Chapter 2: Markers of Cardiovascular Disease

Incident hypertension and blood pressure
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Background

Hypertension or ‘high blood pressure’ is a condition in which the systemic arterial blood pressure
is elevated. It is suggested that hypertension affects up to one quarter of the population worldwide
(Kearney et al., 2005). Hypertension is a major risk factor for stroke and myocardial infarction. It is
also a common cause of kidney disease. Hypertension, therefore, contributes significantly to
morbidity and mortality rates (Whelton, 1994).

Blood pressure readings relate both to when the heart is contracting (systole) and when it is
relaxing (diastole), thereby giving rise to the SBP and the DBP. Typically a sustained systolic
blood pressure (SBP) greater than 140mmHg and a sustained diastolic blood pressure (DBP)
greater than 90mmHg are termed hypertension. Guidance from the National Institute for Health
and Clinical excellence recommends that hypertension is diagnosed when after 2 visits the systolic
or diastolic or both are above 140/90mmHg. The threshold for offering drug treatment is
160/100mmHg or a SBP of more than 160mmHg. There are, however, a number of different cut-
offs relating to the degree of hypertension, and also to the thresholds for the treatment of
hypertension in different populations, for example the treatment threshold is 140/90mmHg if the
estimated 10-year cardiovascular risk is more than 20% or there is existing cardiovascular disease
or target organ damage. The aim of treatment is to reduce the blood pressure to 140/90mmHg or
below.

Although the diagnostic thresholds for hypertension imply a cut-off of CVD risk, this is not likely to
be the case (Collins et al., 1990;Lewington et al., 2002;MacMahon et al., 1990). Analyses of many
observational studies suggest that the lowering of systolic and diastolic readings are associated
with significant reductions in rates of stroke and coronary heart disease. In one study, a reduction
in DBP of 10mmHg was associated with reductions in death from stroke and heart disease by one
half — and that this effect was consistent across a range of blood pressures (Lewington et al.,
2002).

There are many possible causes of hypertension. Commonly, however, no cause is identified, and
this is termed essential hypertension. Essential hypertension accounts for over 90% of cases of
hypertension. The remaining 10% of cases are termed secondary hypertension and usually are
due to diseases affecting the heart, blood vessels, kidneys or endocrine system. Usually there are
no symptoms associated with hypertension. It is therefore important to screen for and treat the
condition.
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There are many treatments recommended for the management of hypertension including lifestyle
changes, pharmacological therapies and surgical options (National Institute of Clinical Excellence,
2004;British Cardiac Society et al., 2005;Wright and Musini, 2009). The prevention of hypertension
involves lifestyle changes such as the maintenance of a healthy weight, stopping smoking,
reducing alcohol consumption, and dietary changes including a low salt diet, rich in fruit and
vegetables (British Cardiac Society et al., 2005).

The average effect size noted in dietary intervention trials is generally relatively small. However,
these small effects, can translate into important reductions in the incidence of hypertension and
community burden of cardiovascular disease (Klag et al., 1990). A reduction in the SBP of
20mmHg or DBP of 10mmHg reduces the risk of death from stroke and ischaemic heart disease
by approximately one half (Lewington et al., 2002). Specifically, a reduction in DBP of 5, 7.5 and
10mmHg is associated with a reduction in stroke of 34%, 46% and 56% and coronary heart
disease of 21%, 29% and 37% respectively (MacMahon et al., 1990).

Hypertension commonly occurs in conjunction with other cardiovascular risk factors such as
diabetes mellitus, dyslipidaemia and obesity (Kannel, 2000). Whilst there is greater understanding
of the pathophysiology behind the rarer secondary hypertension, less is known about the link
between essential hypertension and cardiovascular sequelea. That is, secondary hypertension
may be due to an abnormality of a hormonal regulatory system (such as Cushing’s disease) or a
structural abnormality of the blood vessels (such as coarctation of the aorta). For essential
hypertension, it is believed that abnormalities resulting in excess blood volume, or increased total
peripheral resistance, or over-activation of the sympathetic nervous system contribute to its
pathophysiology.

Notably, just as there are many environmental causes of hypertension, including physical activity,
nutrition, social deprivation, alcohol consumption, there is a significant genetic element to the
aetiology of hypertension
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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;Committee on Medical Aspects of Food Policy, 1991).
Studies were initially scanned by title and abstract for relevance. Those deemed non-relevant
were omitted and those of relevance were passed through the inclusion/ exclusion criteria applied
to the current review. The papers noted below would not have been eligible for inclusion in this
review for the reasons listed.

Papers from COMA reports that did not meet inclusion criteria

The paper published before 1990 noted in the table below would not have been eligible for
inclusion in this review for the reasons listed.

Table 2.1 Study identified from previous COMA reports*: excluded

. Exclusion code that
Intervention

Authors, Year Intervention description . would be applied in Exclusion detail
duration/ follow up X X
this review
(Kanders et al., 1988) 1) Balanced deficit diet 12 weeks 3 No carbohydrate difference
2) Balanced deficit diet supplemented with between groups was
aspartame reported.

*(Committee on Medical Aspects of Food Policy, 1989;Committee on Medical Aspects of Food Policy,
1994;Committee on Medical Aspects of Food Policy, 1991)
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Papers from COMA reports that met inclusion criteria

The following paper published before 1990 would have been eligible for inclusion in this review.

Table 2.2 Previous cohort study in COMA reports*: included study

Authors/ Reference Population Recruitment  Dietary assessment method Length of follow- Initial cohort Losses to follow-up
characteristics of up (years) size (%)
participants

(Morris et al., 1977) Middle-aged men Community Diet was assessed via 7-day 20 years 337 10
Mean age: 30-67 cohort weighed dietary surveys
%Male: 100 administered twice. No
Country: UK details concerning validation
Ethnicity: Not stated of the dietary assessment

method were reported.

*(Committee on Medical Aspects of Food Policy, 1989;Committee on Medical Aspects of Food Policy,
1994;Committee on Medical Aspects of Food Policy, 1991)

One small cohort study published in 1977 provided evidence of intakes of total carbohydrate,
sugar and dietary fibre (from fruit, vegetables, potatoes, pulses, whole grain and cereal foods) and
blood pressure (Morris et al., 1977). No association was reported between blood pressure and the
nutrients of interest.

Summary of the evidence base

Cohort Studies
An overview of each cohort study that provides data for this chapter may be seen in Table 2.3.

In total, 12 papers provided data on 9 cohort studies. Of these, 8 studies followed cohorts of adults
(Schroeder et al., 2007;Ludwig et al., 1999;Steffen et al., 2005;Stamler et al., 2002;Dhingra et al.,
2007;Ascherio et al., 1992;Flint et al., 2009;Ascherio et al., 1996;Forman et al., 2009;Wang et al.,
2007), and one study followed participants aged 12-15 years at baseline (Boreham et al., 1999).

These cohort studies were mainly conducted in the USA (6 studies). One cohort study was
conducted in Japan (Kanda et al., 1999), and the study of adolescents was conducted in Northern
Ireland (Boreham et al., 1999). Most included both male and female participants, but 2 cohorts
studied only females (Ascherio et al., 1996;Forman et al., 2009;Wang et al., 2007) and 2 included
men only (Ascherio et al., 1992;Flint et al., 2009;Stamler et al., 2002).

The cohort study of Middle Aged Runners is unusual in that it tracked the health status of chronic
exercisers over a 10 year period (Schroeder et al., 2007). On average, at baseline these cohort
participants ran approximately 61 km/week. This decreased to 44 km/week after 10 years.
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Dietary assessment was mostly achieved through comprehensive food frequency questionnaires
(FFQ), but the Middle-Aged Runners study employed food diaries (Schroeder et al., 2007) and the
Northern Ireland Young Hearts Cohort used dietary recall (Boreham et al., 1999).

Length of follow-up ranged from a minimum of 4 years to a maximum of 18 years in the Health
Professionals Follow-up Study (Flint 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 middle-aged runners had just 91 participants at baseline (Schroeder et al., 2007), and the
largest was the Nurse’s Health Study with in excess of 121,000 participants (Ascherio et al.,
1996;Forman et al., 2009).

Observational data should be interpreted 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.

Trial Design

Sixty two publications from 59 randomised controlled trials provided information on the relationship
between blood pressure and aspects of dietary carbohydrate.

Details concerning the design, participants, duration and nature of the interventions are included in
Table 2.4. Seven studies employed a cross-over design (Swain et al., 1990;Black et al.,
2006;Lehtimaki et al., 2005;Landin et al., 1992;Appel et al., 2005;Andersson et al., 2007;Kleemola
et al., 1999), but the majority used a parallel group design.

None of the trials used children or adolescents as subjects, all were studies of adults. Most studies
included both male and female participants. Eight trials studied male participants only (Sciarrone
et al., 1993;Landin et al., 1992;Black et al., 2006;Philippou et al., 2009;Bell et al., 1990;Lovejoy et
al., 2003;Davy et al., 2002;Wood et al., 2007), and 12 studies recruited females only (Clifton et al.,
2004;Meckling and Sherfey, 2007;Bellisle et al., 2007;Dale et al., 2009;Birketvedt et al.,
2000;Pasman et al., 1997;Surwit et al., 1997;Gardner et al., 2007;Howard et al., 2006b;Tinker et
al., 2008;Jensen et al., 2008;Leidy et al., 2007;Brehm et al., 2003;Brehm et al., 2005;0'Brien et
al., 2005).
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Of the 59 trials that reported data on blood pressure, a minority used participants with a BMI less
than 25kg/m?. Four studies included participants with either a mean BMI less than 25kg/m?, or
specifically recruited individuals who were not overweight or obese (Landin et al., 1992;Kleemola
et al., 1999;Lehtimaki et al., 2005;Swain et al., 1990). Additionally, the Women’s Health Initiative
Trial (Tinker et al., 2008;Howard et al., 2006a) included a large proportion of participants who were
less than BMI 25kg/m?. The evidence base is therefore mainly reliant on studies that have
explored the impact of dietary carbohydrate on individuals with pre-existing excess adiposity. The
aim of many of the trials included here was to determine the effect of dietary interventions
(involving carbohydrate) on body weight or fatness and there was frequently an explicit energy
restriction component to the interventions.

Neter et al. suggested that for every 1kg weight loss, SBP and DBP would decrease by 1mmHg
(Neter et al., 2003). A more recent systematic review of evidence linking long-term (2+ years)
weight and lifestyle changes to blood pressure changes for those with a body mass index (BMI) of
<35kg/m? reported that their findings were similar for SBP, but less predictable for DBP, possibly
due to the relative importance of initial DBP level in influencing degree of change (Aucott et al.,
2009).

Trials were conducted in the USA (25), Denmark (3), Australia (7), Spain (2), New Zealand (2), the
UK (3), Germany (1), Finland (3), France (2), Italy (1), Norway (1), Sweden (2), Switzerland (1),
the Netherlands (2), and 1 study was a European multi-centre trial. The evidence base therefore
comprises studies that are fairly well spread across Europe, the Antipodes and North America.

The duration of interventions are detailed in the Trials Characteristics Table, and ranged from 6
weeks to 6 years in the Women’s Health Initiative Dietary Modification Trial (Howard et al., 2006a),
with a median study duration of 12 weeks.

The average number of participants across all trials, except the very large Women’s Health
Initiative Dietary Modification Trial (Howard et al., 2006a;Tinker et al., 2008), was 87. Forty seven
trials were rather small, with less than 100 participants in total. Nine trials other than the Women’s
Health Initiative Trial recruited more than 150 participants (Sacks et al., 2009;Gardner et al.,
2007;Kleemola et al., 1999;de Luis et al., 2008;Frisch et al., 2009;Dale et al., 2009;Appel et al.,
2005;Ley et al., 2004;Dansinger et al., 2005).

Using data derived from a study designed to compare the reproducibility of blood pressure
measurements achieved using 24-ambulatory monitoring, clinic measurements or an oscillometric
wrist instrument used within the home environment, Uen et al. (Uen et al., 2009) estimated the
number of patients needed to detect a SBP and DBP difference of 5mmHg with a two-sided a risk
of 5% and a statistical power of 80%. Reproducibility of blood pressure measurements over a one
week period was highest using the wrist instrument, followed by 24-hour ambulatory monitoring.
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Reproducibility was similar between 24-hour ambulatory monitoring and clinic assessments.
Accordingly, the numbers needed to detect a 5mmHg difference between two groups of a trial
were estimated to be 65 and 19 for systolic and diastolic measures for 24-hour ambulatory
assessments and 64 and 23 respectively for clinic measures. On the basis of these estimates, on
an individual basis, a large number of studies included in this review are likely to have insufficient
power to detect a difference of 5SmmHg between dietary groups or groups. Therefore, where meta-
analysis was not possible, these individual studies should be interpreted cautiously.

In this review, most studies assessed blood pressure within a clinic setting. However, two trials
employed 24-hour ambulatory monitoring (Davy et al., 2002;Lee et al., 2009). For inclusion in the
meta-analysis however, where data from both methods were provided, we opted to include the
clinic measurements to maintain consistency between studies. We did not discriminate between
seated and supine blood pressure measurements within meta-analyses however.

It is generally observed that interventions that influence blood pressure usually have a more
marked effect in hypertensive persons (Appel et al., 1997). We have only included studies here on
individuals with normal or modestly raised blood pressure (see protocol) and so the majority of
studies have recruited subjects with blood pressure within the normal range. However, a small
number of studies have specifically recruited participants with pre-hypertension or slightly elevated
blood pressure (Appel et al., 2005;Davy et al., 2002;Maki et al., 2007a;Philippou et al., 2009;Wood
et al., 2007).
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Risk of bias

A summary of the risk of bias assessment is provided in Table 2.5. 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. The majority 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. Only one was judged to be ‘biased’ with
regard to allocation concealment (Brehm et al., 2003). Blinding of participants and researchers to
the various dietary approaches was more difficult to achieve, as might be anticipated with dietary
intervention trials. However, sixteen trials were judged to have ‘no bias’ in respect of participants’
awareness of the dietary intervention, and 21 trials were judged to have ‘no bias’ in respect of
researcher awareness (these generally overlapped). There was some evidence of incomplete
outcome reporting in 19 publications.
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Table 2.3 Characteristics of cohort studies (studies with grey shading are on children and adolescents)

Cohort Name Authors/ Reference Population characteristics Recruitment of Dietary assessment method Length of Criteria for defining hypertension Initial Losses to
participants follow-up cohort size  follow-up (%)
(years)
The CARDIA (Ludwig et al., 1999)  Young Black and White Community cohort Diet was assessed from a 700-item 10 Measured by research staff 5115 Not reported
Study Adults (4 sites: Alabama, FFQ for intake over the previous
Mean age: 18-30 lllinois, Minnesota, month and it was reported to be
%Male: 45.9 California) validated.
Country: USA
Ethnicity: Multi-ethnic
(Steffen et al., 2005) 15 Incident hypertension was defined as 5115 Not reported
SBP > 130mmHg, DBP > 85mmHg or
use of antihypertensive medication.
Chicago (Stamler et al., 2002)  Employed middle-aged men Community cohort Diet was assessed by standardised 9 Seated blood pressure 2107 Not reported
Western Mean age: 47.5 (40-55) interviews which were cross-checked measurements made by study
Electric Study %Male: 100 using a 195-item FFQ to assess usual physicians. Data expressed as a
Country: USA intake of foods and beverages during continuous variable.
Ethnicity: Not reported the preceding 28 days. This was
administered twice. No detail was
reported concerning validation of the
dietary assessment methods.
The (Dhingra et al., Mean age: 53 Community cohort Diet was assessed using a general 4 Seated blood pressure measurements 8997 Not reported
Framingham 2007) %Male: 43 questionnaire administered three made by study physicians. Incident
Heart Study Country: USA times and it was reported to be hypertension was defined as BP
Ethnicity: not stated validated. >135/85mmHg or by treatment for
hypertension.
Health (Ascherio et al., Male health professionals Occupational cohort Diet was assessed from a 131-item 4 Blood pressure was self reported as a 51529 9.7
Professionals’ 1992) Mean age: 40-75 FFQ administered at baseline and categorical variable. Validity of self-
Follow-Up %Male:100 then 4 years subsequently. This reports in a sub-sample confirmed by
Study Country: USA method was reported to be validated. medical record review.
Ethnicity: Primarily white The FFQ referred to the diet over the
previous year.
(Flint et al., 2009) 18 Self-reported physician diagnosis of 51529 Not reported
high blood pressure.
Japanese Blood (Kanda et al., 1999) Normotensive elderly Community cohort Diet was assessed using a general 4 Seated blood pressure was measured 948 Not reported
Pressure Study subjects questionnaire administered four by study physicians on an annual
Mean age: 60-69 times. No details concerning basis. Hypertension was defined as
%Male: 37 validation of the dietary assessment SBP > 140mmHg and/or DBP >
Country: Japan method were reported. 90mmHg and/or diagnosed as
Ethnicity: Japanese hypertensive before or during follow-
up.
Middle-aged (Schroeder et al., Chronically endurance- Community cohort Diet was assessed using 3-day food 10 Measured by research staff and 91 Not reported

Runners Study

2007)

trained runners
Mean age: 51
%Male: 62

Country: USA
Ethnicity: Not stated

diary records administered once.

reported as a continuous variable
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Cohort Name Authors/ Reference Population characteristics Recruitment of Dietary assessment method Length of Criteria for defining hypertension Initial Losses to
participants follow-up cohort size  follow-up (%)
(years)
The Northern (Boreham et al., Representative sample of Population sampled Diet was assessed by dietary recall 4 Measured by research staff and 509 1.7
Ireland Young 1999) adolescents from Northern cohort over the previous month. It was reported as a continuous variable
Hearts Project Ireland. administered twice and reported to
Mean age: 12-15 be validated.
%Male: 49.5
Country: Northern Ireland
Ethnicity: Primarily White
Nurses' Health (Ascherio et al., Female Health Occupational cohort Diet was assessed from a semi- 4 Incident hypertension was defined by 121700 0.9
Study 1996) Professionals quantitative 126-item FFQ which was meeting one of two criteria:
Mean age: 30-55 reported to be validated. previously being diagnosed with high
%Male: 0 BP (excluding during pregnancy) or
Country: USA being newly diagnosed with high BP.
Ethnicity: Primarily white
Nurses' Health (Forman et al., 2009)  Male and female health Occupational cohort Diet was assessed from a FFQ for 14 (NHS 11) Incident hypertension was defined by 88,540 Not reported
Study/ Nurses' professionals intakes over the previous year and it 18 (HPFS) meeting one of two criteria: (NHS)
Health Study I/ Mean age: 25-75 was reported to be validated. 20 (NHS) previously being diagnosed with high 97,315
Health %Male: not stated BP (excluding during pregnancy) or (NHS 1)
Professionals’ Country: USA being newly diagnosed with high BP. 37,375
Follow-Up Ethnicity: Primarily white (HPFS)
Study
The Women's (Wang et al., 2007) US female health Occupational cohort Diet was assessed once using a 10 Incident hypertension was defined by 39876 Not reported

Health Study

professionals free of CVD,
cancer and hypertension at
baseline.

Mean age: 54

%Male: 0

Country: USA

Ethnicity: Primarily White

validated 131-item FFQ.

meeting 2 1 of 4 criteria: self-reports
of new physician diagnosis, self-
reports of new antihypertensive
treatment, self-reports of SBP >
140mmHg or self reports of DBP 2>
90mmHg.
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Table 2.4 Trial characteristics

.. . . Trial design . . Diet/ Supplement A.Ctual .
Authors, Subject inclusion Characteristics Length of Intervention Intervention . s ies diet Funding
. .. (washout . . Total n Intervention description nutritional
Study Name criteria of participants . intervention  style groups L .. consumed  source
duration) characteristics
reported?
(Abete et al., No medical conditions  Spain Parallel 8 weeks Free living 32 1. Higher Gl diet 1. Individually prescribed diet 1.%E: C47.8P Government
2008) which influence Group Energy- diet plan within a strict dietary frame- 19.6 F 32.6 Yes support
outcomes 56% Male restricted, work repeated on a 3 day Fibre g/d:18.5
No medication plus 1 yr rotation basis. 84% of CHO Gl 60-65 units
Weight stable Age: (36) maintenance provided by rice and potatoes.
BMI: (32) 2. Lower Gl diet 2. Individually prescribed diet 2.%E: C50.2P
within a strict dietary frame- 18.3F 31.5
work repeated on a 3 day Fibre g/d:24.9
rotation basis. 84% of CHO Gl 40-45 units
provided by pasta and legumes.
(Andersson et =1 CHD risk factor Sweden Crossover 6 weeks Supplement 34 1. Wholegrain 1. Usual diet + whole grain 1.g/d:C143P28F Government
al., 2007) Age 30-70y products foods (Bread, bread, muesli & 8 Yes /Research
BMI 26-35 27% Male (washout 6 pasta) Minimum 50% Energy: 3180kJ/d institute
Uppsala weeks) wholegrain in provided foods = Fibre g/d:18 funding
Wholegrain Age: 35 - 112g wholegrain/day
Trial 70(59) 2. Refined grain 2. Usual diet + refined grain 2.g/d:C145P 23 F Swedish
products foods (Bread, muesli & pasta) 14 Diabetes
BMI: (28) Energy: 3340kJ/d Association
Fibre g/d:6
(Appel et al., Age >30y USA Crossover 6 weeks All food 191 1. High 1. High CHO diet provided 1.%E: C58P15F Intended Government/
2005) Generally healthy provided carbohydrate 2. High protein diet provided 27 diet NIH
No CVD, T2DM 55% Male (washout 3 2. High protein 3. High unsaturated fat diet 2. %E: CA8P25F
OMNI-Heart No medications which weeks) 3. High PUFA provided. 27
influence outcomes Age: (54) 3.%E: CA8P15F
Not hyperlipidaemic/ 37
hypercholesterolaemic ~ BMI: (30)
Prehypertension/
stage 1 HTN
Weight < 160kg
(Bell et al., Age 24-59y USA Parallel 6 weeks Substitution 60 1. Placebo 1. Step 1 diet with 57g of Yes General Mills
1990) Body weight >130% of Group cornflakes consumed each Inc.
ideal 100% Male morning.
Cholesterol between 2. Pectin 2. Step 1 diet with 57g of

the 50th and 90th
centile

Free of chronic
disease

No medications which
influence outcomes

Age: mean not
reported

BMI: mean not
reported

enriched cereal

3. Psyllium
enriched cereal

cornflakes containing oat bran,
sugar-beet fibre, white wheat
bran and high-methoxyl pectin
consumed each morning. 50%
total soluble fibre in cereal was
from pectin.

3. Step 1 diet with 57g of
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Actual

Authors, Subject inclusion Characteristics LiECLE Length of Intervention Intervention . s Dlet{ ?upplement diet Funding
. .. (washout . . Total n Intervention description nutritional
Study Name criteria of participants . intervention  style groups L. consumed  source
duration) characteristics
reported?
cornflakes containing oat bran,
sugar-beet fibre, white wheat
bran and psyllium consumed
each morning. 50% total soluble
fibre in cereal was from
psyllium.
(Bellisle et al., Age >18y France Parallel 12 weeks Free living 96 1. Low GI 1. Weight watchers program Yes Weight
2007) BMI >25 Group diet plan with a focus on low Gl foods. Watchers
Free of chronic 0% Male International
disease 2. Control 2. Weight watchers program Inc
No medication Age: 20-72
Women
BMI:25 - 40
(Birketvedt et Age 18-70y Norway Parallel 24 weeks Supplement 53 1. Energy In both groups: 24 tablets/d for Yes Not reported
al., 2000) BMI >27.5 Group restricted diet+ 8 weeks then 15 tablets/d up to
Generally healthy 0% Male mixed fibre 24 weeks + 1200kcal, 15g fibre
tablets weight reducing diet
Age: (40)
2. Energy 1. Supplement tablets contained
BMI: (28) restricted diet grain/citrus fibre. 6g fibre, 15%
+ placebo soluble/85% insoluble.
tablets
2. Placebo tablets content not
reported
(Black et al., BMI <35 UK Crossover 6 weeks All food 14 1. High sucrose 1. 25% energy provided as 1.%E: C55P11F Yes The Sugar
2006) No CHD, T2DM or HTN provided diet sucrose (solid food & 33 Bureau and
Not hyperlipidaemic/ 100% Male (washout 4 beverages). 55% CHO, 10-15% Energy 2484 kcal/d Suikerstichting.
hypercholesterolaemic weeks) PRO, 30-35% FAT, 18g/d fibre Fibre g/d:17
Age: (33) Government
2.%E: C55P12F funding
BMI: (27) 2. Low sucrose 2.10% energy provided as 33
diet sucrose (solid food & Energy 3176 kcal/d
beverages). 55% CHO, 10-15% Fibre g/d:18
PRO, 30-35% FAT, 18g/d fibre
(Brehm et al., Age >18y USA Parallel 6 months Free living 53 1. Low 1. Ad libitum food intake. Max 1. %E: C30P23F Yes American
2003) BMI 30-35 Group diet plan carbohydrate CHO intake 20g/d. CHO 46 Heart
American LC Familial CVD/CHD 0% Male increased to 40-60g/d if ketosis Energy 1302 kcal/d Association,
study 1 Generally healthy was induced after 2 weeks. Fibre g/d:8.4 research
No HTN or T2DM Age: (44) 2. %E: C53P18F institute
Weight stable 2. Moderate fat 2. American Heart Association 29 funding and
BMI: (34) Step 1 diet + restrict to Energy 1247 kcal/d NIH

