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 Introduction 

 The purpose of this report is to review the evidence on lower carbohydrate diets 

compared to current UK government advice for adults with type 2 diabetes 

(T2D). It was initiated in 2017, in response to a request from Public Health 

England (PHE), in recognition that such diets are gaining attention and 

increasingly being promoted. 

 The Scientific Advisory Committee on Nutrition (SACN) provides advice to the 

UK governments on the UK general population based on its assessment of the 

scientific evidence. Since the Committee does not usually make 

recommendations relating to clinical conditions, a joint working group (WG) was 

established to consider this issue. The WG comprised members of SACN and 

members nominated by Diabetes UK, the British Dietetic Association, Royal 

College of Physicians and Royal College of General Practitioners. 

Representatives from NHS England and NHS Health Improvement, the 

National Institute for Health and Care Excellence (NICE) and devolved health 

departments were also invited to observe the WG. The WG was jointly chaired 

by SACN and Diabetes UK. The secretariat for the work was provided by the 

SACN secretariat at PHE. 

 This draft report was developed using SACN process and signed off by SACN. 

Terms of reference 

 The terms of reference were to: 

• review the evidence on lower carbohydrate diets (alongside higher fat 

and/or higher protein) compared to current government advice for adults 

with T2D 

• consider the impact, in adults with T2D, of lower compared with higher 

carbohydrate diets on markers and clinical outcomes of T2D including any 

potential adverse effects 

• make recommendations based on the review of the evidence. 

 Current UK government advice on carbohydrate intake is based on 

recommendations made by SACN following its review on carbohydrates and 

health (SACN, 2015). 

 Current UK government advice for the general population is that approximately 

50% of total dietary energy should be obtained from carbohydrates, mainly from 

starchy foods consisting of high fibre or wholegrain food where possible. It is 

recommended that average population intake of free sugars should not exceed 

5% of total dietary energy and that adults should achieve a daily dietary fibre 

intake of 30g per day. There are no separate recommendations on 
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carbohydrate intake for adults with T2D and the advice for the general UK 

population also applies to those with T2D. 

 More information on carbohydrates, including definitions of free sugars and 

fibre, is provided in chapter 2. 

 The markers and clinical outcomes of T2D considered were: body weight, 

glycated haemoglobin (HbA1c), fasting plasma glucose, serum total 

cholesterol, serum triacylglycerol (also known as triglyceride), serum low 

density lipoprotein (LDL) cholesterol, serum high density lipoprotein (HDL) 

cholesterol, serum total cholesterol:HDL cholesterol ratio and changes in 

medication and diabetes-related symptoms. Further information on these 

outcomes and the basis for their selection is explained in chapter 4. 

 For the outcome of body weight, only studies with a duration of at least 12 

months were considered. For all other outcomes, studies with a minimum 

duration of 3 months were considered (further details in chapter 4). 

 The WG’s remit was to assess the scientific evidence on the effects on health 

of lower compared to higher carbohydrate diets in adults with T2D. Its remit did 

not include consideration of the wider management of T2D, studies of children, 

people with pre-diabetes, type 1 diabetes (T1D) or gestational diabetes. 

  



January (2020) Draft for consultation 

11 
This is a draft report and does not necessarily represent the final views of the Scientific Advisory Committee on 
Nutrition, or the advice/policy of Public Health England and UK Health Departments. 

 Background on carbohydrates 

 The background information on carbohydrates summarised in this chapter is 

from the SACN report on ‘Carbohydrates and Health’ (SACN, 2015), where 

more detailed information on carbohydrates is provided.  

Classification of carbohydrates 

 Carbohydrates are a major source of energy in the diet and include a range of 

compounds, all containing carbon, hydrogen and oxygen. They are based on a 

common unit with varying linkages and chain lengths. 

