised controlled trial reported by James et al. (James 

et al., 2004) reported overweight and obesity defined using a range of different approaches, at 

baseline and one year after an intervention study, which aimed to assess the effects of an 

educational programme designed to reduce the consumption of carbonated beverages in children. 

The objective was to reduce consumption of all carbonated beverages, whether sugar-sweetened 

or non-calorically sweetened in 6 primary schools in southwest England.  

A total of 644 children aged 7-11 years were randomised to intervention or control groups, and 

drinks diaries completed over 3 days revealed that carbonated drinks consumption decreased by 

0.6 drinks (average drink volume 250 ml) in the intervention group but increased by 0.2 drinks in 
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the control group (mean difference 0.7, 95% confidence interval 0.1 to 1.3). However, drinks data 

were available only on a sample of the whole study population (approx. 36%). 

 

Overall, the children gained weight, as might be expected. Based on the percentage of children 

>91st centile (using revised 1990 growth standards), a higher proportion of children in the control 

group were overweight or obese at follow-up compared with the intervention group (mean 

difference 7.7%, (2.2% to 13.1%)). Other methods of classifying the weight status of the children 

are also reported and are captured in the table (Table 5.37). These include overweight or obesity 

defined by British waist circumference centile charts, International Obesity Task Force and by 

1990 British centile charts. All show a similar trend to the proportion overweight/obese using 

percentage <91st centile, but statistical significance was not reported. However, interpretation of 

this study with regard to the effects of carbohydrate on body weight change is hampered by the 

fact that the intervention concerned carbonated beverages, which were not exclusively sugar-

sweetened. Additionally, the relatively low number of children consenting to participate and 

subsequent drop-out of approximately 10% of children means that the study population is not 

necessarily representative of UK school children in general.
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Table 5.35 Obesity and sweetened beverages: cohort study in adults 

Result ID/ 
Reference/ 

Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  

(mean) 
%Male 

(Cases)/ 
Total 

Follow 
Up (% 
loss) 

Diet 
Assess-
ment 

Exposure 
Outcome/ Assessment 

Details 
Contrast (mean) Exposure Units RR (CI) Adjustments 

14233 
(Dhingra et 
al., 2007)  
The 
Framingham 
Heart Study 

USA, No 
heart 
disease, 
Without 
metabolic 
syndrome     

(53) 
 
%M 43 

(548) /8997 4 years 
Question-
naire 
(general)  

Mixed sugar and non-calorically 
sweetened beverages (soft drinks - 
number of 12oz cans ) 

BMI >30 
 
Measured by clinician/ 
professional  

≥1 vs 0 
12 oz 
serving/day 

1.31 (1.02, 
1.68)  

Age, BMI, 
Smoking, 
saturated fat 
intake, energy 
intake, Fibre, GI, 
Magnesium Intake, 
physical activity, 
Gender, trans-fatty 
acid   

 

Table 5.36 Prevention of weight gain and sweetened beverages: cohort studies in children 

Result ID/ 
Reference/ 

Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  

(mean) 
%Male 

(Cases)/Tot
al 

Follow 
Up (% 
loss) 

Diet 
Assess-
ment 

Exposure 
Outcome/ 

Assessment 
Details 

Subgro
up 

Contrast 
(mean) 

Exposu
re 

Units 

Mean 
outcome 

(SD) 

 
Mean exposure 

RR (CI) p Adjustments 

14217 
(Fiorito et al., 
2009)  
Pennsylvania 
Study of 
Health and 
Development 
of Young girls 

USA,  
Primarily 
White, 
Age 5-18y       

(5) 
 
%M 0 

(Number of 
cases not 
reported) 
/170 

10 
years 
(15) 

Dietary 
recall  All sugar-

sweetened and 
non-calorically 
sweetened 
beverages including 
fruit flavour drinks 
(>100% fruit juice), 
sports drinks and 
sodas  

BMI ≥ 85th 
centile  
 
Measured by 
clinician/ 
professional  

Age 9 
1.<1 
2. ≥1 to 2 
3.>2                                                  

Serv-
ings/ 
day 

1. 24.2% 
2. 29.4% 
3. 46.2% 

  

 

 

14229   
    

BMI ≥ 85th 
centile 

Age 11 
1.<1 
2. ≥1 to 2 
3.>2                                                  

Serv-
ings/ 
day 

1. 21.7% 
2. 29.4% 
3. 53.9% 

  
 

 

14230 
 

  
    

BMI ≥ 85th 
centile 

Age13 
1.<1 
2. ≥1 to 2 
3.>2                                                  

Serv-
ings/ 
day 

1. 22.2% 
2. 19.6% 
3. 46.2% 

  
 

 

14231 
 

  
    

BMI ≥ 85th 
centile 

Age 15 
1.<1 
2. ≥1 to 2 
3.>2                                                  

Serv-
ings/ 
day 

1. 18.5% 
2. 18.4% 
3. 32% 

  
 

 

14522 
(Kvaavik et al., 
2005)  Oslo 
Youth Study 

Norway, 
Ethnicity 
unknown      

(13) 
 
%M 49 

(Number of 
cases not 
reported) 
/1086 

19 
years 
(15.7) 

Question-
naire 
(general)  

Full-calorie sugar 
sweetened 
beverages (High 
consumers: 
reported 
consuming >3 
times/wk (1991) 

BMI>25  
 
Self-reported  

Female 

Long term 
high 
consumers 
vs Long 
term low 
consumers 

  

 

1.57 
(0.46, 
5.33)  

 BMI        

14527 
     

BMI>25  Male Long term 
  

 1.05  BMI        
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Result ID/ 
Reference/ 

Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  

(mean) 
%Male 

(Cases)/Tot
al 

Follow 
Up (% 
loss) 

Diet 
Assess-
ment 

Exposure 
Outcome/ 

Assessment 
Details 

Subgro
up 

Contrast 
(mean) 

Exposu
re 

Units 

Mean 
outcome 

(SD) 

 
Mean exposure 

RR (CI) p Adjustments 

Oslo Youth 
Study 

and 4 times/wk 
(1999) Low 
consumers: 
reported 
consuming <2 
times/wk (1991) 
and <3 times/wk 
(1999). 
Inconsistent: 
changing 
consumption 
frequency) 

 
Self-reported  

high vs 
Long term 
low 
consumers  

(0.46, 
2.4) 

14528 
Oslo Youth 
Study 

     

BMI>30  
 
Self-reported  

Female 

Long term 
high vs 
Long term 
low 
consumers  

  

 

0.8 (0.09, 
6.85) 

 BMI        

14529 
Oslo Youth 
Study 

     

BMI>30  
 
Self-reported  

Male 

Long term 
high vs 
Long term 
low 
consumers  

  

 
2.29 
(0.48,10.
96) 

 BMI        

14705 
(Nissinen et 
al., 2009)  
Cardiovascular 
Risk in Young 
Finns Study 

Finland, 
Primarily 
White      

3-18 
(11) 
 
%M 45.2 

(Number of 
cases not 
reported) 
/3596 

21 
years 
(33) 

FFQ (19) 
Change in sugar-
sweetened 
beverages 

BMI >25 
 
Measured by 
clinician/ 
professional  

Male 
Increase vs 
Stable low    

 

1.07 
(0.74, 
1.57)  

 
Age, BMI, 
Education, 
PA, Smoking      

14706 
Cardiovascular 
Risk in Young 
Finns Study 

      
  Female 

Increase vs 
Stable low    

 
1.9 (1.38, 
2.61)  

 
Age, BMI, 
Education, 
PA, Smoking      

14609/14610/
14611 
(Tam et al., 
2006)  Nepean 
study 

Australia,  
Ethnicity 
unknown      

(8) 
 
%M 51 

(32) /268 
5.4 
years 

Food 
diary  

Carbohydrates 
from soft drinks 
and cordial 

BMI Z-score 
status  
 
Measured by 
clinician/ 
professional  

 

 
g/day 

 

Gainers: (n: 32) 
29g/d 
Maintained 
acceptable BMI z-
score: (n: 195) 
20g/d Overweight 
maintainers: (n: 41) 
30g/d 
Losers: (n: 13) 
6.5g/d 

 

0.005 

 

17600/17601/
17602 
Nepean study 

  
 

(32) /268 
  

Carbohydrates 
from fruit juice and 
fruit drinks 

BMI Z-score 
status 
 
Measured by 
clinician/ 
professional  

 

 
g/day 

 

Gainers: (n: 32) 
8.6g/d 
Maintained 
acceptable BMI z-
score: (n: 195) 
14g/d  
Overweight 
maintainers: (n: 41) 
14g/d  
Losers: (n: 13) 13g/d 

 

0.734 

 



 

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN or the advice/policy of Public Health England and Health Departments.  
95 

  



 

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN or the advice/policy of Public Health England and Health Departments.  
96 

Table 5.37 Overweight and obesity and sweetened beverages: RCT data 

Result ID/ 
Author 

 
Subgroup 

detail Intervention group 
Completers/ 

Allocated 
Baseline Follow-up 

Within 
group ∆ 

from 
baseline 

Difference 
between 

groups in  ∆ 
from baseline 

Outcome/Assessment method 
Result/ 

Outcome details 

Result-
specific 
follow-

up 

Weight 
Change 

Outcome 
Assessmen

t Bias 

14933 
(James et 
al., 2004) 

 
Control minus reduced 
carbonated beverages 

Control: 
279/319 
Intervention: 
295/325 

      
7.7 (CI 2.2, 
13.1) 

Mean percentage >91 centile 
Measured by 
clinician/ professional 

1 year 
Increase 
in both 

Unclear 

14934 

 
Control 279/319 

19.4 (SD 
8.4) 

26.9 (SD 
12.3) 

7.5 (SD 
8) 

  
Mean percentage >91 centile 

Measured by 
clinician/ professional 

1 year Increase Unclear 

 
Reduced carbonated 
beverages 

295/325 
20.3 (SD 
6.3) 

20.1 (SD 
6.7) 

-0.2 (SD 
6.3) 

  
 

Increase 
 

15918 
Overweight 
Boys 

Control 279/319 18.8 22.2     
Overweight defined by 
International obesity task force 

Measured by 
clinician/ professional 

1 year Increase Unclear 

Reduced carbonated 
beverages 

295/325 20.1 18.3     
 

Increase 
 

15920 
Overweight 
Girls 

Control 279/319 28.0 29.6     
Overweight defined by 
International obesity task force 

Measured by 
clinician/ professional 

1 year Increase Unclear 

Reduced carbonated 
beverages 

295/325 27.6 23.1     
 

Increase 
 

15921 Obese Boys 
Control 279/319 1.7 1.7     

Obese defined by International 
obesity task force 

Measured by 
clinician/ professional 

1 year Increase Unclear 

Reduced carbonated 
beverages 

295/325 4.1 3.5     
 

Increase 
 

15922 Obese Girls 

Control 279/319 7.3 6.3     
Obese defined by International 
obesity task force 

Measured by 
clinician/ professional 

1 year Increase Unclear 

Reduced carbonated 
beverages 

295/325 5.7 4.7     
 

Increase 
 

15923 
Overweight 
Boys 

Control 279/319 19.6 25.6     
Overweight defined by 1990 
British centile charts 

Measured by 
clinician/ professional 
  

1 year Increase Unclear 

Reduced carbonated 
beverages 

295/325 19.2 19.9     
 

Increase 
 

16018 
Overweight 
Girls 

Control 279/319 20.1 28.3     
Overweight defined by 1990 
British centile charts 

Measured by 
clinician/ professional 
  

1 year Increase Unclear 

Reduced carbonated 
beverages 

295/325 19.2 20.9     
 

Increase 
 

16019 Obese Boys 

Control 279/319 7.0 9.0     
Obese defined by 1990 British 
centile charts 

Measured by 
clinician/ professional 

1 year Increase Unclear 

Reduced carbonated 
beverages 

295/325 6.9 7.1     
 

Increase 
 

16020 Obese Girls 
Control 279/319 7.5 9.0     

Obese defined by 1990 British 
centile charts 

Measured by 
clinician/ professional 

1 year Increase Unclear 

Reduced carbonated 
beverages 

295/325 6.6 6.5     
 

Increase 
 

16021 
 

Overweight 
Boys 

Control 279/319 20.3 25.0 
  

Overweight defined by British 
waist circumference centile 
charts 

 Measured by 
clinician/ professional 

1 year Increase Unclear 

Reduced carbonated 
beverages 

295/325 21.5 22.6 
   

Increase 
 

16022 
 

Overweight 
Girls 

Control 279/319 24.4 36.9 
  

Overweight defined by British 
waist circumference centile 
charts 

 Measured by 
clinician/ professional 

1 year Increase Unclear 

Reduced carbonated 
beverages 

295/325 22.1 29.6 
   

Increase 
 

16023 Obese Boys Control 279/319 9.9 10.4 
  

Obese defined by British waist  Measured by 1 year Increase Unclear 
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Result ID/ 
Author 

 
Subgroup 

detail Intervention group 
Completers/ 

Allocated 
Baseline Follow-up 

Within 
group ∆ 

from 
baseline 

Difference 
between 

groups in  ∆ 
from baseline 

Outcome/Assessment method 
Result/ 

Outcome details 

Result-
specific 
follow-

up 

Weight 
Change 

Outcome 
Assessmen

t Bias 

 Reduced carbonated 
beverages 

295/325 9.5 8.4 
  

circumference centile charts clinician/ professional 
 

Increase 
 

16025 
 

Obese Girls 
Control 279/319 10.7 19.0 

  Obese defined by British waist 
circumference centile charts 

 Measured by 
clinician/ professional 

1 year Increase Unclear 

Reduced carbonated 
beverages 

295/325 9.9 11.5 
   

Increase 
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Body fatness and body fat distribution 

Studies included here provided information concerning the association between dietary 

carbohydrate and a range of different measures that reflect total body stores of adipose tissue and 

relative distribution around the body. The methods used to assess these outcomes include dual-

energy X-ray absorptiometry (DEXA), the use of skinfold thicknesses (either singular or at multiple 

sites), bioimpedance, near infrared light interactance, and the body circumference at waist or hip 

level as well as the ratio of the latter two measures. 

 

Body fatness, fat distribution and total carbohydrate intake or high 

carbohydrate diets 

Summary of cohort results in adults 

 

Data concerning total carbohydrate intake and measures of fat distribution were extracted from 

two publications, presenting results from the CARDIA study and the Danish Diet, Cancer and 

Health study in adults (Ludwig et al., 1999;Halkjaer et al., 2006) (see Table 5.38). There was no 

significant association between carbohydrate intake and waist-to-hip ratio in the CARDIA Study 

(Ludwig et al., 1999). Similarly the results taken from the Danish Diet, Cancer and Health Study 

(Halkjaer et al., 2006) indicate no association between total baseline carbohydrate consumption 

(grams per MJ/day) and change in waist circumference over 5 years of follow-up. However, in 

women, greater increases in waist circumference were associated with particular sources of 

carbohydrate; carbohydrates from refined-grain products and potatoes and carbohydrates from 

foods with ‘simple’ or added sugars were associated with significantly greater increases in waist 

circumference over time. The relationships did not achieve statistical significance when 

carbohydrate intake from wholegrain foods or total carbohydrates were considered, nor for 

analyses of the male subgroup.  

 

The Danish Diet, Cancer and Health Study (Halkjaer et al., 2006) assessed waist circumference 

change as the outcome, whereas the CARDIA study (Ludwig et al., 1999) calculated waist-to-hip 

ratio. This was measured by clinicians or professionals in the CARDIA study and the Danish Diet, 

Cancer and Health Study. 

 

One further US cohort study of male health professionals (HPFS), provided data concerning the 

impact of habitual consumption of high or low carbohydrate diets and change in waist 

circumference, but instead focused on the macronutrient source used to replace carbohydrate 

(Table 5.41) (Koh-Banerjee et al., 2003). In this study, through modelling, the authors explored the 

impact on body fat distribution associated with diets in which the isoenergetic replacement of 

carbohydrate had been achieved with: trans fats, saturated fats, polyunsaturated fats or 

monounsaturated fats. Each 2% increment in energy intake from trans fats that was 

isoenergetically substituted for carbohydrates was significantly associated with a 0.77-cm waist 

gain over 9 years (p < 0.001). A similar, but smaller change was apparent for each unit increase in 

saturated fat that replaced carbohydrate. No such association was apparent when polyunsaturated 

or monounsaturated fats were explored as the replacement for carbohydrate.  
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These cohort studies suggest that there is no association between total carbohydrate and waist 

circumference change over time. However, since these studies found differences in the direction 

of the relationship depending on the source of the carbohydrate and the nature of its replacement 

as an energy source, further exploration of the relationship between sources of dietary 

carbohydrate and waist circumference change is warranted using clinical trials rather than 

observational approaches. 

 

Exposure definition and assessment 

All studies employed FFQs to collect dietary data on habitual carbohydrate intake.  

 

Adjustment for appropriate confounders 

All studies included a range of important covariates in the analyses. 

 

Summary of cohort results in children 

 

Data concerning total carbohydrate intake and body fatness or fat distribution were extracted from 

five publications, presenting results from three cohort studies: the Amsterdam Growth and Health 

Study, The Northern Ireland Young Hearts Project and the Adelaide Longitudinal Study of Growth 

and Nutrition (Twisk et al., 1998;Van Lenthe et al., 1998;Koppes et al., 2009;Boreham et al., 

1999;Magarey et al., 2001) (see Table 5.39).  

 

Of the three publications that stemmed from the Amsterdam Growth and Health Study, two had a 

follow-up of 14 years, and the other of 23 years. There was no apparent association between 

carbohydrate intake assessed at age 12-15 years and sum of four skinfolds after 14 years of 

follow-up (Twisk et al., 1998). However when only subscapular skinfolds were used, and analyses 

were conducted separately for males and females, a positive relationship – that is an increasing 

skinfold thickness with increasing consumption of total carbohydrate - was evident for girls 

(p=0.01) (Van Lenthe et al., 1998). No significant associations were reported at the 23 year follow-

up (Koppes et al., 2009).  