1200kcal/d. Intended intake:
55% CHO, 15% PRO, 30% FAT

Fibre g/d:12.35
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(Brehm et al., <10% A body weightin ~ USA Parallel 4 months Free living 50 1. Low 1. Ad libitum food intake. Max 1.%E: C15P28F Yes American
2005) previous 6m Group diet plan carbohydrate CHO intake 20g/d. CHO 57 Heart
American LC Age >18y 0% Male increased to 40-60g/d if ketosis Energy 1288 kcal/d Association,
study 2 BMI 30-35 was induced after 2 weeks. research
Free of chronic Age: 44 2. %E: C53P18F institute
disease 2. Moderate fat 2. American Heart Association 29 funding and
BMI: (34) Step 1 diet + restrict to Energy 1339 kcal/d NIH
1200kcal/d. Intended intake:
55% CHO, 15% PRO, 30% FAT
(Cairellaetal., BMI>30 Italy Parallel 60 days Supplement 30 1. Balanced diet 1. Fibre tablets (vegetable, 1. Fibre g/d:6 Yes Not reported
1995) No CHD Group + fibre tablets citrus, cereal fibre, 6g/d) +
Sedentary occupation 27% Male balanced diet following 2 week
VLCD
Age: (36) 2. Balanced diet
+ placebo 2. Placebo tablets, plus balanced
BMI:31 - tablets diet following 2 week VLCD
47(37)
(Claessens et BMI >27 The Parallel 12 weeks Supplement 60 1. High 1. 50g/d consumed as a Yes Kerry Bio-
al., 2009) No HTN Netherlands Group carbohydrate flavoured drink Science,
Normal glucose supplement Almere, The
tolerance 28% Male Netherlands
Normal lipid profile 2. High protein 2.50g/d consumed as a
Weight loss >5% Age: 30 - supplement - flavoured drink
during run-in 60(45) casein
Weight stable
BMI: (33) 3. High protein 3. 50g/d consumed as a
supplement - flavoured drink
whey
(Clifton et al., BMI >27 Australia Parallel 12 weeks Free living 70 1. Very low fat 1. Diet was closely prescribed 1. %E: C65.4P Yes Meadow Lea
2004) No medications which Group diet plan and key foods were provided 21.7F116 Foods,
influence outcomes 0% Male Energy: 6004kJ/d Australia
No T2DM 2. High MUFA Fibre g/d:31.2
Age: (47) 2. Diet was closely prescribed
and key foods were provided 2. %E: C43.7P
BMI: (35) 21.3F35.3
Energy: 5972kJ/d
Fibre g/d:32
(Daleetal., BMI >27.5 New Zealand Factorial 2 years Free living 200 1. High MUFA 1. 40%CHO, 25%PRO, 21%MUFA 1. %E: C43P22F Yes Health
2009) diet plan diet 31 Research
0% Male g/d:C185P 88 F Council of New
2. High 2. 55%CHO, 15-20%PRO, 25- 61 Zealand
Age: (45) carbohydrate 30%FAT Energy: 6985kJ/d
diet Fibre g/d:23
BMI: (32) 2.%E: C47P22F
27
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g/d:C183P77F
46
Energy: 6192kJ/d
Fibre g/d:23
(Dansinger et >1 cardiac risk factor USA Parallel 12 months Free living 160 1. Atkins 1. Carbohydrate restriction (%E 1.g/d:C190P82F Yes NIH
al., 2005) BMI 27-42 Group diet plan 41 CHO). 80.5
Free of chronic 49% Male Energy 1846 kcal/d
disease 2.Zone 2. Macronutrient balance (%E Fibre g/d:13
No insulin therapy Age: (49) 42 CHO). 2.g/d:C198 P 90.4
No medications which F 66
influence outcomes BMI: (35) 3. Weight 3. Calorie restriction (%E 46 Energy 1886 kcal/d
watchers CHO). Fibre g/d:17.4
3.g/d:C202P 80F
4. Ornish 4. Fat restriction. (%E 55 CHO) 58
For all participants dietary Energy 1755 kcal/d
advice was strictly followed for Fibre g/d:14
the first 2 months. Participants 4,g/d:C237P74F
then selected their own 54.5
adherence levels. Energy 1711 kcal/d
Fibre g/d:14.5
(Davyetal., 50-75 year old men USA Parallel 12 weeks Substitution 36 1. Wheat group 1. 60g wheat cereal and 81g 1.g/d:C112P14F Yes Quaker Oats
2002) BMI 25-35 Group Frosted Mini-Wheats (14g/d of 3 and NIH
DBP 85-99mm and/or  100% Male dietary fibre) Energy: 2008kJ/d
American SBP 130-159mmHg Fibre g/d:14
Cereal Study Fibre <30g/d Age: (59) 2. Oat group
No CHD, T2DM 2. 60g oatmeal and 76g oat bran  2.g/d: C95P 21F
No medical conditions BMI: (29) ready-to-eat cold cereal 8
which influence (14g/day of fibre, 5.5g/d beta Energy: 2146kJ/d
outcomes glucan). Fibre g/d:14
Non smokers
Normal glucose
tolerance
Not extremely
athletic/active
(de Luis et al., BMI >30 Spain Parallel 2 months Free living 204 1. Low fat 1. Intended diet: 1500 kcal/d. 1. %E: C52P20F No, Not reported
2008) No CHD, T2DM or HTN Group diet plan 52% CHO, 20% PRO, 27% FAT 27 intended
24.5% Male 2. Low 2. Intended diet: 1507kcal/d. Energy 1500 kcal/d  diet only
Spanish carbohydrate 38% CHO, 26% PRO, 36% FAT 2.%E: C38P26F
Hypocaloric Age: (46) 36
Diet Study Energy 1507 kcal/d
BMI: (34)
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(de Luis et al., BMI >30 Spain Parallel 2 months Free living 131 1. Low fat 1. Intended diet: 1500 kcal/d. 1. %E: C53P20F No, Not reported
2009a) No CHD Group diet plan 52% CHO, 20% PRO, 27% FAT 27 intended
Spanish or T2DM 22% Male Energy 1500 kcal/d  diet only
Hypocaloric No medications which 2. Low 2. Intended diet: 1507kcal/d.
Diet Study influence outcomes Age: (46) carbohydrate 38% CHO, 26% PRO, 36% FAT 2. %E: C38P26F
Not hyperlipidaemic/ 36
hypercholesterolaemic ~ BMI: (35) Energy 1507 kcal/d
(de Luis et al., BMI >30 Spain Parallel 3 months Free living 118 1. Low 1. Intended diet: 1507kcal/d. 1. %E: C30.8 Yes Not reported
2009b) No CHD, T2DM or HTN Group diet plan carbohydrate 38% CHO, 26% PRO, 36% FAT Energy 1548 kcal/d
28% Male
Spanish 2. Low fat 2. Intended diet: 1500 kcal/d. 2. %E: F25.3
Hypocaloric Age: (46) 52% CHO, 20% PRO, 27% FAT Energy 1613 kcal/d
Diet Study
BMI: (35)
(Delbridge et Age 18-70y Australia Parallel 12 months Free living 141 1. Low fat, high 1. Low fat, high protein (30%) 1.%E: C40P30F No, Meat &
al., 2009) BMI >27 Group Weight diet plan protein diet prescribed for weight 30 intended Livestock
Generally healthy 50% Male maintenance weight maintenance diet only Australia
plan maintenance
Age: 44 following 3 diet
month 2. Low fat, high 2. Low fat, high carbohydrate 2. %E: C55P15F
BMI: 39 weight loss carbohydrate diet prescribed for weight 30
weight maintenance
maintenance
diet Diets isocaloric
(Ebbeling et Age 18-35y USA Parallel 6 months Free living 73 1. Low GL diet 1. Ad libitum low GL foods. Approx from Yes National
al., 2007) BMI >30 Group intensive, 12 diet plan Target: 40% CHO, 25% PRO, 35% figures: Institute of
Generally healthy 21% Male month FAT. 1.%E: C40P21F Diabetes &
No medication follow up. 2. Low fat diet 2. General healthy eating 36 Digestive &
No recent weight loss Age: 18 - Monthly advice. Target: 55% CHO, 25% Energy 1600 kcal/d Kidney
program 35(27) group PRO, 20% FAT. Ad libitum Fibre g/d:12 Diseases,
Non smokers workshops consumption. Charles H.
No T2DM BMI: mean not through-out 2.%E: C53P21F Hood
reported 18 mo 25 Foundation
Energy 1500 kcal/d and National
Fibre g/d:10 Centre for
Research
Resources
(Ebbeling et Age 18-35y USA Parallel 6 months Free living 34 1. Low Gl diet 1. Ad lib low Gl food, 45-50% 1. %E: C47.2P Yes National
al., 2005) BMI >27.5 Group strict, 6-12 diet plan CHO, 30-35%FAT. 21.1F33 Institute of
Healthy 12% Male mo less GL 53 g/1000kcal Energy 1391 kcal/d Diabetes &
strict Fibre g/d:20.7 Digestive &
Age: 28 2. Low fat diet 2. Meal plans based on an Kidney
exchange system, energy deficit 2. %E: C59.4 P Diseases,
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BMI: obese of 250-500kcal/d. 18.7F23.4 Charles H.
GL 77 g/1000 kcal Energy 1409 kcal/d Hood
Fibre g/d:17.8 Foundation
and National
Centre for
Research
Resources
(Foster et al., No medications which USA Parallel 12 months Free living 63 1. Low 1. Atkins diet book provided. 1. <20g CHO for 1% No, NIH
2003) influence outcomes Group diet plan carbohydrate Low CHO, high FAT, high PRO 2 wks, rising until intended
Without chronic 32% Male diet desired wt. diet only
disease 2. Conventional 2. LEARN weight management achieved. 60%
Age: (44) diet plan diet. High CHO, low FAT, energy participants ketotic
restricted diet (1200-1500kcal/d in first 8 wks,
BMI: (34) for women and 1500- falling to 20% at 1
1800kcal/d for men). yr
2.%E: C60P15F
25
(Frisch et al., Age 18-70y Germany Parallel 6 months, Free living 200 1. Moderate 1. Prescribed diet: <40% CHO, 1.%E: C40.9P Yes German Health
2009) BMI 25-30 Group plus 6 mo diet plan carbohydrate 25% PRO, >35% FAT. Energy 19.3F 36.5 Insurances &
Generally healthy 31% Male follow up diet deficit >500kcal/d. Energy 1742 kcal/d the 'Institute
for Applied
Age: (47) Weekly 2. High 2. Conventional low fat diet. 2.%E: C49.5P Telemedicine'
phone carbohydrate Prescribed diet: >55% CHO, 15%  17.7 F 29.7
BMI: (34) contact 1% 6 diet PRO, <30% FAT. Energy deficit Energy 1783 kcal/d
mo, then >500kcal/d.
continue
diet for next
6 mo
(Gardner et Generally healthy USA Parallel 12 months Free living 311 1. Atkins: low 1. Atkins diet: very low in 1. %E: C17.7P Yes NIH
al., 2007) Moderate alcohol Group diet plan carbohydrate carbohydrate 27.7 F54.7
A to Z Weight intake 0% Male 8 wks Energy:
Loss Study No T2DM intensive 2. Zone: 2. Zone: reduced carbohydrate 5781.97kJ/d
Pre-menopausal Age: (41) weekly moderate Fibre g/d:11
Weight stable sessions, carbohydrate 2. %E: C42P23.7
BMI:27 - continue 3. Ornish: high 3. Ornish: high carbohydrate F34.8
40(32) diets w. carbohydrate intake Energy: 6091.8k)/d
email and 4. LEARN program (data not Fibre g/d:16.9
telephone extracted) — lifestyle, exercise, 3. %E: C63.1P
contact until attitudes, relationships, 16.9F21.1
12mo post nutrition Energy: 5895kJ/d
random- Fibre g/d:22.1
isation
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(Golay et al., Able to participate in Switzerland Parallel 6 weeks All food 54 1. Dissociated 1. 1100 kcal/day. 47% 1.%E: C47P27F No, Not reported
2000) physical activity Group provided low energy diet carbohydrates and 25% lipids. 25 intended
BMI >30 24.1% Male Participants were not allowedto  g/d: C123P71F diet only
Highly motivated to consume lipids and 29
lose weight Age: (44) carbohydrates simultaneously. Energy: 4600kJ/d
2. Balanced low
BMI: (39) energy diet 2. 1100 kcal/day. 42%
carbohydrates and 31% lipids. 2. %E: C42P27F
Participants were allowed to 31
consume all macronutrients g/d: C114 P72 F 38
simultaneous Energy: 4600kJ/d
(Heetal., BMI <35 USA Parallel 12 weeks Substitution 110 1. Oat bran and 1. 60g oat bran in a muffin and 1.g/d:C1133P24 No, NIH &
2004) Generally healthy Group oatmeal 84g of oatmeal squares cereal F13.7 intended Research
No CHD, T2DM or HTN  40% Male daily. Soluble fibre 8.1g/d, beta Energy 652 kcal/d diet only institute
American No medications which glucan 7.3g/d, insoluble fibre Fibre g/d:15.9 funding
Fibre Study influence outcomes Age: (48) 7.7g/d
Not hyperlipidaemic/ BMI: (29) 2.g/d:C108.4 P
hypercholesterolaemic 2. Refined 2. 93g refined wheat in a muffin ~ 10.8 F11
wheat and corn and 42g of corn flakes cereal Energy 567 kcal/d
daily. Soluble fibre 0.9g/d, beta Fibre g/d:2.7
glucan 0g/d, insoluble fibre
1.5g/d
(Howard et Age 50-79y USA Parallel 6 years Free living 48835 1. Low fat 1. Advice: reduce fat intake to 1. %E: C53.9P Yes National Heart,
al., 2006b) Fat intake >32% Group diet plan 20%, increase fruit, vegetables 17.7 F 28.8 Lung, and
The Women'’s Post-menopausal 0% Male and wholegrains Energy 1432 kcal/d Blood Institute
Health 2. Control 2. Received information relating  Fibre g/d:19.6
Initiative Age: (62) to health and healthy diets 2. %E: C45.9P
Dietary 17.1F37
Modification BMI: (29) Energy 1546 kcal/d
Trial Fibre g/d:14.4
(Jensenetal., Age 20-40y Denmark Parallel 10 weeks Substitution 55 1. Low Gl diet 1. Received low Gl test foods in 1. %E: C81.2P Danone
2008) BMI 25-30 Group place of their usual CHO rich 12.8F5.9 Nutrients Vitapole. Food
Generally healthy 0% Male foods (wholegrain wheat bread, Energy: 4860kJ/d of donated by
Moderate alcohol wholegrain rye bread, mashed Fibre g/d:29.3 provided Masterfoods
intake Age: 20-40 potato, pasta, long grain rice) foods a.s., Denmark,
No medical conditions Euryza GmbH,
which influence BMI: (28) 2. High Gl diet 2. Received high Gl test foods in Germany, and

outcomes

No medication, HTN,
smokers

Not extremely
athletic/active

place of their usual CHO rich
foods (wheat bread, rye bread,
mashed potato, pasta, round
grain rice)

2. %E: C81.7P
126 F5.7
Energy: 4886kJ/d
Fibre g/d:32.2

Aim for 55-60%
energy from
carbohydrate, 20-

by Cerealia
R&D, Schulstad
Brgd A/S,
Denmark
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30% energy from
fat
(Keogh et al., Age 20-65y Australia Parallel 12 weeks Free living 44 1. Low 1. Energy restricted, low CHO 1.%E: C33P40F No, Research
2007) BMI 27-40 Group diet plan carbohydrate diet, low in saturated fat. 27 intended institute
Moderate alcohol 32% Male Active diet Fibre g/d:26 diet only funding
intake weight loss
No HTN or T2DM Age: (49) phase 1-12 2. High 2. Energy restricted, high CHO
No medications which wk, monthly carbohydrate diet, low in saturated fat. 2. %E: C60P20F
influence outcomes BMI: (33) dietitian diet 20
meeting Fibre g/d:40
until wk 52
(Keogh et al., > 1 metabolic Australia Parallel 8 weeks Free living 117 1. Low 1. 30% energy restriction. Some 1.%E: C5P35F Yes Research
2008) syndrome risk factor Group diet plan carbohydrate, key foods were provided top aid 59 institute
Abdominal obesity % Male: men high SFA compliance. Intended diet: g/d:C20P 133 F funding
No CHD and women 4%CHO, 35%PRO, 61%FAT 103
or T2DM Energy: 6608kJ/d
Age: 24 - 2. High 2. 30% energy restriction. Some Fibre g/d:13
64(50) carbohydrate, key foods were provided top aid
low SFA compliance. Intended diet: 2. %E: CA7P24F
BMI:27 - 46%CHO, 24%PRO, 30%FAT 28
44(34) g/d:C172P87F
47
Energy: 6590kJ/d
Fibre g/d:32
(Kleemola et BMI >20 Finland Crossover 6 weeks Substitution 224 1. Group 1- Cereal diet: 60 g/d for women 1. %E: C55.3P Yes Not reported
al., 1999) Not breakfast cereal Cereal diet first and 80 g/d for men, either 16.3 F 28.5
eater 45% Male (washout 6 Cornflakes or Rice Krispies. Energy 2094 kcal/d
Moderate alcohol weeks) 2. Group 2- Control diet: follow usual habits  Fibre g/d:22.3
intake Age: 29-71 Control diet first
No medications which 2. %E: C49P 16.3F
influence outcomes BMI:>20 3. Group 1- 34.6
Non diabetic Control diet Energy 2063 kcal/d
Not very low second Fibre g/d:21.3
saturated fat intake
4. Group 2- 3. %E: C50.5P
Cereal diet 16.6 F 32.9
second Energy 2004 kcal/d
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No change in
medications which
influence outcomes
within previous 3m
No untreated HTN
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Weight stable
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Fibre g/d:22.3
4. %E: C55.4P15.7
F 28.8 Fibre g/d:
21.3
Energy 1963 kcal/d
Generally healthy Sweden Crossover 1. Guar gum 1. Ten grams granulated guar 1.g/d:C445P 14F Research
Middle-aged adults given in a glass of water, 3 times 92 institute
Not extremely 100% Male (washout 2 a day before meals. Energy 2875 kcal/d funding:
athletic/active weeks) Nordisk Insulin
Not obese Age: (52) 2. Placebo 2. Granulated gelling starch fond and the
WHR of 0.91 given in a glass of water, 3 times  2.g/d: C445P 14 F Swedish
BMI: (25) a day before meals. 92 Nutrition
Energy 2875 kcal/d Foundation &
Goteborg
Medical
Society.
Age 20-70y Australia Parallel 1. Control 1. Replaced 15-20% TE with 1.8/d:C45.2P 9.6 Government
BMI 25-35 Group bread white bread F4.6 funding
Fasting plasma glucose  25% Male Fibre g/d:2.7
<5.6mmol/I
Free of chronic Age: mean not 2. Lupin 2. Replaced 15-20% TE with 2.g/d:C24.9P
disease reported flour bread lupin kernal flour-enriched 15.8F 3.6
Moderate alcohol bread (high protein, high fibre) Fibre g/d:9.5
intake BMI: mean not
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(Lehtimaki et Age 18-65y Finland Crossover 3 months Supplement 130 1. Encapsulated 1. 1.2 g chitosan twice daily Yes Research
al., 2005) Healthy microcrystalline  (total 2.4g/d). institute &

Not recently involved 42% Male (washout 0 chitosan University

in any trial days) 2. 1.2 g starch twice daily. funding and

Stratified by Age: (44) 2. Starch the Finnish

apolipoprotein E capsules Cultural

genotype BMI: (26) Foundation
(Leidy et al., Age >18y USA Parallel 12 weeks Free living 54 1. High protein, 1. 750 kcal/d energy-deficit diet, 1. %E: C45P30F No, University
2007) BMI >25 Group diet plan energy 30% PRO 25 intended funding & the

Non smokers 0% Male restricted Energy: 1560 diet only National Pork
American Normal blood profiles kcal/d Board
Protein Study Normal glucose Age: 28 - 80 2. Moderate

tolerance protein, energy 2. 750 kcal/d energy-deficit diet, 2. %E: C57 P18 F

Stable activity level BMI:26 - 37 restricted 18% PRO 25

Weight stable Energy: 1440

Women kcal/d
(Ley et al., Age >40y New Zealand Parallel 12 months Free living 176 1. Control 1. No intervention 1. %E: C45.6 P Yes National Heart
2004) Impaired glucose Group diet plan 16.6 F 33.8 Foundation of

tolerance 74% Male Energy: 9500kJ/d New Zealand,
New Zealand Fibre g/d:19.95 Research
Diabetic Age: >40 (53) funding and
Workforce 2.%E: C54.5P the Lotteries
Study BMI: 29 2. Low fat 2. Education for dietary fat 18.6 F 25.9 Medical Board

reduction Energy: 7900kJ/d
Fibre g/d:21.33

(Lovejoy et al.,  Age 18-70y USA Parallel 9 months All food 45 1. Control 1. 33%FAT 1.%E: C52P15F No, Government
2003) BMI 25-35 Group provided 2. 25%FAT. Diet designed to be 33 intended funding &

Generally healthy 100% Male 2. Fat reduced 11% lower energy than control diet only Procter &
Ole Study Non smokers diet 2. %E: C58P17F Gamble Co.

Not extremely Age: (37) 3. Fat 3. 1/3 of dietary fat replaced by 25

athletic/active substituted olestra (25% metabolizable fat).

Weight stable BMI: (31) This group will not be included

in the review.

(Maki et al., Age >40y USA Parallel 12 weeks Substitution 97 1. Oat beta- 1.90g/d oat bran cereal + 60g/d  1.g/d:C124.3P Yes Quaker Oats
2007a) DBP 85-109mmHg Group glucan cereal oatmeal + 20g/d powdered oat 20.3F 8.9 Company

Fibre <20g/d 55% Male beta-glucan. 7.7g/d beta glucan Energy: 658 kcal/d

Mid upper arm Fibre g/d:17.3

circumference <42cm Age: >40 2.90g/d wheat cereal + 65g/d

No CHD low fibre hot cereal oatmeal + 2.g/d:C139.5P 10

or T2DM BMI: (32) 2. Wheat cereal 12g/d maltodextrin powder F2.1

SBP 130-179mmHg

Energy: 641 kcal/d
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Waist circumference Fibre g/d:1.9
>96.5 (m) >88.9 (f)
(Maki et al., <4.5kg A weight in USA Parallel 36 weeks Free living 86 1. Ad libitum 1. Dietary advice ad libitum 1.g/d:C69P97F Yes Kraft Foods
2007b) previous 2m Group diet plan low GL diet reduced-glycaemic-load (Gl 80
Age 18-65y 32.6% Male average =48, GL=8173 Energy: 1365
Generally healthy carb*Gl) kcal/d
No untreated HTN Age: (50) Fibre g/d:11
Non smokers BMI: (32)
No T2DM 2.Reduce fat intake, decrease 2.g/d:C168P75F
Waist >87cm(F) or 2. Low fat, portion sizes, target energy 62
>90cm(M) energy deficit 500-800 kcal/d Energy: 1525
restricted (Gl average =51, GL= 12118 kcal/d
carb*Gl) Fibre g/d:12
(Marett and Age 18-55y USA Parallel 6 months Supplement 54 1. Placebo 1. Rice starch 8.4g/d added to Yes The Sota-Tec
Slavin, 2004) Generally healthy Group food or drinks Fund
No BMI or BP criteria 52% Male
2. Larch 2. 8.4g/d Larch arabinogalactan
Age: (29) arabinogalactan  (non viscous soluble fibre)
added to food or drinks
BMI: mean not 3. Tamarack
reported arabinogalactan 3. 8.4g/d Tamarack
arabinogalactan (non viscous
soluble fibre) added to food or
drinks
(Meckling et BMI >25 Canada Parallel 10 weeks Free living 40 1. Low fat 1. Energy restriction was 1. %E: C61.9P Yes Research
al., 2004) Generally healthy Group diet plan matched to the low CHO group 19.5F17.8 institute
Highly motivated to 29% Male Energy: 6077kJ/d funding
lose weight Fibre g/d:20.3
No medications which Age: 24 -61 2. Low 2. CHO 50-70 g/d plus
influence outcomes carbohydrate concomitant energy restriction 2. %E: C15.4P
BMI: (32) 26.2 F55.5
Energy: 6421kJ/d
Fibre g/d:8.9
(Mecklingand  BMI 25-30 Canada Parallel 12 weeks Free living 60 1. Hypocaloric 1. Hypoenergetic (-500kcal/day). 1. %E: C49.5P 16 Yes Not reported
Sherfey, 2007)  No chronic illness Group diet plan control diet Target PRO:CHO ratio 1:3 (WHO  F33.8
No CHD/ T2DM 0% Male 2. Hypocaloric standards) g/d:C171P56F
No medication control diet + 53
Pre-menopausal Age: (43) exercise 2. Hypoenergetic (-500kcal/day).  Energy: 5822kJ/d
3. Hypocaloric Target PRO:CHO ratio 1:3 (WHO
BMI: (30) protein rich diet  standards). Supervised circuit 2. %E: C50.2P

4. Hypocaloric
protein rich diet
+ exercise

training exercise 3d/week

3. Hypoenergetic (-500kcal/day).
Target PRO:CHO ratio 1:1 (Fat

18.4F29.4
g/d:C160P 59 F
42

Energy: 5271kJ/d
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Actual

Authors, Subject inclusion Characteristics LiECLE Length of Intervention Intervention . s Dlet{ ?upplement diet Funding
. .. (washout . . Total n Intervention description nutritional
Study Name criteria of participants . intervention  style groups L. consumed  source
duration) characteristics
reported?
intake >30%).
3. %E: C36.6P
24.3F 38.6
g/d:C127P 84 F
60
Energy: 5787kJ/d
(Noakes et al., =1 CHD risk factor Australia Parallel 12 weeks Free living 83 1. Very low All groups were isocaloric with 1.%E: C12.4P Yes The National
2006) BMI >28 Group diet plan carbohydrate 30% energy restriction during 30.5F54.3 Heart
17% Male 2. Very low fat weeks 1-8, weight maintenance  Energy: 7706kJ/d Foundation of
3. High weeks 9-12. 36% of key foods 2. %E: C66 P 20.3 Australia
Age: (48) unsaturated fat provided to aid compliance F12.5
BMI: (33) Energy: 7000kJ/d
3. %E: C48.7P
21.4F 28
Energy: 7659kJ/d
(O'Brienetal., Age>18y USA Parallel 3 months Free living 42 1. Moderate fat 1. American Heart Association Yes University
2005) BMI 30-35 Group diet plan Step 1 diet + restrict to funding, NIH &
No CHD, T2DM or HTN 0% Male 1200kcal/d. Intended intake: American
American LC No weight A >10% in 2. Low 55% CHO, 15% PRO, 30% FAT Heart
study past 6m Age: (44) carbohydrate Association
2. Ad libitum food intake. Max Grant-in-Aid
BMI: (34) CHO intake 20g/d. CHO
increased to 40-60g/d if ketosis
was induced after 2 weeks.
(Olendzki et Age 18-70y USA Parallel 3 months Free living 31 1. Hypo- In all conditions, energy 1. %E: C51.4P F Yes Not reported
al., 2009) BMI >25 Group diet plan energetic high restriction goal plus: 27.6
16% Male fibre Energy: 1511
2. Hypo- 1. Increase fibre to 30g/day kcal/d
Age: (48) energetic low Fibre g/d:24.6
saturated fat 2. saturated fat < 7% 2. %E: C49.9P F
BMI: (31) 3. 27.5
Hypo=energetic 3. low saturated fat <7% and Energy: 1523
high fibre and high fibre > 30g kcal/d

low saturated
fat

Fibre g/d:17.4

3. %E: C52.1P F
26.2

Energy: 1511
kcal/d

Fibre g/d:23.7
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Actual

Authors, Subject inclusion Characteristics LiECLE Length of Intervention Intervention . s Dlet{ ?upplement diet Funding
. .. (washout . . Total n Intervention description nutritional
Study Name criteria of participants . intervention  style groups L .. consumed  source
duration) characteristics
reported?
(Pasman et BMI >30 The Parallel 14 months Supplement 39 1. Guar gum - 1. 20g partially hydrolysed guar Nb. groups 1 and 3 Yes Sandoz
al., 1997) Energy restriction Netherlands Group High gum in 2x10g doses daily to be are post-hoc Nutrition Ltd
during trial run-in compliance consumed in afternoon and defined — subjects (Novartis
Weight loss >5kg 0% Male evening. Dissolved in 200ml not randomised to Nutrition)
during run-in water/coffee/orange juice. High  these groups
Age: (41) 2. Control compliance - consumed >80% initially
supplements 1.5.8 MJ/d
BMI: (33) 3. Guar Gum - 2. Nothing was provided as 2.6.6 MJ/d
Low compliance  placebo to the control group 3.7.0 MJ/d
3. 20g partially hydrolysed guar
gum in 2x10g dose. 50-80%
compliant
(Pereiraetal.,  Age 18-35y USA Parallel Mean All food 39 1.Hypoenergetic 1. Energy restricted low 1.%E: C43P27F Yes National
2004) BMI >25 Group interval from  provided low GL glycaemic load diet (60% of 30 Institute of
Generally healthy 23.7% Male baseline to diet predicted requirements). Gl 50, Energy: 1500 Diabetes, NIH,
No medications which follow-up = GL 82 kcal/d Digestive and
influence outcomes Age: (31) 65d in low Fibre g/d:32 Kidney
No recent weight loss GL group 2.Hypoenergetic 2. Energy restricted low fat diet Diseases,
program BMI: mean not and 69d in low fat (60% of predicted 2.%E: C65P17F Charles H.
Non smokers reported low fat diet requirements). 18%FAT. Gl 82, 18 Hood )
Not extremely GL 205. NCEP Step 1 diet Energy: 1500 Foundanon.and
athletic/active kcal/d General Mills
Weight stable Fibre g/d:20
(Philippou et >1 cardiac risk factor UK Parallel 6 months Substitution 56 Those with BMI>25 also Both groups Yes British Heart
al., 2009) (BMI 27-35 kg/m2, Group received weight management decreased El Foundation
waist 294 cm, total 100% Male advice (greater in low GI
cholesterol to high- 1. High GI group), but no
density lipoprotein Age: 35-65 1. High GlI, carbohydrate foods macronutrient
ratio >5.0, raised BP (e.g. white/wholemeal bread, differences
up to a maximum of BMI: mean not cornflakes, weetabix, potatoes, between groups
140/90mmHg) reported couscous, risotto rice, melon,
No medication pineapple, rice cakes)
2. Low Gl
2. Low Gl, carbohydrate foods
(e.g. seeded bread, wholemeal
pita, muesli, porridge, sweet
potatoes, pasta, noodles,
basmati slow-cook rice, beans,
lentils, apples, dried fruit, nuts)
(Phillips et al.,  Age 18-50y USA Parallel 6 weeks All food 28 1. Low 1. Isocaloric groups. Low 1.g/d:C20 No, all NIH & the
2008) BMI 29-39 Group provided carbohydrate carbohydrate Atkins-style diet food Medical
Generally healthy 25% Male diet (20g/d CHO). 750kcal/d energy provided College of
No CHD, T2DM or HTN deficit weeks 1-4 weeks. Wisconsin
Non smokers Age: mean not 2. Low fat diet 2. AHA low fat diet (30% total 2.%E: F 30 Cardiovascular

Not hyperlipidaemic/

reported

energy from fat). 750kcal/d
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Actual

Authors, Subject inclusion Characteristics LiECLE Length of Intervention Intervention . s Dlet{ ?upplement diet Funding
. .. (washout . . Total n Intervention description nutritional
Study Name criteria of participants . intervention  style groups L .. consumed  source
duration) characteristics
reported?
hyper- energy deficit weeks 1-4. Centre
cholesterolaemic BMI: mean not
reported
(Poppitt etal., 23 metabolic Europe Parallel 6 months Free living 46 1. Low-fat, high- 1. 60-70% of the diet was 1. %E: F 26 Yes EU-FAIR
2002) syndrome risk factors Group diet plan simple provided. 17.6% energy from Energy: 7316kJ/d program and
Age >38y 31% Male carbohydrate simple CHO, 35.5% energy from European
No intention to begin diet complex CHO Sugar
a weight loss program  Age: (46) Industries
Not on weight loss 2. Low-fat high- 2. 60-70% of the diet was 2. %E: F 19.6
diet BMI: (32) complex provided. 28.9% energy from Energy: 9790kJ/d
Overweight/ Obese carbohydrate simple CHO, 28.5% energy from
diet complex CHO
3. Control diet 3. 60-70% of the diet was 3. %E: F31.2
provided. 20.6% energy from Energy: 8281kJ/d
simple CHO, 28.6% energy from
complex CHO
(Raben et al., Age 20-50y Denmark Parallel 10 weeks Supplement 42 From supplements:  Yes Government
2002) BMI 25-30 Group 1. Sucrose 1. Sucrose-containing food and funding &
Generally healthy 15% Male drinks provided ~2g/kg/day 1.g/d:C176 P9F Danisco Sugar.
Danish Not on weight loss (~23% total energy). 80% of 9
Sweetened diet Age: mean not sucrose within drinks and 20% Energy: 3349kJ/d
Beverage reported within food.
Study
BMI: 28 2. Sweetener 2. Food and drinks provided
matched sucrose intervention 2.g/d:C31P9F9
but contained artificial Energy: 963kJ/d
sweeteners
(Rigaud et al., Age 16-60y France Parallel 6 months Free living 52 1. Hypocaloric 1. Hypoenergetic (25-30% below Yes Not reported
1990) BMI >25 Group diet plan diet + fibre run-in period diet) diet with a
No medications which 21% Male tablets dietary fibre tablets (beet,
influence outcomes barley, citrus fibre, 90%
No T2DM Age: (37) insoluble) providing 7g/day.
Weight stable BMI: (29) 2. Hypocaloric

diet + placebo
tablets

2. Hypoenergetic (25-30% below
run-in period diet) diet with
placebo tablets containing 1g
fibre/d.
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Actual

Authors, Subject inclusion Characteristics LiECLE Length of Intervention Intervention . s Dlet{ ?upplement diet Funding
. .. (washout . . Total n Intervention description nutritional
Study Name criteria of participants . intervention  style groups L .. consumed  source
duration) characteristics
reported?
(Sacks et al., Age 30-70y USA Parallel 2 years Free living 811 ALL DIETS: energy deficit 1.%E: C57.5P Yes NIH
2009) BMI 25-40 Group diet plan 750kcal/d 17.6 F 26.2
No CVD 36% Male Contact 1. Low-fat, 1. 20% fat, 15% protein and 65%  Energy: 1636
or T2DM through-out average-protein ~ CHO. kcal/d
Age: (51) 2yrs 2. Low-fat, high- 2. 20% fat, 25% protein and 55% 2. %E: C53.4P
BMI: (33) protein CHO. 21.8F 25.9
3. High-fat, 3.40% fat, 15% protein and 45%  Energy: 1572
average-protein ~ CHO kcal/d
4. High-fat, 4. 40% fat, 25% protein and 35% 3. %E: C49.1P
high-protein CHO 18.4F 33.9
Energy: 1607
kcal/d
4.%E: C43P22.6
F24.3
Energy: 1624
kcal/d
(Saltzman et BMI 25-35 USA Parallel 6 weeks All food 43 1. Control 1. Hypocaloric (minus 4.2 MJ/d).  1.g/d:C234P82F Yes Quaker Oats
al., 2001) Generally healthy Group provided Same macronutrient 69 Company, NIH
Moderate alcohol 49% Male composition as intervention but  Energy: 7833kJ/d and
American Oat intake with 45g/1000 kcal of wheat Fibre g/d:12.5 Government
Study No HTN Age: (44.7) products instead of oats. funding
No medications which 2. Hypocaloric (minus 4.2 MJ/d).
influence outcomes BMI: (26.3) 2. Oats Same macronutrient 2.g/d:C229P79F
Non smokers composition as control but with 67
Not extremely 45g/1000 kcal of rolled oats. Energy: 7645kJ/d
athletic/active Fibre g/d:16.3
Weight stable
(Schwab etal.,  Abnormal glucose Finland Parallel 12 weeks Supplement 70 1. Pectin 1. Sugar-beet pectin, drinks. 1.%E: C51.3P Yes Danisco Ltd
2006) metabolism Group 400ml/day, containing 16g 17.8 F28.4
Age 30-65y 43.9% Male pectin, of which 76% soluble Energy: 7768kl/d
BMI <35 fibre
No CHD Age: (53)
No insulin treatment 2. Polydextrose 2. Polydestrose, drinks. 2. %E: C51.3P
Not taking lipid BMI: (29) 400ml/day, containing 40g/d 17.8F26.4
lowering drugs polydextrose Energy: 7978kJ/d
Plasma glucose <8 3. Placebo
mmol/I 3. Placebo drinks 400ml/d 3. %E: C53.2P
TC <7.5 mmol/I 18.8 F 26.3
TG <4 mmol/I Energy: 7978kJ/d
(Sciarrone et Age 30-59y Australia Parallel 6 weeks Free living 21 1. Omnivorous 1. Omnivorous diet 25% total 1.g/d: C314 P 100 Yes Research
al., 1993) No chronic illness Group diet plan diet energy complex carbohydrates, F114 institute
Normal BP only 100% Male 20% sugar + fibre intake Energy: 2658 funding; the
>120% ideal body <8g/1000kcal kcal/d National Heart
weight Age: (41) 2. Lacto- Fibre g/d:24 Foundation;
Omnivorous ovovegetarian 2. Lacto-ovovegetarian diet 35% the Clive &
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Actual

Authors, Subject inclusion Characteristics LiECLE Length of Intervention Intervention . s Dlet{ ?upplement diet Funding
. .. (washout . . Total n Intervention description nutritional
Study Name criteria of participants . intervention  style groups L. consumed  source
duration) characteristics
reported?