 The primary classification of carbohydrate is based on chemistry, that is, the 

character of individual monomers, degree of polymerisation (DP) and type of 

linkage (α or β) (FAO/WHO, 1998). This classification divides carbohydrates 

into 3 main groups (see Table 2.1): sugars, including mono- and di-saccharides 

(DP 1-2); oligosaccharides (DP 3-9); and polysaccharides (DP >9). 

Table 2.1: Classification of carbohydrates based on their chemistry 
(FAO/WHO, 1998) 

Class (DP) Subgroup Components 

Sugars (DP 1-2) Monosaccharides Glucose, fructose, galactose 

 Disaccharides Sucrose, lactose, maltose 

 Polyols Sorbitol, mannitol 

Oligosaccharides (DP 3-9) Malto-oligosaccharides Maltodextrins 

 Other oligosaccharides Raffinose, stachyose, fructo-
oligosaccharides 

Polysaccharides (DP >9) Starch Amylose, amylopectin, 
modified starches 

 Non-starch 
polysaccharides 

Cellulose, hemicellulose, 
pectins, hydrocolloids 

 The 3 principal monosaccharides: glucose, fructose and galactose are the 

building blocks of di-, oligo-, and polysaccharides. These hexoses (6-carbon 

sugars) can be found in honey and fruits (the disaccharide sucrose, made up of 

glucose and fructose units, is also found in fruits). Galactose in combination 

with glucose is found in milk as lactose. Polyols (also known as sugar alcohols) 

include hydrogenated mono- and disaccharides used as sugar replacers. 

Oligosaccharides, are also widely used in the food industry to modify the 

texture of food products (SACN, 2015). 

 Starch is a polysaccharide of glucose monomers and is the principal 

carbohydrate in most diets.  
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 Dietary fibre includes constituents of plant cell walls, such as cellulose, and is 

the most diverse of the carbohydrate groups (SACN, 2015). The SACN report 

on ‘Carbohydrates and Health’ (SACN, 2015) defines dietary fibre as all 

carbohydrates that are neither digested nor absorbed in the small intestine and 

have a degree of polymerisation of 3 or more monomeric units, plus lignin. 

 The chemical classification of carbohydrates does not allow a simple translation 

into nutritional effects, since each class of carbohydrates has overlapping 

physiological properties and effects on health.  

 Carbohydrates can also be classified according to their digestion and 

absorption in the human small intestine. Digestible carbohydrates are absorbed 

and digested in the small intestine; non-digestible carbohydrates are resistant 

to hydrolysis in the small intestine and reach the large intestine where they are 

at least partially fermented by bacteria present in the colon.  

 The terms ‘simple’ and ‘complex’ carbohydrates are commonly used in the 

literature when considering dietary carbohydrate content. These terms are not 

scientifically defined and were not used in the SACN report on ‘Carbohydrates 

and Health’ (SACN, 2015) and are not used in this report. The following terms 

are used to describe carbohydrates: 

• Free sugars — these include the monosaccharides glucose, fructose, and 

galactose, and the disaccharides (which include sucrose and lactose). They 

refer to those added by food manufacturers, cooks or consumers to food 

and include those sugars naturally found in honey, syrups and 

unsweetened fruit juice. The term does not include sugars naturally found 

in milk and milk products.  

• Starches — polymers of glucose, found in foods such as rice, bread, pasta 

and potatoes. 

• Dietary fibres — defined in paragraph 2.6. 

Digestion and absorption 

 Digestion of starch begins in the mouth, by the action of salivary amylase, but 

takes place mainly in the small intestine where it is hydrolysed by pancreatic 

amylase into maltose, maltotriose and α-dextrins. These are further hydrolysed 

into their component monosaccharides by enzymes expressed on the brush 

border of the small intestinal cells.  