 

The Northern Ireland Young Hearts Project (Boreham et al., 1999) found no significant relationship 

between skinfold thicknesses and carbohydrate intake in either boys or girls. In contrast, the 

Adelaide Longitudinal Study of Growth and Nutrition (Magarey et al., 2001) reported a statistically 

significant negative relationship between total carbohydrate intake and triceps skinfold 

measurement in both males and females, which implies that as total carbohydrate intake 

increases, skinfold measurements decrease.  
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Duration of follow-up varied across publications, ranging from 4 to 23 years. The Amsterdam 

Growth and Health Study (Twisk et al., 1998) experienced a higher percentage loss to follow-up 

than the other studies, at 50%. 

Data from one further cohort study were extracted, assessing adiposity as a fat mass index 

(Johnson et al., 2008) (see Table 5.40). In the ALSPAC cohort (Johnson et al., 2008) adiposity 

was quantified with DEXA. Differences in reported carbohydrate intake between incident cases of 

excess adiposity and non-cases were found to be non-significant. 

 

Collectively, these cohort studies of children and adolescents which have employed skinfold 

thickness measures or DEXA to assess body fatness do not provide clear evidence of an 

association between total dietary carbohydrate consumption and adiposity at follow-up. 

 

Exposure definition and assessment 

Two of the studies gathered dietary intake information via food diaries (Magarey et al., 

2001;Johnson et al., 2008) the other two cohort studies employed the dietary history approach. 

Carbohydrate intake was expressed as per cent energy in all studies, with the exception of one of 

the publications from the Amsterdam Growth and Health Study (Twisk et al., 1998) in which both 

grams per day and per cent energy were both reported. 

 

Adjustment for appropriate confounders 

Adjustments in the analyses from the 14-year follow-up of the Amsterdam Growth and Health 

Study were unclear (Twisk et al., 1998;Van Lenthe et al., 1998). The other publications appeared 

to be more fully adjusted, including covariates such as gender, parental BMI, and energy intake. 

 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

Summary of RCT data  

Fat free mass 

Five trials which compared higher and lower carbohydrate diets on fat free mass provided data 

(Table 5.42). One study was not included in the meta-analysis because the carbohydrate 

percentage of energy difference between the diets was estimated to be less than 5% (Dale et al., 

2009).   

 

Dale and colleagues randomly assigned 200 women who had previously lost 5% or more of their 

initial body weight to groups that were advised to follow a high carbohydrate or a relatively high 

monounsaturated fat diet (Dale et al., 2009). These groups were also divided into those receiving 

either an intensive or less intensive form of support. After 2 years of follow-up, data were available 

from 174 (87%) participants.  Change in fat free mass did not vary significantly between diet 

groups (both decreased).  However, achieved differences in percentage energy from carbohydrate 
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between groups were much less than intended (43 vs. 47% energy) and since this was less than 

our 5% cut-off, this study was not included in the meta-analysis. 

 

Three studies which assessed the effect of diets that differed by more than 5% energy from 

carbohydrate between groups provided data and were included in the meta-analysis (Delbridge et 

al., 2009;Due et al., 2004;Frisch et al., 2009).  All included adults as participants.  Details 

concerning the design, participants, duration and nature of the interventions are included in Table 

5.4 and results are included in Table 5.42.  The first follow up reported at the end of the 

intervention was used.  This was 12 months for all three of the studies. Fat free mass was 

measured in these studies by DEXA and bioimpedance. The overall pooled estimate indicated that 

fat-free mass was 0.03kg (95% CI, -0.77 to 0.83) higher with consumption of a low carbohydrate 

diet compared with a high carbohydrate diet, however this difference was not statistically different 

from zero (p=0.95). Heterogeneity denoted by I2 was 36% (95% CI, 0 to 80%). There were 

insufficient studies to carry out a funnel plot.  Statistically, there was no evidence of a difference in 

fat-free mass with higher compared to lower carbohydrate diets. 

 

Figure 5.6 Forest plot for higher carbohydrate diets and fat free mass (kg) 

 

 

 

 

Overall  (I-squared = 36.3%, p = 0.208)

ID

Study

Due A, et al., 2004

Delbridge EA, et al., 2009

Frisch S, et al., 2009

0.03 (-0.77, 0.83)

difference in means (95% CI)

Weighted

-0.50 (-1.70, 0.70)

1.02 (-0.31, 2.35)

-0.20 (-1.06, 0.66)

0.03 (-0.77, 0.83)

difference in means (95% CI)

Weighted

-0.50 (-1.70, 0.70)

1.02 (-0.31, 2.35)

-0.20 (-1.06, 0.66)

Higher fat-free mass with low CHO  Higher fat-free mass with high CHO 

0-2 -1 0 1 2 3

Difference in fat-free mass (Kg) between groups: Low CHO vs high CHO
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Total body fat 

Children and adolescents 

Two trials using obese adolescents provided data on total body fat changes in response to high 

and low carbohydrate diets (Ebbeling et al., 2003;Demol et al., 2009).  Details concerning the 

design, participants, duration and nature of the interventions are included in Table 5.4 and results 

are included in Table 5.43.  These trials were not pooled with the data from adults in the meta-

analysis. The study reported by Demol et al. compared the effects of a high carbohydrate low fat 

diet, with lower carbohydrate diets that varied in the proportion of energy derived from fat or 

protein on body weight and the metabolic profile of obese adolescents (Demol et al., 2009). Both 

low carbohydrate diets aimed to deliver up to 20% of energy from carbohydrate (60g/d), which was 

compared with 50-60% of energy from carbohydrate in the high carbohydrate diet. The 

participants were free-living and were instructed to follow a pre-set rotating menu, which aimed to 

deliver 1200-1500 kcal per day. After one year, all groups had lost body fat, which was estimated 

using bioimpedance. However the changes in fat mass did not vary by diet group. All diets were 

equally effective in reducing fatness. 

 

Ebbeling 2003 (Ebbeling et al., 2003) compared the effects of a conventional reduced fat (25-30% 

energy), high carbohydrate (55-60% energy) diet with a moderate fat (30-35% energy), lower 

carbohydrate (45-50% energy, low/moderate GI) diet in 16 obese adolescents (13-21 years) over 

12 months. Fourteen subjects completed the full trial. There was a decrease in fat mass (assessed 

by DEXA) at 12 months in the lower carbohydrate group (-2.6 SE 1.5), but an increase in the high 

carbohydrate group (+1.6 SE 0.9), and the difference between groups was statistically significant, 

p=0.01.   

 

Adults  

Nine studies of adults provided data on the effects of higher compared to lower carbohydrate diets 

on changes in total fat mass (in kg) (Clifton et al., 2008;Dale et al., 2009;Delbridge et al., 

2009;Due et al., 2004;Ebbeling et al., 2007;Frisch et al., 2009;Gardner et al., 2007;Layman et al., 

2009;McManus et al., 2001). 

 

Three studies were not included in the meta-analysis because the achieved carbohydrate 

percentage of energy difference between the diets was estimated to be less than 5%. 

Clifton et al. (Clifton et al., 2008) did not observe any differential effect of the high/low protein diets 

tested on body fat stores at 1 year post randomisation. 

 

In the trial conducted by McManus et al. (McManus et al., 2001) 101 overweight men and women 

were allocated to a lower carbohydrate, moderate-fat diet (35% of energy) or a higher 

carbohydrate, low-fat diet (20% of energy). After 18 months, 31/50 subjects in the moderate-fat 

group, and 30/51 in the low fat group were available for measurements. Percent body fat decrease 

assessed using a near-infrared light interactance device was similar in both diet groups at 18 
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months. However, at 18 months, the difference in percentage energy from carbohydrate was less 

than 5% between groups. 

 

Dale and colleagues randomly assigned 200 women who had previously lost 5% or more of their 

initial body weight to groups that were advised to follow a high carbohydrate or a relatively high 

monounsaturated fat diet (Dale et al., 2009). These groups were also divided into those receiving 

either an intensive or less intensive form of support. After 2 years of follow-up, data were available 

from 174 (87%) participants.  Change in fat mass did not vary significantly between diet groups 

(both decreased).  However, achieved differences in percentage energy from carbohydrate 

between groups were much less than intended (43 vs. 47% energy) and since this was less than 

our 5% cut-off, this study was not included in the meta-analysis. 

 

For inclusion in the meta-analysis there was requirement for a difference of energy from 

carbohydrate between trial groups of 5% or more. Actual consumption was used rather than 

intended diet unless otherwise stated – see trial characteristics table.  

 

Six studies of adults were included in the meta-analysis comparing different carbohydrate intakes 

and changes in weight of fat mass (in kg) (Delbridge et al., 2009;Due et al., 2004;Ebbeling et al., 

2007;Frisch et al., 2009;Gardner et al., 2007;Layman et al., 2009). Details concerning the design, 

participants, duration and nature of the interventions are included in Table 5.4 and results are 

included in Table 5.43.  A variety of methods were used to estimate body fat content, including 

DEXA, bioimpedance and a near-infrared light interactance device. One study reported results 

from four groups (Dansinger et al., 2005) and for this study the group with the lowest carbohydrate 

intake was compared with the group with highest carbohydrate intake.   

 

The first follow up reported at the end of the intervention and over 12 months was used. This 

varied from 12 months to 2 years.  The meta-analysis was split into 2 plots, the first looking at 

carbohydrate and fat swap and the second including studies with carbohydrate and protein or 

protein and fat swap. 

 

Higher carbohydrate, low fat diets compared with lower carbohydrate, higher fat diets 

The pooled estimate indicated that fat mass was 0.30kg higher (95% CI, -0.01 to 0.62) with 

consumption of a higher carbohydrate, lower fat diet.  This was not significantly different from zero 

(p=0.06).  Overall heterogeneity denoted by I2 was 0% (95% CI 0 to 80%).  Statistically there was 

no evidence that diets higher in carbohydrate and lower in fat resulted in different fat mass. 

 

 

 

 



 

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN 
or the advice/policy of Public Health England and Health Departments.  

104 

 

 

 

Figure 5.7 Forest plot for higher carbohydrate, lower fat diets and higher carbohydrate, higher fat 

diets and total body fat (kg) 

 

 

Carbohydrate and protein or fat and protein swap 

The pooled estimate indicated that fat mass was 0.57kg lower (95% CI, -1.44 to 2.58) with 

consumption of a high carbohydrate, lower protein diet.  This was not significantly different from 

zero (p=0.58).  Overall heterogeneity denoted by I2 was 53% (95% CI 0 to 86%).  A funnel plot 

was not carried out due to the small number of studies.  Statistically, there was no evidence that a 

diet higher in carbohydrate and lower in fat and protein or protein only was associated with 

differences in fat mass. 

 

 

 

 

 

 

Overall  (I-squared = 0.0%, p = 0.591)

Frisch S, et al., 2009

Gardner CD, et al., 2007

ID

Ebbeling CB, et al., 2007

Study

0.30 (-0.01, 0.62)

0.90 (-3.18, 4.98)

0.49 (0.00, 0.97)

difference in means (95% CI)

0.17 (-0.24, 0.58)

Weighted

0.30 (-0.01, 0.62)

0.90 (-3.18, 4.98)

0.49 (0.00, 0.97)

difference in means (95% CI)

0.17 (-0.24, 0.58)

Weighted

Higher fat mass with low CHO  Higher fat mass with high CHO 

0-5 -4 -3 -2 -1 0 1 2 3 4 5

Difference in fat mass (Kg) between groups: Low CHO vs high CHO
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Figure 5.8 Forest plot for carbohydrate and protein swap or fat and protein swap diets and total 

body fat (kg) 

 

 

  

Overall  (I-squared = 52.6%, p = 0.121)

Layman DK, et al., 2009

Study

ID

Delbridge EA, et al., 2009

Due A, et al., 2004

-0.57 (-2.58, 1.44)

-1.70 (-3.43, 0.03)

Weighted

difference in means (95% CI)

-1.20 (-4.26, 1.86)

1.50 (-1.05, 4.05)

-0.57 (-2.58, 1.44)

-1.70 (-3.43, 0.03)

Weighted

difference in means (95% CI)

-1.20 (-4.26, 1.86)

1.50 (-1.05, 4.05)

Higher fat mass with low CHO  Higher fat mass with high CHO 

0-5 -4 -3 -2 -1 0 1 2 3 4 5

Difference in fat mass (Kg) between groups: Low CHO vs high CHO
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Waist circumference  

Nine trials provided data on the relationship between waist circumference and diets high or low in 

carbohydrate (Bhargava, 2006;Dale et al., 2009;Dansinger et al., 2005;Delbridge et al., 2009;Due 

et al., 2004;Frisch et al., 2009;Keogh et al., 2007;McManus et al., 2001;Sacks et al., 2009). Details 

concerning the design, participants, duration and nature of the interventions are included in Table 

5.4 and results are included in Table 5.44.  

 

Three studies were excluded from the meta-analysis since the difference in percentage of 

carbohydrate energy was less than 5% between intervention groups (McManus et al., 2001;Dale 

et al., 2009;Bhargava, 2006).  These three studies found inconsistent directions of effect. 

 

In the trial conducted by McManus et al. (McManus et al., 2001) 101 overweight men and women 

were allocated to a lower carbohydrate, moderate-fat diet (35% of energy) or a higher 

carbohydrate, low-fat diet (20% of energy). After 18 months, 31/50 subjects in the moderate-fat 

group, and 30/51 in the low fat group were available for measurements. In the lower carbohydrate, 

moderate-fat group, waist circumference decreased by 6.9 cm, compared to an increase in the 

low-fat group of 2.6cm (p<0.001). However, at 18 months, the difference in percentage energy 

from carbohydrate was less than 5% between groups. 

 

Dale and colleagues randomly assigned 200 women who had previously lost 5% or more of their 

initial body weight to groups that were advised to follow a high carbohydrate or a relatively high 

monounsaturated fat diet (Dale et al., 2009). These groups were also divided into those receiving 

either an intensive or less intensive form of support. After 2 years of follow-up, data were available 

from 174 (87%) participants.  Waist circumference changes did not vary significantly between diet 

groups.  However, achieved differences in percentage energy from carbohydrate between groups 

were much less than intended (43 vs. 47% energy) and since this was less than our 5% cut-off, 

this study was not included in the meta-analysis. 

 

Data from the Women’s Health Trial: Feasibility Study in Minority Populations (Bhargava, 2006) 

were also not included in the meta-analysis as the percentage energy derived from carbohydrate 

was not reported, although it was clear that the control diet was likely to be considerably lower in 

carbohydrate than the low fat, high fruit and vegetable and grain diet advocated to the intervention 

group. After one year of follow up, the women in the intervention group experienced a small 

decrease in waist circumference (-0.02cm), whereas women in the control group remained stable 

(difference between groups, p<0.05). This is despite the fact that the participants in this trial were 

not markedly overweight and the diet was not energy restricted. 
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For inclusion in meta-analysis there was a difference of energy from carbohydrate between trial 

groups of 5% or more. Actual consumption was used rather than intended diet unless otherwise 

stated – see trial characteristics table.  

 

Seven studies were included in the meta-analyses comparing different carbohydrate intakes and 

changes in waist circumference (cm).  One study reported results from four groups (Dansinger et 

al., 2005).  For this study the arm with the lowest carbohydrate intake was compared with the arm 

with highest carbohydrate intake (Atkins vs. Ornish diets).  The remaining studies were stratified 

into two groups, one where fat and carbohydrate content of the diet was different between groups 

and one where either protein only or fat and protein and carbohydrate content were different. All 

studies included adults as participants.  Levels of carbohydrate, fat and protein are reported in the 

trial characteristics table.  The first follow up reported at the end of the intervention and over 12 

months was used. This varied from 12 months to 7 years.   

 

The pooled estimate for studies reporting differences in fat and carbohydrate indicated that waist 

circumference was 0.04cm (95% CI, -1.26 to 1.34) higher with consumption of a high 

carbohydrate, low fat diet but this was not significantly different from zero (p=0.96).  Heterogeneity 

indicated by I2 was 67% (95% CI 0 to 91%).  A funnel plot was not carried out due to the small 

number of studies.  Statistically, there was no evidence that a diet higher in carbohydrate and 

lower in fat was associated with changes in waist circumference. 

 

Figure 5.9 Forest plot for carbohydrate and fat swap diets and waist circumference (cm) 
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Four studies explored the effects of high and low carbohydrate diets where carbohydrate was 

replaced with protein or a combination of fat and protein and these were pooled in a meta-

analysis. No pooled estimate was reported for these studies as heterogeneity was high at 86%.  

Three studies reported no difference between high and low carbohydrate diets on waist 

circumference (Dansinger et al., 2005;Delbridge et al., 2009;Keogh et al., 2007). However the 

study by Due et al. (Due et al., 2004) which compared medium and low protein diets (12 vs. 25% 

energy) observed a significantly greater reduction in waist circumference in the high protein diet 

group. 

 

Figure 5.10 Forest plot for high and low carbohydrate diets in which carbohydrate was replaced 

with protein or a combination of fat and protein on waist circumference (cm) 

Overall  (I-squared = 67.3%, p = 0.047)

Study

ID

Bhargava A, et al., 2006

Frisch S, et al., 2009

Howard BV, et al., 2006

0.04 (-1.26, 1.34)

Weighted

difference in means (95% CI)

-1.00 (-2.57, 0.57)

2.20 (0.09, 4.31)

-0.30 (-0.55, -0.05)

0.04 (-1.26, 1.34)

Weighted

difference in means (95% CI)

-1.00 (-2.57, 0.57)

2.20 (0.09, 4.31)

-0.30 (-0.55, -0.05)

Higher waist with low CHO  Higher waist with high CHO 

0-10 -5 0 5 10

Difference in waist circumference (cm) between groups: Low CHO vs high CHO
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Hip circumference 

Two trials provided data on the relationship between hip circumference and diets high or low in 

dietary carbohydrate (Bhargava, 2006;Delbridge et al., 2009). Details concerning the design, 

participants, duration and nature of the interventions are included in Table 5.4 and results are 

included in Table 5.45.  Bhargrava et al. (Bhargava, 2006) reported that the change from baseline 

to 12 months differed between control and low fat, high fibre groups in the Women’s Health Trial 

Feasibility Study in Minority Populations, with a greater decrease in hip circumference in the 

intervention group. This was a US-based multi-centre trial of postmenopausal women, with an 

average initial BMI of 28.  The intervention group received detailed group-based advice aimed at 

reducing total fat to 20% of energy and increasing consumption of fruit, vegetables and whole 

grains. Total fat intakes are not reported in this paper, but saturated fat intakes decreased by 

10g/d in the intervention group and 5g/d in the control (no diet change) group. Dietary fibre intakes 

decreased in the control group, but were unchanged in the intervention group.   