BMI: (26) diet total energy complex 2.g/d:C339P78F Vera
carbohydrates, 20% sugar + 86 Ramaciotti
fibre intake of approx Energy: 2437 Foundation
20g/1000kcal kcal/d and Sanitarium

Fibre g/d:41 Health Foods
(Smith et al., <5kg A weight in USA Parallel 6 weeks Supplement 90 1. Beta glucan, 1. Low molecular weight barley Yes NIH
2008) previous 3m Group low molecular B-glucan. 6g B-glucan per day
Age 22-66y 29% Male weight was given as a dietary
BMI <30 supplement powder, consumed
Free of chronic Age: mean not as a beverage with morning and
disease reported evening meals.
Generally healthy 2. Beta glucan,
Mild to moderate BMI: mean not high molecular 2. High molecular weight barley
lipidaemias reported weight B-glucan. 6g B-glucan per day
No medications which was given as a dietary
influence outcomes supplement
Non smokers
(Surwit et al., Generally healthy UK Parallel 6 weeks All food 52 1. High sucrose 1. Hypoenergetic diet: low fat 1.%E: C73.3P Yes NIH and The
1997) No medications which Group provided diet high sucrose diet (43% TE from 18.7F 10.8 Sugar
influence outcomes 0% Male sucrose) Energy: 4552.2kJ/d Association,
Non smokers Fibre g/d:10.4 Inc and the
Sedentary only Age: 41 2. Low sucrose 2. Hypoenergetic diet: low fat, 2. %E: C70.9P Kellogg
diet low sucrose diet (4% TE from 19.3F 10.6 Company, Inc
BMI: 36 sucrose) Energy: 4840.9k)/d
Fibre g/d:14.9
(Swain etal., No HTN USA Crossover 6 weeks Supplement 24 1. Oat bran 1. Participants were asked to eat Yes National,
1990) Not hyperlipidaemic/ supplement muffins or entrees containing a 1.%E: Fat 35, fibre Heart, lung
hyper- 20% Male (washout 2 total of 100g oat bran/d. 39g/d, 2429 kcal and Blood
cholesterolaemic weeks) Institute & NIH
Not obese(<120% Age: 23 - 2. Low fibre 2. Participants were asked to eat oF: Fat 30, fibre
desirable body weight)  49(30) wheat muffins or entrees containing a 18g/d, 2315 kcal
Not taking lipid supplement total of 100g low fibre wheat/d.
lowering drugs BMI: mean not
reported
(Tinker et al., Age 50-79y USA Parallel 12 mo Free living 48835 1. Control 1. Received information relating 1. %E: C48 P 16.8 Yes NIH
2008) Fat intake >32% Group intensive diet plan to health and healthy diets F35
The Women's Post-menopausal 0% Male 8 years Energy: 1594
Health No type 2DM follow up 2. Low fat 2. Advice: reduce fat intake to kcal/d
Initiative No cancer Age: (62) 20%, increase fruit, vegetables Fibre g/d:15.5
Dietary and grains 2. %E: C58.5P
Modification BMI: (29) 17.6 F24.2
Trial Energy: 1502
kcal/d
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Authors, Subject inclusion Characteristics LiECLE Length of Intervention Intervention . s Dlet{ ?upplement diet Funding
. .. (washout . . Total n Intervention description nutritional
Study Name criteria of participants . intervention  style groups L .. consumed  source
duration) characteristics
reported?
Fibre g/d:18.5
(Vasilaras et Age 20-55y Denmark Parallel 6 months All food 30 1. Low-fat, high- 1. Consumption of provided 1.%E: C51.6P Yes
al., 2001) BMI 26-35 Group provided simple food was ad libitum and 15.3 F 25.7
Generally healthy 45.8% Male carbohydrate participants were allowed Energy: 10.8kJ/d EU-FAIR
CARMEN Moderate alcohol diet additional food outside those program,
intake Age: (42) provided. research
No medications which 2. Low-fat high- 2. %E: C49.3P institute
influence outcomes BMI: (31) complex 2. Consumption of provided 18.8 F26.4 funding & the
No weight loss >5kg in carbohydrate food was ad libitum and Energy: 10.5k}/d European
past 6m diet participants were allowed Sugar
Not extremely additional food outside those Industries
athletic/active 3. Control diet provided. 3. %E: C47.7P
Not on weight loss 17.2F31.3
diet 3. Consumption of provided Energy: 9.6kJ/d
food was ad libitum and
participants were allowed
additional food outside those
provided. Control diet
corresponds to average national
intake.
(Wolever and >1 diabetes risk factor USA Parallel 4 months Free living 37 1. High 1. Ad libitum diet. 55%CHO, 1.%E: C52.8P Yes Canadian
Mehling, Age 30-65y Group diet plan carbohydrate, 30%FAT. At least one serving of 17.4F 27.9 Diabetes
2002) BMI <40 20% Male high Gl a high Gl food with each meal. Energy: 1712 Association
Impaired glucose Provided foods included kcal/d and the
American GI &  tolerance Age: (57) breakfast cereal, breads, Fibre g/d:22.7 International
carbohydrate Not hyperlipidaemic/ polished rice, crackers and Olive QOil
study hypercholesterolaemic ~ BMI: (30) instant potato Council
2. High 2. Ad libitum diet. 55%CHO,
carbohydrate, 30%FAT. At least one serving of 2. %E: C54.8P
low GI a low Gl food with each meal. 19.4F 24.7
Energy: 1693kcal/d
Fibre g/d:36.2
3. Low 3. Ad libitum diet. 45%CHO,
carbohydrate, 40%FAT (20%MUFA). 3. %E: C47.4P
high MUFA 16.4F35.4
Energy: 1877
kcal/d

Fibre g/d:23.7
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. .. (washout . . Total n Intervention description nutritional
Study Name criteria of participants . intervention  style groups L .. consumed  source
duration) characteristics
reported?
(Wood et al., <2.5kg A weight in USA Parallel 12 weeks Free living 30 1. Low 1. Ad libitum diet: 13% CHO, 1.%E: C12.5P University
2007) previous 6m Group diet plan carbohydrate 27% PRO, 60% FAT. 28.4 F 60.7 funding &
Age 20-69y 100% Male diet + konjac- Supplement: Konjac-mannan Energy: 6866kJ/d Nutraquest
American BMI 25-35 mannan 3g/d Fibre g/d:12.7
Soluble Fibre DBP <90mmHg Age: 20 -
Study No CHD or T2DM 69(39) 2. Low 2. %E: C13.3P
Not taking lipid carbohydrate 2. Ad libitum diet: 13% CHO, 27.1F59.6
lowering drugs BMI:25 - diet + 27% PRO, 60% FAT. Energy: 7017kJ/d
SBP <160mmHg 35(30) maltodextrin Supplement: Maltodextrin 3g/d Fibre g/d:9.6
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Table 2.5 Risk of bias

Authors éélgjsrt]ig: Allocation Par_tici_pant Res_earg:her Ir;ﬁggrl;te iilt?:%tri\;/: Any_other
generation concealment blinding Blinding reporting reporting bias
(Abete et al., 2008) Unclear Unclear Unclear Unclear Bias No Bias No Bias
(Andersson et al., 2007) Unclear Unclear Bias Bias No Bias No Bias No Bias
(Appel et al., 2005) No Bias No Bias No Bias No Bias No Bias No Bias No Bias
(Bell et al., 1990) Unclear Unclear No Bias No Bias No Bias No Bias No Bias
(Bellisle et al., 2007) Unclear Unclear Bias Bias No Bias No Bias No Bias
(Birketvedt et al., 2000) Unclear Unclear No Bias No Bias No Bias No Bias No Bias
(Black et al., 2006) No Bias Unclear Bias Unclear Unclear No Bias No Bias
(Brehm et al., 2003) No Bias Bias Bias Unclear Unclear No Bias No Bias
(Brehm et al., 2005) No Bias Unclear Bias Unclear No Bias No Bias No Bias
(Cairella et al., 1995) No Bias Unclear No Bias No Bias Unclear Bias Bias
(Claessens et al., 2009) Unclear Unclear Bias Unclear Unclear No Bias No Bias
(Clifton et al., 2004) No Bias Unclear Bias Unclear No Bias No Bias No Bias
(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
(Davy et al., 2002) Unclear Unclear Bias No Bias No Bias No Bias No Bias
(de Luis et al., 2008) Unclear Unclear Unclear Unclear Unclear Unclear Unclear
(de Luis et al., 2009a) Unclear Unclear Unclear Unclear No Bias No Bias No Bias
(de Luis et al., 2009b) No Bias Unclear Unclear Unclear Unclear Unclear Unclear
(Delbridge et al., 2009) No Bias Unclear Unclear Unclear Bias No Bias No Bias
(Ebbeling et al., 2007) No Bias No Bias Bias No Bias No Bias No Bias No Bias
(Ebbeling et al., 2005) Unclear Unclear Unclear Unclear 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
(Golay et al., 2000) Unclear Unclear Unclear Bias Bias No Bias No Bias
(He et al., 2004) Unclear No Bias No Bias No Bias No Bias No Bias No Bias
(Howard et al., 2006b) No Bias Unclear Bias No Bias No Bias No Bias No Bias
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Authors ':ICTS::(?: Allocation Parj(ici_pant Res_earf:her "lﬁgyi:ge ts)zltii)tri\;/: Any_other
generation concealment blinding Blinding reporting reporting bias
(Keogh et al., 2007) Unclear Unclear Unclear Unclear Bias No Bias No Bias
(Keogh et al., 2008) No Bias Unclear Bias Unclear Bias No Bias No Bias
(Kleemola et al., 1999) Unclear Unclear Bias Bias Unclear No Bias No Bias
(Landin et al., 1992) Unclear Unclear No Bias No Bias No Bias No Bias No Bias
(Lee et al., 2009) No Bias No Bias Bias Bias Bias No Bias No Bias
(Lehtimaki et al., 2005) No Bias No Bias No Bias No Bias No Bias No Bias No Bias
(Leidy et al., 2007) Unclear Unclear Unclear Unclear Bias No Bias No Bias
(Ley et al., 2004) No Bias Unclear Bias Unclear No Bias No Bias No Bias
(Lovejoy et al., 2003) No Bias Unclear No Bias No Bias No Bias No Bias No Bias
(Maki et al., 2007a) Unclear Unclear No Bias No Bias Bias No Bias No Bias
(Maki et al., 2007b) Unclear Unclear Bias Unclear No Bias No Bias No Bias
(Marett and Slavin, 2004) Unclear Unclear No Bias No Bias Bias No Bias No Bias
(Meckling et al., 2004) Unclear Unclear Bias Unclear No Bias No Bias No Bias
(Meckling and Sherfey, 2007) Unclear Unclear Bias Unclear Bias No Bias No Bias
(Noakes et al., 2006) No Bias Unclear Bias Unclear Bias No Bias No Bias
(O'Brien et al., 2005) Unclear Unclear Bias Unclear Unclear No Bias No Bias
(Olendzki et al., 2009) No Bias Unclear Bias Bias Bias Unclear Unclear
(Pasman et al., 1997) Unclear Unclear Bias Unclear Bias Bias Bias
(Pereira et al., 2004) Unclear Unclear Unclear Unclear Bias No Bias No Bias
(Philippou et al., 2009) Unclear Unclear Bias Unclear Bias No Bias No Bias
(Phillips et al., 2008) No Bias No Bias Bias Bias No Bias No Bias No Bias
(Poppitt et al., 2002) Unclear Unclear Bias Bias Unclear No Bias No Bias
(Raben et al., 2002) No Bias Unclear Unclear Unclear No Bias No Bias No Bias
(Rigaud et al., 1990) Unclear Unclear No Bias No Bias Bias Unclear Unclear
(Sacks et al., 2009) No Bias Unclear No Bias No Bias No Bias No Bias No Bias
(Saltzman et al., 2001) No Bias Unclear Unclear Unclear Bias No Bias No Bias
(Schwab et al., 2006) Unclear Unclear No Bias No Bias Unclear No Bias No Bias
(Sciarrone et al., 1993) Unclear Unclear Bias No Bias No Bias No Bias No Bias
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AUBEIE Allocation Participant Researcher Incomplete Selective Any other
LTS sequence concealment blindin Blindin outcome outcome bias

generation 9 9 reporting reporting
(Smith et al., 2008) No Bias Unclear No Bias No Bias No Bias Bias Bias
(Surwit et al., 1997) Unclear Unclear Unclear Unclear Bias No Bias No Bias
(Swain et al., 1990) Unclear Unclear No Bias No Bias Bias No Bias No Bias
(Tinker et al., 2008) No Bias Unclear Bias No Bias No Bias No Bias No Bias
(Vasilaras et al., 2001) No Bias Unclear Unclear Unclear Unclear No Bias No Bias
(Wolever and Mehling, 2002) No Bias Unclear Bias Unclear Unclear Bias Bias
(Wood et al., 2007) No Bias Unclear No Bias No Bias No Bias No Bias No Bias
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Results — Incident Hypertension

This section includes studies that have reported the influence of dietary carbohydrates on incident
hypertension only. No randomised controlled trials provided data on the number of new cases of
hypertension that were diagnosed within the time frame of the trial, therefore this evidence base is
reliant on results of cohort studies only.

Incident hypertension and fructose

Summary of cohort results

Data were extracted from one publication, reporting results from three cohort studies: the Nurses’
Health Study (NHS), the Nurses’ Health Study Il and the Health Professionals’ Follow-up Study
(Forman et al., 2009). The studies estimated fructose intake using FFQs and present results by
quintile of per cent total energy. All three cohorts reported risk estimates close to 1, implying that
there is no association between fructose intake and risk of incident hypertension. Appropriate
confounders were adjusted for including age, BMI and smoking status.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

No RCTs reported outcomes concerning fructose and incident hypertension.

Table 2.6 Incident hypertension and fructose: cohort studies in adults

Result ID/ Coun'tl_'y, Age Follow Diet Outcome/
Reference/  Ethnicity, range (Cases)/ Contrast .
. Up (% Assess- Assessment RR(ClI)  Adjustments
Cohort Inclusion (mean) Total Exposure X (mean)
. loss) ment Details
Name criteria %Male
USA,
(Forman et \};\;Lniwtaenly 40-75 Fructose Incident 0.99 ]cAa]gr:;IaIE?;P;Z:, Bo'\f/”' caffeine,
al., 2009) ! (11192) 18 FFQ intake (%  hypertension : v ) ¥
Cancer free, Q5vs.Q1 (0.93, hypertension, folate,
13913 %M /51529 years (131) of total K L .
No CHD, No 1.05) physical activity, smoking,
HPFS ) 100 energy) Self-reported ; .
hypertension, vitamin C
No T2DM
Fructose Incident
13354 30-55 (31107) 20 FFQ intake (%  hypertension 1.02
Q5vs.Q1  (0.99, As above
NHS /121700 years (126) of total
%M 0 1.06)
energy) Self-reported
USA,
Primarily Fructose Incident
13912 White, 24-44 (15863) 14 FFQ intake (%  hypertension Q5 vs. Q1 (160938 As above
NHS Il Cancer free, %M 0 /116671 years (133) of total ’ 1 68)'
No CHD, No ? energy) Self-reported ’
T2DM
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Incident hypertension and dietary fibre

Summary of cohort results

Two studies: the Nurses’ Health Study (Ascherio et al., 1996) and the Health Professionals’
Follow-up Study (Ascherio et al., 1992) presented data on dietary fibre (calculated using the
Association of Official Analytical Chemist (AOAC) method) and incident hypertension. Both studies
relied on self-reports of blood pressure and incident hypertension and dietary fibre was assessed
by FFQs. Findings from the Nurses’ Health Study (Ascherio et al., 1996) did not suggest an
association with dietary fibre, while the Health Professionals’ Follow-up Study (HPFS) (Ascherio et
al., 1992) provided evidence of an increased risk of hypertension in participants with the lowest
intakes of dietary fibre, 11.99g/d vs. >24g/d (Relative Risk (RR) 1.57 95% Confidence Intervals (Cl)
1.2 to 2.05). Risk estimates tended to be elevated in all cohort subgroups, but were statistically
significant only in participants younger than age 50, with BMI less than 28kg/m? and in very low or
high alcohol consumers. Both studies included appropriate adjustments such as age, alcohol and
BMI. There was an insufficient number of studies to conduct a meta-analysis.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

No RCTs reported outcomes concerning dietary fibre and incident hypertension.
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Table 2.7 Incident hypertension and dietary fibre: cohort studies in adults

Result ID/ Country, A5
Reference/ Ethnicity, range Follow Diet uiezis Sub-group Contrast Exposu
L (mean) (Cases)/ Total Up (% Exposure Assessment . re RR (CI) p p trend Adjustments
Cohort Inclusion Assessment . Detail (mean) .
Name criteria %Male loss) Details Units
(Ascherio et USA, Primarily Dietary Fibre Incident
a/.1,318%966) ;’:’er!t%fz:f[f ' 3;,\3 50 ;21221?00 ?Oy:frs FFQ (126) g/d (AOAC hypertension >25vs.<10  g/day  1.01(0.8,1.29) 0.75 Age, alcohol, BMI
’ ’ o .
NHS No T2DM method) Self-reported
(Ascherio et USA' Primarily 40-75 . . Incident
al,1992)  Vhite, Cancer (1248) 4 years Dietary Fibre, hypertension
’ free, No CHD, o FFQ (131) g/d (AOAC <11.9vs.>24 g/day 1.57 (1.2, 2.05) 0.0001 Age, alcohol, BMI
13484 %M /51529 (9.7)
HPFS E:IL’“;LBTPZDM 100 method) Self-reported
Not reported Age <50 <11.9vs.>24 g/day 2.04 <0.001 Age, alcohol, BMI
Not reported Age >50 <11.9vs. >24 g/day 1.42 Age, alcohol, BMI
Not reported BMI <23 <11.9vs.>24 g/day 1.68 Age, alcohol
Not reported BMI 23-28 <11.9vs.>24 g/day 1.77 <0.001 Age, alcohol
Not reported BMI >28 <11.9vs.>24 g/day 1.22 Age, alcohol
Alcohol
Not reported <0.1g/d <11.9vs.>24 g/day 2.0 <0.01 Age, BMI
Alcohol
Not reported 0.1-19 g/d <11.9vs.>24 g/day 1.29 Age, BMI
Not reported gA/lffho' P19 19vs>24  g/day 198 <0.01 Age, BMI
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Incident hypertension and cereal foods

Summary of cohort results

Data were extracted from two publications reporting results from two cohort studies, one including
Japanese participants (Kanda et al., 1999) and one US participants (Flint et al., 2009). Rice intake
was assessed through a questionnaire in the Japanese Blood Pressure Study (Kanda et al., 1999)
and a 131 item FFQ was used in the Health Professionals’ Follow-up Study to assess total bran
and germ intake (Flint et al., 2009). Both studies described a negative association with increasing
cereal food intake, suggesting a lower risk of incident hypertension with increasing consumption of
cereal foods (Kanda et al., 1999) (Flint et al., 2009); only the US study (Flint et al., 2009),
however, found a trend with total bran to be statistically significant (p trend=0.002). The Health
Professionals’ Follow-up Study (Flint et al., 2009) used appropriate adjustments but no
confounders were adjusted for in the Japanese Blood Pressure Study (Kanda et al., 1999). There
was an insufficient number of studies to conduct a meta-analysis.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

No RCTs reported outcomes concerning cereal foods and incident hypertension.
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Table 2.8 Incident hypertension and cereal foods: cohort studies in adults

Age
Result ID/ Country, Follow . Outcome/
Di E
Reference/ Ethnicity, range JezEza)/ Up (% et Exposure Assessment Contrast xpo.sure RR (CI) p trend Adjustments
. . (mean) Total Assessment . (mean) Units
Cohort Name Inclusion criteria loss) Details
%Male
(Kanda et al.,
1999) 14159 60-69 Incident
Japanese (54) 4 Questionnaire Rice, total hypertension Bowls 0.5 (0.05, .
Japan R >4 vs. <4 No adjustments
Blood /948 years (general) boiled /day 5.09)
%M 37 .
Pressure Clinic BP
Study
Age, alcohol, blood total
cholesterol, energy intake,
Fintetat,  GRITEY 075 ) 18 ryperension 0.5 Hitony of hypertension, Fuf
2009) 13358 ‘ FFQ (131) Bran, Total vP (12)vs. (03)  g/day (0.78, 0.002  'Sroryorhvpertension,
free, No CHD, No /51529 years intake, height, marital status,
HPFS . %M 100 0.92) . . .
hypertension Self-reported occupation, physical activity, salt
intake, smoking, supplements,
vegetable intake
Ihnui‘:tr:atnsion 0.96
Germ, total P (2.4) vs. (0.1) g/day (0.88, 0.11 As above
1.04)

Self-reported
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Incident hypertension and legumes

Summary of cohort results

Data were extracted from one publication reporting results from one cohort study: the CARDIA
study (Steffen et al., 2005). In this study, black and white men and women aged 18-30 years
underwent a baseline examination and dietary assessment and were then followed up over a
period of 15 years. Legume consumption was measured using a 700 item FFQ. This study does
not provide evidence of an association between intake of legumes and risk of incident
hypertension. The CARDIA study (Steffen et al., 2005) adjusted for appropriate confounders such
as age, alcohol, gender and smoking status.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

No RCTs reported outcomes concerning legumes and incident hypertension.

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.

40



Table 2.9 Incident hypertension and legumes: cohort study in adults

Result ID/ .. Age range Outcome/
, Eth b Foll . E .
Reference/ Count_ry t. n“ilty (mean) JeEza)/ ollow Up Diet Assessment Exposure Assessment Contrast xpo.sure RR (CI) p trend Adjustments
Inclusion criteria Total (% loss) . (mean) Units
Cohort Name %Male Details
Incident Age, alcohol, .
(Steffen et al. hypertension centre, education,
" USA, . 0.88 energy intake,
2005) 13718 No hypertension, 18-30 (997) /5115 15 years FFQ (700) Leg“m‘?s - 0.2vs.0.1 times (0.75, 0.11 ethnicity, physical
The CARDIA %M 45.9 (excluding soy)  Physician /day L
No T2DM . 1.03) activity, gender,
Study diagnosed/

medication use

smoking, vitamin
intake

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



Incident hypertension and wholegrains

Summary of cohort results

Data were extracted from three publications reporting results from three cohort studies: the HPFS
(Flint et al., 2009), the Women’s Health Study (Wang et al., 2007) and the CARDIA study ((Flint et
al., 2009;Wang et al., 2007;Steffen et al., 2005).

In these cohort studies, incident hypertension was defined by meeting = 1 of 4 criteria in one study
(the CARDIA study): self-reports of new physician diagnosis, self-reports of new antihypertensive
treatment, self-reports of SBP 2140mmHg or self reports of DBP = 90mmHg (Wang et al., 2007).
The remaining studies either relied on self-reports of incident hypertension (Flint et al., 2009) or
defined hypertension as SBP 2130mmHg, DBP 285mmHg or the use of hypertensive medications
(Steffen et al., 2005).

So that one study could be included in the meta-analysis, we assumed that the mean of the lowest
category was half the upper limit of that category, and that the mean of the highest category was
1.5 times the lower limit of that category (Steffen et al., 2005). So that another study could be
included, we assumed that a standard serving of wholegrains is approximately 28g (Flint et al.,
2009).

The pooled estimate of relative risk from the cohort studies was 0.95 (95% CI: 0.93 to 0.96) per
half serving per day of wholegrains (p<0.001).
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Figure 2.1 Forest plot for wholegrains and incident hypertension

Study Estimated

ID RR (95% CI)
Steffen LM, et al., 2005 0.96 (0.93, 1.00)
Wang L, et al., 2007 0.95 (0.91, 0.99)
Flint AJ, et al., 2009 0.94 (0.92, 0.96)
Over all studies 0.95 (0.93, 0.96)

Adj. for age & smoking 0.95 (0.93, 0.96)

<><>+H

.8 9 1
RR per 0.5 servings/day of wholegrains

Over all studies includes all results with any adjustment. Adj. for age & smoking includes all results adjusted for at least age & smoking.
Note: Increment =1 SD so estimates are comparable across exposures. This is regardless of any skewness. Axis on log scale.

There was no excess heterogeneity between the cohort studies (1?=0 %, 95% CI: 0% to 80%,
Q=1.0, df=2, p=0.6). There were insufficient studies to explore sources of heterogeneity through
subgroup analysis or meta-regression. There were insufficient studies to explore small-study
effects, such as publication bias, through funnel plots or hypothesis tests. No one study had a
dominant influence on the pooled estimate from the random effects analysis.

These studies collectively provide evidence of a reduction in risk of high blood pressure with
increasing consumption of wholegrains.

Exposure definition and assessment

The American Association of Cereal Chemists International and the American Food and Drug
Administration (FDA) defines whole grains as “intact, ground, cracked or flaked fruit of the grain
whose principal components, the starchy endosperm, germ and bran, are present in the same
relative proportions as they exist in the intact grain” (American Association of Cereal Chemists
International, 1999;United States FDA, 2006). This approach therefore includes all foods with
more than 51% whole-grain content.
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Wholegrains were measured using 131- item or 700-item FFQs, in all studies. The studies differed
in their definition of whole grain foods: the CARDIA study (Wang et al., 2007) and The Women's
Health Study (Steffen et al., 2005) used non-FDA definitions which were based on the approach
used by Jacobs et al. (Jacobs, Jr. et al., 1998). This approach considered cereals to be wholegrain
if the product contained >25% wholegrain or bran by weight. The Health Professionals Follow-up
Study (Flint et al., 2009) estimated wholegrains using the FDA definition.

While it is recommended that Americans eat at least three portions (around 85g) of whole grains
per day, the UK does not currently have any specific recommendations other than the
recommendation “to choose whole-grain varieties whenever you can” (USDA, 2010;Food
Standards Agency, 2010).

All three studies included in the meta-analysis were conducted in the USA where the dominant
grain type may differ from that in the UK and the rest of Europe.

Adjustment for appropriate confounders

The CARDIA study (Steffen et al., 2005) and the Health Professionals Follow-up Study (Flint et al.,
2009) adjusted for variables such as age and energy intake but did not adjust for BMI. In the
Health Professionals Follow-Up Study, further adjustment for the components of whole grains
(bran, germ, total fibre etc.) did not influence the risk estimates materially. However, the inclusion
of cereal fibre in the model did attenuate the association with risk of hypertension (RR of 0.94
(95% CI: 0.84, 1.05) for the highest quintile of whole grains (p for trend of 0.23). The Women’s
Health Study (Wang et al., 2007) was the most fully adjusted.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

No RCTs reported outcomes concerning wholegrain and incident hypertension.
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Table 2.10 Incident hypertension and wholegrains: cohort study in adults

Country, Age

Result ID/ .. Follow . Outcome/
Reference/ Ethnu:.lty, e JeEza)/ Up (% Diet Exposure Assessment Sub-gr?up Contrast Expo.sure RR (CI) p trend Adjustments
Inclusion (mean) Total Assessment . Detail (mean) Units
Cohort Name . loss) Details
criteria %Male
Age, alcohol, blood total
USA, cholesterol, energy intake,
Primarily . family history of CVD,
(Flint et al., White, 40-75 (9227) 18 Wholegrains LnCI:(::etnsion family history of HTN, fruit
2009) *13357  Cancer o /51529 e FFQ(131) (FDA P (46) vs. (3.3) g/day 0.81(0.75, 0.87) <0.0001 intake, height, marital
HPFS free, No 1‘;)0 Y definition) Self-reported status, occupation, physical
CHD, No P activity, salt intake,
HTN smoking, supplements,
vegetable intake
. Incident
(Steffen et al., 18-30 Wholegrains hypertension Age, aI.cohoI, centrfe,
2005) *13716 USA, (997) 15 (non-FDA times education, energy intake,
No HTN, FFQ (700) definition, .. >1.9vs.<0.4 0.83(0.67, 1.03) 0.03 ethnicity, physical activity,
The CARDIA %M /5115 years Physician /day . L
Study No T2DM 45.9 Jacobs et al. diagnosed/ gender, smoking, vitamin
' 1998) - intake
medication use
Wholegrain Age, alc.ohol, BMI, d.a.lry,
. energy intake, ethnicity,
proportion oF ’
X family history of M, fruit
(whole grains .
. intake, DM,
(Wangetal., USA, (54) consumed as Incident hypercholesterolaemia
N ) ) o ,
2007) 1344'7 Prlmarlly (8722) 10 FFQ (131) a percen.t of hypertension 58-100 (69) vs. % tf)tal 0.9 (0.84, 0.98) 0.002 meat intake, menopause
The Women's White, No %M 0 /39876 years total grains) 0-18 (10) grains status. physical activit
Health Study CHD ° (non-FDA Self-reported .’ phy V:
o smoking, supplements,
definition, .
group allocation,
Jacobs et al.
1998) postmenopausal HRT,
vegetable intake
Total 0.82-0.97
wholegrain (0.89) vs. 0- servings/day  0.89 (0.82, 0.97) 0.007 As above
foods 0.49 (0.21)
Age, dairy, energy intake,
ethnicity, family history of
M, fruit intake, DM,
(3770) >4 (5) vs. <0.5 . hypercholesterolaemia,
/39876 BMI <25 (0.28) servings/day  0.72(0.57,0.9) meat intake, menopause
status, supplements, group
allocation, postmenopausal
HRT, vegetable intake
(4770) >4 (5) vs. <0.5 .
/39876 BMI >25 0.28) servings/day  0.81(0.67, 0.98) As above
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Country, Age

Result ID/ .. Follow . Outcome/
Reference/ Ethmc.lty, S e/ Up (% Diet Exposure Assessment Sub-grt?up Contrast Expo?ure RR (CI) p trend Adjustments
Inclusion (mean) Total Assessment . Detail (mean) Units
Cohort Name . loss) Details
criteria %Male
52:‘;;)6 E/(.\) vigorous (>(?2(§; vs. <0.5 servings/day  0.72 (0.56, 0.93) As above
52;;77)6 \s/iogrgl'eous PA (>(?2(§; vs. <0.5 servings/day  0.79 (0.66, 0.95) As above
(7552) Never or >4 (5) vs. <0.5
/39876 former (0.28) o servings/day 0.8 (0.68, 0.93) As above
smoker :
%;68% Smokers ?(?Z(Z; vs. <0.5 servings/day  0.52 (0.3, 0.9) As above
232572 ﬁlic:li]::SNon- ?:2(2 vs. <0.5 servings/day  0.71(0.58, 0.88) As above
52793827)6 glrcir(:::rls FSZ(Z; vs. <0.5 servings/day  0.83 (0.68, 1.02) As above

*This result was used in the meta-analysis of wholegrains and incident hypertension

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.