 

Due A, et al., 2004

Dansinger ML, et al., 2005

Keogh JB, et al., 2007

Delbridge EA, et al., 2009

ID

Study

6.60 (3.80, 9.40)

0.30 (-1.90, 2.50)

-3.00 (-6.42, 0.42)

-0.63 (-2.95, 1.69)

difference in means (95% CI)

Weighted

6.60 (3.80, 9.40)

0.30 (-1.90, 2.50)

-3.00 (-6.42, 0.42)

-0.63 (-2.95, 1.69)

difference in means (95% CI)

Weighted

Higher waist with low CHO  Higher waist with high CHO 

0-10 -5 0 5 10

Difference in waist circumference (cm) between groups: Low CHO vs high CHO
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The study reported by Delbridge et al. (Delbridge et al., 2009) explored the effects on weight 

maintenance of high protein or high carbohydrate diets after an acute weight loss phase of 3 

months. Both diets were isoenergetic and individually prescribed. Subjects were initially 

overweight or obese, with no other health problems, and after the initial weight loss of 16.5 kg, 

maintained most of this weight loss at the 12 month weigh-in (14.5 ±1.2 kg).  Hip circumferences 

in both groups increased slightly over the maintenance phase, but not to a greater extent in either 

group (p=0.53). The different approaches used and variation in outcome do not provide strong 

evidence of a difference in effect of high compared with low carbohydrate diets. 

 

Waist to hip ratio 

Five studies reported data on changes in waist to hip ratio after consuming high or low 

carbohydrate diets.  Two of these studies could not be included in a meta-analysis since the 

difference in percent carbohydrate energy was less than 5%, and due to lack of information about 

total carbohydrate content of the intervention diets respectively (McManus et al., 2001;Bhargava, 

2006). 

 

In the trial conducted by McManus et al. (McManus et al., 2001) 101 overweight men and women 

were allocated to a lower carbohydrate, moderate-fat diet (35% of energy) or a higher 

carbohydrate, low-fat diet (20% of energy). After 18 months, 24/50 subjects in the moderate-fat 

group, and 10/51 in the low fat group provided measurements. In the lower carbohydrate, 

moderate-fat group, there was no change in waist: hip ratio, compared to a small decrease in the 

low-fat group of -0.02. 

 

 

 

 

Data from the Women’s Health Trial: Feasibility Study in Minority Populations (Bhargava, 2006) 

were also not included in the meta-analysis as the percentage energy derived from carbohydrate 

was not reported, although it was clear that the control diet was likely to be considerably lower in 

carbohydrate than the low fat, high fruit and vegetable and grain diet advocated to the intervention 

group. After one year of follow up, there was no difference in waist:hip ratio between the two diet 

groups. 

 

For inclusion in meta-analysis there a difference of energy from carbohydrate between trial groups 

of 5% or more was taken as meaningful. Actual consumption was used rather than intended diet 

unless otherwise stated – see trial characteristics table.  

 

Three studies were included in the meta-analyses comparing high carbohydrate with lower 

carbohydrate diets and changes in waist to hip ratio (Delbridge et al., 2009;Due et al., 
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2004;Gardner et al., 2007).  All studies included adults as participants.  Details concerning the 

design, participants, duration and nature of the interventions are included in Table 5.4 and results 

are included in Table 5.46.  The first follow up reported at the end of the intervention was used.   

This was 12 months for two of the studies and 90 months for one study (Howard et al., 2006).   

 

The overall pooled estimate indicated that the waist:hip ratio was not differentially affected by the 

carbohydrate content of the intervention diets (difference of zero) (95% CI, -0.01 to 0.1) (p=0.87).  

Heterogeneity denoted by I2 was 50% (95% CI, 0 to 82).  Statistically, there was no evidence of a 

difference in waist:hip ratio with differences in dietary carbohydrate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.11 Forest plot for high carbohydrate diets and waist to hip ratio 
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Other measures of fat distribution – central and peripheral fat 

Two trials provided data on the effects of high carbohydrate diets on intra and extra-abdominal fat 

deposition. Details concerning the design, participants, duration and nature of the interventions are 

included in Table 5.4 and results are included in Table 5.47.  Clifton et al. (Clifton et al., 2008) 

provided data on change in peripheral and central body fat, citing DEXA as the method used.  It is 

likely that fat distribution measures were achieved by combining this with some other measure of 

body dimensions, however this was not reported in the paper. In another paper from the same 

group, abdominal fat was defined as midriff fat plus pelvic fat and this was achieved by measuring 

body fat using DEXA at specific body locations (Clifton et al., 2004). Due et al. (Due et al., 2004) 

derived measures of intra-abdominal fat using DEXA and anthropometry (combining measures of 

waist circumference, sagittal diameter and trunk fat percentage). 

 

Clifton et al. (Clifton et al., 2008) did not observe any differential effect of the high/low protein diets 

tested on centrally or peripherally located body fat stores at 1 year post randomisation. However, 

Due et al. (Due et al., 2004) reported a greater decrease in intra-abdominal adipose tissue in 

participants allocated to a high protein/lower carbohydrate diet compared with a moderate 

protein/higher carbohydrate diet at 1 year post randomisation (and at 6 months - data not in table). 

This was despite the fact that total fat mass was not differentially affected by the diets at 1 year.  

Additionally, the difference between dietary groups was still evident after statistical adjustment for 

body weight loss (p<0.05).  

Overall  (I-squared = 69.6%, p = 0.037)

ID

Gardner CD, et al., 2007

Howard BV, et al., 2006

Due A, et al., 2004

Study

0.00 (-0.01, 0.01)

difference in means (95% CI)

0.01 (-0.00, 0.01)

0.00 (-0.00, 0.00)

-0.04 (-0.08, 0.00)

Weighted

0.00 (-0.01, 0.01)

difference in means (95% CI)

0.01 (-0.00, 0.01)

0.00 (-0.00, 0.00)

-0.04 (-0.08, 0.00)

Weighted

Higher waist:hip ratio with low CHO  Higher waist:hip ratio with high CHO 

0-.1 -.08 -.06 -.04 -.02 0 .02 .04 .06

Difference in waist:hip ratio between groups: Low CHO vs high CHO
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Table 5.38 Body fat distribution and total carbohydrates: cohort studies in adults 

Result ID/ 
Reference/ 

Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  

(mean) 
%Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/ 

Assessment 
Details 

Sub-group 
detail 

Contrast 
(mean) 

Exposure 
Units 

Means 
outcome 

(SD) 

Beta 
coefficient 

(SE)/(CI) 
p p trend Adjustments 

13672 
(Ludwig et 
al., 1999)  
The CARDIA 
Study 

USA, Multi-
ethnic, 
Generally 
healthy, No 
hypertension, 
Not diabetic      

18-30  
%M 
45.9 

5115 
10 
years 

FFQ (700) 
Total 
carbohydrate 
(% energy) 

Waist to hip 
ratio  
Measured by 
clinician/ 
professional  

Race - 
White 

Q5 vs Q1 
 (51.9) vs 
(33.5) 

 
0.801  vs. 
0.805  

    0.21 

Age, Alcohol, 
Centre, 
Education, 
Energy intake 
physical activity, 
Gender, 
Smoking, 
Baseline W:H, 
Vitamin  use     

13673 
The CARDIA 
Study 

      
  Race - Black 

Q5 vs Q1 
 (51.9) vs 
(33.5) 

 
0.806 vs. 
0.815 

    0.11 As above  

13162 
(Halkjaer et 
al., 2006)  
Danish Diet, 
Cancer and 
Health Study 

Denmark, 
Primarily 
White, Cancer 
free       

50-64 
(56) 
%M 
47 

56506 
5 years 
(21) 

FFQ (192) 

Carbohydrate 
density (g/unit 
energy. Total 
CHO) 

Waist 
circumferenc
e change  
Measured by 
clinician/ 
professional  

Women   1 MJ/day   
0.07  
(-0.05, 
0.19)  

ns    

Age, Alcohol, 
Baseline EI, 
Waist, BMI, PA, 
Smoking     

13176 
Danish Diet, 
Cancer and 
Health Study 

      
  Men   1 MJ/day   

0.04  
(-0.05, 
0.12)  

 ns   As above 

13173 
Danish Diet, 
Cancer and 
Health Study 

     

Carbohydrate 
density (g/unit 
energy. CHO 
from whole-
grain foods) 

  Women   1 MJ/day   
0.15 
 (-0.06, 
0.36)   

0.16   As above 

13177 
Danish Diet, 
Cancer and 
Health Study 

      
  Men   1 MJ/day   

0.08  
(-0.06, 
0.22)   

0.27   As above 

13174 
Danish Diet, 
Cancer and 
Health Study 

     

Carbohydrate 
density (g/unit 
energy. CHO 
from refined-
grain products 
and potatoes) 

  Women   1 MJ/day   
0.48 (0.18, 
0.78)  

0.002   As above 
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Result ID/ 
Reference/ 

Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  

(mean) 
%Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/ 

Assessment 
Details 

Sub-group 
detail 

Contrast 
(mean) 

Exposure 
Units 

Means 
outcome 

(SD) 

Beta 
coefficient 

(SE)/(CI) 
p p trend Adjustments 

13178 
Danish Diet, 
Cancer and 
Health Study 

      
  Men   1 MJ/day   

0.06  
(-0.12, 
0.25)   

0.49   As above 

13175 
Danish Diet, 
Cancer and 
Health Study 

Denmark, 
Primarily 
White, Cancer 
free       

50-64 
(56) 
%M 
47 

56506 
5 years 
(21) 

FFQ (192) 

Carbohydrate 
density (g/unit 
energy. CHO 
from foods with 
simple or added 
sugars) 

Waist 
circumferenc
e change  
Measured by 
clinician/ 
professional 

Women   1 MJ/day   
0.39 (0.18, 
0.6)   

<0.001   As above 

13179 
Danish Diet, 
Cancer and 
Health Study 

      
  Men   1 MJ/day   

0.09  
(-0.06, 
0.23)  

0.24   As above 

 

Table 5.39 Skinfold thickness and total carbohydrates: cohort studies in children 

Result ID/ 
Reference/ 

Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  

(mean) 
%Male 

(Cases)
/Total 

Follow Up 
(% loss) 

Diet 
Assessment 

Exposure Outcome/ Assessment Details 
Sub-

group 
detail 

Exposure 
Units 

Beta coefficient 
(SE)/(CI) 

p p trend Adjustments 

14164 
(Boreham et 
al., 1999)  The 
Northern 
Ireland Young 
Hearts Project 

Northern 
Ireland, 
Primarily 
White      

12-15 
 
%M 49.3 

509 
4 years 
(1.7) 

Dietary 
history  

Carbohydrate, 
total (% energy) 

Sum of skinfolds (subscapular, 
triceps, biceps, suprailiac)   

Males 1 % Energy 
Beta coefficient 
not reported 

  NS 
Social Class, 
Sexual maturity         

14212 
The Northern 
Ireland Young 
Hearts Project 

      
  Females 1 % Energy 

Beta coefficient 
not reported 

  NS 
Social Class, 
Sexual maturity         

13364 
(Koppes et al., 
2009)  
Amsterdam 
Growth and 
Health Study 

The 
Netherlands        

12-15 
(13) 
 
%M 48 

698 
23 years 
(50) 

Dietary 
history  

Carbohydrate, 
total (% energy) 

Sum of skinfolds (subscapular, 
triceps, biceps, suprailiac)  

Males 1 % Energy -0.004 0.49 
 

Age, Smoking, 
Education       

13371 
Amsterdam 
Growth and 
Health Study 

      
  Females 1 % Energy -0.003 0.61 

 
Age, Smoking, 
Education       
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Result ID/ 
Reference/ 

Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  

(mean) 
%Male 

(Cases)
/Total 

Follow Up 
(% loss) 

Diet 
Assessment 

Exposure Outcome/ Assessment Details 
Sub-

group 
detail 

Exposure 
Units 

Beta coefficient 
(SE)/(CI) 

p p trend Adjustments 

14613 
(Magarey et al., 
2001)  Adelaide 
Longitudinal 
Study of 
Growth & 
Nutrition 

Australia        
2-15 
 
%M 58 

500 13 years Food diary  
Carbohydrate, 
total (% energy) 

Triceps skinfold     1 % Energy -0.003 (0.001) 0.02   

Energy intake, 
gender, parental 
BMI, BMI at 
previous age   

14614 
Adelaide 
Longitudinal 
Study of 
Growth & 
Nutrition 

      
    1 % Energy -0.003(0.001) 0.006   

Energy intake, 
gender, parental 
BMI, BMI at 
previous age 

13309 
(Twisk et al., 
1998)  
Amsterdam 
Growth and 
Health Study 

The 
Netherlands        

12-15 
(13) 
 
%M 46 

233 
14 years 
(22) 

Dietary 
history  

Carbohydrate, 
total (grams/day) 

Sum of skinfolds (subscapular, 
triceps, biceps, suprailiac)  

  1 g/day 
-0.02 (-0.06, 
0.01) 

0.24 
 

Time, Gender 

13308 
Amsterdam 
Growth and 
Health Study 

     
Carbohydrate, 
total (% energy) 

    1 % Energy 0 (-0.03, 0.03) 0.96 
 

Time, Gender 

13284 
(Van Lenthe et 
al., 1998)  
Amsterdam 
Growth and 
Health Study 

The 
Netherlands        

12-15 
(13) 
 
%M 46 

233 
14 years 
(22) 

Dietary 
history  

Carbohydrate, 
total (% energy) 

Subscapular skinfold  Males 1 % Energy 
-0.01 (-0.05, 
0.05) 

0.56 
 

Baseline 
subscapular 
skinfold        

13286 
Amsterdam 
Growth and 
Health Study 

      
  Females 1 % Energy 

0.09 (0.02, 
0.16) 

0.01 
 

Baseline 
subscapular 
skinfold        

 

Table 5.40 Adiposity and total carbohydrate: cohort study in children 

Result ID/ 
Reference/ 
Cohort Name 

Country, Ethnicity, 
Inclusion criteria 

Age range  
(mean)  
%Male 

(Cases)
/Total 

Follow Up 
(% loss) 

Diet  
Assess-
ment 

Exposure Outcome/ Assessment Details 
Exposure 
Units 

Mean exposure (SD) p Adjustments 
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13374 
(Johnson et al., 
2008)  ALSPAC 

UK, Age 5-10y        
(5) 
 
%M 54 

(97) 
/682 

4 years 
(25) 

Food diary  
Carbohydrate, 
total (% energy) 

Adiposity (Fat Mass Index) >80th 
centile 
 
DEXA 

1 % Energy 
Cases: (n: 97) 53  
Non cases: (n: 424) 54 

NS 

Anthropometrics at 
baseline; energy 
intake; fat intake; fibre 
intake; drinks; TV 
parental BMI;  
parental SES 

 

 

Table 5.41 Body fat distribution and dietary pattern analysis: cohort study in adults 

Result ID/ 
Reference/ 
Cohort Name 

Country, Ethnicity, 
Inclusion criteria 

Age range 
(mean) 
 %Male 

(Cases)
/Total 

Follow Up 
(% loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment 
Details 

Exposure 
Units 

Beta 
coefficient 
(SE)/(CI) 

p Adjustments  

13457 
(Koh-
Banerjee et 
al., 2003)  
HPFS 

USA,  
Primarily White, Cancer 
free, No heart disease, Not 
diabetic      

40-75  
%M 
100 

51529 9 years (35) FFQ (131) 
CHO replaced by trans fat 
(Isoenergetic replacement of 
carbohydrates with trans fats) 

Waist 
circumference 
change  
Self-reported  

2 % 0.77 (0.21)   <0.001 

Age, Alcohol, BMI, Waist,  
Smoking, Dietary changes, 
energy intake, fat intake, physical 
activity, Protein    

13458 
HPFS 

  
    

CHO replaced by saturated fat 
(Isoenergetic replacement of 
carbohydrates with saturated fats) 

Waist 
circumference 
change  
Self-reported  

2 % 0.27 (0.07) <0.001 As above    

13460 
HPFS 

  
    

CHO replaced by polyunsaturated 
fat (Isoenergetic replacement of 
carbohydrates with 
polyunsaturated fats) 

Waist 
circumference 
change  
Self-reported  

2 % 0.02 (0.08)  0.82 As above    

13459 
HPFS 

  
    

CHO replaced by monounsaturated 
fat (Isoenergetic replacement of 
carbohydrates with 
monounsaturated fats) 

Waist 
circumference 
change  
Self-reported  

2 % -0.02 (0.05) 0.72 As above    
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Table 5.42 Fat-free mass and high carbohydrate diets: RCT data 

Result ID/ 
Author 

Intervention 
group 

Completers
/ Allocated 

Baseline Follow-up 
Within group ∆ 
from baseline 

p-value 
Within 

group ∆ 
from 

baseline 

p-value 
difference 
between 
groups 

Difference 
between 

groups in  ∆ 
from baseline 

Outcome/ 
Assessment 

method 

Result/ 
Outcome details 

Result-
specific 

follow-up 

Weight 
Change 

Outcome 
Assessment 

Bias 

15966 
(Dale et al., 
2009) 

High MUFA diet 
minus high 
carbohydrate diet 

High 
MUFA: 
85/100 
High CHO: 
89/100 

        
 

0.4 (CI -0.3, 
1.1) 

Fat free mass 
Biompedance 
(kg) 