46



Incident hypertension and refined grains

Summary of cohort results

Two cohort studies provided data on refined grains intake in relation to incident hypertension
(Wang et al., 2007;Steffen et al., 2005). In both The Women’s Health Study (Wang et al., 2007)
and The CARDIA Study (Steffen et al., 2005) intake of refined grains was measured using FFQs.
No association was observed between refined grain consumption and risk of incident hypertension
in these studies. Adjustments were made for variables such as age, alcohol, smoking status and
physical activity. There was an insufficient number of studies to conduct a meta-analysis.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

No RCTs reported outcomes concerning refined grains and incident hypertension.
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Table 2.11 Incident hypertension and refined grains: cohort studies in adults

Result ID/ Country, Age Follow
Reference/ Ethnicity, range (Cases)/ Diet Outcome/ Assessment Contrast Exposure .
Cohort Inclusion (mean) Total SRl Assessment Exposure Details (mean) Units L) p trend Adjustments
. loss)
Name criteria %Male
Age, alcohol, BMI, dairy, energy
intake, ethnicity, family history
(Wangetal., 3.12-24.5 of MI, fruit intake, DM,
2007) 13437 USA, Primarily (54) (8722) 10 . . Incident hypertension (4.06) v.s. ‘ 0.97 hypercholesterolaemia, meat
The White. No CHD /39876 cars FFQ (131) Refined grains 0-1.057 servings/day (0.89, 0.8 intake, menopause status,
Women's ! %M 0 4 Self-reported © 7.6) 1.06) physical activity, smoking,
Health Study ’ supplements, group allocation,
postmenopausal HRT, vegetable
intake
(Steffen et 18-30 Incident hypertension Age, alcohol, centre, education,
al., 2005) USA, 15 >4.3 vs times 0.87 energy intake, ethnicit
13717 No HTN, No oo (997)/5115 > FFQ(700) Refined grains Physician e P (0.68, 0.7 b Sigg;l iy end;’;
The CARDIA  T2DM ° ¥ diagnosed/medication : ¥ 1.12) physica activity, gencer,
Study 45.9 use smoking, vitamin intake
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Incident hypertension and sweetened beverages

Summary of cohort results

Data were extracted from one publication, reporting results from one cohort study (Dhingra et al.,
2007). In this study (The Framingham Heart Study) (Dhingra et al., 2007), diet was assessed
using a general questionnaire and blood pressure was measured by a physician. Findings from
this study provide some evidence of an elevation in risk of high blood pressure in those that
consumed at least one 120z soft drink can per day compared to those who do not. Whilst the age,
and gender-adjusted model was statistically significant, the fully adjusted model was not (p=0.10).
It should be noted that the ‘soft drink’ exposure reported here included both sugar-sweetened and
artificially sweetened carbonated beverages.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

No RCTs reported outcomes concerning sweetened beverages and incident hypertension.

Table 2.12 Incident hypertension and sweetened beverages: cohort study in adults

Result ID/ Country, Age Follow Outcome/
Reference/ Ethnicity, range (Cases)/ Diet Contrast Exposure RR .
. Up (% Exposure Assessment . Adjustments
Cohort Inclusion (mean) Total Assessment . (mean) Units (cn
o loss) Details
Name criteria %Male
Age,
smoking,
Total sugar SFA, energy
(Dhingra et or intake
USA, artificially ) o
al., 2007) Incident dietary fibre,
No CHD, (53) . . sweetened . 1.18 R
14263 (1004) 4 Questionnaire hypertension > . magnesium
The no /8997 years (general) beverages 21vs. 0 servings/day  (0.96, Intake
. metabolic %M 43 (number of . 1.44) L
Framingham Clinic BP physical
syndrome 120z soft L
Heart Study R activity,
drink cans
er day) gender,
P trans-fatty
acid intake
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Results - Blood pressure

In the following section, data from studies that reported blood pressure as a continuous variable
are provided.

Blood pressure and total carbohydrate and high carbohydrate diets

Summary of cohort results

Four publications from four cohort studies (Boreham et al., 1999;Ludwig et al., 1999;Schroeder et
al., 2007;Stamler et al., 2002) reported the association between total carbohydrate as per cent
energy on SBP and DBP. All but one of the studies involved adults; the exception was The
Northern Ireland Young Hearts Project (Boreham et al., 1999) which studied males and females
aged 12-15 years at baseline. Two out of four studies measured blood pressure in clinics, whereas
the Chicago Electric Western study (Stamler et al., 2002) used measurements by a physician. The
Middle-aged Runners Study (Schroeder et al., 2007) did not report blood pressure assessment
details.

Findings from the Northern Ireland Young Hearts Project (Boreham et al., 1999) were reported
separately for males and females. In females no association was observed between dietary
carbohydrate intake and blood pressure assessments. However, in males, there was some
evidence of a positive association between blood pressure and energy derived from carbohydrate,
with increasing intakes being reflected in increasing SBP (p=0.010). However, it should be noted
that the duration of follow-up in this study was relatively short (4 years) and the authors caution
that results should be interpreted cautiously.

The CARDIA study of young multi-ethnic adults, (Ludwig et al., 1999) did not find evidence of
statistically significant trends in either white or black adults in relation to total carbohydrate intake
and SBP or DBP. Similarly, results from the Chicago Electric Western Study (Stamler et al., 2002)
described negative beta correlations, indicating an inverse relationship between total carbohydrate
and SBP and DBP; however these were not found to be statistically significant.

One final study, The Middle-aged Runners Study (Schroeder et al., 2007) which estimated total
carbohydrate using a food diary, reported no effect on regression direction (beta-coefficients not
provided in the paper).
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The Chicago Western Electric study (Stamler et al., 2002) reported an annual change in blood
pressure (assessed by physician), whereas the Northern Ireland Young Hearts Study and the
CARDIA study blood pressure provided measurements at the end of the period of follow-up only.
The Middle-aged Runners Study (Schroeder et al., 2007) did not provide assessment details.

Collectively, these studies provide inconsistent results concerning the association between blood
pressure and dietary carbohydrate intake.

Unfortunately, the three studies of adults provided insufficient information (generally a lack of
measures of variance around the risk estimates or an insufficient number of exposure categories
or quantiles to derive a dose response estimate) to permit a meta-analysis.

Exposure definition and assessment

Diet was assessed using a dietary history, a 700-item FFQ, a food diary and both a dietary history
and 195-item FFQ in the Northern Ireland Young Hearts Project (Boreham et al., 1999), the
CARDIA study (Ludwig et al., 1999), the Middle-aged Runners Study (Schroeder et al., 2007) and
the Chicago Electric Western study (Stamler et al., 2002) respectively. Total carbohydrate intake
was recorded as either % energy (Boreham et al., 1999;Ludwig et al., 1999;Stamler et al., 2002)
or grams per day (Schroeder et al., 2007).

Adjustment for appropriate confounders

The Chicago Electric Western Study (Stamler et al., 2002) included appropriate covariates such as
age, education and body weight in their analyses. The Northern Ireland Young Hearts Project
(Boreham et al., 1999), the Middle-aged Runners Study (Schroeder et al., 2007) and the CARDIA
study (Ludwig et al., 1999) did not adjust for BMI or body weight and should therefore be
interpreted with caution.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

Summary of RCT data

This section contains details of randomised controlled trials that assessed the effect of high
carbohydrate compared to low carbohydrate diets on blood pressure as a marker of CVD. It
should be noted that some of these trials were designed to assess other aspects of diet such as
the nature of the carbohydrate (high or low GlI, or whole grain content). However, if the difference
in percentage carbohydrate from energy was greater than 5% between diet groups and all other
inclusion criteria were met, the study was deemed to be eligible for inclusion in the meta-analysis.
Details of trial characteristics are contained in the trial characteristics table (Table 2.4).
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There were 32 publications identified which reported data on blood pressure and high
carbohydrate diets. Most studies presented results for both SBP and DBP (or change in these),
with just one study reporting only SBP (Dale et al., 2009). Most studies used routine measures
recorded in a clinic, four of which reported measurements as being recorded whilst seated
(Ebbeling et al., 2005;Ley et al., 2004;de Luis et al., 2009b;Maki et al., 2007b). Two studies
reported supine blood pressure (Leidy et al., 2007;Phillips et al., 2008). However, a large
proportion of studies (6 trials) did not provide this detail (Golay et al., 2000;Delbridge et al.,
2009;Tinker et al., 2008;Dale et al., 2009;de Luis et al., 2008;Dale et al., 2009;0'Brien et al.,
2005). Length of follow-up varied greatly between 6 weeks (Golay et al., 2000) and 6 years (Tinker
et al., 2008), introducing some potential for heterogeneity in the study results. Whilst the longer
follow-up is most relevant to cardiovascular disease risk, the shorter follow-up is most relevant to
assessing the impact of the intervention.

Twenty five studies were included in the meta-analyses comparing different carbohydrate intakes
and changes in blood pressure. One study reported results from four groups (Dansinger et al.,
2005) and two studies reported results from three groups (Gardner et al., 2007;Sacks et al., 2009).
For these studies the group with the lowest carbohydrate intake was compared with the group with
highest carbohydrate intake. One study was excluded that had differences in carbohydrate of less
than 5% between groups (Dale et al., 2009;Sacks et al., 2009). One paper (Tinker et al., 2008)
was excluded because it duplicated results from another paper (Howard et al., 2006b). In this case
we selected the result closest to the end of the intervention, which is still ongoing in this trial, so
the longest recorded follow-up was selected. Results from O’Brien et al. (O'Brien et al., 2005) were
also not included in the meta-analysis as these data are also provided in another publication from
the same study (Brehm et al., 2003). Two studies were excluded because they presented
insufficient information to be included, e.g. no estimates or confidence intervals (Wolever and
Mehling, 2002;Noakes et al., 2006).

Studies were stratified according to whether fat or protein or both were adjusted as a result of
changes in carbohydrate levels. Reported differences of more than 2% were taken as important.
Seven studies reported differences in percentage fat with less than 2% difference in protein.
Three studies reported changes in protein with less than 2% difference in fat and five studies
reported differences in fat and protein of more than 2%. Studies where blood pressure was
presented as percentage were converted to actual values in mmHg. The first follow up reported at
the end of the intervention and over 6 weeks was used. For the studies included in the meta-
analysis, this varied from 6 weeks to 6 years. The study reported by Golay et al. (Golay et al.,
2000) was unusual in that the aim was to evaluate the effect of ‘food combining' compared with a
balanced macronutrient intake on metabolic parameters such as blood pressure. However, it was
included in the meta-analysis as the carbohydrate differences between the groups met our
inclusion criteria of >5% of energy.
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Diastolic blood pressure (DBP)

Comparison of higher carbohydrate, lower fat diets and lower carbohydrate, higher fat diets

The pooled estimate for the 14 studies where carbohydrate was replaced with fat only, indicated
that DBP was 0.02mmHg higher (95% CI, -0.81 to 0.86mmHg) in diets higher in carbohydrate and
lower in fat diet compared with a low carbohydrate and high fat diet. This was not significantly
different from zero (p=0.96). Heterogeneity denoted by I was 37% (95% ClI, 0 to 66%). A funnel
plot indicated that there was some evidence of publication bias. Statistically, the pooled estimate
indicates that diets higher in carbohydrate and lower in fat are not associated with a difference in
DBP.

Figure 2.2 Forest plot for higher carbohydrate, lower fat diets and lower carbohydrate, higher fat
diets and DBP

Study Weighted
ID difference in means (95% ClI)
Golay A, et al., 2000 L -6.00 (-13.88, 1.88)
Foster GD, et al., 2003 L -0.10 (-5.02, 4.82)
Lovejoy JC, et al., 2003 B 0.62 (-3.40, 4.64)
Clifton PM, et al., 2004 L 0.00 (-4.51, 4.51)
Ley SJ, et al., 2004 L) -3.84 (-8.89, 1.21)
Dansinger ML, et al., 2005 —— 1.60 (-1.13, 4.33)
Ebbeling CB, et al., 2005 » 1.10 (-4.34, 6.54)
Howard BV, et al., 2006 ! -0.30 (-0.48, -0.12)
Ebbeling CB, et al., 2007 0.40 (-4.31, 5.11)
Gardner CD, et al., 2007 2.50 (0.65, 4.35)
Maki KC, et al., 2007 i 2.50 (-1.85, 6.85)
Phillips SA, et al., 2008 L 1.00 (-7.23, 9.23)
Frisch S, et al., 2009 —-.— 1.00 (-1.36, 3.36)
Sacks FM, et al., 2009 (high protein) —.— -2.00 (-3.75, -0.25)
Sacks FM, et al., 2009 (moderate protein) —-— -1.00 (-2.75, 0.75)
Overall (I-squared = 36.9%, p = 0.075) <> 0.02 (-0.81, 0.86)

I I I I I I I I I I I I

-14 12 -10 -8 -6 -4 -2 0 2 4 6 8 10
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Difference in DBP (mm Hg) between groups: Low CHO/high fat vs high CHO/low fat

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.

53



Figure 2.3 Contour-enhanced funnel plot for publications presenting DBP and higher
carbohydrate, lower fat diets and lower carbohydrate, higher fat diets
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Comparison of higher carbohydrate, lower protein diets and lower carbohydrate, higher
protein diets

For the four studies with a change in protein and carbohydrate only, DBP was 0.81mmHg higher
(95% Cl, -0.83 to 2.46mmHg) with consumption of a higher carbohydrate lower protein diet
compared with a lower carbohydrate, higher protein diet. This was not significantly different from
zero (p=0.33). Overall heterogeneity denoted by 1> was 18% (95% ClI, O to 87%). There were
insufficient studies to present a funnel plot. Statistically, the pooled estimate indicates that diets
higher in carbohydrate and lower in protein are not associated with a difference in DBP.

Figure 2.4 Forest plot for higher carbohydrate, lower protein diets and lower carbohydrate, higher
protein diets and DBP

Study Weighted

ID difference in means (95% CI)

;
Appel LJ, et al., 2005 i 0.80 (-0.43, 2.03)

Leidy HJ, et al., 2007 B 5 -2.00 (-6.38, 2.38)
Claessens M, et al., 2009 ; L 5.07 (-0.75, 10.89)
Delbridge EA, et al., 2009 :- 1.10 (-2.92,5.12)
Overall (I-squared = 18.0%, p = 0.301) <® 0.81 (-0.83, 2.46)
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Comparison of higher carbohydrate, lower fat and protein diets and lower carbohydrate,
higher fat and protein diets

For the seven studies with a change in carbohydrate, fat and protein, DBP was 1.16mmHg higher
(95% CI, -0.96 to 3.27mmHg) with consumption of a higher carbohydrate lower fat and protein diet
compared with a lower carbohydrate, higher fat and protein diet. This was not significantly
different from zero (p=0.29). Overall heterogeneity denoted by 1> was 0% (95% ClI, 0 to 59%).
There were insufficient studies to present a funnel plot. Statistically, the pooled estimate indicates
that diets higher in carbohydrate and lower in fat and protein are not associated with a difference
in DBP.

Figure 2.5 Forest plot for higher carbohydrate, lower fat and protein diets and lower carbohydrate,
higher fat and protein diets and DBP

Study Weighted

ID difference in means (95% ClI)
Brehm BJ, et al., 2003 * : 0.00 (-5.40, 5.40)

Meckling KA, et al., 2004 I- 1.30 (-6.66, 9.26)

Brehm BJ, et al., 2005 B 4.00 (-2.86, 10.86)

Keogh JB, et al., 2007 B 3.00 (-2.54, 8.54)

Meckling KA, et al., 2007 = 3.00 (-7.85, 13.85)

Keogh JB, et al., 2008 . 3.00 (-1.52, 7.52)

de Luis DA, et al., 2009 - i -1.90 (-5.92, 2.12)

Overall (I-squared = 0.0%, p = 0.645) <j> 1.16 (-0.96, 3.27)

1 T T T 1 1 T T T T 1
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Difference in DBP (mm Hg) between groups: Low Carbohydrate vs high Carbohydrate

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.

56



Systolic blood pressure (SBP)

Comparison of higher carbohydrate, lower fat diets with lower carbohydrate, higher fat

diets

The pooled estimate for the 14 studies where carbohydrate was replaced with fat only, indicated

that SBP was 0.71mmHg higher (95% ClI, -0.71 to 2.14mmHg) in diets higher in carbohydrate and

lower in fat diet compared with a low carbohydrate and high fat diet. This was not significantly

different from zero (p=0.33). Heterogeneity denoted by 1? was 59% (95% ClI, 26 to 77%). A funnel

plot indicated that there was some evidence of publication bias (see below). Statistically, the

pooled estimate indicates that diets higher in carbohydrate and lower in fat are not associated with
a difference in SBP.

Figure 2.6 Forest plot for higher carbohydrate, lower fat diets and lower carbohydrate, higher fat

diets and SBP

Study

Golay A, et al., 2000
Foster GD, et al., 2003
Lovejoy JC, et al., 2003
Clifton PM, et al., 2004
Ley SJ, et al., 2004
Dansinger ML, et al., 2005
Ebbeling CB, et al., 2005
Howard BV, et al., 2006
Ebbeling CB, et al., 2007
Gardner CD, et al., 2007
Maki KC, et al., 2007
Phillips SA, et al., 2008

Frisch S, et al., 2009

Sacks FM, et al., 2009 (high protein)
Sacks FM, et al., 2009 (moderate protein)

Overall (I-squared = 58.5%, p = 0.002)
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Figure 2.7 Contour-enhanced funnel plot for publications presenting SBP and higher carbohydrate,
lower fat diets and lower carbohydrate, higher fat diets
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Comparison of higher carbohydrate, lower protein diets with lower carbohydrate, higher
protein diets

For the four studies with a change in protein and carbohydrate, SBP was 2.17mmHg higher (95%
Cl, 0.08 to 4.25mmHg) with consumption of a higher carbohydrate lower protein diet compared
with a lower carbohydrate, higher protein diet. This was significantly different from zero (p=0.04).
Overall heterogeneity denoted by 1> was 14% (95% CI, O to 87%). There were insufficient studies
to present a funnel plot. Statistically, the pooled estimate indicates that diets higher in
carbohydrate and lower in protein are associated with increased SBP.

The studies by Claessens et al. (Claessens et al., 2009) and Delbridge et al. (Delbridge et al.,
2009) were weight maintenance studies, which tracked participants after completion of a more
intensive phase of weight loss. In the former, the high carbohydrate group re-gained weight, but
the low carbohydrate, high protein diet groups lost additional weight. In the study by Delbridge et
al. there was no significant difference in degree of weight change between diet groups, however,
in an analysis of study completers, mean weight regain was somewhat higher in the high
carbohydrate group. In the energy-restricted trial reported by Leidy et al. (Leidy et al., 2007),
weight losses were similar between high carbohydrate and high protein groups, although lean
body mass losses were lower in the high protein group. In the 6-week study reported by Appel et
al. (Appel et al., 2005) body weights remained unchanged in all intervention groups

Figure 2.8 Forest plot for higher carbohydrate, lower protein diets and lower carbohydrate, higher
protein diets and SBP

Study Weighted

ID difference in means (95% CI)
Appel LJ, et al., 2005 i 1.00 (-0.98, 2.98)

Leidy HJ, et al., 2007 - 2.00 (-3.54, 7.54)

Claessens M, et al., 2009 ; B 6.57 (-1.51, 14.65)

Delbridge EA, et al., 2009 i . 4.60 (0.16, 9.04)

Overall (I-squared = 14.1%, p = 0.322) @ 2.17 (0.08, 4.25)

T T T T T T T T T T T T
-8 -6 -4 -2 0 2 4 6 8 10 12 14 16

Higher SBP with low CHO Higher SBP with high CHO
Difference in SBP (mm Hg) between groups: Low CHO/high protein vs high CHO/low protein
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Comparison of higher carbohydrate, lower fat and protein diets with lower carbohydrate,
higher fat and protein diets

For the 7 high versus low carbohydrate studies with a change in fat and protein, SBP was
0.55mmHg lower (95% CI, -1.91 to 3.01mmHg) with consumption of a higher carbohydrate lower
fat and protein diet compared with a lower carbohydrate, higher fat and protein diet. This was not
significantly different from zero (p=0.44). Overall heterogeneity denoted by I* was 0% (95% Cl, 0
to 71%). There were insufficient studies to present a funnel plot. Statistically, the pooled estimate
indicates that diets higher in carbohydrate and lower in fat and protein are not associated with
differences in SBP.

Figure 2.9 Forest plot for higher carbohydrate, lower fat and protein diets with lower carbohydrate,
higher fat and protein diets and SBP

Study Weighted

ID difference in means (95% ClI)
Brehm BJ, et al., 2003 i -1.00 (-8.27, 6.27)

Meckling KA, et al., 2004 . E -4.50 (-10.07, 1.07)

Brehm BJ, et al., 2005 i - 6.00 (-3.56, 15.56)

Keogh JB, et al., 2007 E L 7.00 (-5.55, 19.55)

Meckling KA, et al., 2007 .: -1.00 (-13.26, 11.26)

Keogh JB, et al., 2008 —.— 1.00 (-3.47, 5.47)
de Luis DA, et al., 2009 —.—— -2.00 (-6.97, 2.97)

Overall (I-squared = 0.0%, p = 0.431) <E> -0.55 (-3.01, 1.92)
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Six studies did not contribute to any of the meta-analyses. The meta-analysis excluded (Tinker et
al., 2008) because it duplicated results from another study (Howard et al., 2006b) whose results
were closer to the end of the intervention, which is still ongoing in this trial, so the longest recorded
follow-up was selected. This comparison also reported significantly lower SBP and DBP in the
women following the high carbohydrate/low fat diet than the control diet, but this is likely to be
attributable to the substantial decrease in weight recorded in the low fat diet group, rather than an
inherent property of increasing carbohydrate intake. The three studies not presenting sufficient
information (e.g. estimate and confidence interval) to be included in the meta-analysis (Wolever
and Mehling, 2002;Noakes et al., 2006;0'Brien et al., 2005) all reported no significant difference
between intervention groups, thereby introducing some potential for publication bias, where non-
significant results are more likely to be excluded from meta-analyses. The study excluded because
of less than 5% difference in carbohydrate between study groups did not report any significant
differences in SBP or DBP between intervention groups (Dale et al., 2009;Sacks et al., 2009).
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Table 2.13 Blood pressure and total carbohydrate: cohort studies in children and adults

Result ID/ Country, Age Follow Outcome/ Sub Mean Beta
Reference/ Ethnicity, range Total Diet Assessment Contrast  Exposure  Outcome . .
. Up (% Exposure " group . coefficient p p trend Adjustments
Cohort Name Inclusion (mean) n Assessment Details . (mean) Units (Sp)
. loss) Detail (SE)/(C1)
criteria %Male
(Boreham et 1%
al., 1999) °
14162 lNolrthzrn 1215 509 4 years Dietary Total SBp Mal energy/ 027 (011 0.010 Social class,
reland, ; Carbohydrate ale d -27(0.11) - ;
The Northern Primarily White %M 49.3 (1.7) history Clinic BP ay Sexual maturity
Ireland Young v ? ’ (% energy)
Hearts Project
DBP 1% Beta
Male energy/ coefficient NS As above
Clinic BP day not reported
SBP 1% Beta As above
N Female energy/ coefficient NS
Clinic BP day not reported
DBP 1% Beta As above
Female energy/ coefficient NS
Clinic BP day not reported
USA
(Ludwig et al., . .
Multi-ethnic, 18-30 Total
1999) 13684 Generally 5115 10 years FFQ (700) Carbohyd SBP Race - (51.9) vs. % Energy 108.5 vs. 0.13
The CARDIA arbohydrate  cjinjc Bp White  (33.5) 107.8
Study healthy, No %M 45.9 (% energy) Age, alcohol,
HTN, No T2DM centre, education,
energy intake,
DBP Race - (51.9) vs. o 70.3 vs. - L
Clinic BP White  (33.5) %Energy 97 0.79 physical activity,
gender, smoking,
sgp R (51.9) 11 baseline outcome
ace - 9)vs. A o
variable, vitamin
Clinic BP Black  (33.5) HEnergy 1127 0.08 )
intake
DBP Race - (51.9)vs. 73.3 vs.
Clinic BP Black  (33.5) %Energy  2,g 0.10
(Schroeder et USA,
al., 2007) Active people (51) Total SBP No effect on
14180 only, No CHD, 91 10 years Food diary Carbohydrate 1 g/day regression Age
Middle-aged No %M 62 (grams/day) Not reported direction
Runners Study  hypertension
DBP No effect on
1g/day regression Age
Not reported direction
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Result ID/ Country, Age Outcome/ Mean
Reference/ Ethnicity, range Total Lz Diet Assessment S Contrast  Exposure  Outcome BEt? .
Cohort Name Inclusion (mean) n (s Assessment Exposure Details grou!) (mean) Units (sD) il P BlEEnd GEITELIIE
criteria %Male loss) Detail (SE)/(C1)
Annual SBP
Stamler et al., change
(zooz) 14129 40-55 Dietary Total ) :gjlcaBtF;;n height
Chicago USA 2107 9 years history + FFQ carbohydrate ~ Physician 1% -0.0189 (1.77) ! §
Western %M100 (195) % diagnosed/ asst.assment.
Electric Study (% energy) medication period, Weight
use
Annual DBP
change Age, BP,
Physician 1% -0.0014 (0.23) education, height,
diagnosed/ assgssmenF
medication period, weight
use
Table 2.14 Blood pressure and high carbohydrate diets: RCT data
Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
(Golay et Higher 26/26 130 (SE4.1) 125 (SE 3.8) SBP Not 6 weeks Decrease  unclear
al., 2000) carbohydrate, reported
*14848 macronutrients (mm/Hg)
not eaten
simultaneously
Lower 28/28 135 (SE 3.5) 124.3 (SE 1.8) <0.01 Decrease
carbohydrate,
macronutrients
eaten
simultaneously
Higher 26/26 85.6 (SE 5) 75 (SE 3.3) DBP 6 weeks Decrease  unclear
carbohydrate,
macronutrients
not eaten
simultaneously
Lower 28/28 85.8 (SE 2.1) 81 (SE 2.3) <0.05 Decrease
carbohydrate,
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
macronutrients
eaten
simultaneously
(Meckling Low 15/10 124.8 (SE2.6) 114.6 (SE 1.8) 0.05 NS SBP Clinic BP 10 weeks Decrease  No bias
etal., carbohydrate (mm/Hg)
2004) Low fat 16/10 121.3 (SE1.5)  110.1(SE2.2) 0.05 Decrease
*14870
Low 15/10 77.7 (SE 3.8) 71.6 (SE3.2) 0.05 NS DBP Clinic BP 10 weeks Decrease  No bias
carbohydrate (mm/Hg)
Low fat 16/10 77.9 (SE 3.1) 72.9 (SE 2.5) 0.05 Decrease
(Lovejoy et Control 13/15 117.24 (SE -1.71 (SE SBP Clinic BP 3 months Decrease  unclear
al., 2003) 2.33) 1.81) (mm/Hg)
14999 Fat reduced 13/15 119.84 (SE -1.98 (SE Decrease
2.62) 2.22)
Control 13/15 76.67 (SE -4.21 (SE DBP Clinic BP 3 months Decrease  unclear
2.18) 1.51) (mm/Hg)
Fat reduced 13/15 73.62 (SE 1.7) -2.48 (SE Decrease
1.24)
Control 13/15 117.24 (SE -1.76 (SE SBP Clinic BP 6 months Decrease  unclear
2.33) 1.54) (mm/Hg)
Fat reduced 13/15 119.84 (SE -2.34 (SE Decrease
2.62) 1.89)
Control 13/15 76.67 (SE -5.26 (SE DBP Clinic BP 6 months Decrease  unclear
2.18) 1.93) (mm/Hg)
Fat reduced 13/15 73.62 (SE 1.7) -4.4 (SE Decrease
1.61)
Control 13/15 117.24 (SE -1.72 (SE SBP Clinic BP 9 months Decrease  unclear
2.33) 1.74) (mm/Hg)
Fat reduced 13/15 119.84 (SE -0.18 (SE Decrease
2.62) 1.17)
Control 13/15 76.67 (SE -0.54 (SE DBP Clinic BP 9 months Decrease  unclear
2.18) 1.43) (mm/Hg)
Fat reduced 13/15 73.62 (SE 1.7) 0.08 (SE Decrease
1.47)
(Gardner Atkins: low 77/77 -6.8 (SD NS SBP Clinic BP 2 months Decrease  No bias
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
etal., carbohydrate 8) (mm/Hg)
2007) Ornish: high 76/76 -1.6 (SD NS Decrease

*15126 carbohydrate 6.3)
Zone: moderate  79/79 -3.2(SD Decrease
carbohydrate 8.2)
Atkins: low 77/77 -2.9(SD NS DBP Clinic BP 2 months Decrease  No bias
carbohydrate 6.2) (mm/Hg)
Ornish: high 76/76 -0.4 (SD NS Decrease
carbohydrate 5.5)
Zone: moderate  79/79 -2.1(SD Decrease
carbohydrate 5.6)
Atkins: low 77/77 -6.4 (SD NS SBP Clinic BP 6 months Decrease  No bias
carbohydrate 9.5) (mm/Hg)
Ornish: high 76/76 -1.7 (SD NS Decrease
carbohydrate 7)
Zone: moderate  79/79 -3.6 (SD Decrease
carbohydrate 8)
Atkins: low 77]77 -3.3(SD NS DBP Clinic BP 6 months Decrease  No bias
carbohydrate 6.9) (mm/Hg)
Ornish: high 76/76 -1(SD NS Decrease
carbohydrate 5.6)
Zone: moderate  79/79 -1.8 (SD Decrease
carbohydrate 5.6)
Atkins: low 77/77 -7.6 (SD 0.05 SBP Clinic BP 1year Decrease  No bias
carbohydrate 11) (mm/Hg)
Ornish: high 76/76 -1.9(SD NS Decrease
carbohydrate 7.7)
Zone: moderate  79/79 -3.3(SD Decrease
carbohydrate 8.1)
Atkins: low 77/77 -4.4 (SD NS DBP Clinic BP 1year Decrease  No bias
carbohydrate 8.4) (mm/Hg)
Ornish: high 76/76 -0.7 (SD NS Decrease
carbohydrate 6)
Zone: moderate  79/79 2.1(SD Decrease
carbohydrate 5.8)

(Frisch et High 100/100 -4 (SD 15) 0.05 SBP Clinic BP 6 months Decrease  unclear
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
al., 2009) carbohydrate (mm/Hg)
*15160 diet
Moderate 100/100 -6 (SD16) 0.05 0.102 Decrease
carbohydrate
diet
High 100/100 -3(SD9) 0.05 DBP Clinic BP 6 months Decrease  unclear
carbohydrate (mm/Hg)
diet
Moderate 100/100 -3(SD 8) 0.05 0.884 Decrease
carbohydrate
diet
High 100/100 -1(SD15) NS SBP Clinic BP 1year Decrease  unclear
carbohydrate (mm/Hg)
diet
Moderate 100/100 -5(SD 14) 0.05 0.007 Decrease
carbohydrate
diet
High 100/100 -2(SD8) 0.05 DBP Clinic BP 1year Decrease  unclear
carbohydrate (mm/Hg)
diet
Moderate 100/100 -3(SD9) 0.05 0.44 Decrease
carbohydrate
diet
(Foster et Conventional 30/30 -0.6 (SD NS SBP change Clinic BP 3 months Decrease  unclear
al., 2003) diet plan 11.9) (%)
15197 Low 33/33 -2.6 (SD NS 0.59 Decrease
carbohydrate 11.2)
diet
Conventional 30/30 -3.5(SD <0.05 DBP change Clinic BP 3 months Decrease  unclear
diet plan 10.3) (%)
Low 33/33 -3.0(SD NS 0.84 DBP change Decrease
carbohydrate 13.4)
diet
Conventional 30/30 1.0 (SD NS SBP change Clinic BP 6 months Decrease  unclear
diet plan 12.2) (%)
Low 33/33 -2.3(SD NS 0.28 Decrease
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
carbohydrate 11.7)
diet
Conventional 30/30 -2.9(SD NS DBP change Clinic BP 6 months Decrease unclear
diet plan 14.2) (%)
Low 33/33 -4.0 (SD <0.05 0.84 Decrease
carbohydrate 12.7)
diet
Conventional 30/30 1.7 (SD NS SBP change Clinic BP 1year Decrease  unclear
diet plan 11.8) (%)
Low 33/33 -1.0(SD NS 0.43 Decrease
carbohydrate 9.4)
diet
Conventional 30/30 -3.8(SD NS DBP change Clinic BP 1year Decrease  unclear
diet plan 13.2) (%)
Low 33/33 -3.7 (SD <0.05 0.84 Decrease
carbohydrate 12.4)
diet
(Delbridge Low fat, high 70/70 5.8 (SE SBP Not 1year Increase  unclear
etal., carbohydrate 1.5) reported
2009) weight (mm/Hg)
*15326 maintenance
diet
Low fat, high 68/71 1.2 (SE 0.042 Increase
protein weight 1.7)
maintenance
diet
Low fat, high 70/70 3.4 (SE DBP Not 1year Increase  unclear
carbohydrate 1.5) reported
weight (mm/Hg)
maintenance
diet
Low fat, high 68/71 2.3 (SE 0.58 Increase
protein weight 1.4)
maintenance
diet
(Tinker et Control 25173/29294  127.4(SD 125.4 (SD 16.8) SBP Not 1year No unclear
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
al., 2008) 17.1) reported change
15368 (mm/Hg)
Low fat diet 17126/19541 127.1(SD 124.4(SD 17.1) 0.001 Decrease
17.2)
Control 25169/29294 76 (SD 9) 74.7 (SD9.1) DBP Not 1 year No unclear
reported change
(mm/Hg)
Low fat diet 17125/19541  75.9(SD9.1) 73.9(SD9.2) 0.001 Decrease
Control 22532/29294 127.4 (SD 124.6 (SD 16.3) SBP Not 6 years No  unclear
17.1) reported change
(mm/Hg)
Low fat diet 14543/19541 127.1(SD 124.5 (SD 16.5) Decrease
17.2)
Control 22532/29294 76 (SD9) 71.9(SD9.2) DBP Not 6 years No  unclear
reported change
(mm/Hg)
Low fat diet 14540/19541 75.9(SD9.1) 71.7 (SD9.2) Decrease
(Ebbeling Low fat diet 37/37 -4.8 (SE SBP change Clinic BP 6 months Decrease  No bias
etal., 2.3) (mm/Hg)
2007) Low GL diet ITT: -5.1 (SE 0.93 Decrease
*15455 36/36 2.3)
Low fat diet 37/37 -2.0 (SE DBP change Clinic BP 6 months Decrease  No bias
1.7) (mm/Hg)
Low GL diet ITT: 36/36 -2.4 (SE 0.88 Decrease
1.7)
Low fat diet 37/37 1.1(SE SBP change Clinic BP 18 months Decrease  No bias
2.3) (mm/Hg)
Low GL diet ITT: 36/36 -3.2 (SE 0.18 Decrease
2.3)
Low fat diet 37/37 2.9 (SE DBP change Clinic BP 18 months Decrease  No bias
1.7) (mm/Hg)
Low GL diet ITT: 36/36 0(SE 1.7) 0.22 Decrease
(Ebbeling Low fat diet 12/17 105 (SE 4) -0.5% (CI SBP Seated 6 months Decrease  unclear
etal., -5.3,4.4) (mm/Hg)
2005) Low Gl diet 11/17 106 (SE 2) -0.9% (Cl Decrease
15513 -5.9,4.2)
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
Low fat diet 12/17 63 (SE 2) 0.3% (Cl - DBP Seated 6 months Decrease  unclear
4.8,5.6) (mm/Hg)
Low Gl diet 11/17 64 (SE 3) -2% (CI - Decrease
7.2,3.4)
Low fat diet 12/17 105 (SE 4) 0.6% (CI - SBP Seated 1 year Decrease  unclear
4.1,5.5) (mm/Hg)
Low Gl diet 11/17 106 (SE 2) 0.2% (CI - Decrease
4.7,5.3)
Low fat diet 12/17 63 (SE 2) 1.4% (CI - DBP Seated 1year Decrease  unclear
4.4,7.6) (mm/Hg)
Low Gl diet 11/17 64 (SE 3) -0.3% (CI Decrease
-6.2, 6)
(Sacks et High-fat, ITT: /204 120 (SD 13) 118 (SD 12) -1.5% SBP Clinic BP 6 months Decrease  No bias
al., 2009) average-protein (mm/Hg)
15587 High-fat, high- ITT: /201 120 (SD 15) 119 (SD 12) -1.7% Decrease
protein
Low-fat, ITT: /204 118 (SD 13) 116 (SD 12) -1.2% Decrease
average-protein
Low-fat, high- ITT: /202 120 (SD 13) 117 (SD 12) -2.6% Decrease
protein
High-fat, ITT: /204 76 (SD9) 74 (SD 9) -2.3% DBP Clinic BP 6 months Decrease  No bias
average-protein (mm/Hg)
High-fat, high- ITT: /201 76 (SD 10) 74 (SD 9) -1.8% Decrease
protein
Low-fat, ITT: /204 75 (SD9) 74 (SD9) -1.4% Decrease
average-protein
Low-fat, high- ITT: /202 75(SD9) 73 (SD9) -3.1% Decrease
protein
High-fat, ITT: 120 (SD 13) 118 (SD 12) -1.3% SBP Clinic BP 2 years Decrease  No bias
average-protein /204 (mm/Hg)
High-fat, high- ITT: 120 (SD 15) 120 (SD 14) -0.7% Decrease
protein /201
Low-fat, ITT: 118 (SD 13) 117 (SD 12) -0.8% Decrease
average-protein /204
Low-fat, high- ITT: 120 (SD 13) 118 (SD 13) -1.7% Decrease
protein /202
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
High-fat, ITT: 76 (SD9) 75 (SD 9) -1.5% DBP Clinic BP 2 years Decrease  No bias
average-protein /204 (mm/Hg)
High-fat, high- ITT: 76 (SD 10) 76 (SD9) -0.3% Decrease
protein /201
Low-fat, ITT: 75 (SD9) 74 (SD9) -0.8% Decrease
average-protein /204
Low-fat, high- ITT: 75 (SD9) 74 (SD9) -1.3% Decrease
protein /202
(Keogh et High 12/12 123 (SE 4) 115 (SE 4) 0.01 SBP Clinic BP 6 weeks Decrease  unclear
al., 2007) carbohydrate (mm/Hg)
15600 diet
Low 13/13 122 (SE 4) 110 (SE 4) 0.05 Decrease
carbohydrate
diet
High 12/12 76 (SE 2) 72 (SE 1) 0.01 DBP Clinic BP 6 weeks Decrease  unclear
carbohydrate (mm/Hg)
diet
Low 13/13 74 (SE 2) 68 (SE 2) 0.05 Decrease
carbohydrate
diet
High 12/12 123 (SE 4) 118 (SE 5) 0.01 SBP (mm/Hg) 12 weeks Decrease  unclear
carbohydrate
diet
Low 13/13 122 (SE 4) 111 (SE 4) 0.01 Decrease
carbohydrate
diet
High 12/12 76 (SE 2) 70 (SE 2) 0.01 DBP Clinic BP 12 weeks Decrease  unclear
carbohydrate (mm/Hg)
diet
Low 13/13 74 (SE 2) 67 (SE 2) 0.01 Decrease
carbohydrate
diet
High completers 128 (SE 3) 130 (SE 4) SBP Clinic BP 1year Decrease  unclear
carbohydrate not (mm/Hg)
diet reported/12
Low completers 117 (SE 4) 115 (SE 5) Decrease
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
carbohydrate not
diet reported/13
High completers 80 (SE 2) 74 (SE 3) 0.05 DBP Clinic BP 1 year Decrease  unclear
carbohydrate not (mm/Hg)
diet reported/12
Low completers 72 (SE 2) 68 (SE 3) 0.05 Decrease
carbohydrate not
diet reported/13
(Brehm et Low 22/22 116 (SE 3.23) 112 (SE 2.36) NS SBP Clinic BP 3 months Decrease  unclear
al., 2003) carbohydrate (mm/Hg)
15719 Moderate fat 20/20 115 (SE 2.47) 116 (SE 2.01) Decrease
Low 22/22 79 (SE 2.69) 72 (SE 2.06) NS DBP Clinic BP 3 months Decrease  unclear
carbohydrate (mm/Hg)
Moderate fat 20/20 75 (SE 1.99) 75 (SE 1.79) Decrease
Low 22/22 116 (SE 3.23) 114 (SE 2.82) NS SBP Clinic BP 6 months Decrease  unclear
carbohydrate (mm/Hg)
Moderate fat 20/20 115 (SE2.47) 113 (SE 2.41) Decrease
Low 22/22 79 (SE 2.69) 74 (SE 2.23) NS DBP Clinic BP 6 months Decrease  unclear
carbohydrate (mm/Hg)
Moderate fat 20/20 75 (SE 1.99) 74 (SE 1.62) Decrease
(Dansinger Atkins 40/40 -4.2 (SD 0.05 SBP Clinic BP 2 months Decrease  No bias
etal., 13) (mm/Hg)
2005) Ornish 40/40 -1.3(SD NS Decrease
15819 8.8)
Weight 40/40 -4.8 (SD 0.05 Decrease
watchers 13)
Zone 40/40 -4.1 (SD NS Decrease
14)
Atkins 40/40 -4.2 (SD 0.01 DBP Clinic BP 2 months Decrease  No bias
8.3) (mm/Hg)
Ornish 40/40 -2.5(SD 0.05 Decrease
7.1)
Weight 40/40 -3.1(SD 0.05 Decrease
watchers 7.4)
Zone 40/40 -4.8 (SD 0.01 Decrease
7.6)
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
Atkins 40/40 -3.7 (SD 0.05 SBP Clinic BP 6 months Decrease  No bias
10) (mm/Hg)
Ornish 40/40 -0.6 (SD NS Decrease
8.7)
Weight 40/40 -4.8 (SD 0.05 Decrease
watchers 14)
Zone 40/40 -3.9(SD NS Decrease
14)
Atkins 40/40 -4 (SD 0.01 DBP Clinic BP 6 months Decrease  No bias
6.5) (mm/Hg)
Ornish 40/40 -0.3 (SD NS Decrease
6.2)
Weight 40/40 -1.8(SD NS Decrease
watchers 6.9)
Zone 40/40 -4 (SD 0.01 Decrease
9.1)
Atkins 40/40 0.2 (SD NS SBP Clinic BP 1year Decrease  No bias
12) (mm/Hg)
Ornish 40/40 0.5 (SD NS Decrease
7.7)
Weight 40/40 -2.7 (SD NS Decrease
watchers 13)
Zone 40/40 1.4 (SD NS Decrease
15)
Atkins 40/40 -1.4 (SD NS DBP Clinic BP 1year Decrease  No bias
7.5) (mm/Hg)
Ornish 40/40 0.2 (SD NS Decrease
4.6)
Weight 40/40 -1.7 (SD NS Decrease
watchers 6.4)
Zone 40/40 -1.2 (SD NS Decrease
9.5)
(Wolever High 11/11 NS SBP Clinic BP 16 weeks Decrease unclear
and carbohydrate,
Mebhling, high Gl
2002) High 13/13 NS Decrease
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
15940 carbohydrate,
low GI
Low 11/11 NS Increase
carbohydrate,
high MUFA
High 11/11 NS DBP Clinic BP 16 weeks Decrease  unclear
carbohydrate, (mm/Hg)
high Gl
High 13/13 NS Decrease
carbohydrate,
low GI
Low 11/11 NS Increase
carbohydrate,
high MUFA
(Ley et al., Control 70/70 -1.99 (SE SBP Clinic BP 6 months No unclear
2004) 2.97) Seated change
15965 (mm/Hg)
Low fat 66/66 -4.31 (SE 0.05 Decrease
1.96)
Control 70/70 -1.57 (SE DBP Clinic BP 6 months No  unclear
2.1) Seated change
(mm/Hg)
Low fat 66/66 -1.31 (SE NS Decrease
1.54)
Control 70/70 3.37 (SE SBP Clinic BP 1year No unclear
3.21) Seated change
(mm/Hg)
Low fat 66/66 -4.1 (SE NS Decrease
1.99)
Control 70/70 2.11 (SE DBP Clinic BP 1year No unclear
2.09) Seated change
(mm/Hg)
Low fat 66/66 -1.73 (SE 0.01 Decrease
1.51)
Control 57/70 2.56 (SE SBP Clinic BP 2 years No unclear
3.18) Seated change
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
(mm/Hg)
Low fat 47/66 -2.99 (SE NS Decrease
2.19)
Control 57/70 -1.87 (SE DBP Clinic BP 2 years No unclear
2) Seated change
(mm/Hg)
Low fat 47/66 -6.1 (SE 0.01 Decrease
1.49)
Control 51/70 2.81 (SE SBP Clinic BP 3 years No unclear
3.1) Seated change
(mm/Hg)
Low fat 48/66 -3.63 (SE NS SBP Decrease
1.6)
Control 51/70 -2.47 (SE DBP Clinic BP 3 years No unclear
2.05) Seated change
(mm/Hg)
Low fat 48/66 -5.78 (SE NS Decrease
1.27)
Control 52/70 1.31 (SE SBP Clinic BP 5 years No unclear
3.38) Seated change
(mm/Hg)
Low fat 51/66 -3.54 (SE NS Decrease
2.48)
Control 52/70 -4.2 (SE DBP Clinic BP 5 years No unclear
1.92) Seated change
(mm/Hg)
Low fat 51/66 -7.16 (SE 0.05 Decrease
1.68)
(Dale etal., High 89/100 124 (SD 15) 118 (SD 14) SBP (mm/Hg) 1year Decrease  unclear
2009) carbohydrate
17392 diet
High MUFA diet  85/100 124 (SD 14) 119 (SD 12) Decrease
High 89/100 79 (SD 9) 75 (SD 8) DBP (mm/Hg) 1 year Decrease  unclear
carbohydrate
diet
High MUFA diet  85/100 78 (SD 9) 75 (SD 7) Decrease
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
High 89/100 124 (SD 15) 120 (SD 14) SBP (mm/Hg) 2 years Decrease  unclear
carbohydrate
diet
High MUFA diet ~ 85/100 124 (SD 14) 121 (SD 14) Decrease
High MUFA diet  High MUFA: 0.4(Cl-2.2, SBP (mm/Hg) 2 years Decrease  unclear
minus high 85/100 3) in both
carbohydrate High CHO:
diet 89/100
High 89/100 79 (SD9) 76 (SD 8) DBP (mm/Hg) 2 years Decrease  unclear
carbohydrate
diet
High MUFA diet  85/100 78 (SD 9) 76 (SD 8) Decrease
High MUFA diet  High MUFA: 0.4 (Cl-1, DBP (mm/Hg) 2 years Decrease  unclear
minus high 85/100 1.9) in both
carbohydrate High CHO:
diet 89/100
(de Luiset  Genetics - Low 54/67 139 (SD 16) 121 (SD 12) <0.05 SBP Clinic BP 2 months Decrease  unclear
al.,, 2009a) UCP3 Gene - carbohydrate (mm/Hg)
16689 55CC poly- Low fat 40/64 136 (SD 15) 118.2 (SD 41) <0.05 Decrease
morphism
Genetics - Low 13/67 142 (SD 12) 138 (SD 12) NS SBP Clinic BP 2 months Decrease  unclear
UCP3 Gene - carbohydrate (mm/Hg)
55CT/TT poly-  Low fat 24/64 151 (SD 12) 138 (SD 12) NS Decrease
morphism
Genetics - Low 54/67 80.2 (SD9.2) 77.4 (SD 14.8) <0.05 DBP Clinic BP 2 months Decrease  unclear
UCP3 Gene - carbohydrate (mm/Hg)
55CC poly- Low fat 40/64 82.1(SD 8.9) 80.8 (SD 7.8) NS Decrease
morphism
Genetics - Low 13/67 83.6(SD15.2) 82.9(SD 10.4) NS DBP Clinic BP 2 months Decrease  unclear
UCP3 Gene - carbohydrate (mm/Hg)
55CT/TT poly-  Low fat 24/64 87.6(SD17.1) 86.9(SD 11.4) NS Decrease
morphism
(de Luis et Low 66/52 142 (SD 16) 126 (SD 16) SBP Clinic BP 3 months Decrease  unclear
al., 2009b) carbohydrate Seated
*16078 (mm/Hg)
Low fat 52/66 139 (SD 18) 124 (SD 13) Decrease
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
Low 52/52 85.8 (SD 7) 81.1(SD 7.4) DBP Clinic BP 3 months Decrease  unclear
carbohydrate Seated
(mm/Hg)
Low fat 66/66 80.7 (SD 6.8) 79.2 (SD 12.8) Decrease
(de Luiset  Genetics - Low 55/105 138.5 (SD 122.5(SD 12.7) SBP Not 2 months Decrease  unclear
al., 2008) wild-type carbohydrate 12.1) reported
16136 Ala54/Ala54 (mm/Hg)
Low fat 55/99 133.5(SD 15) 110.8 (SD 14.5) Decrease
Genetics - Low 55/105 87.1(SD9.2) 77.5(SD 14.8) DBP Not 2 months Decrease  unclear
wild-type carbohydrate reported
Ala54/Ala54 (mm/Hg)
Low fat 55/99 81.3 (SD 8.9) 71.1(SD 7.8) Decrease
Genetics - Low 50/105 143.9 (SD 12) 137.8 (SD 12.5) SBP Not 2 months Decrease  unclear
mutant-type carbohydrate reported
Ala54/Thr54 (mm/Hg)
or Low fat 44/99 149 (SD 12) 135 (SD 12.5) Decrease
Thr54/Thr54
Genetics - Low 50/105 83.6(SD 17) 82.9(SD11.4) DBP Not 2 months Decrease  unclear
mutant-type carbohydrate reported
Ala54/Thr54 (mm/Hg)
or Low fat 44/99 77.6 (SD 17) 81.9 (SD 11.4) Decrease
Thr54/Thr54
(Howard et Control approx 1699 127.9 (SD 125.7 (SD 16.8) -2.1(SDb SBP Clinic BP 3 years No No bias
al., 2006b) participants 17.2) 16.4) (mm/Hg) change
*16244 included as a
5.8% sub-
sample of
29294 in
group
Low fat approx 1132 127.5 (SD 125.1 (SD 16.9) -2.2(SD NS Decrease
participants 17.2) 16.3)

included as a
5.8% sub-
sample of
19541 in
group
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
Low fat minus Low fat: approx 1132 -0.17 (CI - SBP Clinic BP 3 years No No bias
control participants included as a 5.8% 0.49,0.15) (mm/Hg) change in
sub-sample of 19541 in group control
Control: approx 1699 group,
participants included as a 5.8% decrease
sub-sample of 29294 in group in low fat
group
Control approx 1699 76.0 (SD9.1) 73.6 (SD9.3) -2.3(SD DBP Clinic BP 3 years No No bias
participants 9.4) (mm/Hg) change
included as a
5.8% sub-
sample of
29294 in
group
Low fat approx 1132 75.9(SD9.1)  73.1(SD9.4) -2.6 (SD <0.001 Decrease
participants 9.4)
included as a
5.8% sub-
sample of
19541 in
group
Low fat minus Low fat: approx 1132 -0.31(ClI - DBP Clinic BP 3 years No No bias
control participants included as a 5.8% 0.5,-0.13) (mm/Hg) change in
sub-sample of 19541 in group control
Control: approx 1699 group,
participants included as a 5.8% decrease
sub-sample of 29294 in group in low fat
group
(Brehm et Low 20/25 119 (SE 3.5) 114 (SE 3.8) NS SBP Clinic BP 2 months Decrease  unclear
al., 2005) carbohydrate (mm/Hg)
16359 Moderate fat 20/25 119 (SE 2.9) 116 (SE 2.8) Decrease
Low 20/25 76 (SE 1.7) 73 (SE 2.4) NS DBP Clinic BP 2 months Decrease  unclear
carbohydrate (mm/Hg)
Moderate fat 20/25 77 (SE 1.7) 74 (SE 2) Decrease
Low 20/25 119 (SE 3.5) 110 (SE 3.4) NS SBP Clinic BP 4 months Decrease  unclear
carbohydrate (mm/Hg)
Moderate fat 20/25 119 (SE 2.9) 116 (SE 3.5) Decrease
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
Low 20/25 76 (SE 1.7) 71 (SE2.1) NS DBP Clinic BP 4 months Decrease  unclear
carbohydrate (mm/Hg)
Moderate fat 20/25 77 (SE 1.7) 75 (SE 2.8) Decrease
(Meckling Hypocaloric 8/15 127 (SD 14) 118 (SD 12) <0.05 SBP Clinic BP 12 weeks Decrease  unclear
and control diet (mm/Hg)
Sherfey, Hypocaloric 10/15 128 (SD 19) 119 (SD 13) <0.05 Decrease
2007) protein rich diet
*16366
Hypocaloric 11/15 129 (SD 7) 122 (SD 10) <0.05 SBP Clinic BP 12 weeks Decrease  unclear
control diet + (mm/Hg)
exercise
Hypocaloric 14/15 134 (SD 12) 127 (SD 17) <0.05 Decrease
protein rich diet
+ exercise
Hypocaloric 8/15 81 (SD 11) 75 (SD 14) <0.05 DBP Clinic BP 12 weeks Decrease  unclear
control diet (mm/Hg)
Hypocaloric 10/15 79 (SD 13) 72 (SD7) <0.05 Decrease
protein rich diet
Hypocaloric 11/15 82 (SD 8) 77 (SD9) NS DBP Clinic BP 12 weeks Decrease  unclear
control diet + (mm/Hg)
exercise
Hypocaloric 14/15 82(SD7) 78 (SD 10) <0.05 Decrease
protein rich diet
+ exercise
(Noakes et High 21/27 NS SBP Clinic BP 12 weeks Decrease  unclear
al., 2006) unsaturated fat
16598 Very low 24/28 NS Decrease
carbohydrate
Very low fat 22/28 NS Decrease
High 21/27 NS DBP Clinic BP 12 weeks Decrease unclear
unsaturated fat
Very low 24/28 NS Decrease
carbohydrate
Very low fat 22/28 NS Decrease
(Keogh et High 47/50 136 (SD 12) 123 (SD 10) SBP Clinic BP 8 weeks Decrease  unclear
al., 2008) carbohydrate, (mm/Hg)
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
*16730 low SFA
Low 51/57 133 (SD 14) 122 (SD 12) Decrease
carbohydrate,
high SFA
High 47/50 77 (SD 11) 70(SD9) <0.05 DBP Clinic BP 8 weeks Decrease  unclear
carbohydrate, (mm/Hg)
low SFA
Low 51/57 74 (SD 12) 67 (SD 13) Decrease
carbohydrate,
high SFA
(Clifton et High MUFA 31/35 132 (SD 17) 122 (SD 14) SBP Clinic BP 8 weeks Decrease  unclear
al., 2004) (mm/Hg)
16757 Very low fat 31/35 131 (SD 17) 122 (SD 13) Decrease
High MUFA 31/35 76 (SD 10) 72 (SD 8) DBP Clinic BP 8 weeks Decrease  unclear
(mm/Hg)
Very low fat 31/35 76 (SD 10) 71(SD 7) Decrease
High MUFA 31/35 132 (SD 17) 121 (SD 14) <0.01 SBP Clinic BP 12 weeks Decrease  unclear
(mm/Hg)
Very low fat 31/35 131 (SD 17) 122 (SD 14) <0.01 Decrease
High MUFA 31/35 76 (SD 10) 72 (SD 8) <0.01 DBP Clinic BP 12 weeks Decrease  unclear
(mm/Hg)
Very low fat 31/35 76 (SD 10) 72 (SD 10) <0.01 Decrease
(Claessens High 16/allocated 125.88 (SE 127.5 (SE 5.6) 1.63 (SE NS SBP Clinic BP 12 weeks increase unclear
etal., carbohydrate not reported 3.78) 4.67) (mm/Hg)
2009) supplement
*16814 High protein 14/allocated 122.57 (SE 119.64 (SE4.96) -2.93 (SE NS decrease
supplement - not reported 5.02) 3.27)
casein
High protein 18/allocated 124.33 (SE 117.83 (SE 2.34) -6.5(SE <0.05 decrease
supplement - not reported 1.77) 1.87)
whey
High 16/allocated 81.56 (SE1.9) 84.19 (SE 4.38) 2.63 (SE NS DBP Clinic BP 12 weeks increase unclear
carbohydrate not reported 3.52) (mm/Hg)
supplement
High protein 14/allocated 78.43 (SE 76.64 (SE 2.13) -1.79 (SE NS decrease
supplement - not reported 2.53) 2.03)
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome

Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
casein
High protein 18/allocated 79.0 (SE1.32)  76.06 (SE 1.72) -2.94 (SE <0.05 decrease
supplement - not reported 1.37)
whey
(Leidy et High protein, 21/27 109 (SE 3) 104 (SE 2) -6 (SE 3) NS SBP Supine 12 weeks Decrease  unclear
al., 2007) energy (mm/Hg)
16843 restricted
Moderate 25/27 114 (SE 2) 110 (SE 2) -4 (SE 2) Decrease
protein, energy
restricted
High protein, 21/27 68 (SE 1) 65 (SE 1) -3 (SE 1) NS DBP Supine 12 weeks Decrease  unclear
energy (mm/Hg)
restricted
Moderate 25/27 72 (SE 2) 64 (SE 1) -6 (SE 1) Decrease
protein, energy
restricted
High protein, 21/27 109 (SE 3) 104 (SE 2) -5 (SE 2) NS SBP Supine 12 weeks Decrease unclear
energy (mm/Hg)
restricted
Moderate 25/27 113 (SE 2) 110 (SE 2) -3 (SE 2) Decrease
protein, energy
restricted
High protein, 21/27 69 (SE 1) 66 (SE 1) -4 (SE 1) NS DBP Supine 12 weeks Decrease unclear
energy (mm/Hg)
restricted
Moderate 25/27 73 (SE 2) 65 (SE 2) -6 (SE 2) Decrease
protein, energy
restricted
(O'Brien et Low 22/22 0.22 SBP change Not 3 months Decrease  unclear
al., 2005) carbohydrate reported
16950 (mm/Hg)
Moderate fat 19/19 Decrease
Low 22/22 0.06 DBP change Not 3 months Decrease unclear
carbohydrate reported
(mm/Hg)
Moderate fat 19/19 Decrease
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
(Maki et Ad libitum low 42/43 112.7 (SE 1.6) -0.6 (SE SBP Seated 12 weeks Decrease  unclear
al., 2007b) GL diet 2) (mm/Hg)
17294 Low fat, energy  42/43 114.7 (SE 1.6) -1.2 (SE SBP Decrease
restricted 2.3)
Ad libitum low 42/43 74.4 (SE 1.5) -3.3 (SE DBP Seated 12 weeks Decrease  unclear
GL diet 1.8) (mm/Hg)
Low fat, energy  42/43 73.4 (SE 1.1) -0.6 (SE Decrease
restricted 1.4)
Ad libitum low 42/43 112.7 (SE 1.6) 0.2 (SE SBP Seated 36 weeks Decrease  unclear
GL diet 1.7) (mm/Hg)
Low fat, energy  42/43 114.7 (SE 1.6) 0.1 (SE Decrease
restricted 2.2)
Ad libitum low 42/43 74.4 (SE 1.5) -4.1 (SE DBP Seated 36 weeks Decrease  unclear
GL diet 1.8) (mm/Hg)
Low fat, energy  42/43 73.4 (SE 1.1) -1.6 (SE Decrease
restricted 1.3)
(Phillips et Low 10/~14 123.3(SE3.1) 112.6(SE2.7) 0.05 NS SBP Supine 6 weeks Decrease  unclear
al., 2008) carbohydrate (mm/Hg)
*17424 diet
Low fat diet 10/~14 124.1 (SE 4) 115.2 (SE 3) 0.05 Decrease
Low 10/~14 70 (SE 3.5) 65.8 (SE 2.6) 0.05 NS DBP Supine 6 weeks Decrease  unclear
carbohydrate (mm/Hg)
diet
Low fat diet 10/~14 73.2 (SE 3.6) 66.8 (SE 3.3) 0.05 Decrease
(Appel et All High 164 131.2 (SD 9.4) -8.2(-9.6 SBP Seated 6 weeks No change No bias
al., 2005) carbohydrate to0 -6.8) (mm/Hg)
OMNI- High protein 164 131.2 (SD9.4) -9.5 (-
Heart 10.9 to - No change
Study 8.2)
*16309 Unsaturated fat 164 131.2 (SD 9.4) 9.3 (-
No change
10.6 to -
8.0)
Pre- High 132 127.5(SD 5.5) -7.0(-8.5 SBP Seated 6 weeks No change No bias
hypertensives  carbohydrate to -5.6) (mm/Hg)
High protein -8.0(-9.3
132 127.5(SD 5.5) No change
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Result ID/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result- Weight Outcome
Author detail group Allocated group A Within difference between Assessment Outcome specific Change Assessme
from group A between groups in method details follow-up nt Bias
baseline from groups A from
baseline baseline
t0 -6.6)
Unsaturated fat -7.7 (-8.9
132 127.5(SD 5.5) t0-6.4) No change
All High 164 77.0 (SD 8.2) -4.1(-5.0 DBP Seated 6 weeks No change No bias
carbohydrate to0 3.3) (mm/Hg)
High protein 164 -5.2(-6.1
77.0(SD 8.2) to -4.4) No change
Unsaturated fat 164 77.0 (5D 8.2) -4.8 (-5.6 No change
t0 4.0)
Pre- High 132 75.3 (SD 7.4) -3.6 (-4.5 DBP Seated 6 weeks No change No bias
hypertensives  carbohydrate to-2.7) (mm/Hg)
High protein -4.4 (-5.3
132 75.3 (SD 7.4) t0-3.6) No change
Unsaturated fat -3.9 (-4.7
132 75.3(SD 7.4) t0-3.2) No change

*This result was used in the meta-analysis for high carbohydrate diets and SBP
**This result was used in the meta-analysis for high carbohydrate diets and DBP
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Blood pressure, dietary fibre and high fibre diets

Summary of cohort results

Data were extracted from three publications, recording results from three cohort studies (Ascherio
et al., 1992;Ascherio et al., 1996;Ludwig et al., 1999). One of these reported the effect of fibre
density in grams per unit energy on SBP and DBP. Findings from this study (the CARDIA study)
(Ludwig et al., 1999) indicate that SBP and DBP were lower by 2-4% among white high-fibre
density consumers than low-fibre density consumers. This association was not apparent in the
black participants of the study, however. The Health Professionals Follow-up Study and the
Nurse’s Health Study (Ascherio et al., 1992;Ascherio et al., 1996) which both reported dietary fibre
as grams per day consistently reported statistically significant results indicative of a decrease in
SBP and DBP with each additional 1g per day of dietary fibre.