2 years 
Decrease in 
both 

Unclear 

17364 

High 
carbohydrate diet 

89/100 
48.6 (SD 
7.4) 

47.7 (SD 7.4)     0.31   Fat free mass 
Biompedance 
(kg) 

2 years  Decrease Unclear 

High MUFA diet 85/100 
48.7 (SD 
6.4) 

48.2 (SD 6.9)     
 

  
   

Decrease 
 

17390 
 

High 
carbohydrate diet 

89/100 
48.6 (SD 
7.4) 

48.0 (SD 7.3)     0.31   Fat free mass 
Biompedance 
(kg) 

1 year  Decrease Unclear 

High MUFA diet 85/100 
48.7 (SD 
6.4) 

48.6 (SD 7.1)     
 

  
   

Decrease 
 

*15321 
(Delbridge et 
al., 2009) 

Low fat, high 
carbohydrate 
weight 
maintenance diet 

70/70     0.85 (SE 0.56)   
 

  Fat free mass 
Biompedance 
(kg) 

1 year Increase Unclear 

Low fat, high 
protein weight 
maintenance diet 

68/71     -0.17 (SE 0.38)   0.149   
   

Increase 
 

*16030 
(Due et al., 
2004) 

High protein 18/23     -0.4 (CI -1.2, 0.4)   
 

  Fat free mass 
DEXA 
(kg) 

1 year Decrease Unclear 

Moderate protein 23/18     -0.9 (CI -1.8, 0)   
 

  
   

Decrease 
 

*15155 
(Frisch et al., 
2009) 

High 
carbohydrate diet 

100/100     -1.3 (SD 3.6) 0.05 
 

  Fat free mass 
Bioimpedance 
(kg) 

1 year Decrease Unclear 

Moderate 
carbohydrate diet 

100/100     -1.5 (SD 2.5) 0.05 0.794   
   

Decrease 
 

*This result was used in the meta-analysis for high carbohydrate diets and fat-free mass (Figure 5.6) 
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Table 5.43 Total body fat and high carbohydrate diets: RCT data 

Result ID/ 
Author 

Subgroup 
detail 

Intervention 
group 

Completers/ 
Allocated 

Baseline 
Follow-

up 

Within 
group ∆ 

from 
baseline 

p-value 
Within 
group ∆ 

from 
baseline 

p-value 
difference 
between 
groups 

Difference 
between 

groups in  ∆ 
from 

baseline 

Outcome/ 
Assessment 

method 

Result/ 
Outcome details 

Result-
specific 

follow-up 

Weight 
Change 

Outcome 
Assessment 

Bias 

Adolescent studies 

15398 
(Demol et 
al., 2009) 

 

High 
carbohydrate, 
low fat 

20/20 
39.3 (SD 
1.8) 

37.6 (SD 
2.2) 

    
 

  Total body fat 
Bioimpedance 
(%) 

1 year Decrease Bias 

 

Low 
carbohydrate, 
high fat 

17/17 
42.0 (SD 
2.0) 

42.3 (SD 
2.3) 

    NS   
   

Decrease 
 

 

Low 
carbohydrate, 
high protein 

18/18 
43.2 (SD 
1.9) 

38.9 (SD 
2.2) 

    NS   
   

Decrease 
 

15020 
(Ebbeling 
et al., 
2003) 

  Low fat diet 8/8     1.6 (SE 0.9)   
 

  
Fat mass 
development 

DEXA 
(kg) 

1 year 
No 
change 

Bias 

  Low GL diet 8/8     
-2.6 (SE 
1.5) 

  0.01   
   

Decrease 
 

Adult studies 

17431 
(Clifton et 
al., 2008) 

  
High 
carbohydrate 
diet 

38/38     3.5 (SD 3.8)   
 

  

Fat mass 
DEXA 
(kg) 

1.25 
years 

Decrease Unclear 

  
High protein 
diet 

40/41     3.5 (SD 3.8)   
 

  
 

Decrease 
 

15979 
 (Dale et 
al., 2009) 

  

High MUFA diet 
minus high 
carbohydrate 
diet 

High MUFA: 
85/100 
High CHO: 
89/100 

        
 

0.5 (CI -0.9, 
2) 

Fat mass 
Biompedance 
(kg) 

2 years 
Decrease 
in both 

Unclear 

17365 

  
High 
carbohydrate 
diet 

89/100 
37.0 (SD 
9.6) 

35.4 (SD 
9.9) 

    
 

  

Fat mass 
Biompedance 
(kg) 

2 years  Decrease Unclear 

  High MUFA diet 85/100 
36.9 (SD 
8.1) 

35.8 (SD 
9.3) 

    
 

  
 

Decrease 
 

17391 

  
High 
carbohydrate 
diet 

89/100 
37.0 (SD 
9.6) 

35.5 (SD 
10.5) 

    
 

  

Fat mass 
Biompedance 
(kg) 

1 year  Decrease Unclear 

  High MUFA diet 85/100 
36.9 (SD 
8.1) 

36.0 (SD 
9.9) 

    
 

  
 

Decrease 
 

**15320 
(Delbridge 
et al., 
2009) 

  

Low fat, high 
carbohydrate 
weight 
maintenance 
diet 

70/70     1.8 (SE 1)   
 

  
Fat mass 

Bioimpedance 
(kg) 

1 year Increase Unclear 

  Low fat, high 68/71     3 (SE 1.2)   0.43   
 

Increase 
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Result ID/ 
Author 

Subgroup 
detail 

Intervention 
group 

Completers/ 
Allocated 

Baseline 
Follow-

up 

Within 
group ∆ 

from 
baseline 

p-value 
Within 
group ∆ 

from 
baseline 

p-value 
difference 
between 
groups 

Difference 
between 

groups in  ∆ 
from 

baseline 

Outcome/ 
Assessment 

method 

Result/ 
Outcome details 

Result-
specific 

follow-up 

Weight 
Change 

Outcome 
Assessment 

Bias 

protein weight 
maintenance 
diet 

**16029 
(Due et al., 
2004) 

  High protein 23/23     
-4.6 (CI -
6.6, -2.7) 

  
 

  

Fat mass 
DEXA 
(kg) 

1 year Decrease Unclear 

  
Moderate 
protein 

18/18     
-3.1 (CI -
4.7, -1.4) 

  
 

  
 

Decrease 
 

*15446 
(Ebbeling 
et al., 
2007) 

  Low fat diet 37/37     
-1.1 (SE 
0.3) 

  
 

  
percentage 
body fat 

DEXA 
(%) 

18 
months 

Decrease No bias 

  Low GL diet 
ITT: 
36/36 

    
-1.5 (SE 
0.4) 

  0.5   
 

Decrease 
 

15447 

Insulin 
(30m post 
75gdose) 
<57.5µUI/
ml 

Low fat diet 37/37     
-1.4 (SE 
0.6) 

  
 

  
percentage 
body fat 

DEXA 
(%) 

18 
months 

Decrease No bias 

Low GL diet 
ITT: 
36/36 

    
-0.9 (SE 
0.5) 

  0.56   
 

Decrease 
 

15448 

Insulin 
(30m post 
75gdose) 
>57.5µUI/
ml 

Low fat diet 37/37     
-0.9 (SE 
0.5) 

  
 

  
percentage 
body fat 

DEXA 
(%) 

18 
months 

Decrease No bias 

Low GL diet 
ITT: 
36/36 

    
-2.6 (SE 
0.6) 

  0.3   
 

Decrease 
 

*15154 
(Frisch et 
al., 2009) 

  
High 
carbohydrate 
diet 

100/100     
-3.3 (SD 
4.4) 

0.05 
 

  

Total body fat 
Bioimpedance 
(kg) 

1 year Decrease Unclear 

  
Moderate 
carbohydrate 
diet 

100/100     
-4.2 (SD 
4.9) 

0.05 0.132   
 

Decrease 
 

*15106 
(Gardner 
et al., 
2007) 

  
Atkins: low 
carbohydrate 

77/77     
-2.9 (SD 
4.8) 

  NS   

Percentage 
body fat 

DEXA 
(%) 

1 year Decrease No bias 

  
Ornish: high 
carbohydrate 

76/76     -1.5 (SD 4)   NS   
 

Decrease 
 

  
Zone: moderate 
carbohydrate 

79/79     
-1.3 (SD 
3.4) 

  
 

  
 

Decrease 
 

**14956 
(Layman et 
al., 2009) 

  
High 
carbohydrate, 
low protein diet 

51/66     
4.9 (SE 
0.54) 

NS 
 

  

Fat mass 
development 

DEXA 
(kg) 

1 year   Unclear 

  

Low 
carbohydrate, 
high protein 
diet 

52/64     6.6 (SE 0.7) <0.05 
 

  
   

14894   Low fat diet 13/51     -2.0 (SD 6) NS 
 

  Body fat change Near-infrared light 1 year Decrease Unclear 
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Result ID/ 
Author 

Subgroup 
detail 

Intervention 
group 

Completers/ 
Allocated 

Baseline 
Follow-

up 

Within 
group ∆ 

from 
baseline 

p-value 
Within 
group ∆ 

from 
baseline 

p-value 
difference 
between 
groups 

Difference 
between 

groups in  ∆ 
from 

baseline 

Outcome/ 
Assessment 

method 

Result/ 
Outcome details 

Result-
specific 

follow-up 

Weight 
Change 

Outcome 
Assessment 

Bias 

(McManus 
et al., 
2001) 

  
Moderate fat 
diet 

27/50     -5.0 (SD 5) <0.001 
 

  
(%) interactance device 

 
Decrease 

 

14895 
 

  Low fat diet 10/51     
-3.0 (SD 
4.0) 

NS 
 

  
Body fat change 
(%) 

Near-infrared light 
interactance device 

18 
months 

Increase Unclear 

  
Moderate fat 
diet 

24/50     
-3.0 (SD 
5.0) 

<0.01 
 

  
 

Decrease 
 

14897 

  Low fat diet 13/51     
-3.5 (SD 
6.4) 

NS 
 

  
Total body fat 
change 

Near-infrared light 
interactance device 
(kg) 

1 year Decrease Unclear 

  
Moderate fat 
diet 

27/50     
-5.9 (SD 
5.8) 

<0.001 
 

  
 

Decrease 
 

14898 

  Low fat diet 10/51     
-3.0 (SD 
6.3) 

NS 
 

  
Total body fat 
change 

Near-infrared light 
interactance device 
(kg) 

18 
months 

 Increase Unclear 

  
Moderate fat 
diet 

24/50     
-4.2 (SD 
5.1) 

<0.001 
 

  
 

Decrease 
 

*This result was used in the meta-analysis for carbohydrate/fat swap and total body fat (Figure 5.7) 

**This results was used in the meta-analysis for carbohydrate/protein and carbohydrate/fat and protein swap and total body fat (Figure 5.8) 

 

Table 5.44 Waist circumference and high carbohydrate diets: RCT 

Result ID/ 
Author 

Intervention 
group 

Completers
/ Allocated 

Baseline Follow-up 
Within group 

∆ from 
baseline 

p-value Within 
group ∆ from 

baseline 

p-value 
differenc

e 
between 
groups 

Difference 
between 
groups in  

∆ from 
baseline 

Outcome/ 
Assessment 

method 

Result/ 
Outcome 

details 

Result-
specific 

follow-up 

Weight 
Change 

Outcome 
Assessment 

Bias 

*16860 
(Bhargava, 
2006) 

Control 
379/allocat
ed not 
reported 

0.86 (SD 
0.11) 

0.86 (SD 
0.11) 

 0 NS 
 

  
Waist 
circumference 

Measured by 
clinician/ 
professional 
(m) 

1 year Decrease Unclear 

Low fat 
615/allocat
ed not 
reported 

0.87 (SD 
0.11) 

0.85 (SD 
0.11) 

 -0.02 0.05 0.05   
 

Decrease 
 

15976 (Dale 
et al., 2009)  

High MUFA diet 
minus high 
carbohydrate diet 

High 
MUFA: 
85/100 
High CHO: 
89/100 

        
 

0.3 (CI -1.5, 
2.1) 

Waist 
circumference 

Measured by 
clinician/ 
professional 
(cm) 
 

2 years 
Decrease in 
both 

Unclear 

17363 

High 
carbohydrate diet 

89/100 
94 (SD 
13.1) 

90.3 (SD 
12.5) 

        
Waist 
circumference 

Measured by 
clinician/ 
professional 
(cm) 

2 years  Decrease Unclear 

High MUFA diet 85/100 
95.5 (SD 
11.8) 

91.4 (SD 
11.7) 

        
 

Decrease 
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Result ID/ 
Author 

Intervention 
group 

Completers
/ Allocated 

Baseline Follow-up 
Within group 

∆ from 
baseline 

p-value Within 
group ∆ from 

baseline 

p-value 
differenc

e 
between 
groups 

Difference 
between 
groups in  

∆ from 
baseline 

Outcome/ 
Assessment 

method 

Result/ 
Outcome 

details 

Result-
specific 

follow-up 

Weight 
Change 

Outcome 
Assessment 

Bias 

17385 

High 
carbohydrate diet 

89/100 
94 (SD 
13.1) 

91.3 (SD 
13.1) 

    
 

  
Waist 
circumference 

Measured by 
clinician/ 
professional 
(cm) 

1 year  Decrease Unclear 

High MUFA diet 85/100 
95.5 (SD 
11.8) 

93.0 (SD 
12.3) 

    
 

  
 

Decrease 
 

**15694 
(Dansinger et 
al., 2005) 

Atkins 40/40     -2.5 (SD 4.5) 0.01 
 

  

Waist 
circumference 

Measured by 
clinician/ 
professional 
(cm) 

1 year Decrease No bias 

Ornish 40/40     -2.2 (SD 5.5) 0.05 
 

  
 

Decrease 
 

Weight watchers 40/40     -3.3 (SD 5.4) 0.01 
 

  
 

Decrease 
 

Zone 40/40     -2.9 (SD 5.3) 0.01 
 

  
 

Decrease 
 

**15317 
(Delbridge et 
al., 2009) 

Low fat, high 
carbohydrate 
weight 
maintenance diet 

70/70     0.05 (SE 0.94)   
 

  
Waist 
circumference 

Measured by 
clinician/ 
professional 
(cm) 

1 year Increase Unclear 

Low fat, high 
protein weight 
maintenance diet 

68/71     0.68 (SE 0.72)   0.599   
 

Increase 
 

**16038 
(Due et al., 
2004) 

High protein 23/23     
-8.4 (CI -10.5, 
-6.3) 

  
 

  
Waist 
circumference 

Measured by 
clinician/ 
professional 
(cm) 

1 year Decrease Unclear 

Moderate protein 18/18     
-1.8 (CI -5.5, -
1.8) 

  
 

  
 

Decrease 
 

*15159 
(Frisch et al., 
2009) 

High 
carbohydrate diet 

100/100     -4.7 (SD 8.9) 0.05 
 

  
Waist 
circumference 

Measured by 
clinician/ 
professional 
(cm) 

1 year Decrease Unclear 

Moderate 
carbohydrate diet 

100/100     -6.9 (SD 6.1) 0.05 0.037   
 

Decrease 
 

(Howard et 
al., 2006) 
*16242 

Control 
9517/2929
4 

89.0 (SD 
13.7) 

90.4 (SD 
14.2) 

1.9 (SD 8.8)   
 

  
Waist 
circumference 

Measured by 
clinician/ 
professional 
 (cm) 

90 months No change No bias 

Low fat diet 
6154/1954
1 

89.0 (SD 
13.9) 

90.1 (SD 
14.1) 

1.6 (SD 8.6)   0.04   
 

Decrease 
 

**15598 
(Keogh et al., 
2007) 

 

High 
carbohydrate diet 

completers 
not 
reported/1
2 

    -7 (SE 0.7) 0.01 
 

  

Waist 
circumference 

Measured by 
clinician/ 
professional 
(cm) 

1 year Decrease Unclear 

Low carbohydrate 
diet 

completers 
not 
reported/1
3 

    -4 (SE 1.6) 0.01 
 

  
 

Decrease 
 

14900 
(McManus et 
al., 2001) 

Low fat diet 13/51     -1.6 (SD 9.2) NS 
 

  Waist 
circumference 
change 

Measured by 
clinician/ 
professional 
(cm) 

1 year Decrease Unclear 

Moderate fat diet 27/50     -7.3 (SD 6.3) <0.001 
 

  
 

Decrease 
 

14901 Low fat diet 30/51     2.6 (SD 10.5) NS 
 

  Waist Measured by 18 months Increase Unclear 
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Result ID/ 
Author 

Intervention 
group 

Completers
/ Allocated 

Baseline Follow-up 
Within group 

∆ from 
baseline 

p-value Within 
group ∆ from 

baseline 

p-value 
differenc

e 
between 
groups 

Difference 
between 
groups in  

∆ from 
baseline 

Outcome/ 
Assessment 

method 

Result/ 
Outcome 

details 

Result-
specific 

follow-up 

Weight 
Change 

Outcome 
Assessment 

Bias 

Moderate fat diet 31/50     -6.9 (SD 9.1) <0.001 <0.001   
circumference 
change 

clinician/ 
professional 
(cm) 

 
Decrease 

 

16013 
(Sacks et al., 
2009) 

High-fat, average-
protein 

ITT: 
/204 

        NS   

Waist 
circumference 
change 

Measured by 
clinician/ 
professional 
(cm) 

1 years Decrease No bias 

High-fat, high-
protein 

ITT: 
/201 

        NS   
 

Decrease 
 

Low-fat, average-
protein 

ITT: 
/204 

        NS   
 

Decrease 
 

Low-fat, high-
protein 

ITT: 
/202 

        NS   
 

Decrease 
 

16016 
 

High-fat, average-
protein 

ITT: 
/204 

        NS   

Waist 
circumference 
change 

Measured by 
clinician/ 
professional 
(cm) 