The Health Professionals Follow-up Study and the Nurse’s Health Study (Ascherio et al.,
1992;Ascherio et al., 1996) relied upon self-reports of blood pressure. Participants were asked to
report their usual SBP and DBP (presumably measured by their physician) within seven
categories. The CARDIA study (Ludwig et al., 1999), however, measured blood pressure at clinic.

As the units of expression for dietary fibre intake differed between studies, a meta-analysis with 3
or more cohort studies was not possible. However, these three US studies provide evidence of
consistent negative association between dietary fibre intake and blood pressure.

Exposure definition and assessment

All three studies measured dietary intake using FFQs, and the number of food items varied from
126 to 700.

Adjustment for appropriate confounders

The HPFS and NHS were adjusted for important covariates including age, alcohol and BMI. The
CARDIA study adjusted for additional appropriate confounders such as education, gender and
smoking.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.
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Summary of RCT data

Data were extracted from three RCTs reporting information on blood pressure in relation to diets
higher in dietary fibre from food sources, rather than from fibre isolates. Insufficient information
was presented in one study for it to be included in meta-analysis (Sciarrone et al., 1993) and so
there were too few studies remaining for any meta-analysis to be conducted. The study by
Sciarrone compared lacto-ovo-vegetarian and omnivorous diets with markedly different fibre
contents (20g/1000 kcal vs. <8g/1000kcal) in overweight males. The authors reported that blood
pressure was ‘lower’ with the vegetarian diet. Of the two remaining studies (Olendzki et al.,
2009;Andersson et al., 2007), one presented results at 3 and 6 months (Olendzki et al., 2009) and
the other at 6 weeks (Andersson et al., 2007). Andersson et al. (Andersson et al., 2007) explored
blood pressure differences in men and women consuming their usual diet with whole grain foods
(bread, crisp bread, muesli & pasta - minimum 50% wholegrain in provided foods = 112g
wholegrain/day) or with refined grain foods (bread, crisp bread, muesli & pasta). There was a
marked difference in fibre content between the diets, and body weight increased in both groups
possibly due to the test foods supplementing rather than substituting for usual foods. Olenzki et al.
(Olendzki et al., 2009) compared 3 hypoenergetic diets (high fibre, high fibre/low saturated fat and
low fat). Body weight decreased in all 3 diet groups. Neither study reported evidence of an effect
of high fibre diets on either SBP or DBP with a higher fibre diet.
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Table 2.15 Blood pressure and dietary fibre: cohort studies in adults

Result ID/  Country, Age Outcome/ Mean
.. Follow . Sub- Beta
Reference/ Ethnicity, range (Cases) Diet Assessment Contrast Exposure  Outcome . .
. Up (% Exposure " group . coefficient p p trend Adjustments
Cohort Inclusion (mean) /Total Assessment Details . (mean) Units (SD)
. loss) Detail (SE)/(C1)
Name criteria %Male
USA,
. Primarily
(Ascherio White, 40-75 Dietary SBP change (4
etal, Cancer free 4 years Fib /d years) 0.027
3 ibre, g -0.
1992) No CHD, %M 51529 (9.7) FFQ (131) AOAC 1g/day (0.009) <0.01 Age, alcohol, BMI
13893 Normal BP 100 ( Self-reported
HPFS orma method) elf-reporte
only, No
T2DM
DBP change
(4 years) -0.015
1g/day (0.006) <0.05 Age, alcohol, BMI
Self-reported
(Ascherio Ersi:],aril Dietar
etal, e 30-35 4years bre, >8P -0.069
1996) Cancer free 121700 (Oyg) FFQ (126) Fibre, g/d 1g/day ( 0'009) <0.0001 Age, alcohol, BMI
13923 © %MO : (AOAC Self-reported :
NHS No CHD, No method)
T2DM
DBP
1g/day Eg'ggg) <0.001 Age, alcohol, BMI
Self-reported )
(Ludwig et USA, Fibre
al,1999)  Multi-ethnic,  18-30 density sap égj’czt'ic::‘);'nigri:take
13683 Generally 5115 10 FFQ (700) (g/unit Race - (12.3)vs.  g/4184kJ 111.5 077 physical activity, gender,
The healthy, No %M years L Black (5.2) / day vs.111.6 ) -
. energy. Clinic BP smoking, SBP, vitamin
CARDIA hypertension,  45.9 AOAC intake
Study No T2DM
method)
DBP Age, alcohol, centre, DBP,
Race - (12.3)vs.  g/4184kJ education, energy intake,
73.3vs.74 0.7 . L
. Black (5.2) / day physical activity, gender,
Clinic BP ) . A
smoking, vitamin intake
Age, alcohol, centre,
SBp Race - (12.3)vs.  g/4184k]  106.9 vs. educ?tlon, energy intake,
White (5.2) / day 109.1 0.01 physical activity, gender,
Clinic BP : ’ smoking, SBP, vitamin
intake
DBP Age, alcohol, centre, DBP,
Race - (12.3) vs. g/4184k) 69.7 <0.001 education, energy intake,
Clinic BP White (5.2) / day vs.72.4 ’ physical activity, gender,

smoking, vitamin intake
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Table 2.16 Blood pressure and high fibre diets: RCT data

Author/ Intervention group Completers/ Baseline Follow-up Within group p-value p-value Outcome/ Result/ Result- Weight Outcome
Result ID Allocated A from Within group difference Assessment Outcome specific Change Assessment
baseline A from between method details follow-up Bias
baseline groups
(Olendzki  Hypoenergetic high fibre 12/12 74 (SE 2.3) -4.17 (SE 2.3) SBP Not 3 months Decrease  unclear
etal, Hypoenergetic high fibre and low 9/9 70 (SE 2.6) -1.67 (SE 2.7) reported Decrease

2009) saturated fat (mm/Hg)

14586 Hypoenergetic low saturated fat 10/10 72 (SE 2.5) -1.9 (SE 2.5) Decrease
Hypoenergetic high fibre 12/12 74 (SE 2.3) -2.08 (SE 2.3) SBP Not 6 months Decrease  unclear
Hypoenergetic high fibre and low 9/9 70 (SE 2.6) 1.67 (SE 2.6) reported Decrease
saturated fat (mm/Hg)

Hypoenergetic low saturated fat 10/10 72 (SE 2.5) -3.5(SE 2.5) Decrease
Hypoenergetic high fibre 12/12 122 (SE 4.4) -5.8 (SE 3.8) DBP Not 3 months Decrease  unclear
Hypoenergetic high fibre and low 9/9 119 (SE 5.1) -6.9 (SE 4.6) reported Decrease
saturated fat (mm/Hg)
Hypoenergetic low saturated fat 10/10 125 (SE 4.8) -0.9 (SE 4.2) Decrease
Hypoenergetic high fibre 12/12 122 (SE 4.4) -4.4 (SE 3.8) DBP Not 6 months Decrease  unclear
Hypoenergetic high fibre and low 9/9 119 (SE 5.1) 1.4 (SE 4.2) reported Decrease
saturated fat (mm/Hg)
Hypoenergetic low saturated fat 10/10 125 (SE 4.8) 0.8 (SE 4.4) Decrease

(Andersso  Refined grain products 15/30 130 (SD 16) 130 (SD 15) NS SBP Clinic BP 6 weeks unclear

netal., Supine Increase

2007) (mm/Hg)

16305 Wholegrain products 15/30 130 (SD 17) 129 (SD 15) NS 0.35 Increase
Refined grain products 30/30 80 (SD 10) 81 (SD9) NS DBP Clinic BP 6 weeks unclear

Supine Increase
Wholegrain products 30/30 81 (SD9) 81 (SD 8) NS (mm/Hg) Increase
(Sciarrone  Lacto-ovovegetarian diet 10/~10 lower SBP Daytime 6 weeks Decrease  No bias
etal, Omnivorous diet 10/~10 higher Decrease
1993)
17463
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Blood pressure and food sources of dietary fibre

Summary of cohort results

One publication from one cohort study reported the association between food sources of fibre and
blood pressure (Ascherio et al., 1996). Findings from the Nurses’ Health Study (Ascherio et al.,
1996) provide evidence of an inverse association between intake of fibre from cereals, fruit and
vegetables and DBP, as well as an inverse association between intake of fibre from fruit and
vegetables and SBP. That is, blood pressure tended to be lower with increasing intakes of the
sources of fibre described. All achieved statistical significance. Results were not statistically
significant, however, when investigating the relationship between intake of fibre from cereals and
SBP (Ascherio et al., 1996). The NHS (Ascherio et al., 1996) adjusted for several suitable
covariates including age, alcohol and BMI.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

No RCTs reported outcomes concerning food sources of fibre and blood pressure as a continuous
outcome.

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.
87



Table 2.17 Blood pressure and food sources of fibre: cohort study in adults

Result ID/ Age range Outcome/
Reference/ Country, Ethnicity, (Cases)/ Follow Up . Assessment . Beta coefficient .
Cohort Name Inclusion criteria ‘ymMe:Ir; ) Total (% loss) Diet Assessment Exposure Details Exposure Units (SE)/(C1) P Adjustments
0
(Ascherio et al., \ljvsrﬁ;:r(l:r;}:zg 30-55 4 years i ithi Sep Age, alcohol, BMI, fibre
1996) 13928 free l\]o CHD, No 121700 (0y9) FFQ (126) Fibre within cereals g/d 1g/day -0.017(0.034) 0.6 frgorrl1 other s,ourcés El
NHS ’ ’ %M 0 : (AOAC method) Self-reported ’
T2DM
DBP .
1g/day -0.082 (0.023) 0.003 Age, alcohol, BMI, fibre
from other sources, El
Self-reported
i ithi i SBP Age, alcohol, BMI, fibre
Fibre within fruit g/d 1g/day -0.133 (0.019) <0.0001 fg ) i , , "
(AOAC method) Self-reported rom other sources,
DBP .
1g/day -0.079 (0.013) <0.001 Age, alcohol, BMI, fibre
from other sources, El
Self-reported
i ithi 58P Icohol fi
Fibre within vegetables 1g/day -0.036 (0.017) 0.034 Age, alcohol, BMI, fibre
g/d (AOAC method) Self-reported from other sources, El
DBP .
1g/day -0.037 (0.012) 0.0013 Age, alcohol, BMI, fibre

Self-reported

from other sources, El
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Blood pressure and fibre isolates, insoluble-type fibre

No cohort studies reported outcomes concerning insoluble fibre and continuous blood pressure.

Summary of RCT data

Data were extracted from 3 RCTSs reporting results of interventions involving insoluble-type fibre
which was administered in the form of fibre ‘tablets’ containing variable proportions of vegetable,
citrus and cereal-derived fibre as outlined in the trial characteristics tables. Two studies reported
results for SBP and DBP separately (Rigaud et al., 1990;Birketvedt et al., 2000) whilst one
reported results for the two combined as mean arterial pressure (Cairella et al., 1995). Trial
duration ranged from 2 months (Cairella et al., 1995) to 6 months (Rigaud et al., 1990). The trial
comparing mean arterial pressure (Cairella et al., 1995) did not present sufficient information on
the results to include in a meta-analysis, just stating that there was no significant effect. This left
too few studies to be included in a meta-analysis. These remaining studies were both small, with
one suggesting a significant reduction in both DBP and SBP in the fibre intervention after 24
weeks (Birketvedt et al., 2000) and the other finding no evidence of any benefit after 6 months
(Rigaud et al., 1990).

These studies provide no consistent evidence of an effect of insoluble fibre isolates on blood
pressure. It should be noted however, that all three studies were designed to assess the impact of
dietary fibre tablets (using small doses of fibre) compared to placebo tablets within the context of
an energy restriction weight loss regimen. Participants lost weight in all studies, and against a
background of decreasing body weight, the impact of the small doses of fibre administered may
have been difficult to detect.
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Table 2.18 Blood pressure and fibre isolates, insoluble-type fibre: RCT data

Author/ Intervention group Completers/ Baseline Follow-up Within group A p-value Within p-value Outcome/ Result/ Result- Weight Outcome
Result ID Allocated from baseline group A from difference Assessment Outcome specific Change Assessment
baseline between method details follow-up Bias
groups
(Rigaud Fibre tablets 14/26 74.4 (SE 1.4) NS NS DBP Seated 6 months Decrease  No bias
etal., (mm/Hg)
1990) Placebo tablets 9/26 75 (SE 1.8) 0.05 Decrease
16873
Fibre tablets 14/26 126.5 (SE 2) 4.4 NS SBP Seated 6 months Decrease  No bias
(mm/Hg)
Placebo tablets 9/26 126.7 (SE 2.5) 31 NS Decrease
(Cairella Balanced diet and fibre completers Mean arterial Method not 60 days Decrease  No bias
etal., tablets, following weight loss  not pressure reported
1995) with VLCD reported/15
15690 Balanced diet and placebo completers NS Decrease
tablets, following weight loss  not
with VLCD reported/15
(Birketve  Energy restricted diet and 28/28 81.1 (SE 2.3) 70.5 (SE 1.6) <0.01 DBP Not 24 weeks Decrease  No bias
dtetal., mixed fibre tablets reported
2000) (mm/Hg)
14921 Energy restricted diet and 25/25 82.9 (SE 2.2) 74.6 (SE 1.5) <0.01 Decrease
placebo tablets
Energy restricted diet and 28/28 127.1(SE 2.7) 120.5 (SE 2.6) <0.01 SBP Not 24 weeks Decrease  No bias
mixed fibre tablets reported
(mm/Hg)
Energy restricted diet and 25/25 134 (SE 3.1) 126.8 (SE 2.1) <0.01 Decrease

placebo tablets
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Blood pressure and fibre isolates, psyllium
No cohort studies reported outcomes concerning psyllium and continuous blood pressure.
Summary of RCT data

In the study conducted by Bell et al. (Bell et al., 1990), a Step 1 diet was employed during the first
6 weeks of the trial, after which participants were randomised to receive pectin-enriched cereal
(10.76% soluble fibre), psyllium-enriched cereal (10.2% soluble fibre) or a placebo (cornflakes)
whilst continuing with the Step 1 diet over a second 6-week period. Cereals were administered as
579 portions and were consumed as part of breakfast. Body weights remained unchanged in all
diet groups, and there were decreases in blood pressure in all diet groups. The statistical
significance of the differences between diet groups was not reported.
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Table 2.19 Blood pressure and fibre isolates, psyllium: RCT data

Author/ Intervention Completers/ Baseline Follow-up Within group Outcome/ Result/ Result- Weight Change Outcome
Result ID group Allocated A from Assessment Outcome details specific Assessment Bias
baseline method follow-up
(Bell et Pectin enriched 20/20 122.1 (SE 118.6 (SE 3.6) -2.90% SBP Assessment details not 6 weeks No change  No bias
al., 1990)  cereal 2.5) reported
17161 (mm/Hg)
Placebo 19/20 123.9 (SE 118 (SE 2.7) -4.80% No change
(cornflakes) 2.6)
Psyllium enriched  19/20 123.5 (SE 120.2 (SE 2.7) -2.70% No change
cereal 2.9)
Pectin enriched 20/20 80.5 75.4 (SE 1.6) -6.30% DBP Assessment details not 6 weeks No change  No bias
cereal (SE 1.6) reported
(mm/Hg)
Placebo 19/20 80.6 (SE2.2) 77.1(SE2.2) -4.30% No change
(cornflakes)
Psyllium enriched  19/20 81.9(SE1.9) 79.3(SE2.2) -3.20% No change

cereal
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Blood pressure and fibre isolates, gums and extracts

No cohort studies reported outcomes concerning gums and extracts and continuous blood
pressure.

Summary of RCT data

Seven RCTs exploring the effects of fibre isolates, gums and extracts on blood pressure, including
pectin and guar gums, were identified. Two small studies reporting no evidence of any effect could
not be included in a meta-analysis because they did not provide any estimates or confidence
intervals (Pasman et al., 1997;Marett and Slavin, 2004). These studies found no evidence of any
effect on either SBP or DBP after 6 months (Marett and Slavin, 2004) and 14 months (Pasman et
al., 1997).

The remaining five studies providing dietary differences in gums and extracts including pectin (Bell
et al., 1990;Schwab et al., 2006), guar gum (Landin et al., 1992), chitosan (Lehtimaki et al., 2005),
and konjac-mannan (Wood et al., 2007) were included in the meta-analysis. The control groups
were largely starch-based. All studies included adults as participants and measured DBP and SBP
in mmHg. Results for each are reported separately. The first follow up reported at the end of the
intervention was used. This varied from 6 to 12 weeks.

Diastolic blood pressure (DBP)

The overall pooled estimate was not reported as heterogeneity denoted by 12, quoted at 81% (95%
Cl, 59 to 91%), was more than the 75% threshold stipulated in our protocol. However, statistically
there was no evidence of a difference in DBP with differences in dietary gums or extracts.
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Figure 2.10 Forest plot for fibre isolates, gums and extracts and DBP

Study Weighted
ID difference in means (95% ClI)
Bell LP, et al., 1990 B -1.70 (-7.03, 3.63)
Landin K, et al., 1992 E B -3.00 (-3.78, -2.22)
Lehtimaki T, et al., 2005 (E4 non-carrier) . -2.80 (-7.14, 1.54)
Lehtimaki T, et al., 2005 (E4 carrier) . 2.10 (-1.21, 5.41)
Schwab U, et al., 2006 B -1.00 (-5.76, 3.76)
Wood RJ, et al., 2007 B 7.80 (2.86, 12.74)
T T T T T T T T T T T

-8 -6 -4 -2 0 2 4 6 8 10 12 14

Higher DBP with low gums fibre Higher DBP with high gums fibre
Difference in diastolic BP (mmHg) between groups: low gums fibre vs high gums fibre

Systolic blood pressure (SBP)

The overall pooled estimate indicated that SBP was 0.82mmHg (95% ClI, -3.8 to 5.2) higher with
consumption of a diet higher in gums or extracts. This was not significantly different from zero
(p=0.72). Heterogeneity denoted by 1> was high at 66% (95% ClI, 19 to 86%). Statistically, there
was no evidence of a change in SBP with changes in gums or extracts. There were too few
studies to present a funnel plot.
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Figure 2.11 Forest plot for fibre isolates, gums and extracts and SBP

Study Weighted

ID difference in means (95% ClI)

|I 0.60 (-8.22, 9.42)

-6.00 (-9.53, -2.47)

Bell LP, et al., 1990

Landin K, et al., 1992 —B—

Lehtimaki T, et al., 2005 (E4 carrier)

Il 3.30 (-1.98, 8.58)

Lehtimaki T, et al., 2005 (E4 non-carrier) L -2.90 (-10.04, 4.24)

Schwab U, et al., 2006 L X -5.00 (-13.57, 3.57)
i

Wood RJ, et al., 2007 0 L 5.90 (-0.96, 12.76)
'
|

Overall (I-squared = 66.1%, p = 0.011) i > -0.82 (-5.21, 3.58)

T T T T T T T T T T T T T T
-14 -12 -10 -8 -6 -4 -2 O 2 4 6 8 10 12 14

Higher SBP with low gums fibre Higher SBP with high gums fibre
Difference in systolic BP (mmHg) between groups: low gums fibre vs high gums fibre
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Table 2.20 Blood pressure and fibre isolates, gums and extracts: RCT data

Author/ Subgroup Intervention Completers Base- Follow Within p-value p-value Diff’ Diff’ p-value Outcome/ Result/ Result- Weight Outcome
Result ID detail group / Allocated line -up group A Within diff’ between between difference Assessment Outcome specific Change Assess-
from group A between groups at groups in between method details follow- ment
baseline from groups follow-up A from groups up Bias
baseline baseline
(Pasman Control 11/14 NS SBP Clinic BP 14 Increase  unclear
etal., months
1997) Guar gum - 10/10 NS NS Increase
15519 High
compliance
Guar Gum - 10/10 NS NS Increase
Low
compliance
Control 11/14 NS DBP Clinic BP 14 Increase  unclear
months
Guar gum - 10/10 NS NS Increase
High
compliance
Guar Gum - 10/10 NS NS Increase
Low
compliance
(Schwab Sugar Beet 22/22 134 (SD 131 NS SBP Clinic BP 8 No No bias
etal., Pectin 13) (SD 13) (mm/Hg) weeks change
2006) Placebo 22/22 135(SD 131 Small
16469 14) (SD 15) decrease
Polydextrose 22/22 135 (SD 140 NS Small
17) (SD 16) decrease
Sugar Beet 22/22 134 (SD 129 <0.05 NS SBP Clinic BP 12 No No bias
Pectin 13) (SD 15) (mm/Hg) weeks change
Placebo 22/22 135 (SD 134 NS Small
14) (SD 14) decrease
Polydextrose 22/22 135 (SD 135 NS NS Small
17) (SD 18) decrease
Placebo 22/22 86 (SD 80 (SD DBP Clinic BP 8 Small No bias
9) 9) (mm/Hg) weeks decrease
Polydextrose 22/22 85 (SD 84 (SD NS Small
8) 8) decrease
Sugar Beet 22/22 86 (SD 82 (SD NS No
Pectin 9) 8) change
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Author/ Subgroup Intervention Completers Base- Follow Within p-value p-value Diff’ Diff’ p-value Outcome/ Result/ Result- Weight Outcome
Result ID detail group / Allocated line -up group A Within diff’ between between difference Assessment Outcome specific Change Assess-
from group A between groups at groups in between method details follow- ment
baseline from groups follow-up A from groups up Bias
baseline baseline
Polydextrose 22/22 85 (SD 84 (SD NS NS DBP Clinic BP 12 No No bias
8) 9) (mm/Hg) weeks change
Sugar Beet 22/22 86 (SD 80 (SD <0.05 NS No
Pectin 9) 7) change
Placebo 22/22 86 (SD 81 (SD <0.05 No
9) 9) change
(Marett Larch arabino- 18/18 NS DBP Clinic BP 6 N No bias
and galactan months ©
. change
Slavin,
2004) Placebo 17/17 NS No
16664 change
Tamarack 19/19 NS
. No
arabino-
change
galactan
Larch arabino- 18/18 NS SBP Clinic BP 6 N No bias
galactan months ©
change
Placebo 17/17 NS
No
change
Tamarack 19/19 NS
. No
arabino-
change
galactan
(Landin et Guar gum Crossover: -6 (SD9) <0.01 SBP Clinic BP 6 No  No bias
al., 1992) minus placebo 25/25 (mm/Hg) weeks change
*17121 in both
Guar gum Crossover: -3(SD2) <0.001 DBP Clinic BP 6 No
minus placebo 25/25 (mm/Hg) weeks change
in both
(Bell et Pectin enriched  20/20 122.1 118.6 -2.90% SBP Assess- 6 No No bias
al., 1990) cereal (SE 2.5) (SE 3.6) ment weeks change
*17161 Placebo 19/20 123.9 118 (SE -4.80% details not No
(SE2.6)  2.7) reported change
Psyllium 19/20 123.5 120.2 -2.70% (mm/Hg) No
enriched cereal (SE 2.9) (SE 2.7) change
Pectin enriched ~ 20/20 80.5 75.4 -6.30% DBP Assess- 6 No  No bias
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Author/ Subgroup Intervention Completers Base- Follow Within p-value p-value Diff’ Diff’ p-value Outcome/ Result/ Result- Weight Outcome
Result ID detail group / Allocated line -up group A Within diff’ between between difference Assessment Outcome specific Change Assess-
from group A between groups at groups in between method details follow- ment
baseline from groups follow-up A from groups up Bias
baseline baseline
cereal (SE 1.6) (SE 1.6) ment weeks change
Placebo 19/20 80.6 (SE  77.1 -4.30% details not No
2.2) (SE2.2) reported change
Psyllium 19/20 81.9(SE  79.3 -3.20% (mm/Hg) No
enriched cereal 1.9) (SE 2.2) change
(Wood et Low 15/15 124.3 117.7 NS SBP Seated 6 Decrease  No bias
al., 2007) carbohydrate (SD 10) (SD (mm/Hg) weeks
17242 diet + placebo 8.3)
Low 14/15 124.4 123.3 NS NS Decrease
carbohydrate (SD (SD
diet + Soluble 10.6) 8.5)
fibre
Low 15/15 124.3 113.7 -10.5 (SD NS SBP Seated 12 Decrease  No bias
carbohydrate (SD 10) (SD 8.7) (mm/Hg) weeks
diet + placebo 9.4)
Low 14/15 124.4 119.9 -4.6 (SD NS NS Decrease
carbohydrate (SD (SD 10.4)
diet + Soluble 10.6) 7.7)
fibre
Low 15/15 85.2(SD 793 NS DBP Seated 6 Decrease  No bias
carbohydrate 9) (SD (mm/Hg) weeks
diet + placebo 5.7)
Low 14/15 84 (SD 84.9 NS 0.05 Decrease
carbohydrate 7.7) (SD
diet + Soluble 7.3)
fibre
Low 15/15 85.2 (SD 77.7 -7.5(SD NS DBP Seated 12 Decrease  No bias
carbohydrate 9) (SD 6.9) (mm/Hg) weeks
diet + placebo 4.6)
Low 14/15 84 (SD 84.3 0.3(SD6.9) NS 0.05 Decrease
carbohydrate 7.7) (SD
diet + Soluble 7.4)
fibre
(Lehtimak  ApoE Encapsulated 86/96 134.4 132.3 SBP Clinic BP 3 Not  No bias
ietal., genotype microcrystallin (SD (SD (mm/Hg) months  reported
2005) E4 carrier e chitosan 16.2) 16.6)
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Author/ Subgroup Intervention Completers Base- Follow Within p-value p-value Diff’ Diff’ p-value Outcome/ Result/ Result- Weight Outcome
Result ID detail group / Allocated line -up group A Within diff’ between between difference Assessment Outcome specific Change Assess-
from group A between groups at groups in between method details follow- ment
baseline from groups follow-up A from groups up Bias
baseline baseline
*17494 Starch capsules  85/96 134.4 129 Not
(SD (SD reported
16.2) 18.7)
Apo E Encapsulated 86/96 132.6 122.2 SBP Clinic BP 3 Not  No bias
genotype microcrystallin (SD (SD (mm/Hg) months  reported
E4 non- e chitosan 17.6) 29.6)
carrier Starch capsules  85/96 132.6 125.1 Not
(SD (SD reported
17.6) 16.3)
Apo E Encapsulated 86/96 87.8(SD  86.1 DBP Clinic BP 3 Not  No bias
genotype microcrystallin 11.5) (SD (mm/Hg) months reported
E4 carrier e chitosan 9.8)
Starch capsules  85/96 87.8(SD 84 (SD Not
11.5) 12.2) reported
Apo E Encapsulated 86/96 84.6(SD 77.7 DBP Clinic BP 3 Not  No bias
genotype microcrystallin 11.4) (SD (mm/Hg) months  reported
E4 non- e chitosan 18.5)
carrier Starch capsules  85/96 84.6(SD  80.5 Not
11.4) (SD reported
8.9)

*This result was used in the meta-analysis for gums and extracts and SBP
**This result was used in the meta-analysis for gums and extracts and DBP
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Blood pressure and fibre isolates, beta-glucan (oat and barley)

No cohort studies reported outcomes concerning beta-glucan (oat and barley) and continuous
blood pressure.

Summary of RCT data

Data were extracted from six RCTs reporting on trials of beta-glucans (oat and barley) and blood
pressure. Follow-up was between 6 and 12 weeks across all the studies. Most trials used standard
clinic measures of blood pressure, but one study used a variety of positions, e.g. seated, supine
and 24-hour ambulatory measures (Davy et al., 2002). For comparability with the other studies, we
used the seated measure from this study in the meta-analysis. Another study compared clinic,
self-reported and seated measures (Swain et al., 1990). All studies reported SBP and DBP, but
one also reported mean arterial pressure (Davy et al., 2002).

Beta-glucan is a viscous soluble polysaccharide that occurs in the endosperm cell walls of grains.
It is composed of glucose molecules with mixed (3-(1—4) and B-(1—3) bonds. Oats and barley are
recognised as particularly rich sources. Considerable variation in the amount of beta-glucans in
oats and oat products exists which is due to varietal and processing influences. Commercial rolled
oats may contain in the region of 3-5% beta-glucan and oat bran between 6-10% (Wursch and Pi-
Sunyer, 1997). The majority of the trials studied the effects of whole oats, oat bran-supplemented
foods or oat-based breakfast cereals compared with similar wheat-based test foods. However,
(Smith et al., 2008) compared high and low molecular weight barley-derived beta-glucans. One
small study compared wheat-based breakfast cereal with oat-based cereal (Saltzman et al., 2001),
two studies compared wheat with oats and/oat bran (He et al., 2004;Davy et al., 2002) and Swain
et al. compared foods with either low fibre wheat or an oat bran supplement (100g/d) (Swain et al.,
1990). Maki et al. compared a high oat beta-glucan diet (from oatmeal, ready-to-eat cereal with
oat bran and a powdered form of oat beta-glucan, which provided 7.7.g beta-glucan per day) with
a control diet (wheat-based cereal, maltodextrin powder and a low fibre hot cereal, providing Og
beta-glucan per day).

Two studies could not be included in a meta-analysis. One study did not report sufficient
information to be included in meta-analysis; Swain et al. (Swain et al., 1990) did not provide a
measure of variation such as standard errors or confidence intervals around the mean change in
blood pressure. In contrast to the other studies which explored the effects of oat-derived beta-
glucans, Smith et al. (Smith et al., 2008) compared the effects of high and low molecular weight
barley-derived beta glucans in 90 mildly hypercholesterolaemic non-obese individuals over 6
weeks. These beta glucan supplements (6g/day) were consumed stirred into beverages twice
daily. The change in blood pressure from baseline to follow-up was not different between the two
intervention groups.
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In the study reported by Salzman et al. the oat diet resulted in greater decrease in mean SBP
(oats -6mmHg, control -1mmHg, p=0.026), whereas DBP change did not differ between the two
groups. An analysis of covariance of these data which explored the effects of the oat diet whilst
holding constant the variation in initial blood pressure, extent of weight loss and initial BMI
indicated that the oat diet reduced SBP, but not DBP independent of changes in these covariates
(p<0.026).

Four studies tested the effects of high and low oat beta-glucan diets on blood pressure and were
similar enough to pool in a meta-analysis (Davy et al., 2002;He et al., 2004;Saltzman et al.,
2001;Maki et al., 2007a). Studies varied in duration from 6 to 12 weeks and were all conducted on
adults. Mean baseline participant BMI in each trial ranged from 26 to 32kg/m?.

Diastolic blood pressure (DBP)

Comparison of diets high or low in beta-glucans from oats

The overall pooled estimate indicated that DBP was 1.45mmHg (95% CI, 0.22 to 2.68mmHg)
lower with consumption of a high oat beta-glucan diet. This was significantly different from zero
(p=0.02). Heterogeneity denoted by 1> was 0% (95% Cl, 0 to 29%). Statistically, diets high in oat
beta-glucan diet were associated with lower DBP compared to low beta-glucan diets.

Figure 2.12 Forest plot for high versus low oat beta-glucan diets and DBP

Study Weighted
ID difference in means (95% CI)
Saltzman E, et al., 2001 | -1.00 (-4.34, 2.34)

Davy BM, et al., 2002 -3.30 (-8.84, 2.24)

He J, et al., 2004

-
Maki KC, et al., 2007 —.—— -1.75 (-3.92, 0.42)

— -1.20 (-2.95, 0.55)

Overall (l-squared = 0.0%, p = 0.885) -1.45 (-2.68, -0.22)

i
T T T T T T T T T
-10 -8 -6 -4 -2 0 2 4 6 8
Higher DBP with low B-Glucan Higher DBP with high B-Glucan
Difference in diastolic BP (mmHg) between groups: low B-Glucan fibre vs high B-Glucan fibre
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Systolic blood pressure (SBP)

Comparison of diets high or low in beta-glucans from oats

The overall pooled estimate indicated that SBP was 2.86mmHg (95% CI, 0.85 to 4.87mmHg)
lower with consumption of a diet high in oat beta-glucans. This was significantly different from
zero (p<0.01). Heterogeneity denoted by 1% was 0% (95% Cl, 0 to 77%). High oat beta-glucan
diets were associated with lower SBP compared with diets low in oat beta-glucans.

Figure 2.13 Forest plot for high versus low oat beta-glucan diets and SBP

Study Weighted

ID difference in means (95% ClI)
Saltzman E, et al., 2001 . ; -5.00 (-10.22, 0.22)

Davy BM, et al., 2002 L -5.70 (-13.51, 2.11)

He J, et al., 2004 l— -1.80 (-4.35, 0.75)

Maki KC, et al., 2007 L -3.80 (-8.78, 1.18)

Overall (I-squared = 0.0%, p = 0.582) <> -2.86 (-4.87, -0.85)

T T T T T T T T T T T T
-14 -12 -10 -8 -6 -4 -2 (0] 2 4 6 8 10
Higher SBP with low B-Glucan  Higher SBP with high B-Glucan
Difference in systolic BP (mmHg) between groups: low B-Glucan fibre vs high B-Glucan fibre
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Table 2.21 Blood pressure and fibre isolates, beta-glucans (oat and barley): RCT data

Author/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference p-value Outcome/ Result/ Result- Weight Outcome
Result ID detail group Allocated group A Within difference between difference Assess- Outcome specific Change Assessmen
from group A between groupsin A between ment details follow- t Bias
baseline from groups from baseline groups method up
baseline
(He et Oat bran and Oat: 50/54 -2.2 (C1-5.3, 0.18 SBP change  Clinic BP 6 weeks No change  No bias
al., oatmeal Wheat and 1) (mm/Hg) in oat
2004) minus refined  corn: 52/56 group,
14728 wheat and increase in
corn wheat and
corn group
Oat bran and 50/54 -3.5(Cl - 0.005 SBP change  Clinic BP 6 weeks No change  No bias
oatmeal 5.8,-1.1) (mm/Hg)
Refined 52/56 -1.3(Cl- 0.2 Increase
wheat and 3.5,0.9)
corn
Oat bran and Oat: 50/54 -1.8 (C1-4.3, 0.17 SBP change  Clinic BP 12 weeks No change No bias
oatmeal Wheat and 0.8) (mm/Hg) in oat
minus refined  corn: 52/56 group,
wheat and increase in
corn wheat and
corn group
Oat bran and 50/54 -3.4 (Cl - 0.001 SBP change  Clinic BP 12 weeks No change  No bias
oatmeal 5.4,-1.4) (mm/Hg)
Refined 52/56 -1.6 (Cl - 0.06 Increase
wheat and 3.3,0)
corn
Oat bran and Oat: 50/54 -0.8 (CI-3.1, 0.47 DBP Clinic BP 6 weeks No change  No bias
oatmeal Wheat and 1.4) change (mm/Hg) in oat
minus refined corn: 52/56 group,
wheat and increase in
corn wheat and
corn group
Oat bran and 50/54 -2(C1-3.5,- 0.02 DBP Clinic BP 6 weeks No change  No bias
oatmeal 0.4) change (mm/Hg)
Refined 52/56 -1.1(Cl- 0.2 Increase
wheat and 2.8,0.6)
corn
Oat bran and Oat: 50/54 -1.2 (CI -3, 0.17 DBP Clinic BP 12 weeks No change  No bias
oatmeal Wheat and 0.5) change (mm/Hg) in oat
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Author/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference p-value Outcome/ Result/ Result- Weight Outcome
Result ID detail group Allocated group A Within difference between difference Assess- Outcome specific Change Assessmen
from group A between groups in A between ment details follow- t Bias
baseline from groups from baseline groups method up
baseline
minus refined  corn: 52/56 group,
wheat and increase in
corn wheat and
corn group
Oat bran and 50/54 -2.2 (Cl- 0.001 DBP Clinic BP 12 weeks No change  No bias
oatmeal 3.3,-1) change (mm/Hg)
Refined 52/56 -1.0(ClI- 0.2 Increase
wheat and 2.3,0.4)
corn
(Maki et Oat beta- 26/26 NS DBP Clinic BP 8 weeks No change  No bias
al., glucan cereal (mm/Hg)
2007a) Wheat cereal  34/34 No change
15061
Oat beta- 26/26 NS SBP Clinic BP 8 weeks No change  No bias
glucan cereal (mm/Hg)
Wheat cereal 34/34 No change
Oat beta- 26/26 NS DBP Clinic BP 12 weeks No change  No bias
glucan cereal (mm/Hg)
Wheat cereal 34/34 No change
Oat beta- 26/26 NS SBP Clinic BP 12 weeks No change  No bias
glucan cereal (mm/Hg)
Wheat cereal 34/34 No change
BMI >31.5 Oat beta- 26/26 -2.1 0.018 DBP Clinic BP 12 weeks No change  No bias
glucan cereal change (mm/Hg)
Wheat cereal 34/34 1.9 No change
BMI >31.5 Oat beta- 26/26 -5.6 SBP change  Clinic BP 12 weeks No change  No bias
glucan cereal (mm/Hg)
Wheat cereal 34/34 2.7 0.008 No change
BMI<31.5 Oat beta- 26/26 NS DBP Clinic BP 12 weeks No change  No bias
glucan cereal change (mm/Hg)
Wheat cereal 34/34 NS No change
BMI<31.5 Oat beta- 26/26 NS SBP change  Clinic BP 12 weeks No change  No bias
glucan cereal (mm/Hg)
Wheat cereal 34/34 NS No change
(Davy et Oat group 18/18 138.2 (SE 137 (SE2) SBP Clinic BP 8 weeks Small No bias
al., 2.4) Seated increase

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.

106



Author/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference p-value Outcome/ Result/ Result- Weight Outcome
Result ID detail group Allocated group A Within difference between difference Assess- Outcome specific Change Assessmen
from group A between groups in A between ment details follow- t Bias
baseline from groups from baseline groups method up
baseline
2002) Wheat group 18/18 142.3 (SE 141.1(SE NS (mm/Hg) Small
15337 2.4) 2.7) increase
Oat group 18/18 138.2 (SE  134.6 (SE SBP Clinic BP 12 weeks  Small No bias
2.4) 3.1) Seated increase
Wheat group  18/18 142.3 (SE  140.3 (SE NS (mm/Hg) Small
2.4) 2.5) increase
Oat group 18/18 88.5 (SE 88.1 (SE DBP Clinic BP 8 weeks Small No bias
1.6) 2.1) Seated increase
Wheat group ~ 18/18 90.4 (SE 89.7 (SE NS (mm/Hg) Small
1.5) 1.6) increase
Oat group 18/18 88.5 (SE 87.6 (SE 2) DBP Clinic BP 12 weeks  Small No bias
1.6) Seated increase
Wheat group  18/18 90.4 (SE 90.9 (SE 2) NS (mm/Hg) Small
1.5) increase
Oat group 18/18 132.6 (SE 131.6 (SE SBP Clinic BP 12 weeks  Small No bias
2.3) 3.1) Supine increase
Wheat group  18/18 139.2 (SE 135.3(SE NS (mm/Hg) Small
2.4) 2.8) increase
Oat group 18/18 83.6 (SE 83.6 (SE DBP Clinic BP 12 weeks  Small No bias
1.4) 1.6) Supine increase
Wheat group ~ 18/18 85.1(SE  88.3(SE4) NS (mm/Hg) Small
1.8) increase
Oat group 18/18 133.3(SE  132.8 (SE2) DBP 24-hour 12 weeks  Small No bias
1.5) Ambulat increase
Wheat group  18/18 141.7 (SE 143 (SE 2.4) NS ory BP
22) (mm/Hg) Small
increase
Oat group 18/18 84.1 (SE 84.1 (SE DBP 24-hour 12 weeks No bias
1.6) 1.3) Ambulat Small
ory B increase
Wheat group 18/18 87.9 (SE 88.3 (SE NS (mm/Hg) small
1.5) 1.7) .
increase
Oat group 18/18 137.5(SE  136.3 (SE 2) SBP Ambulat 12 weeks No bias
1.6) ory BP Small
Daytime increase
Wheat group 18/18 146.4 (SE  147.4 (SE NS (mm/Hg) small
2.2) 2.7)
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Author/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference p-value Outcome/ Result/ Result- Weight Outcome
Result ID detail group Allocated group A Within difference between difference Assess- Outcome specific Change Assessmen
from group A between groups in A between ment details follow- t Bias
baseline from groups from baseline groups method up
baseline
increase
Oat group 18/18 117.4 (SE  116.6 (SE SBP Ambulat 12 weeks small No bias
2.1) 47) ory BP >ma
Night- increase
Wheat group 18/18 126.6 (SE 129.8 (SE NS .
25) 26) time Small
' ’ (mm/Hg) increase
Oat group 18/18 86.1 (SE 87 (SE 1.4) DBP Ambulat 12 weeks small No bias
1.9) ory BP >ma
A increase
Wheat 18/18 91 (SE 91.6 (SE NS Daytime
eat gro .
group (mm/Hg) Small
1.9) 1.9) .
increase
Oat group 18/18 73 (SE 75 (SE 2) 0.01 DBP Ambulat 12 weeks No bias
Small
1.9) ory BP )
Night- increase
Wheat group 18/18 74.4 (SE 78.5 (SE NS .
17) 22) time Small
' ’ (mm/Hg) increase
Oat group 18/18 104.1 (SE 103.2 (SE Mean Ambulat 12 weeks small No bias
1.5) 1.6) arterial ory BP >ma
) increase
pressure Daytime
Wheat group ~ 18/18 110.1 (SE  110.3 (SE NS (mm/Hg) Small
1.6) 2.3) >ma
increase
Oat group 18/18 88.1 (SE 90.2 (SE 2) 0.02 Mean Ambulat 12 weeks small No bias
1.8) arterial ory BP ) ma
. increase
pressure Night-
Wheat group 18/18 90.3 (SE 96.2 (SE NS time Small
2.9) 2.2) (mm/Hg) ; ma
increase
Oat group 18/18 100.7 (SE 100 (SE 1.4) Mean 24-hour 12 weeks small No bias
1.5) arterial Ambulat ) ma
increase
pressure ory BP
Wheat group  18/18 106.1 (SE  106.7 (SE 2) NS (mm/Hg) Smal
1.6) (SD >ma
increase
Oat group 18/18 13.6 (SE 13.6 (SE 1) SBP Ambulat 12 weeks small No bias
0.6) variability ory BP ) ma
increase
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Author/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Outcome/ Result/ Result- Weight Outcome
Result ID detail group Allocated group A Within difference Assess- Outcome specific Change Assessmen
from group A between ment details follow- t Bias
baseline from groups method up
baseline
Wheat group 18/18 12.9 (SE 13.5 (SE NS (mm/Hg)
0.9) 0.5) small
increase
Oat group 18/18 10.2 (SE 11.1(SE DBP Ambulat 12 weeks No bias
0.4) 0.7) variability ~ ory BP Small
(mm/He) increase
Wheat group 18/18 10.9 (SE 10.8 (SE NS
0.5) 0.6) Small
increase
Oat group 18/18 14.6 (SE 14.7 (SE 3) SBP Ambulat 12 weeks No bias
1.4) nocturnal ory BP ?mall
dip %) increase
Wheat group 18/18 13.7 (SE 11.7 (SE NS
1.3) 1.7) small
increase
Oat group 18/18 14.9 (SE 13.9 (SE DBP Ambulat 12 weeks No bias
2.2) 1.7) nocturnal ory BP ?mall
dip (%) increase
Wheat group 18/18 18 (SE 13.9 (SE NS
1.4) 2.5) small
increase
(Saltzma Control 21/21 118 (SD -1(SD 10) SBP Clinic BP 6 weeks Decrease  unclear
netal, 15) Seated
2001) Oats 20/22 117 (SD -6 (SD 7) <0.05 (mm/Hg) Decrease
16187 9)
Control 21/21 70 (SD 8) -3(SD5) DBP Clinic BP 6 weeks Decrease  unclear
Oats 20/22 72 (SD 6) -4 (SD 6) NS Seated Decrease
(mm/Hg)
(Smith et High 45/45 1.4 (SE1) NS 0.37 DBP Not 6 weeks No change  No bias
al., molecular reported
2008) weight beta (mm/Hg)
16562 glucan
Low 45/45 0.2 (SE0.8) NS Increase
molecular
weight beta
glucan
High 45/45 2.4 (SE1.5) NS 0.62 SBP Not 6 weeks No change  No bias
molecular reported
weight beta (mm/Hg)
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Author/ Subgroup Intervention Completers/ Baseline Follow-up Within p-value p-value Difference p-value Outcome/ Result/ Result- Weight Outcome
Result ID detail group Allocated group A Within difference between difference Assess- Outcome specific Change Assessmen
from group A between groups in A between ment details follow- t Bias
baseline from groups from baseline groups method up
baseline
glucan
Low 45/45 1.5(SE1.2) NS Increase
molecular
weight beta
glucan
(Swain et Low fibre 11/11 112 Nochange SBP Clinic BP 6 weeks No change  No bias
al., wheat (mm/Hg)
1990) supplement
17351 Oat bran 9/9 112 No change No change
supplement
Low fibre 11/11 68 No change DBP Clinic BP 6 weeks No change  No bias
wheat (mm/Hg)
supplement
Oat bran 9/9 68 No change No change
supplement
Low fibre 11/11 112 107 NS SBP Self 6 weeks No change  No bias
wheat reported
supplement (mm/Hg)
Oat bran 9/9 112 110 NS No change
supplement
Low fibre 11/11 68 65 NS DBP Seated 6 weeks No change  No bias
wheat (mm/Hg)
supplement
Oat bran 9/9 68 67 NS No change  No bias
supplement
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Blood pressure and added sugars and sugar reduction trials

Summary of cohort results

Data were extracted from one publication, reporting results from the NHS (Ascherio et al., 1996).
Consumption of sweets, which included added sugars and sweet snack foods such as cookies,
pies and jam, was assessed using a 126-item FFQ and blood pressure was self-reported. The
analyses from this study (Ascherio et al., 1996) did not indicate an association between intake of
sweets and blood pressure. Adjustments were made for suitable covariates.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

Summary of RCT data

Five studies providing dietary differences in sugars were identified and data extracted. One small
study with 6 month follow-up did not present sufficient information to be included in any meta-
analyses (Vasilaras et al., 2001). This study found no evidence for any effect of sugar reduction,
but numbers were very small and weight changed differently between study groups, so any effect
on blood pressure would not necessarily be attributable to the sugars per se, but weight change
generally. One further small study (Poppitt et al., 2002) could not be included in the meta-analysis
because insufficient information was provided on the intervention effects and a measure of
uncertainty in that estimate such as standard error or confidence interval (data presented in
figures only). This study found that consumption of a high carbohydrate, low fat diet, whether high
in ‘complex’ or simple carbohydrate reduced SBP (p<0.01). At 6 months, DBP was lowered by the
high simple carbohydrate diet compared with the control diet (but ‘complex’ carbohydrate and
control diets did not differ). However, some of these dietary effects may be attributable to
differences in extent of weight change in each diet group. Some potential for bias was also
identified in this study in that neither patients nor researchers were blind to the intervention group.

The three remaining studies providing dietary differences in sugars were included in the meta-
analysis. All studies included adults as participants and measured DBP and SBP in mmHg.
Results for each are reported separately. The first follow up reported at the end of the intervention
was used. This varied from 6 to 10 weeks.

Raben et al. compared (Raben et al., 2002) blood pressure after 10 weeks dietary
supplementation with sucrose-sweetened foods and drinks (1529 sucrose per day) compared with
similar food and drink sweetened with artificial sweeteners (0g sucrose per day). Body weight
increased in the sucrose-supplemented group, but not in the control group and this may have
impacted on blood pressure changes. Black et al. (Black et al., 2006) tested a smaller sucrose
difference between groups (10 vs. 25% energy from sucrose) but maintained a similar
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macronutrient composition and dietary fibre intake between groups. After 6 weeks body weights
were unchanged in both groups. The study by Surwit et al. (Surwit et al., 1997) compared two low
fat (11% energy) hypoenergetic diets: a low sucrose diet (4% energy from sucrose) with a high
sucrose diet (43% energy from sucrose). Total carbohydrate was high in both groups (71%
energy), and dietary fibre was somewhat higher in the low sucrose group. After 6 weeks body
weights decreased in both groups.

Diastolic blood pressure (DBP)

The overall pooled estimate indicated that DBP was 3.1mmHg (95% ClI, -0.2 to 6.3mmHg) higher
with higher consumption of sugars. This was not significantly different from zero (p=0.06).
Heterogeneity denoted by I? was 12% (95% ClI, 0 to 91%). The pooled estimate of the blood
pressure difference between high and low sugars diets suggests higher DBP with higher sugars
diets. However, the pooled estimate was of borderline statistical significance and conflicts with the
results of studies that could not be included in the meta-analysis. It should therefore be interpreted
cautiously.

Figure 2.14 Forest plot for sugar reduction trials and DBP

Study Weighted
ID difference in means (95% CI)
Surwit RS, et al., 1997 L 2.40 (-3.97, 8.77)

Raben A, et al., 2002 . B 5.30 (1.05, 9.55)

Black RN, et al., 2006 L] 0.00 (-5.54, 5.54)

Overall (I-squared = 12.1%, p = 0.320) '<> 3.05 (-0.17, 6.26)

T T T T T T T T
-6 -4 -2 0 2 4 6 8 10

Higher DBP with low sugars Higher DBP with high sugars
Difference in DBP (mm Hg) between groups: low sugars vs high sugars
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Systolic blood pressure (SBP)

The overall pooled estimate indicated that SBP was 1.4mmHg (95% ClI, -5.4 to 8.3mmHg) higher
with higher consumption of sugars. This was not significantly different from zero (p=0.69).
Heterogeneity denoted by I? was 65% (95% ClI, O to 90%). Statistically, there was no evidence of

a difference in SBP with differences in consumption of sugars.

Figure 2.15 Forest plot for sugar reduction trials and SBP

Study

Surwit RS, et al., 1997 B

Raben A, et al., 2002

Black RN, et al., 2006 L

Overall (I-squared = 64.9%, p = 0.058) <>

Weighted

difference in means (95% CI)

-1.72 (-9.80, 6.36)

6.90 (1.95, 11.85)

-3.00 (-11.32, 5.32)

1.41 (-5.44, 8.26)

12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12

Higher SBP with low sugars Higher SBP with high sugars
Difference in SBP (mm Hg) between groups: low sugars vs high sugars
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Table 2.22 Blood pressure and added sugars: cohort study in adults

Result ID/
Reference/ . . Age range Outcome/ .
Cohort Name Count.r L EtI‘mu-:lty, (mean) e/ el Diet Assessment Exposure Assessment Exposure Units LEEICE St p Adjustments
Inclusion criteria Total (% loss) . (SE)/(C1)
%Male Details
USA, Primarily Added sugars, Sweet
(Ascherio et al., Whi;e Cancer 30-55 4 years snack foods (chocolate, SBP Age, alcohol, BMI, cakes
1996) 13933 free, ,\]0 CHD, No 121700 (0.9) FFQ (126) candies, cookies, 1 g/day 0.059 (0.041) 0.2 .and chocolate, energy
NHS T2DM %M 0 brownies, donuts, cakes, Self-reported intake
pies, sweet rolls, jam)
DBP Age, alcohol, BMI, cakes
1g/day 0.03 (0.028) 0.3 and chocolate, energy
Self-reported intake
Table 2.23 Blood pressure and sugar reduction trials: RCT data
Author/ Intervention group Completers/ Baseline Follow-up p-value Difference  Outcome/Assessm Result/Outco Result-specific Weight Outcome
Result ID Allocated difference between ent method me details follow-up Change Assessment
between groups in Bias
groups A from
baseline
(Vasilaras Control diet 7/7 NS DBP Clinic BP 6 months Increase  unclear
etal., (mm/Hg)
2001) Low-fat high-complex 9/9 NS Decrease
15038 carbohydrate diet
Low-fat, high-simple 8/8 NS No change
carbohydrate diet
Control diet 7/7 NS SBP Clinic BP 6 months Increase  unclear
(mm/Hg)
Low-fat high-complex 9/9 NS Decrease
carbohydrate diet
Low-fat, high-simple 8/8 NS No change
carbohydrate diet
(Surwitet  High sucrose diet 20/28 139.5 (SD 16.02) 127.95 (SD 14.59) SBP Clinic BP 6 weeks Decrease  unclear
al., 1997) (mm/Hg)
*15048 Low sucrose diet 22/24 131.82 (SD 13.52) 129.67 (SD 11.28) NS Decrease
High sucrose diet 20/28 74.85 (SD 11.08) 71.5(SD 11.95) DBP Clinic BP 6 weeks Decrease  unclear
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Author/ Intervention group Completers/ Baseline Follow-up p-value Difference  Outcome/Assessm Result/Outco Result-specific Weight Outcome

Result ID Allocated difference between ent method me details follow-up Change Assessment
between groups in Bias
groups A from
baseline
(mm/Hg)
Low sucrose diet 22/24 72.82 (SD9.02) 69.1 (SD 8.29) NS Decrease
(Poppittet  Control 7/15 132 (SD 14) higher SBP change Clinic BP 6 months No change bias
al., 2002) (mm/Hg)
15384 Low-fat, high-complex 12/16 136 (SD 17) lower 0.01 Decrease
carbohydrate diet
Low-fat, high-simple 13/15 138 (SD 22) lower 0.01 No change
carbohydrate diet
Control 7/15 87 (SD 10) higher DBP change Clinic BP 6 months No change bias
(mm/Hg)
Low-fat, high-complex 12/16 84 (SD 13) Decrease
carbohydrate diet
Low-fat, high -simple C 13/15 86 (SD 13) lower 0.05 No change
carbohydrate diet
(Rabenet  Sucrose minus Sucrose: 6.9 (Cl 2, SBP Clinic BP 10 weeks Increase in  unclear
al.,2002)  Sweetener 21/21 11.9) (mm/Hg) sucrose
*16479 Sweetener: group,
20/20 decrease in
sweetener
group
Sucrose minus Sucrose: 5.3(CI1.1, DBP Clinic BP 10 weeks Increase in  unclear
Sweetener 21/21 9.6) (mm/Hg) sucrose
Sweetener: group,
20/20 decrease in
sweetener
group
(Black et High sucrose diet 13/13 127 (SE 3) 122 (SE 3) NS SBP Clinic BP 6 weeks No change  unclear
al., 2006) (mm/Hg)
*16612 Low sucrose diet 13/13 127 (SE 3) 125 (SE 3) No change
High sucrose diet 13/13 69 (SE 3) 71 (SE 2) NS DBP Clinic BP 6 weeks No change  unclear
(mm/Hg)
Low sucrose diet 13/13 69 (SE 3) 71 (SE 2) No change

*This result was used in the meta-analysis for sugar reduction trials and SBP
**This result was used in the meta-analysis for sugar reduction trials and DBP
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Blood pressure and carbohydrate rich foods

Summary of cohort results

One publication, reporting results from one cohort study, provided evidence of intake of
carbohydrate rich foods and blood pressure (Ascherio et al., 1996). Findings from this study (the
NHS) (Ascherio et al., 1996) do not suggest a consistent direction of effect for individual
carbohydrate rich foods. Those, namely white bread, French fries, potatoes and total cereals (for
SBP only) showed a positive relationship with blood pressure whilst wholemeal bread, breakfast
cereals, brown rice and total cereals (for DBP only) indicated a negative relationship (Ascherio et
al., 1996). It is important to note, however, that only some of these associations reached statistical
significance.

Appropriate confounders were adjusted for including age, cereals and energy intake.

Please interpret observational data with caution: With observational studies there is substantial
potential for biases.

No RCTs reported outcomes concerning carbohydrate rich foods and blood pressure.
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Table 2.24 Blood pressure and carbohydrate rich foods: cohort study in adults

Result ID/ Country, Age Outcome/
Reference/ Ethnicity, range (Cases)/ Al Assessment Beta coefficient
Cohort Name Inclusion e Total L::s(s? Diet Assessment Exposure Details Exposure Units (SE)/(CY) p Adjustments
criteria %Male
USA,
) Primarily Cereals, total (cold cereal,
(Ascherio et White, 30-55 cooked oats, cooked
al., 1996) Cancer 121700 4YeS  £eq(126) cereals, white & dark 58P 1g/day 0.143 (0.042) 0.0007
13932 free, No %M 0 (0.9) bread, English muffins, Self-reported Age, alcohol, BMI, cereals, energy
NHS CHD, No muffins, brown & white intake
T2DM rice, pasta, other grains,
pancakes, potatoes, DBP
ki -0. . .
crackers) Self-reported 1g/day 0.006 (0.028) 0.8
SBP . Age, alcohol, BMI, breakfast cereals
1 .32 .062 <0. 1 ! ! ! !
) Self-reported serving/day 0.325 (0.062) 0.000 brown rice, energy intake, grains,
White bread DBP 1 ing/d 0.115 (0,042 0.006 pasta, potatoes, white rice, wholemeal
Self-reported serving/cay : (0.042) : bread
SBP 1 serving/day -0.049 (0.066) 05 Age, alcghol, BMI, k?reakfast cgreals,
hol | bread Self-reported brown rice, energy intake, grains,
Wholemeal brea hi hi
DBP 1 serving/day -0.167 (0.045) 0.0002 pasta, potatoes, white bread, white
Self-reported rice
:2;-re orted 1 serving/day -0.016 (0.138) 0.9 Age, alcohol, BMI, brown rice, energy
Breakfast cereals, P intake, grains, pasta, potatoes, white
unspecified DBP - ) bread, white rice, wholemeal bread
Self-reported 1 serving/day 0.225 (0.093) 0.02
SBP 1 serving/day -2.981 (0.621) <0.0001 Age, alc.ohol, BMI,.breakfast cereals,
) Self-reported energy intake, grains, pasta, potatoes,
Rice, Brown DBP white bread, white rice, wholemeal
Self-reported 1 serving/day -1.223 (0.420) 0.004 bread
SBP 1 serving/day -1.19 (0.343) 0.0005 Age, alcohol, BMI, breakfast cereals,
o Self-reported brown rice, energy intake, grains,
White rice DBP pasta, potatoes, white bread,
Self-reported 1 serving/day -0.4 (0.233) 0.09 wholemeal bread
SBP 1 serving/day 0.749 (0.251) 0.003 Age, alcohol, BMI, breakfast cereals,
b Self-reported brown rice, energy intake, grains,
French fries i ite ri
DBP . pasta, white bread, white rice,
Self-reported 1 serving/day 0.595 (0.170) 0.0004 wholemeal bread
285 ted 1 serving/day 0.649 (0.186) 0.0005 As above
Potatoes (Baked potatoes, eli-reporte
excludes French fries) bBP 1 serving/day 0.192 (0.126) 0.1 As above

Self-reported
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Blood pressure and breakfast cereals

No cohort studies reported results concerning breakfast cereals and continuous blood pressure.

Summary of RCT data

One RCT was identified that reported results from a trial of cereals for breakfast compared to a
control group (Kleemola et al., 1999). With six weeks of follow-up, this trial found no evidence for
any difference in DBP or SBP between those eating cereal for breakfast and those on a control
diet. However, there was some evidence of potential bias as the allocation to intervention groups
was unblinded.
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Table 2.25 Blood pressure and breakfast cereals: RCT data

Author/ Intervention group Completers/ Baseline Follow- Within group A p-value difference Outcome/Assessme Result/Outcom Result-specific Weight Outcome
Result ID Allocated up from baseline between groups nt method e details follow-up Change Assessment Bias
(Kleemola Group 1- Cereal 104/allocated not 132 (SD 131 (SD -1.0 0.28 SBP Clinic BP 6 weeks No change bias
etal.,1999) diet first reported 14.5) 14.4) (mm/Hg)
15251 Group 2- Control 105/allocated not 129 (SD 127 (SD -2.0 No change
diet first reported 16.6) 15.3)
Group 1- Cereal 104/allocated not 83 (SD 82 (SD -1.0 0.88 DBP Clinic BP 6 weeks No change bias
diet first reported 9.6) 9.4) (mm/Hg)
Group 2- Control 105/allocated not 81 (SD 80 (SD -1.0 No change
diet first reported 9.1) 9.2)
Group 1- Control 104/allocated not 129 (SD 129 (SD 0.0 SBP Clinic BP 6 weeks No change bias
diet second reported 14) 15) (mm/Hg)
Group 2- Cereal 105/allocated not 126 (SD 126 (SD 0.0 0.72 No change
diet second reported 14.7) 14.5)
Group 1- Control 104/allocated not 81 (SD 80 (SD -1.0 DBP Clinic BP 6 weeks No change bias
diet second reported 9.7) 9.5) (mm/Hg)
Group 2- Cereal 105/allocated not 79 (SD 78 (SD -1.0 0.17 No change
diet second reported 9.5) 9.1)
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Blood pressure and legumes

No cohort studies reported results concerning legumes and continuous blood pressure.