 18 months Decrease No bias 

High-fat, high-
protein 

ITT: 
/201 

        NS   
 

Decrease 
 

Low-fat, average-
protein 

ITT: 
/204 

        NS   
 

Decrease 
 

Low-fat, high-
protein 

ITT: 
/202 

        NS   
 

Decrease 
 

16017 

High-fat, average-
protein 

ITT: 
/204 

        NS   

Waist 
circumference 
change 

Measured by 
clinician/ 
professional 
(cm) 

2 years Decrease No bias 

High-fat, high-
protein 

ITT: 
/201 

        NS   
 

Decrease 
 

Low-fat, average-
protein 

ITT: 
/204 

        NS   
 

Decrease 
 

Low-fat, high-
protein 

ITT: 
/202 

        NS   
 

Decrease 
 

15365 
(Tinker et al., 
2008) 

Control 
24800/292
94 

28.9 (SD 
13.4) 

87.9 (SD 
13.3) 

    
 

  
Waist 
circumference 

Not reported 
(cm) 

1 year No change Unclear 

Low fat diet 
16864/195
41 

88.3 (SD 
13.6) 

86.3 (SD 
13.4) 

    0.001   
 

Decrease 
 

15366 
Control 

8092/2929
4 

28.9 (SD 
13.4) 

89.6 (SD 
13.8) 

    
 

  
Waist 
circumference 

Not reported 
(cm) 

6 years No change Unclear 

Low fat diet 
5237/1954
1 

88.3 (SD 
13.6) 

89.1 (SD 14)     
 

  
 

Decrease 
 

*This result was used in the meta-analysis for carbohydrate/fat swap and waist circumference (Figure 5.9) 

**This results was used in the meta-analysis for carbohydrate/protein and carbohydrate/fat and protein swap and waist circumference (Figure 5.10) 
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Table 5.45 Hip circumference and high carbohydrate diets: RCT data 

Result ID/ 
Author 

Intervention 
group 

Completers
/ Allocated 

Baseline 
Follow-

up 
Within group ∆ 
from baseline 

p-value 
Within group 

∆ from 
baseline 

p-value 
difference 
between 
groups 

Outcome/ 
Assessment method 

Result/ 
Outcome details 

Result-
specific 

follow-up 
Weight Change 

Outcome 
Assessment 

Bias 

16854 
(Bhargava, 
2006) 

Control 
379/allocat
ed not 
reported 

1.08 (SD 
0.09) 

1.08 (SD 
0.1) 

 0 NS 
 

Hip circumference 
Measured by clinician/ 
professional 
  (m) 

1 year Decrease Unclear 

Low fat 
615/allocat
ed not 
reported 

1.09 (SD 
0.09) 

1.07 (SD 
0.1) 

 -0.02 0.05 0.05 
   

Decrease 
 

15318 
(Delbridge et 
al., 2009) 

Low fat, high 
carbohydrate 
weight 
maintenance diet 

70/70     0.43 (SE 0.72)   
 

Hip circumference 
Measured by clinician/ 
professional 
(cm) 

1 year Increase Unclear 

Low fat, high 
protein weight 
maintenance diet 

68/71     1.02 (SE 0.63)   0.534 
   

Increase 
 

Table 5.46 Waist to Hip Ratio and high carbohydrate diets: RCT data 

Result ID/ 
Author 

Intervention 
group 

Completers
/ Allocated 

Baseline Follow-up 
Within group 

∆ from 
baseline 

p-value 
Within 

group ∆ 
from 

baseline 

p-value 
difference 
between 
groups 

Outcome/ 
Assessment 

method 

Result/ 
Outcome details 

Result-specific 
follow-up 

Weight 
Change 

Outcome 
Assessment 

Bias 

*16866 
(Bhargava, 
2006) 

Control 
379/allocat
ed not 
reported 

0.79 (SD 
0.07) 

0.79 (SD 0.07)   NS 
 

Waist to hip ratio 
Measured by clinician/ 
professional 

1 year Decrease Unclear 

Low fat 
615/allocat
ed not 
reported 

0.8 (SD 
0.08) 

0.79 (SD 0.07)   NS NS 
   

Decrease 
 

15319 
(Delbridge et 
al., 2009) 

Low fat, high 
carbohydrate 
weight 
maintenance 
diet 

70/70     0 (SE 0)   
 

Waist to hip ratio 
Measured by clinician/ 
professional 

1 year Increase Unclear 

Low fat, high 
protein weight 
maintenance 
diet 

68/71     0 (SE 0)   0.482 
   

Increase 
 

*16039 (Due 
et al., 2004) 

High protein 18/23     
0 (CI -0.03, 
0.04) 

  
 

Waist to hip ratio 
Measured by clinician/ 
professional 

1 year Decrease Unclear 

Moderate 
protein 

23/18     
-0.04 (CI -
0.02, -0.06) 

  
    

Decrease 
 

Zone: moderate 
carbohydrate 

79/79     -1.3 (SD 3.4)   
    

Decrease 
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Result ID/ 
Author 

Intervention 
group 

Completers
/ Allocated 

Baseline Follow-up 
Within group 

∆ from 
baseline 

p-value 
Within 

group ∆ 
from 

baseline 

p-value 
difference 
between 
groups 

Outcome/ 
Assessment 

method 

Result/ 
Outcome details 

Result-specific 
follow-up 

Weight 
Change 

Outcome 
Assessment 

Bias 

*15107 
(Gardner et 
al., 2007) 

Atkins: low 
carbohydrate 

77/77     
-0.019 (SD 
0.026) 

  NS Waist to hip ratio 
Measured by clinician/ 
professional 

1 year Decrease No bias 

Ornish: high 
carbohydrate 

76/76     
-0.012 (SD 
0.024) 

  NS 
   

Decrease 
 

Zone: moderate 
carbohydrate 

79/79     
-0.013 (SD 
0.023) 

  
    

Decrease 
 

(Howard et 
al., 2006) 
*16243 

Control 
9487/2929
4 

0.82 (SD 
0.1) 

0.83 (SD 0.1) 0.02 (SD 0.1)   
 

Waist to hip ratio 
Measured by clinician/ 
professional 

90 months No change No bias 

Low fat diet 
6123/1954
1 

0.82 (SD 
0.1) 

0.83 (SD 0.1) 0.02 (SD 0.1)   0.85 
   

Decrease 
 

14903 
(McManus et 
al., 2001) 

Low fat diet 13/51     
-0.03 (SD 
0.08) 

NS 
 

Waist to hip ratio 
change 

Measured by clinician/ 
professional 

1 year Decrease Unclear 

Moderate fat 
diet 

27/50     0 (SD 0.05) NS 
    

Decrease 
 

14904 

Low fat diet 10/51     0 (SD 0.06) NS 
 

Waist to hip ratio 
change 

Measured by clinician/ 
professional 

18 months Increase Unclear 

Moderate fat 
diet 

24/50     
-0.02 (SD 
0.05) 

<0.05 
    

Decrease 
 

*This result was used in the meta-analysis for high carbohydrate diets and waist to hip ratio (Figure 5.11) 

Table 5.47 Other measures of fat distribution and high carbohydrate diets: RCT data 

Result ID/ 
Author 

Intervention 
group 

Completers
/ Allocated 

Baseline 
Within group ∆ 
from baseline 

Difference 
between groups 

in  ∆ from 
baseline 

Outcome/ 
Assessment 

method 

Result/ 
Outcome details 

Result-specific 
follow-up 

Weight 
Change 

Outcome 
Assessment 

Bias 

17432 (Clifton 
et al., 2008) 

High 
carbohydrate diet 

38/38   2.0 (SD 1.8)  NS 
Central fat 

DEXA 
(g) detail of method not provided 

1.25 years Decrease Unclear 

High protein diet 40/41   1.8 (SD 1.9)   
 

Decrease 
 

17433 

High 
carbohydrate diet 

38/38   1.5 (SD 2.0)  NS 
Peripheral fat 

DEXA 
(kg) detail of method not provided 

1.25 years Decrease Unclear 

High protein diet 40/41   1.4 (SD 2.1)   
 

Decrease 
 

16041 
(Due et al., 
2004) 

High protein 23/23 
120.3 (CI 111, 
129.7) 

-22 (CI -15, -29)  0.03 
Intra-abdominal 
adipose tissue 

DEXA 
(cm2) estimated from sagittal diameter, 
waist circumference, trunk fat % 

1 year Decrease Unclear 

Moderate protein 18/18 
126.3 (CI 115.4, 
137.2) 

-10.5 (CI -0.1, -
20.8) 

  
 

Decrease 
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Total body fat and carbohydrate supplements 

 

No cohort data reported results on carbohydrate supplements and total body fat.  

 

Summary of RCT data 

 

One randomised double blind trial explored the effects of a 50g carbohydrate supplement (42% 

glucose, 58% maltodextrins) compared with a control (do nothing) intervention on body fat mass 

and fat free mass using bioimpedance measures over 16 months (Pasman et al., 1997b). An initial 

2 month weight loss phase with a very low energy diet was employed, and then the trajectory of 

weight gain was compared in the 2 groups over a further 14 months in the carbohydrate and 

control groups. A further group was also followed which consumed a combination supplement of 

carbohydrate, chromium-picolinate, caffeine and soluble fibre. These data were not extracted.  

Details concerning the design, participants, duration and nature of the interventions are included in 

Table 5.4 and results are included in Table 5.48. No difference between dietary groups was 

observed for either of these outcomes. 

 

nb. while the authors claim the study was double-blind, it is unclear how this was achieved without 

a placebo product. 

 

Table 5.48 Total body fat and carbohydrate supplements: RCT data 

Result 
ID/ 
Author 

Intervent
ion group 

Complete
rs/ 
Allocated 

Follow-
up 

p-value 
Within group 
∆ from 
baseline 

p-value 
difference 
between 
groups 

Outcome/ 
Assessme
nt method 

Result/Outco
me details 

Result-
specific 
follow-up 

Weight 
Change 

Outcome 
Assessment  
Bias 

15504 
(Pasman 
et al., 
1997b) 

Carbohyd
rate 

11/11 decrease <0.05 NS 
Fat free 
mass 

 
Bioimpedance 

14  
months 

Increase Unclear 

Control 9/9 decrease <0.05 
    

Increase 
 

15507 
 

Carbohyd
rate 

11/11   NS NS Fat mass 
 
Bioimpedance 

14  
months 

Increase Unclear 

Control 9/9   NS 
    

Increase 
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Body fatness and fat distribution and dietary fibre 

Summary of cohort results in adults 

 

Data were extracted from two publications, presenting results from two US cohorts: the CARDIA 

study and the HPFS (Ludwig et al., 1999;Koh-Banerjee et al., 2003) (see Table 5.49). Change in 

waist circumference was the outcome assessed in the HPFS; whilst the CARDIA study measured 

waist-to-hip ratio. Clinical or professional measurements were used in the CARDIA study, but not 

the HPFS. The evidence from these is generally supportive of a negative dietary fibre – body fat 

distribution relationship: the CARDIA study (Ludwig et al., 1999) reported a significantly lower 

adjusted mean waist-to-hip ratio in the highest quintile fibre consumers compared with the lowest 

quintile; and in the HPFS (Koh-Banerjee et al., 2003) each additional 12g of fibre was associated 

with a small but statistically significant decrease in waist circumference over the 9 years of follow-

up (beta coefficient -0.63, p<0.01). 

 

Exposure definition and assessment 

Both studies employed FFQs to collect dietary data. One of the studies recruited only males (Koh-

Banerjee et al., 2003). The CARDIA study (Ludwig et al., 1999) expressed fibre intake as density 

(per unit of energy), whereas the HPFS (Koh-Banerjee et al., 2003) reported grams per day.  

 

Adjustment for appropriate confounders 

Both studies incorporated several important covariates in their analyses, including age, smoking, 

physical activity and dietary variables. 

 

Summary of cohort results in children 

Data were extracted from three publications, presenting analyses from the following three cohort 

studies: the DONALD Study, the ALSPAC study and the National Heart, Lung, and Blood Institute 

Growth and Health Study (Cheng et al., 2009;Johnson et al., 2008;Albertson et al., 2009). None of 

the results support a strong relationship between dietary fibre and adiposity in children. The 

outcomes of the studies were also assessed quite differently: by skinfold measurements (Cheng et 

al., 2009), DEXA (Johnson et al., 2008) or bioempedence (Albertson et al., 2009) (Table 5.50). 
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Exposure definition and assessment 

Food diaries were the dietary collection method used in all studies; however the exposure was 

defined or expressed differently in each. The DONALD study (Cheng et al., 2009) determined 

grams of fibre per day using the LEBTAB database, the ALSPAC study (Johnson et al., 2008) 

determined fibre density based on Englyst fibre values, and the National Heart, Lung, and Blood 

Institute Growth and Health Study (Albertson et al., 2009) calculated the proportion of cereal 

consumed that was fibre. It is unclear in the latter publication if this refers to breakfast cereals only 

or to total cereals. 

 

Adjustment for appropriate confounders 

Both the DONALD study (Cheng et al., 2009) and the ALSPAC study (Johnson et al., 2008) 

included several important covariates in the analyses. The National Heart, Lung, and Blood 

Institute Growth and Health Study (Albertson et al., 2009) included main effects only in the final 

model. 

 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

Summary of RCT data 

 

Two studies provided data on the effects of dietary fibre supplementation on body fat content and 

distribution in children and adults respectively (Abrams et al., 2007;Pasman et al., 1997a). 

 

Abrams et al. (Abrams et al., 2007) conducted an exploratory study of the effects of a prebiotic 

supplement containing oligofructose and inulin and habitual calcium intake on changes in body 

composition of pre-pubertal children.  This randomised, double-blind trial included 97 children 

initially aged 9-13 years who were allocated to consume either an 8g/d prebiotic supplement or an 

equivalent 8g/d maltodextrin control supplement for one year.  The prebiotic supplement group 

exhibited a significantly smaller increase in total fat mass than the control group (p=0.02) after one 

year, but the changes in body fat percentage were similar in both groups. The control group 

tended towards an exaggerated increase in adiposity, whereas the prebiotic group grew along 

recommended lines.  

 

One study of adults provided data on body fat distribution and fibre (Pasman et al., 1997a) (see 

Table 5.51). This study explored the effects of partially hydrolysed guar gum supplements on body 

fat % and waist to hip ratio in weight-reduced subjects over 16 months. Details concerning the 

design, participants, duration and nature of the interventions are included in Table 5.4 and results 

are included in Table 5.51. The consumption of 20 g of water soluble fibre (guar gum) per day for 

14 months, following a 2 month very low calorie diet weight loss phase did not markedly alter 

percentage body fat change or change in waist to hip ratio compared with the control group, 

although the low compliance group tended to have higher values at 16 months. nb. this is a rather 

curious design – the paper does not clarify whether the decision to split into high and low 

compliance groups was made a priori.
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Table 5.49 Body fat distribution and dietary fibre: cohort studies in adults 

Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion criteria 

Age 
range  
(mean) 
 %Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assess-
ment 

Exposure 
Outcome/ Assessment 
Details 

Sub-
group 
detail 

Contrast 
(mean) 

Exposure 
Units 

Mean 
outcome 
(SD) 

Beta 
coefficient 
(SE)/(CI) 

p P trend Adjustments  

13670 
(Ludwig et 
al., 1999)  
The CARDIA 
Study 

USA,  
Multi-ethnic, 
Generally healthy, 
No hypertension, 
Not diabetic      

18-30  
 
%M 
45.9 

5115 
10 
years 

FFQ 
(700) 

Fibre density 
(g/unit 
energy. AOAC 
method) 

Waist to hip ratio  
Measured by clinician/ 
professional  

Race - 
White 

Q5 vs Q1 
 (12.3) vs 
(5.2) 

g/4184kJ
/day 

0.801 vs. 
0.813  

    0.004 

Age, Alcohol, Centre, 
Education, Energy 
Intake, physical 
activity, Gender, 
Smoking, Vitamin 
intake, W:H     

13671 
The CARDIA 
Study 

  
     

  
Race - 
Black 

Q5 vs Q1 
 (12.3) vs 
(5.2) 

g/4184kJ
/day 

0.799  vs. 
0.809  

    0.05 As above     

13456 
(Koh-
Banerjee et 
al., 2003)  
HPFS 

USA,  
Primarily White, 
Cancer free, No 
heart disease, Not 
diabetic      

40-75  
 
%M 
100 

51529 
9 years 
(35) 

FFQ 
(131) 

Dietary Fibre,  
g/d (AOAC 
method) 

Waist circumference 
change  
Self-reported  

    12 g/day   -0.63 (0.1) <0.001   

Age, Alcohol, BMI, 
Waist, Alcohol, physical 
activity, Smoking, 
Dietary changes, 
energy intake     

 

Table 5.50 Adiposity and total body fat and dietary fibre and sources of fibre: cohort studies in children 

Result ID/ Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  
(mean) 
 %Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment 
Details 

Exposure 
Units 

Mean 
exposure 
(SD) 

Beta 
coefficient 
(SE)/(CI) 

p Adjustments 

13983 
(Albertson et al., 2009)  
National Heart, Lung, and 
Blood Institute Growth and 
Health Study 

USA,  
Multi-
ethnic      

9-10 
 
%M 0 

2379 7 years Food diary  

Fibre from cereals g/d (Percent of cereal 
consumed that was fibre. Cereal was 
defined as ‘ready-to-eat cereal and cooked 
cereal’, but it is unclear if this refers only to 
breakfast cereals or total cereals.) 

Percentage 
body fat  
 
Bioimpedance  

1 %  0.01 (0.07) 0.087 
 

14002 
(Cheng et al., 2009)  The 
DONALD Study 

Germany        
(9) 
 
%M 46 

376 4 years Food diary  

Dietary Fibre,  g/d (The dietary fibre content 
in the LEBTAB database was determined by 
different enzymatic methods as defined in 
the respective food table.) 

Body fat change 
(%)  
 
Skinfolds  

1 g/day  
0.016 
(0.137) 

0.9 

Age, Breastfed, EI, 
GI, Parental 
overweight, 
Gender       

14305 
(Johnson et al., 2008)  
ALSPAC 

UK, 
 Age 5-
10y        

(5) 
 
%M 54 

(97) 
/682 

4 years 
(25) 

Food diary  Fibre density (Englyst fibre) 

Adiposity (Fat 
Mass Index) 
>80th centile  
 
DEXA 

g/MJ 

Cases: (n: 
97) 1.4  
Non cases: 
(n: 424) 1.5 

  

Anthropometrics 
at baseline; EI; fat 
intake; fibre 
intake; drinks; TV 
parental BMI; 
parental SES 
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Table 5.51 Body fat distribution and dietary fibre: RCT data 

Result ID/ 
Author 

Intervention 
group 

Completers/ 
Allocated 

Baseline Follow-up 
p-value Within 
group ∆ from 
baseline 

p-value 
difference 
between groups 

Outcome/ 
Assessment method 

Result/Outcome 
details 

Result-specific 
follow-up 

Weight 
Change 

Outcome 
Assessment Bias 

Children 
           

(Abrams et 
al., 2007) 

Prebiotic 
supplement 

48/50 24.7 (SE 0.9) 23.3 (SE 0.4) 
 

0.14 Body fat %  

Anthropometry and 
dual-energy X-ray 
absorptiometry 
(details not provided 
in paper) 

12 months Increase unclear 

Control – 
maltodextrin 
supplement 

49/50 24.5 (SE 0.9) 24.2 (SE 0.4) 
     

Increase 
 

Prebiotic 
supplement 

48/50 10.7 (SE 0.6)  11.24 (SE 0.25) 
 

0.02 Total fat mass  

Anthropometry and 
dual-energy X-ray 
absorptiometry 
(details not provided 
in paper) 

12 months Increase unclear 

Control – 
maltodextrin 
supplement 

49/50 10.4 (SE 0.6) 12.07 (SE 0.25) 
     

Increase 
 

Adults 
           

15537 
(Pasman et 
al., 1997a) 
 

Control 11/14 36.4 (SD 6.0) 38.9 (SD 5.1) <0.05 
 

Body fat % 
(maintenance after 
weight loss) 

 Deuterium dilution 
technique 
 (%) 

14 months Increase Unclear 

Guar gum - High 
compliance 

10/10 37.3 (SD 3.7) 42.1 (SD 3.3) <0.05 NA 
   

Increase 
 

Guar gum - Low 
compliance 

10/10 38.7 (SD 5.8) 44.6 (SD 4.5) <0.05 <0.05 
   

Increase 
 

15540 
 

Control 11/14 0.81 (SD 0.05) 0.83 (SD 0.04) <0.05 
 

Waist to hip ratio 
(maintenance after 
weight loss) 

 Measured by 
clinician/ 
professional 

14 months Increase Unclear 

Guar gum - High 
compliance 

10/10 0.82 (SD 0.04) 0.82 (SD 0.04) <0.05 NS 
   

Increase 
 

Guar gum - Low 
compliance 

10/10 0.81 (SD 0.06) 0.83 (SD 0.05) <0.05 NS 
   

Increase 
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Body fatness and fat distribution and foods high in added sugars 

Summary of cohort results in adults 

 

Data were extracted from two publications, presenting results from two Danish cohort studies: the 

Danish Diet, Cancer and Health Study and the MONICA study (Halkjaer et al., 2009;Halkjaer et 

al., 2004). Direct measurements of waist circumference were used in MONICA, but the Danish 

Diet, Cancer and Health Study used a combination of both direct and self-reported measurements. 

The data indicated no apparent trend between sugar consumption and waist circumference 

change in adults (see Table 5.52). 

 

Exposure definition and assessment 

Both studies collected dietary data via FFQ. The Danish Diet, Cancer and Health Study (Halkjaer 

et al., 2009) included jam, sugar, honey and fruit syrups in the exposure called ‘jam, syrups, 

sugar’; whereas MONICA (Halkjaer et al., 2004) considered a wider range of sweet snack foods, 

such as chocolate and ice cream. 

 

Adjustment for appropriate confounders 

The analyses of both studies included several important covariates in the analyses. 

 

Summary of cohort results in children 

Two publications presented results concerning body fatness in children and foods rich in added 

sugars (candy, baked goods and sugar content of breakfast cereals) (Phillips et al., 

2004;Albertson et al., 2009). The Massachusetts Institute of Technology Growth and Development 

Study (Phillips et al., 2004) and the National Heart, Lung, and Blood Institute Growth and Health 

Study (Albertson et al., 2009) measured body fatness using bioimpedence. The cohorts studied 

were both female-only. Data are not supportive of a relationship between sweet food consumption 

and body fatness measures in children (see Table 5.53). 

 

Exposure definition and assessment 

The studies assessed intake by FFQ (Phillips et al., 2004) or food diary (Albertson et al., 2009). 

The MIT Growth and Development Study (Phillips et al., 2004) categorised sugar-sweetened 

foods into ‘sweets’ or ‘baked goods’. The National Heart, Lung and Blood Institute Growth and 

Health Study (Albertson et al., 2009) considered only sugar content from breakfast cereals.  
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Adjustment for appropriate confounders 

The MIT Growth and Development Study (Phillips et al., 2004) adjusted for parental overweight 

and protein intake. The National Heart, Lung and Blood Institute Growth and Health Study 

(Albertson et al., 2009) did not report whether or not any covariates were included in the 

regression model. 

 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

Summary of RCT data 

No RCTs concerning specific foods rich in added sugars and body fat distribution were identified in 

this review. 
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Table 5.52 Body fat distribution (waist circumference) and foods rich in added sugars: cohort studies in adults 

Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age range 
(mean) 
 %Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assess-
ment 

Exposure 
Outcome/ Assessment 
Details 

Sub-
group 
detail 

Exposure 
Units 

Beta 
coefficient 
(SE)/(CI) 

p Adjustments 

13132 
(Halkjaer et al., 
2009)  Danish 
Diet, Cancer 
and Health 
Study 

Denmark, 
Primarily 
White, 
Cancer free       

50-64 (56) 
%M47 

56506 
5 years 
(21) 

FFQ 
(192) 

Table sugar (jam, sugar, 
honey, fruit syrups) 

Waist circumference change  
Both self reported and direct 
measures  

Women 60 Kcal/day 
0.05 (-0.03, 
0.13)   

NS 
Age, Alcohol, Baseline energy 
intake, Waist, BMI, physical activity, 
Smoking     

13157 
Danish Diet, 
Cancer and 
Health Study 

      
  Men 60 Kcal/day 

-0.0004 (-
0.06, 0.06) 

NS As above     

13844 
(Halkjaer et al., 
2004)  MONICA 
I 

Denmark, 
Primarily 
White      

30-60 (45) 
%M 
48.9 

2436 6 years FFQ (26) 

Sweet snack foods (Cakes, 
biscuits, sweets, chocolate, 
jam, honey, soft drinks and 
ice cream) 

Waist circumference change  
Measured by clinician/ 
professional  

Men 
per quintile 
increase 

0.01 (-0.22, 
0.25) 

NS 

Age, Alcohol, BMI, Waist, cakes and 
chocolate, Dietary changes, 
Education, Hip circumference, 
physical activity, Smoking   

13849 
MONICA I       

  Women 
per quintile 
increase 

-0.05 (-
0.35, 0.24) 

NS As above   

 

Table 5.53 Total body fat and foods rich in added sugars: cohort studies in children 

Result ID/ Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age range  
(mean) 
 %Male 

(Cases)
/Total 

Follow Up 
(% loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment 
Details 

Contrast 
(mean) 

Exposu
re 
Units 

Beta 
coefficient 
(SE)/(CI) 

p Adjustments  

13985 
(Albertson et al., 2009)  
National Heart, Lung, 
and Blood Institute 
Growth and Health 
Study 

USA,  
Multi-
ethnic      

9-10 
 
%M 0 

2379 7 years Food diary  

Sugar from breakfast 
cereals (Percent of 
cereal consumed that 
was sugar) 

Percentage 
body fat  
 
Bioimpedance  

  1 % 0.01 (0.02) 0.75 
None 
reported 

14188 
(Phillips et al., 2004)  
Massachusetts Institute 
of Technology Growth 
and Development Study 

USA,  
Primarily 
White, BMI 
<30, 
Generally 
healthy     

8-12 
 
%M 0 

196 
6.9 years 
(28) 

FFQ (116) 
Candy (chocolate and 
non chocolate types) 

Percentage 
body fat  
 
Bioimpedance  

1. <2 
2. 2 -3.4 
3. ≥3.5  

% 
Energy 

1. Referent 
2. -0.051 
3. 0.066  

1. N/A 
2. 0.52 
3. 0.96 
p trend  0.35 

Parental 
Overweight, 
Protein         

14190 
Massachusetts Institute 
of Technology Growth 
and Development Study 

  
    

Baked goods (buns, 
pastries, cookies, 
cakes, pies and 
brownies) 

Percentage 
body fat  
 
Bioimpedance  

1. <2.5  
2. 2.5- 3.9 
3. ≥4 

% 
Energy 

1. Referent 
2. -0.103 
3. -0.221 

1. N/A 
2. 0.57 
3. 0.23 
p trend 0.23 

Parental 
Overweight, 
Protein         
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Body fatness and fat distribution and carbohydrate rich food groups 

Summary of cohort results in adults 

 

Data were extracted from two publications, presenting results from two cohort studies (Halkjaer et 

al., 2004;Halkjaer et al., 2009), concerning waist circumference change in relation to several 

carbohydrate-rich food groups, including rice and pasta, breads and potatoes (see Table 5.54). 

Professional measurements of waist circumference were used in MONICA (Halkjaer et al., 2004), 

but the Danish Diet, Cancer and Health Study (Halkjaer et al., 2009) used a combination of both 

direct and self-reported measurements. In the Danish Diet, Cancer and Health Study women, 

energy intake from potatoes was positively associated with the 5-year change in waist 

circumference in women, but not in men. In the MONICA study, none of the associations between 

high carbohydrate food groups and changes in waist circumference achieved statistical 

significance. 

 

Generally, these two Danish studies do not provide evidence of an association between high 

carbohydrate foods and waist circumference change over time. 

 

Exposure definition and assessment 

Both studies collected dietary data via FFQ. MONICA (Halkjaer et al., 2004) collected 

consumption data on a number of carbohydrate-rich food categories, including rice and pasta, 

wholewheat bread, white bread and potatoes. The only carbohydrate-rich food group investigated 

by the Danish Diet, Cancer and Health Study (Halkjaer et al., 2009) was potatoes.  

 

Adjustment for appropriate confounders 

The analyses of both studies included several important covariates in the analyses. 

 

Summary of cohort results in children 

 

Data were extracted from two publications, presenting results from two cohort studies in female 

children (Albertson et al., 2009;Phillips et al., 2004). Percentage body fat was measured using 

bioempedence in both studies. Analyses from the National Heart, Lung, and Blood Institute 

Growth and Health Study (Albertson et al., 2009) indicate a negative relationship between cereal 

consumption frequency and percentage body fat – that is a decrease in percentage body fat with 

increasing cereal consumption - which achieved statistical significance. Results from the MIT 

Growth and Development Study (Phillips et al., 2004), on the other hand, were found to be non-

significant, when comparing quartiles of savoury starch-based snacks. 
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Exposure definition and assessment 

Dietary data were collected by food diary (Albertson et al., 2009) or FFQ (Phillips et al., 2004). 

Each publication focused on a different carbohydrate-rich food group: the National Heart, Lung, 

and Blood Institute Growth and Health Study (Albertson et al., 2009) on cereals, and the MIT 

Growth and Development Study (Phillips et al., 2004) on savoury starch-based snacks, such as 

potato and corn crisps. It is unclear in the National Heart, Lung, and Blood Institute Growth and 

Health Study (Albertson et al., 2009) publication if cereal consumption refers to breakfast cereals 

only or to total cereals.  

 

Adjustment for appropriate confounders 

The MIT Growth and Development Study (Phillips et al., 2004) adjusted for parental overweight 

and protein intake. The National Heart, Lung, and Blood Institute Growth and Health Study 

(Albertson et al., 2009) included main effects only in the final model. 

 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

Summary of RCT data 

No RCTs concerning specific carbohydrate rich foods and body fat distribution were identified in 

this review. 
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Table 5.54 Body fat distribution and high carbohydrate foods: cohort studies in adults 

Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  
(mean) 
%Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assessme
nt 

Exposure 
Outcome/ 
Assessment Details 

Subgroup 
detail 

Exposure 
Units 

Beta coefficient 
(SE)/(CI) 

p Adjustments  

13841 
(Halkjaer et al., 
2004)  MONICA 
I 

Denmark, 
Primarily 
White      

30-60 
(45) 
 
%M 
48.9 

2436 6 years FFQ (26) Total Rice and pasta 

Waist circumference 
change  
 
Measured by 
clinician/ 
professional  

Men 
per quintile 
increase 

-0.1 (-0.34, 0.15)  NS 
Age, Alcohol, BMI, Waist, Dietary 
changes, Education, Hip, physical 
activity, Rice, Smoking   

13846 
MONICA I       

  Women 
per quintile 
increase 

-0.03 (-0.32, 0.27) NS As above   

13842 
MONICA I      

Wholewheat bread 
(Wholegrain rye bread, 
wholegrain wheat bread, 
oatmeal) 

  Men 
per quintile 
increase 

-0.07 (-0.3, 0.17) NS 
Age, Alcohol, BMI, Waist, Dietary 
changes, Education, Hip, physical 
activity, Smoking, Wholemeal bread   

13847 
MONICA I        

Women 
per quintile 
increase 

-0.2 (-0.49, 0.09) NS As above   

13843 
MONICA I      

White bread (Refined 
wheat bread, refined rye 
bread) 

 
Men 

per quintile 
increase 

-0.24 (-0.5, 0.01) NS 
Age, Alcohol, BMI, Waist, Dietary 
changes, Education, Hip, physical 
activity, Refined bread, Smoking   

13848 
MONICA I        

Women 
per quintile 
increase 

0.42 (0.11, 0.73)  <0.05 As above   

13810 
MONICA I      

Potatoes   Men 
per quintile 
increase 

-0.51 (-1.04, 0.02) NS 
Age, Alcohol, BMI, Waist, Dietary 
changes, Education, Hip, physical 
activity, Potatoes, Smoking   

13845 
MONICA I       

  Women 
per quintile 
increase 

0.16 (-0.44, 0.76)  NS As above   

13122 
(Halkjaer et al., 
2009)  Danish 
Diet, Cancer 
and Health 
Study 

Denmark, 
Primarily 
White, 
Cancer free       

50-64 
(56) 
%M 
47 

56506 
5 years 
(21) 

FFQ (192) Potatoes 

Waist circumference 
change  
Both self reported 
and direct measures  

Women 60 Kcal/day 0.1 (0.006, 0.19)  <0.05 
Age, Alcohol, Baseline EI, Waist, BMI, 
PA, Smoking     

13154 
Danish Diet, 
Cancer and 
Health Study 

      
  Men 60 Kcal/day -0.01 (-0.07, 0.05)  

 
NS 
 

As above     
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Table 5.55 Body fat distribution and high carbohydrate foods: cohort studies in children 

Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  
(mean) 
%Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assess-
ment 

Exposure 
Outcome/ 
Assessment 
Details 

Contrast 
(mean) 

Exposure 
Units 

Beta coefficient 
(SE)/(CI) 

p Adjustments  

13396 
(Albertson et 
al., 2009)  
National Heart, 
Lung, and 
Blood Institute 
Growth and 
Health Study 

USA,  
Multi-
ethnic      

9-10 
%M0 

2379 7 years Food diary  

Cereal consumption frequency 
(Percentage of days consuming 
cereal. Cereal was defined as 
‘ready-to-eat cereal and cooked 
cereal’, but it is unclear if this refers 
only to breakfast cereals or total 
cereals.) 

Percentage 
body fat  
 
Bioimpedance  

  1 % -0.04 (0.01) 0.01 None reported 

14189 
(Phillips et al., 
2004)  
Massachusetts 
Institute of 
Technology 
Growth and 
Development 
Study 

USA,  
Primarily 
White, BMI 
<30, 
Generally 
healthy     

8-12 
%M0 

196 
6.9 years 
(28) 

FFQ (116) 
Starchy snack foods - Potato and 
corn crisps 

Percentage 
body fat  
 
Bioimpedance  

1. <1 
2. 1 to 1.4 
3. 1.5 to 2.4 
4. ≥2.5  

1 % 
Energy 

 1. Referent 
2. -0.054 
3. -0.101 
4. -0.161 

1. N/A 
2. 0.86 
3. 0.66 
4. 0.56 
p trend 0.63 

Parental 
Overweight, Protein         
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Body fatness and fat distribution and whole grains  

Summary of cohort results in adults 

 

Data were extracted from one publication, presenting results from one cohort study, the Danish 

Diet, Cancer and Health Study (Halkjaer et al., 2009). The beta-coefficients reported do not 

support a relationship between intake of wholegrain foods and 5 year change in waist 

circumference in either men or women. Dietary intake was assessed using a FFQ, and a 

combination of self-report and direct measures of waist circumference were taken. Analyses 

included important covariates such as age, BMI, physical activity and smoking behaviour (see 

Table 5.56). 

 

Summary of cohort results in children 

 

Data from one cohort study, the DONALD Study, examining wholegrain food intake and change in 

body fatness were extracted (see Table 5.57) (Cheng et al., 2009). Consumption was collected 

from food diaries, and body fatness assessed using skinfold measures. The analysis took into 

account several important confounders, including age, energy intake and gender. The beta 

coefficient was not statistically significant.  

 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

Summary of RCT data 

 

Data from one intervention, the Women’s Health Initiative Dietary Modification Trial are tabulated 

in Table 5.58, using two publications with different follow-up points (Howard et al., 2006;Tinker et 

al., 2008).  Details concerning the design, participants, duration and nature of the intervention are 

included in Table 5.4. 