Summary of RCT data

One RCT was identified that reported results investigating the effect of legumes on blood pressure
measures (Lee et al., 2009). This study followed-up participants for 16 weeks after randomisation

to either lupin kernel (a member of the legume family) flour bread or wheat control bread, to record
ambulatory SBP and DBP. They found some evidence for a reduction in SBP, but less so for DBP.
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Table 2.26 Blood pressure and legumes: RCT data

Author/ Intervention group Completers/ Follow-up p-value Difference p-value Outcome/ Result/ Result-specific Weight Outcome
Result ID Allocated difference between difference Assessment Outcome follow-up Change Assessment
between groups at between method details Bias
groups follow-up groups
(Lee etal., Control bread 37/48 123 (Cl121.1, 124.9) SBP Ambulatory BP 16 weeks No change  unclear
2009) Lupin flour bread 37/40 120 (Cl 118.1, 121.9) 0.03 (mm/Hg) No change
16403
Lupin flour bread minus Lupin: 37/40 -3(Cl-5.6,-0.3) 0.03 SBP Ambulatory BP 16 weeks No change  unclear
control bread Control: 37/48 (mm/Hg) in both
Control bread 37/48 71 (C169.9, 72.2) DBP Ambulatory BP 16 weeks No change  unclear
Lupin flour bread 37/40 71.6 (C170.5, 72.8) 0.47 (mm/Hg) No change
Lupin flour bread minus Lupin: 37/40 0.6 (CI-1,2.2) 0.47 DBP Ambulatory BP 16 weeks No change  unclear
control bread Control: 37/48 (mm/Hg) in both
Control bread 37/48 127.6 (C1124.9, 130.3) SBP Awake 16 weeks No change  unclear
Lupin flour bread 37/40 124.6 (C1121.8, 127.3) 0.08 ambulatory BP No change
(mm/Hg)
Lupin flour bread minus Lupin: 37/40 -3.1(Cl-6.4, 0.08 SBP Awake 16 weeks No change  unclear
control bread Control: 37/48 0.3) ambulatory BP in both
(mm/Hg)
Control bread 37/48 74.7 (C1 73, 76.5) DBP Awake 16 weeks No change  unclear
Lupin flour bread 37/40 76.4 (Cl 74.6, 78.2) 0.13 ambulatory BP No change
(mm/Hg)
Lupin flour bread minus Lupin: 37/40 1.6 (C1-0.5,3.7) 0.13 DBP Awake 16 weeks No change  unclear
control bread Control: 37/48 ambulatory BP in both
(mm/Hg)
Control bread 37/48 113.6 (Cl 110.7, 116.5) SBP Asleep 16 weeks No change  unclear
Lupin flour bread 37/40 110.5 (Cl 107.6, 113.4) 0.06 ambulatory BP No change
(mm/Hg)
Lupin flour bread minus Lupin: 37/40 -3.1(Cl-6.4, 0.06 SBP Asleep 16 weeks No change  unclear
control bread Control: 37/48 0.2) ambulatory BP in both
(mm/Hg)
Control bread 37/48 63.9 (C1 61.8, 66.1) DBP Asleep 16 weeks No change  unclear
Lupin flour bread 37/40 63.1(Cl 61, 65.3) 0.48 ambulatory BP No change
(mm/Hg)
Lupin flour bread minus Lupin: 37/40 -0.8 (CI-3.1, 0.48 DBP Asleep 16 weeks No change  unclear
control bread Control: 37/48 1.5) ambulatory BP in both

(mm/Hg)
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Blood pressure and wholegrains

No cohort studies reported results concerning wholegrains and continuous blood pressure.

Summary of RCT data

Three trials were identified that explored the effects of wholegrains on blood pressure. Two were
conducted in the USA (Tinker et al., 2008;Howard et al., 2006b;Davy et al., 2002), and one in
Sweden (Andersson et al., 2007). All were included in a meta-analysis.

All three studies included adults as participants and measured DBP and SBP in mmHg. Results
for each are reported separately. The first follow up reported at the end of the intervention was
used. This varied from 6 weeks to 3 years. Two publications presented data from the same trial
(Tinker et al., 2008;Howard et al., 2006b), so the results from just one were used (Howard et al.,
2006b) because this is the result closest to the end of the intervention, which is still ongoing in this
trial, so the longest recorded follow-up was selected. This trial compared blood pressure in women
advised to reduce fat intake (to 20%), increase fruit, vegetables and wholegrains with a ‘no
change’ group. Compliance with the wholegrain direction was minimal (half a serving per day
extra consumed). The study by Davy et al. (Davy et al., 2002) included older overweight males,
with somewnhat raised baseline blood pressure which was reported as casual resting arterial blood
pressure and 24-hour ambulatory arterial blood pressure. This study compared a diet with 60g
oatmeal and 769 oat bran ready-to-eat cold cereal (containing 14g/day of fibre and providing
5.5¢g/d beta glucan) with a wheat diet containing 60g wheat cereal and 81g Frosted Mini-Wheats
(containing 14g/d of dietary fibre). Andersson et al. (Andersson et al., 2007) explored blood
pressure differences in men and women consuming their usual diet with whole grain foods (bread,
crisp bread, muesli & pasta - minimum 50% wholegrain in provided foods = 112g wholegrain/day)
or with refined grain foods (bread, crisp bread, muesli & pasta). There was a marked difference in
fibre content between the diets, and body weight increased in both groups possibly due to the test
foods supplementing rather than substituting for usual foods.
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Diastolic blood pressure (DBP)

The overall pooled estimate indicated that DBP was 0.3mmHg (95% ClI, -0.4 to 0.9mmHg) higher
with higher consumption of wholegrain. This was not significantly different from zero (p=0.43).
Heterogeneity denoted by I? was 0% (95% ClI, 0 to 87%). It should be noted that one study
(Howard et al., 2006b) contributed 97% to the pooled estimate and this dominated the pooled
estimate. This study achieved a very small increase in wholegrain consumption (less than one
serving per day). However, there were too few remaining studies to exclude this study in a
sensitivity analysis. Statistically, there was no evidence of a difference in DBP with differences in
consumption of wholegrains.

Figure 2.16 Forest plot for wholegrains and DBP

Study Weighted

ID difference in means (95% Cl)

Davy BM, et al., 2002 L 3.30 (-2.24, 8.84)

Howard BV, et al., 2006

-0.30 (-0.93, 0.33)

Andersson A, et al., 2007

0.00 (-4.31, 4.31)

Overall (I-squared = 0.0%, p = 0.447) -0.25 (-0.87, 0.37)

T T T T T T T T
-6 -4 -2 0 2 4 6 8 10

Higher DBP with low wholegrain Higher DBP with high wholegrain
Difference in diastolic BP (mmHg) between groups: low wholegrain vs high wholegrain

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.

123



Systolic blood pressure (SBP)

The overall pooled estimate indicated that SBP was 0.2mmHg (95% ClI, -1.6 to 2.0mmHg) higher
with higher consumption of wholegrains. This was not significantly different from zero (p=0.85).
Heterogeneity denoted by I? was 0% (95% ClI, 0 to 90%). It should be noted that one study
(Howard et al., 2006b) contributed 92% to the pooled estimate, having a dominant influence on the
pooled estimate. However, there were too few remaining studies to exclude this study in a
sensitivity analysis. Statistically, there was no evidence of a difference in SBP with differences in
consumption of wholegrains.

Figure 2.17 Forest plot for wholegrains and SBP

Study Weighted
ID difference in means (95% Cl)
|
U
Davy BM, et al., 2002 5 B 5.70 (-2.11, 13.51)
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U
U
A
Overall (I-squared = 5.4%, p = 0.348) <> 0.17 (-1.63, 1.98)
U
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Table 2.27 Blood pressure and wholegrains: RCT data

Author/ Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result-specific Weight Outcome
Result ID group Allocated group A Within group difference between Assessment Outcome follow-up Change Assessment
from A from between groups in method details Bias
baseline baseline groups A from
baseline
(Davy et al., Oat group 18/18 138.2 (SE 2.4) 137 (SE 2) SBP Clinic BP 8 weeks Small No bias
2002) Seated increase
Wheat group 18/18 142.3 (SE 2.4) 141.1 (SE 2.7) NS (mm/Hg) small
ma
increase
Oat group 18/18 138.2 (SE 2.4) 134.6 (SE 3.1) SBP Clinic BP 12 weeks No bias
Small
Seated ;
(mm/Hg) increase
Wheat group 18/18 142.3 (SE 2.4) 140.3 (SE 2.5) NS sl
ma
increase
Oat group 18/18 88.5 (SE 1.6) 88.1(SE 2.1) DBP Clinic BP 8 weeks No bias
S Small
eated :
(mm/Hg) increase
Wheat group 18/18 90.4 (SE 1.5) 89.7 (SE 1.6) NS small
ma
increase
Oat group 18/18 88.5 (SE 1.6) 87.6 (SE 2) DBP Clinic BP 12 weeks No bias
Small
Seated :
(mm/Hg) increase
Wheat group 18/18 90.4 (SE 1.5) 90.9 (SE 2) NS
Small
increase
Oat group 18/18 132.6 (SE 2.3) 131.6 (SE 3.1) SBP Clinic BP 12 weeks No bias
Supi Small
upine ;
(mm/Hg) increase
Wheat group 18/18 139.2 (SE 2.4) 135.3 (SE 2.8) NS small
ma
increase
Oat group 18/18 83.6 (SE 1.4) 83.6 (SE 1.6) DBP Clinic BP 12 weeks No bias
Supi Small
upine ;
(mm/Hg) increase
Wheat group 18/18 85.1 (SE 1.8) 88.3 (SE 4) NS
Small
increase
Oat group 18/18 133.3 (SE 1.5) 132.8 (SE 2) DBP 24-hour 12 weeks No bias
Ambulatory .Small
BP increase
Wheat group 18/18 141.7 (SE 2.2) 143 (SE 2.4) NS (mm/Hg) small
increase
Oat group 18/18 84.1 (SE 1.6) 84.1 (SE 1.3) DBP 24-hour 12 weeks No bias
Ambulatory ?mall
BP increase
Wheat group 18/18 87.9 (SE 1.5) 88.3 (SE 1.7) NS (mm/Hg) Small
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Author/ Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result-specific Weight Outcome

Result ID group Allocated group A Within group difference between Assessment Outcome follow-up Change Assessment
from A from between groups in method details Bias
baseline baseline groups A from
baseline
increase
Oat group 18/18 137.5 (SE 1.6) 136.3 (SE 2) SBP Ambulatory 12 weeks No bias
BP Daytime §mal|
(mm/Hg) increase
Wheat group 18/18 146.4 (SE 2.2) 147.4 (SE 2.7) NS small
ma
increase
Oat group 18/18 117.4 (SE 2.1) 116.6 (SE 4.7) SBP Ambulatory 12 weeks " No bias
BP Night-time Sma
(mm/Hg) increase
Wheat group 18/18 126.6 (SE 2.5) 129.8 (SE 2.6) NS small
ma
increase
Oat group 18/18 86.1 (SE 1.9) 87 (SE 1.4) DBP Ambulatory 12 weeks No bias
BP Daytime small
(mm/Hg) increase
Wheat group 18/18 91 (SE 1.9) 91.6 (SE 1.9) NS
Small
increase
Oat group 18/18 73 (SE 1.9) 75 (SE 2) 0.01 DBP Ambulatory 12 weeks No bias
BP Night-time small
(mm/Hg) increase
Wheat group 18/18 74.4 (SE 1.7) 78.5 (SE 2.2) NS Small
ma
increase
Oat group 18/18 104.1 (SE 1.5) 103.2 (SE 1.6) Mean arterial ~ Ambulatory 12 weeks No bias
pressure BP Daytime .SmaII
(mm/Hg) increase
Wheat group 18/18 110.1 (SE 1.6) 110.3 (SE 2.3) NS Small
ma
increase
Oat group 18/18 88.1 (SE 1.8) 90.2 (SE 2) 0.02 Mean arterial ~ Ambulatory 12 weeks No bias
pressure BP Night-time Small
(mm/Hg) increase
Wheat group 18/18 90.3 (SE 2.9) 96.2 (SE 2.2) NS
Small
increase
Oat group 18/18 100.7 (SE 1.5) 100 (SE 1.4) Mean arterial ~ 24-hour 12 weeks No bias
pressure Ambulatory Small
BP increase
Wheat group 18/18 106.1 (SE 1.6) 106.7 (SE 2) NS (mm/Hg)
(SD Small
increase
Oat group 18/18 13.6 (SE 0.6) 13.6 (SE 1) SBP Ambulatory 12 weeks No bias
variability BP ?mall
(mm/Hg) increase
Wheat group 18/18 12.9 (SE0.9) 13.5 (SE 0.5) NS Small
ma
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Author/ Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result-specific Weight Outcome
Result ID group Allocated group A Within group difference between Assessment Outcome follow-up Change Assessment
from A from between groups in method details Bias
baseline baseline groups A from
baseline
increase
Oat group 18/18 10.2 (SE0.4) 11.1 (SE0.7) DBP Ambulatory 12 weeks No bias
variability BP §mal|
(mm/Hg) increase
Wheat group 18/18 10.9 (SE 0.5) 10.8 (SE 0.6) NS
Small
increase
Oat group 18/18 14.6 (SE 1.4) 14.7 (SE 3) SBP nocturnal  Ambulatory 12 weeks No bias
dip BP Small
(%) increase
Wheat group 18/18 13.7 (SE 1.3) 11.7 (SE 1.7) NS
Small
increase
Oat group 18/18 14.9 (SE 2.2) 13.9 (SE 1.7) DBP Ambulatory 12 weeks No bias
nocturnal dip  BP §mal|
(%) increase
Wheat group 18/18 18 (SE 1.4) 13.9 (SE 2.5) NS
Small
increase
(Andersson Refined grain 15/30 130 (SD 16) 130 (SD 15) NS SBP Clinic BP 6 weeks unclear
et al., 2007) products Supine Increase
*16305 Wholegrain 15/30 130 (SD 17) 129 (SD 15) NS 0.35 (mm/Hg)
products Increase
**16306 Refined grain 30/30 80 (SD 10) 81(SD9) NS DBP Clinic BP 6 weeks unclear
products Supine Increase
Wholegrain 30/30 81(SD9) 81(SD 8) NS (mm/Hg)
products Increase
(Tinker et al.,  Control 25173/29294 127.4 (SD 17.1) 125.4 (SD SBP Not reported 1year No unclear
2008) 16.8) (mm/Hg) change
15368 Low fat diet 17126/19541  127.1(SD17.2)  124.4(SD 0.001 Decrease
17.1)
Control 22532/29294  127.4(SD 17.1) 124.6 (SD SBP Not reported 6 years No unclear
16.3) (mm/Hg) change
Low fat diet 14543/19541  127.1(SD 17.2) 124.5 (SD Decrease
16.5)
Control 25169/29294 76 (SD9) 74.7 (SD9.1) DBP Not reported 1year No unclear
(mm/Hg) change
Low fat diet 17125/19541  75.9(SD9.1) 73.9(SD9.2) 0.001 Decrease
Control 22532/29294 76 (SD9) 71.9(SD9.2) DBP Not reported 6 years No unclear
(mm/Hg) change
Low fat diet 14540/19541  75.9(SD9.1) 71.7 (SD9.2) Decrease
(Howard et Control approx 1699 127.9 (SD 17.2) 125.7 (SD -2.1(SD SBP Clinic BP 3 years No No bias
al., 2006b) participants 16.8) 16.4) (mm/Hg) change
16244 included as a
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Author/ Intervention Completers/ Baseline Follow-up Within p-value p-value Difference Outcome/ Result/ Result-specific Weight Outcome
Result ID group Allocated group A Within group difference between Assessment Outcome follow-up Change Assessment
from A from between groups in method details Bias
baseline baseline groups A from
baseline
5.8% sub-
sample of
29294 in
group
Low fat approx 1132 127.5(SD 17.2) 125.1 (SD -2.2 (SD NS Decrease
participants 16.9) 16.3)
included as a
5.8% sub-
sample of
19541 in
group
Low fat minus Low fat: approx 1132 participants -0.17 (CI - SBP Clinic BP 3 years No No bias
control included as a 5.8% sub-sample of 0.49,0.15) (mm/Hg) change in
19541 in group control
Control: approx 1699 participants group,
included as a 5.8% sub-sample of decrease
29294 in group in low fat
group
Control approx 1699 76.0(SD9.1) 73.6 (SD 9.3) -2.3(SD DBP Clinic BP 3 years No No bias
participants 9.4) (mm/Hg) change
included as a
5.8% sub-
sample of
29294 in
group
Low fat approx 1132 75.9(SD 9.1) 73.1(SD9.4)  -2.6(SD <0.001 Decrease
participants 9.4)
included as a
5.8% sub-
sample of
19541 in
group
Low fat minus Low fat: approx 1132 participants -0.31 (Cl - DBP Clinic BP 3 years No No bias
control included as a 5.8% sub-sample of 0.5,-0.13) (mm/Hg) change in
19541 in group control
Control: approx1699 participants group,
included as a 5.8% sub-sample of decrease
29294 in group in low fat
group

*This result was used in the meta-analysis for wholegrains and SBP
**This result was used in the meta-analysis for wholegrains and DBP
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Blood pressure and glycaemic index and load

No cohort studies reported results concerning glycaemic index or load and continuous blood
pressure.

Summary of RCT data

Seven studies conducted in the USA (3), UK, Denmark, France and Spain were identified that
provided information on dietary differences in glycaemic index (Gl) or glycaemic load (GL)
between groups in relation to blood pressure. All seven trials were included in the meta-analysis.
All studies included adults as participants. One study was conducted on males only (Philippou et
al., 2009), and 2 on women only (Jensen et al., 2008;Bellisle et al., 2007). Mean BMI of
participants was greater than 30kg/m? in five studies (Abete et al., 2008;Pereira et al., 2004;Maki
et al., 2007b;Ebbeling et al., 2005;Bellisle et al., 2007), 28 in one study (Jensen et al., 2008), but
was not reported in another study (Philippou et al., 2009).

Definitions of different levels of GI and GL are reported in the trial characteristics table. 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.

Pereira et al. (Pereira et al., 2004) provided hypoenergetic high or low Gl diets (GI, average of 82
and 50 units respectively) to 39 obese males for about two months. Body composition changes
were similar in each diet group, but blood pressure (p=0.07 for both systolic and diastolic)
decreased more with the low-glycaemic load diet. In Jensen et al. (Jensen et al., 2008) overweight
women were allocated to either a high or low GI high carbohydrate, low fat ad libitum diet for 10
weeks. Carbohydrate-rich foods such as bread and pasta were provided. Weight losses were
similar in both dietary groups, as were blood pressure changes. Bellisle et al. (Bellisle et al., 2007)
studied the relative efficacy of the Weight Watchers dietary plan with or without a focus on the
inclusion of low Gl sources of carbohydrate. The diets were both energy restricted, and weight
losses were somewhat higher in the standard Weight Watchers diet group, with no beneficial
impact of Gl on blood pressure.

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.

129



The Spanish study reported by Abete et al. (Abete et al., 2008) was a free-living dietary restriction
trial comparing a high Gl diet (60-65 units) with low Gl (40-45 units) in 32 obese men and women
for 8 weeks. The major sources of carbohydrate were potatoes and rice or pasta and legumes in
the high and low Gl dietary groups respectively. Dietary fibre intake was higher in the low GI group
(25 vs. 18.5 g/d). Higher weight losses were experienced by the low Gl group compared with the
high GI group (7 vs. 5 kg) but the between group differences in blood pressure change were not
significantly different. In the UK study conducted by Phillippou et al. (Philippou et al., 2009), blood
pressure was compared between high and low Gl groups in which intake of seeded bread,
wholemeal pitta, muesli, porridge, sweet potatoes, pasta, noodles, basmati slow-cook rice, beans,
lentils, apples, dried fruit, nuts was encouraged in the low GI group and white/wholemeal bread,
cornflakes, weetabix, potatoes, couscous, risotto rice, melon, pineapple, and rice cakes in the high
Gl group. This resulted in an energy decrease in both groups, and a similar macronutrient intake.

In the study by Maki et al. (Maki et al., 2007b) an ad libitum reduced-glycaemic-load diet was
compared with a low-fat, energy-restricted, portion-controlled diet in overweight and obese adults
during a 12-week initial weight-loss phase and a 24-36 week weight-loss maintenance phase.
Fibre intakes were similar and average dietary Gl did not differ greatly between groups (48 vs. 51),
but total carbohydrate was halved in the low Gl diet group. Ebbeling et al. (Ebbeling et al., 2005)
adopted a similar approach since they compared an ad libitum energy, low Gl diet, which provided
45-50% of energy from carbohydrate and 30-35% from fat with a higher carbohydrate (59%), low
fat (23%) energy-restricted meal plan based on an exchange system.

The first follow up reported at the end of the intervention was used. This varied from 2 to 12
months. All trials provided evidence of a decrease in body weight in both high and low GI groups,
although there were some differences between high and low Gl diet groups in terms of the extent
of weight loss. Against a background of decreasing body weight, the impact of the nature of the
carbohydrate consumed on blood pressure may be difficult to detect. Since blood pressure may be
modified by body weight change, any differences in outcome may therefore not be solely
attributable to the nature of the carbohydrate component of the dietary intervention.

Diastolic blood pressure (DBP)

The overall pooled estimate indicated that DBP was 1.7mmHg (95% ClI, -0.01 to 3.5) higher with
consumption of a high Gl or GL diet. This was nearly significantly different from zero (p=0.052).
There was no excess heterogeneity, which when denoted by 1? was 0% (95% ClI, O to 69%). With
borderline statistical significance, results suggest that there is some evidence of higher DBP with
diets higher in dietary glycaemic index or glycaemic load. There were too few studies to present a
funnel plot.
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Figure 2.18 Forest plot for glycaemic index or glycaemic load diets and DBP
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Systolic blood pressure (SBP)

The overall pooled estimate indicated that SBP was 0.72mmHg (95% CI, -1.44 to 2.88) higher with
consumption of a high Gl or GL diet, but this was not significantly different from zero (p=0.51).
Heterogeneity denoted by 1 was 14% (95% ClI, 0 to 75%). Statistically, there was no evidence of
a difference in SBP with changes in dietary glycaemic index or glycaemic load. There were too
few studies to present a funnel plot.

Figure 2.19 Forest plot for glycaemic index or glycaemic load diets and SBP
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Table 2.28 Blood pressure and glycaemic index and load: RCT data

Author/ Intervention Completers/ Baseline Follow-up Within group A p-value p-value Outcome/ Result/ Result-specific Weight Outcome
Result ID group Allocated from baseline Within group difference Assessment Outcome follow-up Change Assessment
A from between method details Bias
baseline groups
(Philippou  High Gl 16/28 132 (SD 15) 122 (SD 13) -10 (SD 10) <0.01 SBP Clinic BP 6 months Decrease  unclear
etal., (mm/Hg)
2009) Low Gl 22/28 130 (SD 13) 126 (SD 12) -5 (SD 10) <0.01 NS Decrease
14665
High Gl 16/28 81 (SD 10) 76 (SD 8) -5(SD7) <0.01 DBP Clinic BP 6 months Decrease  unclear
(mm/Hg)
Low GI 22/28 81(SD 11) 78 (SD 9) -2(SD9) <0.01 NS Decrease
High Gl 11/28 118 (SD 18) 121 (SD 17) 3(SD 18) NS SBP Ambulatory BP 6 months Decrease  unclear
(mm/Hg)
Low Gl 20/28 128 (SD 14) 115 (SD 12) -13(SD 17) <0.01 <0.05 Decrease
High Gl 11/28 79 (SD 8) 79 (SD 5) -1(SD5) NS DBP Ambulatory BP 6 months Decrease  unclear
(mm/Hg)
Low GI 20/28 83(SD7) 77 (SD 7) -5(SD5) <0.01 <0.01 Decrease
(Jensenet  High Gl diet 22/26 76.2 (SD 1.8) 74.1 (SD 1.4) DBP Clinic BP 10 weeks Decrease  unclear
al., 2008) (mm/Hg)
**15030 Low Gl diet 22/29 72.5(SD 7.7) 71.5(SD 7.5) 0.79 Decrease
High Gl diet 22/26 123.7 (SD 2.3) 118.7 (SD 1.6) SBP Clinic BP 10 weeks Decrease  unclear
(mm/Hg)
Low Gl diet 22/29 121.7 (SD 10.6) 118.5 (SD 9.5) 0.68 Decrease
(Ebbeling  Low fat diet 12/17 105 (SE 4) -0.5% (CI-5.3, 4.4) SBP Seated 6 months Decrease  unclear
etal., (mm/Hg)
2005) Low Gl diet 11/17 106 (SE 2) -0.9% (CI -5.9, 4.2) Decrease
15513
Low fat diet 12/17 105 (SE 4) 0.6% (Cl -4.1, 5.5) SBP Seated 1year Decrease  unclear
(mm/Hg)
Low Gl diet 11/17 106 (SE 2) 0.2% (Cl -4.7, 5.3) Decrease
Low fat diet 12/17 63 (SE 2) 0.3% (Cl -4.8, 5.6) DBP Seated 6 months Decrease  unclear
(mm/Hg)
Low Gl diet 11/17 64 (SE 3) -2% (C1-7.2,3.4) Decrease
Low fat diet 12/17 63 (SE 2) 1.4% (Cl-4.4,7.6) DBP Seated 1year Decrease  unclear
(mm/Hg)
Low Gl diet 11/17 64 (SE 3) -0.3% (Cl-6.2, 6) Decrease
(Abete et Higher Gl diet 16/16 114 (SD9) -3.7% (SD 5.3%) NS SBP Clinic BP 8 weeks Decrease  unclear
al., 2008) Seated
*15544 (mm/Hg)
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Author/ Intervention Completers/ Baseline Follow-up Within group A p-value p-value Outcome/ Result/ Result-specific Weight Outcome
Result ID group Allocated from baseline Within group difference Assessment Outcome follow-up Change Assessment
A from between method details Bias
baseline groups
Lower Gl diet 16/16 115 (SD 11) -6.5% (SD 8.2%) NS 0.275 Decrease
Higher Gl diet 16/16 76 (SD9) -5.7% (SD 8.6%) 0.05 DBP Clinic BP 8 weeks Decrease  unclear
Seated
(mm/Hg)
Lower Gl diet 16/16 75 (SD 6) -7.5% (SD 7.5%) NS 0.551 Decrease
(Bellisle et Control 30/45 118.6 (SE 3) 113.3 (SE 2.8) SBP Clinic BP 12 weeks Decrease  unclear
al., 2007) Supine
*16047 (mm/Hg)
Low Gl 35/51 120.6 (SE 2.5) 118.2 (SE 2.9) Decrease
Control 30/45 72.8 (SE 2.2) 68.4 (SE 2.2) DBP Clinic BP 12 weeks Decrease  unclear
Supine
(mm/Hg)
Low Gl 35/51 74.1 (SE 1.8) 71.3 (SE 2.2) Decrease
(Pereiraet  Hypoenergetic 17/23 107.5 (SE 2.9) 104.6 (SE 2.35) -3.1% (SE 1.32%) SBP Seated 67 days Decrease  unclear
al., 2004)  low fat diet (mm/Hg)
*17030 Hypoenergetic 22/23 110.4 (SE 2.55) 102.3 (SE 2.06) -6.4% (SE 1.16%) 0.07 Decrease
low GL diet
Hypoenergetic 17/23 67.8 (SE 2.03) 66.2 (SE 1.8) -2.5% (SE 1.61%) DBP Seated 67 days Decrease  unclear
low fat diet (mm/Hg)
Hypoenergetic 22/23 69.2 (SE 1.78) 64.2 (SE 1.58) -6.5% (SE 1.42%) 0.07 Decrease
low GL diet
(Maki et Ad libitum low 42/43 112.7 (SE 1.6) -0.6 (SE 2) SBP Seated 12 weeks Decrease  unclear
al,2007b)  GL diet (mm/Hg)
17294 Low fat, energy ~ 42/43 114.7 (SE 1.6) -1.2 (SE 2.3) Decrease
restricted
Ad libitum low 42/43 112.7 (SE 1.6) 0.2 (SE1.7) SBP Seated 36 weeks Decrease  unclear
GL diet (mm/Hg)
Low fat, energy  42/43 114.7 (SE 1.6) 0.1 (SE2.2) Decrease
restricted
Ad libitum low 42/43 74.4 (SE 1.5) -3.3(SE 1.8) DBP Seated 12 weeks Decrease  unclear
GL diet (mm/Hg)
Low fat, energy  42/43 73.4 (SE 1.1) -0.6 (SE 1.4) Decrease
restricted
Ad libitum low 42/43 74.4 (SE 1.5) -4.1 (SE 1.8) DBP Seated 36 weeks Decrease  unclear
GL diet (mm/Hg)
Low fat, energy  42/43 73.4 (SE 1.1) -1.6 (SE 1.3) Decrease

restricted
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*This result was used in the meta-analysis for glycaemic index or load diets and SBP
**This result was used in the meta-analysis for glycaemic index or load diets and DBP
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Blood pressure and “complex” carbohydrates

No cohort studies reported results concerning “complex” carbohydrates and continuous blood
pressure.

Summary of RCT data

Two RCTs were identified that reported on trials comparing “complex” carbohydrate with either
simple carbohydrate or control diets (Vasilaras et al., 2001;Poppitt et al., 2002). There were
therefore insufficient trials to formally combine using meta-analysis.

Definitions of “complex” carbohydrates were not provided by the authors of the included studies,
although it is generally recognised that “complex” carbohydrates are composed of complex sugar
chains (rather than short chains), with these chains acting as an energy store or fibrous structure
in plants (Committee on Medical Aspects of Food Policy, 1989). As such, rich food sources include
grains, legumes, fruits and vegetables (Shah et al., 1994;Shah et al., 1996;Poppitt et al., 2002).
According to the World Health Organisation (WHO) and as stated in (Farchi et al., 1995), intakes
of “complex” carbohydrates should make up 50-70% of total carbohydrate intake.

One very small trial found no evidence for any difference between low-fat high-complex
carbohydrate diet, low-fat high-simple carbohydrate diet, or control dietary interventions after six
months’ follow-up, in terms of either DBP or SBP (Vasilaras et al., 2001). However, the sample
size was too small to detect even large effects. The other small trial (Poppitt et al., 2002), which
was liable to potential bias through lack of blinding, suggested that DBP decreased in the high-
simple carbohydrate group compared with the control diet after six months. It was unclear whether
this also applied to SBP because of substantial imbalance at the start of the trial.

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.
136



Table 2.29 Blood pressure and “complex” carbohydrates: RCT data

Author/ Intervention group Completers/ Baselin Follow p-value difference Outcome/Assessment  Result/Outcome Result-specific Weight Outcome
Result ID Allocated e -up between groups method details follow-up Change Assessment Bias
(Vasilaras et Control diet 7/7 DBP Clinic BP 6 months Increase unclear
al., 2001) (mm/Hg)
15038 Low-fat high-complex 9/9 NS Decrease
carbohydrate diet
Low-fat, high-simple 8/8 NS No change
carbohydrate diet
Control diet 7/7 SBP o 6 months Increase unclear
Clinic BP
(mm/Hg)
Low-fat high-complex 9/9 NS Decrease
carbohydrate diet
Low-fat, high-simple 8/8 NS No change
carbohydrate diet
(Poppitt et Control 7/15 87 (SD higher DBP change o 6 months No change  bias
al,, 2002) 10) Clinic BP
15385 (mm/He)
Low-fat, high-complex 12/16 84 (SD lower Decrease bias
carbohydrate diet 13)
Low-fat, high-simple 13/15 86 (SD higher ~ 0.05 No change  bias
carbohydrate diet 13)
Control 7/15 132 (SD  higher SBP change Clinic BP 6 months No change  bias
14)
(mm/Hg)
Low-fat, high-complex 12/16 136 (SD  lower 0.01 Decrease bias
carbohydrate diet 17)
Low-fat, high-simple 13/15 138 (SD  lower 0.01 No change
carbohydrate diet 22)
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