 

The Women’s Health Initiative Randomized Controlled Dietary Modification Trial was designed to 

test the hypothesis that a low fat, high fruit and vegetable (F&V), high grain diet would reduce the 

risk of cardiovascular disease in middle-aged and older women.  The goal of the dietary 

intervention was to decrease total fat to 20% of energy intake, to increase F&V portions to 5 or 

more per day and to increase servings of grains to a minimum of 6 per day. Changes in outcome 

may therefore not be attributed solely to the increase in whole grain intake. There were no weight 

loss or energy restriction goals for either group.  
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Dietary change was implemented through a behavioural modification program that ran intensively 

throughout the first year of the trial and then less intensively thereafter.  At the year 1 assessment, 

wholegrain consumption in the intervention group had increased by one third of a serving, whilst 

the comparison group remained unchanged (Tinker et al., 2008). At 1 year, the intervention group 

had a lower waist circumference than the control group (p<0.01) and a small difference was still 

observed at the 90 month follow-up (p<0.04).  

 

Data on waist to hip ratio were provided at 90 months follow-up. At this point, no differences 

between the dietary groups were observed. These data provide some evidence that a lower fat, 

higher fruit, vegetable and whole grain diet may minimise some of the gain in waist circumference 

typically observed in postmenopausal women. 
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Table 5.56 Body fat distribution and whole grains: cohort study in adults 

Result ID/ 
Reference/ Cohort 
Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age range  
(mean) 
 %Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/Assessment 
Details 

Sub-
group 
detail 

Exposure 
Units 

Beta coefficient 
(SE)/(CI) 

p Adjustments  

13131 
(Halkjaer et al., 
2009)  Danish 
Diet, Cancer and 
Health Study 

Denmark, 
Primarily 
White, 
Cancer free       

50-64 (56) 
%M 
47 

56506 
5 years 
(21) 

FFQ (192) 

Total wholegrain foods: (Whole-
grain bread, rye bread, whole-grain 
flour, oatmeal, corncobs, muesli, 
whole-grain crispbread) 

Waist circumference 
change  
Both self reported and 
direct measures  

Women 
60 
Kcal/day 

0.03 (-0.01, 0.07)  NS 
Age, Alcohol, 
Baseline EI, Waist, 
BMI, PA, Smoking     

13156 
       

  Men 
60 
Kcal/day 

0.01  (-0.01, 0.04) NS As above     

 

Table 5.57 Total body fat and whole grains: cohort study in children 

Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  
(mean) 
%Male 

(Cases)/ 
Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment 
Details 

Exposure 
Units 

Beta coefficient 
(SE)/(CI) 

p Adjustments  

14003 
(Cheng et al., 
2009)  The 
DONALD Study 

Germany        
(9) 
 
%M 46 

376 4 years Food diary  

Total wholegrain foods 
 (Amaranth, whole buckwheat, 
bulgar, spelt, spelt flakes, barley 
flakes, whole barley, unripe spelt, 
whole and rolled oats, oat flakes, oat 
flour, millet, millet flakes, whole 
kamut wheat, corn bran, unpolished 
rice, popcorn, puffed rice, puffed 
wheat, puffed spelt, whole rice flour, 
rice flakes, wholemeal rye, rye flour, 
whole triticale, whole wheat, wheat 
germ, wheat bran, whole-wheat 
flakes, and whole-wheat flour) 
 

Body fat change 
(%)  
 
Skinfolds  

1 g/day 0.089 (0.128)  0.5 
Age, Breastfed, EI, GI, 
Parental overweight, Gender       
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Table 5.58 Body fat distribution and whole grains: RCT data 

Result ID/ 
Author 

Intervention 
group 

Completers/ 
Allocated 

Baseline Follow-up 
Within group 
∆ from 
baseline 

p-value difference 
between groups 

Outcome/ 
Assessment method 

Result/Outcome 
details 

Result-
specific 
follow-up 

Weight Change 
Outcome 
Assessment Bias 

16242 
(Howard et 
al., 2006) 

Control 9517/29294 89.0 (SD 13.7) 90.4 (SD 14.2) 1.9 (SD 8.8) 
 

Waist circumference Measured by 
clinician/ 
professional 
(cm) 

90 months No change No bias 

Low fat diet 6154/19541 89.0 (SD 13.9) 90.1 (SD 14.1) 1.6 (SD 8.6) 0.04 
  

Decrease 
 

16243 
 

Control 9487/29294 0.82 (SD 0.1) 0.83 (SD 0.1) 0.02 (SD 0.1) 
 

Waist to hip ratio Measured by 
clinician/ 
professional 

90 months No change No bias 

Low fat diet 6123/19541 0.82 (SD 0.1) 0.83 (SD 0.1) 0.02 (SD 0.1) 0.85 
  

Decrease 
 

15365 
(Tinker et 
al., 2008) 

 

Control 24800/29294 28.9 (SD 13.4)* 87.9 (SD 13.3)   
 

Waist circumference 

Not reported 
(cm) 

1 year No change unclear 

Low fat diet 16864/19541 88.3 (SD 13.6) 86.3 (SD 13.4)   0.001 
  

Decrease 
 

15366 
 

Control 8092/29294 28.9 (SD 13.4)* 89.6 (SD 13.8)   
 

Waist circumference Not reported 
(cm) 

6 years No change unclear 

Low fat diet 5237/19541 88.3 (SD 13.6) 89.1 (SD 14)   NS 
  

Decrease 
 

*this value is reported in the paper – clearly a mistake 
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Body fat distribution and refined grains 

Summary of cohort results in adults 

 

Data were extracted from one cohort study, the Danish Diet, Cancer and Health Study (Halkjaer et 

al., 2009) (see Table 5.59). The beta-coefficients reported do not support a relationship between 

intake of refined grain foods and change in waist circumference in either men or women. Dietary 

intake was assessed using a FFQ, and a combination of self-report and direct measures of waist 

circumference were taken. Analyses included important covariates such as age, BMI, physical 

activity and smoking behaviour. 

 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

Summary of RCT data 

 

No RCTs concerning refined grains and body fat distribution were identified in this review. 
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Table 5.59 Body fat distribution and refined grains: cohort study in adults 

Result ID/ 
Reference/ 
Cohort 
Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range 
(mean) 
 %Male 

(Cases)
/ Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment Details 

Sub-group detail 
Exposure 
Units 

Beta 
coefficient 
(SE)/(CI) 

p Adjustments  

13126 
(Halkjaer et 
al., 2009)  
Danish Diet, 
Cancer and 
Health 
Study 

Denmark, 
Primarily 
White, 
Cancer free       

50-64 
(56) 
%M 
47 

56506 
5 years 
(21) 

FFQ (192) 

Refined grain 
foods, total (white 
bread, wheat 
flour, rice, potato 
flour, 
cornflour/starch, 
pasta, 
breadcrumbs, 
crispbread 
(wheat/refined)) 

Waist circumference 
change  
Both self reported 
and direct measures  

Women 60 Kcal/day 
0.07 (-0.01, 
0.14)  

NS 
Age, Alcohol, Baseline energy 
intake, Waist, BMI, physical 
activity, Smoking     

13155 
Danish Diet, 
Cancer and 
Health 
Study 

     
  Men 60 Kcal/day 

0.03 (-0.02, 
0.08)  

NS As above     
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Body fatness and fat distribution and glycaemic index or load 

Summary of cohort results in adults 

 

Data were extracted from two publications, presenting results from two cohorts (Hare-Bruun et al., 

2006;Du et al., 2009). Anthropometry was directly assessed in the MONICA study, but a 

combination of direct measures and self-reported data was used in the EPIC study (see Table 

5.60).  

 

The MONICA study (Hare-Bruun et al., 2006) investigated both dietary glycaemic index and load 

in relation to hip circumference and also waist circumference. The EPIC study (Du et al., 2009) 

focused only on glycaemic index. Statistical significance was not reported separately for each 

subgroup for the quintile comparisons in the MONICA study (Hare-Bruun et al., 2006), however 

none of the p values for men and women combined indicated statistical significance. Nor was 

statistical significance achieved by any of the beta coefficients reported in this study. The results of 

the EPIC study, on the other hand, showed a small but significant positive direction of change with 

increasing dietary glycaemic index. 

 

Exposure definition and assessment 

The glycaemic index (GI) is a relative measure of the plasma glucose response induced by a 

specific food, as compared to the response induced by the same amount of carbohydrate from a 

reference source, such as white bread or pure glucose (Liu et al., 2000). The glycaemic load (GL) 

is the product of a specific food’s GI and its carbohydrate content (Liu et al., 2000), therefore 

taking into account both the quality and quantity of carbohydrate consumed. This may be 

interpreted as a measure of diet-induced insulin demand (Stevens et al., 2002). 

 

Intake was assessed using a dietary history in the MONICA study (Hare-Bruun et al., 2006) and 

FFQ in EPIC (Du et al., 2009). The studies used different reference sources to calculate GI values: 

white bread in the MONICA study (Hare-Bruun et al., 2006) and glucose was used for the EPIC 

study (Du et al., 2009).  

 

Dietary GI and GL were calculated by summing the products of the GI for each food multiplied by 

its carbohydrate content per serving multiplied by the average number of servings of that food per 

day (to give dietary GL), then dividing by the average daily carbohydrate intake to give dietary GI: 

 

Dietary GI = {∑[(servings of food per day) x (CHO content) x GI)]}/total CHO (Meyer et al., 2000). 
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The glycaemic index (and thus also GL) is determined not only by the nature of the carbohydrate 

component of a food or diet, but also by the types and amounts of protein, fat and dietary fibre, as 

well food processing and storage (Venn and Green, 2007). Unless tightly controlled in an 

experimental situation, in most cases high and low GI/GL diets differ in many ways other than the 

carbohydrate fraction, including dietary fibre content, energy density and sensory quality. 

 

Adjustment for appropriate confounders 

Both studies included important covariates in their adjustments. 

 

Summary of cohort results in children 

 

Data were extracted from one publication, presenting results from the DONALD Study (Cheng et 

al., 2009). The study included both dietary glycaemic index and load as an exposure, with the 

outcome of body fat change, measured using skinfold thicknesses. None of the results were 

indicative of an association. Analyses were adjusted for several confounders, including age, 

energy intake, parental overweight, gender, whether breastfed, and fibre intake. 

 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

Summary of RCT data 

 

Three trials explored the effects of manipulation of dietary GI or GL on body fat distribution (Carels 

et al., 2005;Ebbeling et al., 2007;Das et al., 2007). Details concerning the design, participants, 

duration and nature of the interventions are included in Table 5.4 and results are included in Table 

5.62.   

 

All three studies were included in a meta-analysis.  All studies included adults as participants.  The 

first follow up reported at the end of the intervention was used.   This varied from 12 months to 18 

months.   

 

The study by Carels et al. (Carels et al., 2005) was a comparison between the LEARN weight loss 

program (low energy and fat diet with enhanced physical activity) with and without low GI 

education. The difference in average dietary glycaemic index and load between the two groups 

was small, and total carbohydrate and energy intakes were similar (GL in higher vs. lower group 

respectively 70.9 g/1000kcal and 67.0 g/1000kcal). The study by Ebbeling et al. (Ebbeling et al., 

2007) compared an ad libitum low GL diet (35g/1000 kcal) with an ad libitum, higher GL, low fat 

diet (70g/1000 kcal) in obese young adults.  Reported energy and fibre intakes were similar 

between groups.  The CALERIE study (Das et al., 2007) compared high GI/GL (GL 

116g/1000kcal) and low GI/GL (45g/1000kcal) diets that were equally energy restricted and similar 

in dietary fibre content. 

 

The overall pooled estimate indicated that fat mass was 0.56kg (95% CI, -.63 to 1.75) higher with 

consumption of a higher GI or GL diet but this was not significantly different from zero (p=0.36).  
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Heterogeneity denoted by I2 was 25% (95% CI, 0 to 92).  Statistically, there was no evidence of a 

difference in fat mass with differences in dietary glycaemic index or glycaemic load. 

Figure 5.12 Forest plot for high glycaemic index or glycaemic load diets and body fat mass (kg) 

 

 

  

Overall  (I-squared = 24.8%, p = 0.264)

Carels RA, et al., 2005

Ebbeling CB, et al., 2007

Das SK, et al., 2007

ID

Study

0.56 (-0.63, 1.75)

3.20 (-0.73, 7.13)

0.17 (-0.24, 0.58)

1.09 (-1.63, 3.80)

difference in means (95% CI)

Weighted

0.56 (-0.63, 1.75)

3.20 (-0.73, 7.13)

0.17 (-0.24, 0.58)

1.09 (-1.63, 3.80)

difference in means (95% CI)

Weighted

Higher fat mass with low GI/GL  Higher fat mass with high GI/GL 

0-6 -4 -2 0 2 4 6 8

Difference in fat mass (kg) between groups: Low GI/GL vs high GI/GL
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Table 5.60 Body fat distribution and glycaemic index and load: cohort studies in adults 

Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range 
(mean) 
 %Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/Assessment 
Details 

Sub-
group 
detail 

Contrast 
(mean) 

Expo
sure 
Units 

Mean 
outcome (SD) 

Beta 
coefficient 
(SE)/(CI) 

P trend Adjustments  

13827 
(Hare-Bruun 
et al., 2006)  
MONICA 

Denmark, 
Primarily 
White, Not 
diabetic       

30-60 
(45) 
%M 
48.9 

552 6 years 
Dietary 
history  

Glycaemic 
load 

Waist circumference 
change  
Measured by clinician/ 
professional  

Men Q5 vs Q1    
2.8 (5) vs. 1.3 
(5.4) 

            

13828 
MONICA       

Hip circumference change  
Measured by clinician/ 
professional  

Men Q5 vs Q1    
1.1 (2.7) vs. 
0.8 (3.7) 

            

13831 
MONICA       

Waist circumference 
change  
Measured by clinician/ 
professional  

Women Q5 vs Q1    
3.5 (5.1) 
vs.4.6 (6.2) 

            

13832 
MONICA       

Hip circumference change  
Measured by clinician/ 
professional  

Women Q5 vs Q1    
2.7 (4) vs. 2.2 
(5) 

            

13819 
MONICA      

Glycaemic 
index 

Waist circumference 
change  
Measured by clinician/ 
professional  

 Men Q5 vs Q1    
1.9 (5) vs. 1.5 
(5.9) 

            

13820 
MONICA       

Hip circumference change  
Measured by clinician/ 
professional  

Men Q5 vs Q1    
1.2 (3.8) vs. 
0.7 (3.3) 

            

13823 
MONICA       

Waist circumference 
change  
Measured by clinician/ 
professional  

Women Q5 vs Q1    
2.4 (6.7) 
vs.2.4 (7.4) 

            

13824 
MONICA       

Hip circumference change  
Measured by clinician/ 
professional  

Women Q5 vs Q1    
0.6 (4.6)  
vs.0.7 (5.6) 

            

13835 
MONICA       

Waist circumference 
change  
Measured by clinician/ 
professional  

Men   
1 
Unit 

  
0.02 (-0.14, 
0.17) 

NS 

Age, Waist, Weight, 
Education, fat intake, 
Protein, energy intake, 
Fibre, Hip, physical 
activity, Smoking   
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Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range 
(mean) 
 %Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/Assessment 
Details 

Sub-
group 
detail 

Contrast 
(mean) 

Expo
sure 
Units 

Mean 
outcome (SD) 

Beta 
coefficient 
(SE)/(CI) 

P trend Adjustments  

13836 
MONICA       

Hip circumference change  
Measured by clinician/ 
professional  

Men   
1 
Unit 

  
-0.003  (-0.1, 
0.1) 

NS 

Age, Waist, Weight, 
Education, FAT, Protein, 
EI, Fibre, Hip, PA, 
Smoking   

13827 
(Hare-Bruun 
et al., 2006)  
MONICA 

Denmark, 
Primarily 
White, Not 
diabetic       

30-60 
(45) 
%M 
48.9 

552 6 years 
Dietary 
history  

Glycaemic 
index 

Waist circumference 
change  
Measured by clinician/ 
professional  

Women   
1 
Unit 

  
0.16 (-0.05, 
0.22)   

0.07 

Age, Waist, Weight, 
Education, FAT, Protein, 
EI, Fibre, Hip, PA, 
Smoking   

13840 
MONICA       

Hip circumference change  
Measured by clinician/ 
professional  

Women   
1 
Unit 

  
0.08 (-0.05, 
0.22)  

NS 

Age, Waist, Weight, 
Education, FAT, Protein, 
EI, Fibre, Hip, PA, 
Smoking   

13658 
(Du et al., 
2009)  EPIC 
Denmark, 
Germany, 
Italy, The 
Netherlands 
and the 
United 
Kingdom 

Europe, 
Cancer 
free, No 
heart 
disease, 
Not 
diabetic      

20-78 
(53) 
%M 
40 

146543 
6.5 
years 
(30) 

FFQ  
Glycaemic 
index 

Waist circumference 
change  
Both self reported and 
direct measures  

    
10 
Units
/day 

  
0.26 (0.2, 
0.33)  

  

Age, Alcohol, Baseline 
weight, CHO, Smoking, 
Education, FAT, Fibre, 
Height, Meno Stat, PA, 
Protein, Gender  

 

Table 5.61 Total body fat and glycaemic index and load: cohort study in children 
Result ID/ 
Reference/ 
Cohort Name 

Country, Ethnicity, 
Inclusion criteria 

Age range  
(mean) 
 %Male 

(Cases)
/Total 

Follow Up 
(% loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment Details 

Sub-group 
details 

Exposure 
Units 

Beta 
coefficient 
(SE)/(CI) 

p Adjustments 

14000 
(Cheng et al., 
2009)  The 
DONALD Study 

Germany        
(9) 
 
%M 46 

376 4 years Food diary  
Glycaemic 
index 

Body fat change (%)  
 
By skinfold 
thickness 

  1 Unit/day -0.028 (0.113) 0.8 
Age, Breastfed, EI, Fibre, Parental 
overweight, Gender       

14009 
The DONALD 
Study 

       
BMI <25 1 Unit/day 0.018 (0.111) 0.9 As above       

14010 
The DONALD 
Study 

       
BMI >25 1 Unit/day 0.088 (0.359)   0.8 As above       
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14001 
The DONALD 
Study 

     
Glycaemic 
load 

Body fat change (%)  
 
By skinfold 
thickness 

  1 g/day -0.009 (0.111) 0.9 As above       

 

Table 5.62 Body fat percentage and glycaemic index and load: RCT data 

Result ID/ 
Author 

Subgroup detail Intervention group 
Completers/ 
Allocated 

Baseline Follow-up 
Within group ∆ 
from baseline 

p-value 
difference 
between groups 

Outcome/ 
Assessment 
method 

Result/Outcome 
details 

Result-
specific 
follow-up 

Weight 
Change 

Outcome 
Assessment 
Bias 

*14910 
(Carels et 
al., 2005) 

 

  Weight loss program ~19/~26 45.8 (SD 3.9) 41.9 (SD 5.5)   NS 
percentage 
body fat 

 Bioimpedance 
(%) 

1 year Decrease unclear 

  
Weight loss program + 
low GI education 

~19/~26 42.5 (SD 4.0) 38.7 (SD 6.8)   
    

Decrease 
 

*15225 
(Das et al., 
2007) 

 

  
Energy restricted high 
GL diet 

15/17 35 (SD 7.1)   -14.8% (SD 8.8%)   
percentage 
body fat 

 Air displacement 
plethysmography 
(BODPOD) 
 (%) 

1 year Decrease No bias 

  
Energy restricted low 
GL diet 

14/17 35.2 (SD 8.7)   -17.9% (SD 12.5%) NS 
   

Decrease 
 

*15446 
(Ebbeling 
et al., 
2007) 

  Low fat diet 37/37     -1.1 (SE 0.3) 
 

percentage 
body fat 

 DEXA 
 (%) 

18 
months 

Decrease No bias 

  Low GL diet 
ITT: 
36/36 

    -1.5 (SE 0.4) 0.5 
   

Decrease 
 

15447 
 

Insulin (30m post 
75gdose) 
<57.5µUI/ml 

Low fat diet 37/37     -1.4 (SE 0.6) 
 

percentage 
body fat 

 DEXA 
 (%) 

18 
months 

Decrease No bias 

Low GL diet 
ITT: 
36/36 

    -0.9 (SE 0.5) 0.56 
   

Decrease 
 

15448 
 

Insulin (30m post 
75gdose) 
>57.5µUI/ml 

Low fat diet 37/37     -0.9 (SE 0.5) 
 

percentage 
body fat 

 DEXA 
 (%) 

18 
months 

Decrease No bias 

Low GL diet 
ITT: 
36/36 

    -2.6 (SE 0.6) 0.3 
   

Decrease 
 

*This result was used in the meta-analysis for glycaemic index or glycaemic load diets and body fat percentage (Figure 5.12) 
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Body fatness and fat distribution and sweetened beverages 

[Fruit juice data were only extracted from cohort studies which were already captured in the 

review. In accord with our original protocol, a specific search for studies reporting fruit juice 

consumption has not been undertaken.] 

 

Summary of cohort results in adults 

 

Data were extracted from two publications, presenting results from the Danish Diet, Cancer and 

Health Study and the Framingham Heart Study (Halkjaer et al., 2009;Dhingra et al., 2007) 

(table5.63). The studies used different outcome measures: waist circumference change was 

measured in the Danish Diet, Cancer and Health Study, and incident abdominal obesity in the 

Framingham Heart Study. The latter used professionally taken measurements, whereas in the 

Danish Diet, Cancer and Health Study relied on a combination of professionally measured and 

self-reported waist circumference data. 

 

In the Danish Diet, Cancer and Health Study (Halkjaer et al., 2009) neither energy intake from 

sugar-sweetened soft drinks or from juices was significantly associated with 5-year difference in 

waist circumference in women. A decrease in waist circumference with increased consumption 

was suggested in men. Neither result was statistically significant, however. The authors 

commented that overall, soft drink consumption was low in this cohort. 

 

The Framingham Heart Study (Dhingra et al., 2007) reported a relative risk, as opposed to beta 

coefficients. The authors reported a 30% increased risk of incident abdominal obesity defined as a 

waist circumference in excess of 102cm in consumers of one or more sweetened (sugars and 

non-calorically sweetened combined) beverages per day compared to non consumers. 

 

These 2 cohort studies of adults provide contradictory results with regard to body fat distribution 

and consumption of sweetened beverages. 

 

Exposure definition and assessment 

The Danish Diet, Cancer and Health Study (Halkjaer et al., 2009) reported data separately on full-

calorie soft drinks or fruit and vegetable juices; whilst the Framingham Heart Study (Dhingra et al., 

2007) considered sugar- and non-calorically sweetened beverages, without considering fruit juices 

(see note above).  
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Adjustment for appropriate confounders 

Both studies included important covariates in their adjustments, such as age, energy intake, 

gender (where appropriate), physical activity and smoking behaviour. 

 

Summary of cohort results in children 

 

Data were extracted from five publications, presenting results from the following five cohort 

studies: the DONALD Study, the Pennsylvania Study of Health and Development of Young Girls, 

the MIT growth and development study, the Paediatric Bone Mineral Accrual Study and ALSPAC 

(Libuda et al., 2008;Fiorito et al., 2009;Johnson et al., 2007;Mundt et al., 2006;Phillips et al., 2004) 

(see Table 5.64). Two cohorts did not recruit males (Phillips et al., 2004;Fiorito et al., 2009). 

Percentage body fat was the outcome measured in three of the studies (Libuda et al., 2008;Fiorito 

et al., 2009;Phillips et al., 2004); total body fat in one study (Johnson et al., 2007), and 

development of fat mass in another (Mundt et al., 2006). The Pennsylvania Study of Health and 

Development of Young Girls (Fiorito et al., 2009) additionally assessed waist circumference. The 

methods used for measuring body fat included skinfolds (Libuda et al., 2008), DEXA (Fiorito et al., 

2009;Johnson et al., 2007;Mundt et al., 2006) and bioimpedence (Phillips et al., 2004). 

 

Four of the five cohort studies did not find statistically significant associations. The exception to 

this was the Pennsylvania Study of Health and Development of Young Girls (Fiorito et al., 2009) 

which found that sweetened beverage intake at age 5 was a significant predictor of adiposity 

(DEXA measures) at ages 5 through 15 years after controlling for differences in energy intake at 

age 5, Parental education, family income, maternal BMI and sweetened beverage intake at the 

time of outcome assessment. This study also reported a statistically significant relationship 

between sugar-sweetened beverage consumption at age five and difference in waist 

circumference at ages 5-15 years (see Table 5.24). Girls drinking two or more servings per day at 

age 5 years had higher waist circumference at all subsequent ages compared with lower 

consumers (p<0.05). 

 

Three studies provided data on fruit juice consumption and measures of adiposity (Libuda et al., 

2008;Fiorito et al., 2009;Johnson et al., 2007). None found any association. 

 

The cohort studies presented here do not provide consistent evidence of a change in body fat 

amount or distribution with sweetened beverage consumption assessed in childhood or 

adolescence.  
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Exposure definition and assessment 

Dietary data were collected by diet recall (3 days) (Fiorito et al., 2009), food diaries (Libuda et al., 

2008;Johnson et al., 2007) and FFQ (Phillips et al., 2004) or a combination of FFQ and 

questionnaire (Mundt et al., 2006). Three studies distinguished between sweetened drinks and 

100% fruit juice (Libuda et al., 2008;Fiorito et al., 2009;Johnson et al., 2007); two studies 

considered only sugar-sweetened beverages (Mundt et al., 2006;Phillips et al., 2004). One study 

also included non-calorically sweetened drinks, although the authors reported that at age 5 y, non-

calorically sweetened beverages formed a small proportion of beverage intake and thus all 

sweetened beverages were grouped together (Fiorito et al., 2009).  

Adjustment for appropriate confounders 

Each study included a different set of covariates in their analyses. The MIT Growth and 

Development Study (Phillips et al., 2004) appeared to be less fully adjusted than the other studies. 

 

Please interpret observational data with caution: With observational studies there is substantial 

potential for biases. 

 

Summary of RCT data 

 

No trials provided data concerning the effects of sweetened beverages on body fat distribution. 
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Table 5.63 Body fat distribution and sweetened beverages: cohort studies in adults 

Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  
(mean) 
 %Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/Assessment 
Details 

Sub-group 
detail 

Contrast 
(mean) 

Exposure 
Units 

RR (CI) 
Beta coefficient 
(SE)/(CI) 

p Adjustments  

14261 
(Dhingra et 
al., 2007)  
The 
Framingham 
Heart Study 

USA, No heart 
disease, 
Without 
metabolic 
syndrome     

(53) 
%M43 

(1302) 
/8997 

4 years 
Questionnair
e (general)  

Mixed sugar and 
non-calorically 
sweetened 
beverages 

Incident Abdominal 
Obesity - 
Waist>102cm  
Measured by clinician/ 
professional  

  ≥1 vs 0 
12 oz 
serving/ 
day 

1.3 (1.09, 
1.56)  

    

Age, Waist, 
Smoking, 
Ssaturated fat 
intake, energy 
intake, Fibre, GI, 
Magnesium 
Intake, Physical 
activity, Gender, 
trans-fat intake  

13153 
(Halkjaer et 
al., 2009)  
Danish Diet, 
Cancer and 
Health Study 

Denmark, 
Primarily 
White, Cancer 
free       

50-64 
(56) 
%M47 

56506 
5 years 
(21) 

FFQ (192) 
Full-calorie sugar 
sweetened soft 
drinks 

Waist circumference 
change  
Both self reported and 
direct measures  

Women   
60 
Kcal/day 

  
0.01 (-0.24, 
0.27)  

NS 

Age, Alcohol, 
Baseline energy 
intake, Waist, 
BMI, physical 
activity, Smoking     

13160 
Danish Diet, 
Cancer and 
Health Study 

      
  Men   

60 
Kcal/day 

  
-0.02  
(-0.12, 0.08)  

NS As above     

17603 
Danish Diet, 
Cancer and 
Health Study 

     
Fruit and vegetable 
juices 

Waist circumference 
change  
Both self reported and 
direct measures  

Women   
60 
Kcal/day 

  
-0.15 (-0.38, 
0.09) 

NS As above     

17604 
Danish Diet, 
Cancer and 
Health Study 

      
  Men   

60 
Kcal/day 

  
0.11 (-0.09, 
0.31)  

NS As above     
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Table 5.64 Body fatness, fat distribution and sweetened beverages: cohort studies in children 

Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  
(mean) 
 %Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment 
Details 

Sub-
group 
details 

Contrast 
(mean) 

Exposure 
Units 

Mean 
outcome 
(SD) 

Beta 
coefficient 
(SE)/(CI) 

p Adjustments  

13377 
(Fiorito et al., 
2009)  
Pennsylvania 
Study of Health 
and 
Development 
of Young girls 

USA, 
Primarily 
White, Age 
5-18y       

(5) 
 
%M 0 

170 
10 years 
(15) 

Dietary recall  

All sugar-sweetened 
and non-calorically 
sweetened 
beverages including 
fruit flavour drinks 
(<100% fruit juice), 
sports drinks and 
sodas. Authors 
report that non-
calorically 
sweetened were 
small proportion 

Percentage 
body fat at age 
9  
 
DEXA  

    
1 serving/ 
day 

  0.3  <0.01 

Energy intake, 
Income, Maternal 
BMI, Parental 
education, sugar-
sweetened drinks 
intake at 
measurement age        

14198 
        

Percentage 
body fat at age 
11  
 
DEXA  

    
1 serving/ 
day 

  0.2 <0.05 As above      

14199 
  

 
    

Percentage 
body fat at age 
13  
 
DEXA  

    
1 serving/ 
day 

  0.21   <0.05 As above      

14200 
      

Percentage 
body fat at age 
15  
 
DEXA  

    
1 serving/ 
day 

  0.17 <0.05 As above 

17585 
  

 
    

100% fruit juice 

Percentage 
body fat at age 
9 
 
DEXA  

    
1 serving/ 
day 

  0.02 NS As above      

17586 
      

Percentage 
body fat at age 
11 
 
DEXA  

    
1 serving/ 
day 

  0.03 NS As above    

17587 
  

 
    

Percentage 
body fat at age 
13 
 
DEXA  

    
1 serving/ 
day 

  0.00 NS As above    
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Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  
(mean) 
 %Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment 
Details 

Sub-
group 
details 

Contrast 
(mean) 

Exposure 
Units 

Mean 
outcome 
(SD) 

Beta 
coefficient 
(SE)/(CI) 

p Adjustments  

17588 
      

Percentage 
body fat at age 
15 
 
DEXA  

    
1 serving/ 
day 

  -0.02 NS As above    

14202 
      

All sugar-sweetened 
and non-calorically 
sweetened 
beverages including 
fruit flavour drinks 
(<100% fruit juice), 
sports drinks and 
sodas 

Waist 
circumference 
at age 9 (cm) 
Measured by 
clinician/ 
professional  

 

1.<1 
2. ≥ 1 to 2 
3.>2                                                  

Servings/ 
day 

1. 65.5  
(SD 7.7) 
2. 66.4  
(SD 8.3) 
3. 72.5  
(SD 9.9) 

 

Main 
effect 
of 
bevera
ge 
freque
ncy 
group 
p<0.05 

As above    

14207 
      

Waist 
circumference 
at age 11  (cm) 
 

 

1.<1 
2. ≥ 1 to 2 
3.>2                                                  

Servings/ 
day 

1. 71.5  
(SD 9.7) 
2. 74.1  
(SD 11.6) 
3. 78.1  
(SD 10.6) 

 
As above    

14208 
 

  
    

Waist 
circumference 
at age 13  (cm) 
 

 

1.<1 
2.≥ 1 to 2 
3.>2                                                  

Servings/ 
day 

1. 77  
(SD 9.8) 
2. 79  
(SD 11.1) 
3. 83.7  
(SD 11.8 ) 

 
As above    

14209 
      

Waist 
circumference 
at age 15  (cm) 
 

 

1.<1 
2.≥ 1 to 2 
3.>2                                                  

Servings/ 
day 

1. 77.8  
(SD 9.3) 
2. 79.1  
(SD 10.6) 
3. 81.6  
(SD 11.9) 

 
As above    

13375 
(Johnson et al., 
2007)  ALSPAC 

UK        

(5) 
 
%M not 
reported 
  

692 
4 years 
(25) 

Food diary  

Full-calorie sugar 
sweetened 
beverages (fruit 
squash, cordial, fizzy 
drinks with added 
sugar) 

Total body fat  
 
DEXA  

    
1 serving/ 
day 

  
-0.15 (-
0.54, 0.24)    

0.45 

BMI, Education, 
Energy density, fat 
intake, Fibre, Height, 
TV, Parental 
overweight, 
SES/Class, Gender     

17599 
ALSPAC  

 
    

100% fruit juices 
and concentrates 

Total body fat  
 
DEXA  

    
1 serving/ 
day 

  
-0.11 -0.61, 
-0.38)  

0.66 As above     

13608 
(Libuda et al., 
2008)  The 
DONALD Study 

Germany, 
Age 11-18y       

9-18 (12) 
 
%M 51 

1170 5 years Food diary  

Energy from regular 
soft drinks at 
baseline 
(carbonated and 

Percentage 
body fat  
 
Skinfolds  

Male   1 MJ/day   -0.033 0.92 

Age, energy intake, 
Birth-weight,  
Maternal BMI, 
Maternal Education, 
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Result ID/ 
Reference/ 
Cohort Name 

Country, 
Ethnicity, 
Inclusion 
criteria 

Age 
range  
(mean) 
 %Male 

(Cases)
/Total 

Follow 
Up (% 
loss) 

Diet 
Assessment 

Exposure 
Outcome/ 
Assessment 
Details 

Sub-
group 
details 

Contrast 
(mean) 

Exposure 
Units 

Mean 
outcome 
(SD) 

Beta 
coefficient 
(SE)/(CI) 

p Adjustments  

non-carbonated 
sugar sweetened 
drinks such as 
lemonades, iced tea 
and both diluted 
and sugar 
sweetened fruit 
juice drinks) 

Assessment period, 
Year at birth, Years 
of adolescence   

13609 
The DONALD 
Study 

     
  Female   1 MJ/day   0.006 0.987 As above    

17592 
The DONALD 
Study 

     

Energy from 100% 
fruit juice at 
baseline  

Percentage 
body fat  
 
Skinfolds  

Male   1 MJ/day   -0.058 0.874 As above    

17596 
The DONALD 
Study 

 
 
    

Energy from 100% 
fruit juice at 
baseline 

Percentage 
body fat  
 
Skinfolds  

Female   1 MJ/day   -0.265 0.426 As above    

14176 
(Mundt et al., 
2006)  Pediatric 
Bone Mineral 
Accrual Study 

Australia, 
Primarily 
White      

8-19 
 
%M 50.4 

208 5 years 
FFQ / 
Question-
naire  

Full-calorie sugar 
sweetened 
beverages 

Fat mass 
development  
 
DEXA  

Female   1 Oz/day   
-0.0188 
(0.0118) 

 NS 
Age, fat free mass, 
physical activity, 
energy intake      

14182 
Pediatric Bone 
Mineral Accrual 
Study 

      
  Male   1 Oz/day   

-0.0141 
(0.00846) 

 NS As above 

14187 
(Phillips et al., 
2004)  
Massachusetts 
Institute of 
Technology 
Growth and 
Development 
Study 

USA, 
Primarily 
White, BMI 
<30, 
Generally 
healthy     

8-12 
 
%M 0 

196 
6.9 years 
(28) 

FFQ (116) 
Energy from soda 
(only sugar-
sweetened) 

Percentage 
body fat  
 
Bioimpedance  

  

1. <0.74 
2. 0.74 to 
1.4 
3. 1.5 to 3.1 
4. ≥3.2  

 % Energy 
 

1. Referent 
2. 0.15 
3. 0.41 
4. 0.31 

1. N/A 
2. 0.57 
3. 0.18 
4. 0.35 
P trend 
0.23 

Parental Overweight, 
%Energy from 
protein        
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