 Only glucose and galactose are actively absorbed in the small intestine via a 

sodium dependent transporter. Fructose is not actively absorbed but is taken 

up by a facilitative transport pathway. Di-, oligo- and polysaccharides are 

hydrolysed by enzymes to their component monosaccharides before they are 

absorbed in the small intestine (SACN, 2015).  
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 Some carbohydrates (non-digestible carbohydrates) contain glycosidic linkages 

that are not hydrolysed in the small intestine and reach the large intestine 

where they may be fermented to some degree by commensal bacteria, which 

contain enzymes capable of hydrolysing those linkages (Hawksworth et al, 

1971). 

Metabolism 

 Following absorption, monosaccharides are transported to the liver and from 

there to the systemic circulation. The brain, nervous system and red blood cells 

have an obligatory requirement for glucose as an energy source. 

 Glucose is under control of the hormone insulin which is produced by beta-cells 

in the pancreas and is released in response to glucose absorption. The plasma 

concentration of insulin increases immediately after the ingestion of glucose 

and in some tissues (for example, adipose tissue, skeletal muscle) the cellular 

uptake of glucose is insulin-dependent. Fructose uptake into tissues is not 

insulin-dependent (SACN, 2015). 

 The amount of energy yielded by carbohydrates digested in the small intestine 

varies according to the molecular form; for example, the energy content per unit 

weight is 15.6 kJ/g (3.7 kcal/g) for glucose, 16.5 kJ/g (3.9 kcal/g) for sucrose 

and 17.5 kJ/g (4.2 kcal/g) for starch (Elia & Cummings, 2007). Carbohydrate 

that is not digested and absorbed in the small intestine may also provide 

energy. Fermentation in the colon results in the formation of short-chain fatty 

acids, some of which are absorbed into the bloodstream and are used as 

sources of energy. 

Glycaemic index and glycaemic load 

 Glycaemic index (GI) and glycaemic load (GL) are measures of the post-

prandial blood glucose response to foods.  

 GI is a relative measure of the capillary blood glucose response to a specific 

food compared with the response to a reference food with the same amount of 

available carbohydrate (either pure glucose or an alternative carbohydrate food 

such as white bread). GI ranks (from 0 to 100) how quickly a carbohydrate-

containing food raises blood glucose concentration after consumption (Jenkins 

et al, 1981). Carbohydrates with a low GI value (55 or less), which include most 

fruits, vegetables, nuts and legumes, are more slowly digested, absorbed and 

metabolised and cause a lower and slower rise in blood glucose and, therefore 

usually, insulin. Carbohydrate foods with a high GI cause a more rapid increase 

in blood glucose. High GI foods include refined grains, potatoes, and sugar-

sweetened beverages.  
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 A food’s GL (GI multiplied by the amount of carbohydrate in a serving of that 

food) takes account of both the quality of the carbohydrate food and the 

quantity of available carbohydrate (Brouns et al, 2005).  

 GI and GL are predominantly influenced by the types and structures of 

carbohydrates present in foods and to lesser extents by the types and amounts 

of protein, fat and non-starch polysaccharide present. External influences 

affecting the GI and GL of a food include milling, cooking, cooling and storage 

conditions (Brouns et al, 2005; Venn & Green, 2007). 
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 Background on type 2 diabetes 

 Diabetes is a condition in which the body does not produce sufficient insulin to 

regulate blood glucose levels and the insulin produced does not work 

effectively. This leads to elevated blood glucose concentrations which causes 

damage to blood vessels and nerves. 

 There are two main types of diabetes: T1D and T2D. There are also other 

forms such as gestational diabetes and rare genetic forms such as maturity 

onset diabetes of the young (MODY). 

 In 2018, an estimated 4.7 million people in the UK had diabetes (Diabetes UK, 

2019). This included about 3.8 million people with diagnosed diabetes and an 

estimated 1 million people who were undiagnosed. 

 T1D accounts for about 8% of all cases of diabetes in the UK (NHS Digital, 

2018; NHS Scotland, 2018; Diabetes UK, 2019). It occurs as a result of 

autoimmune beta-cell destruction, usually leading to absolute insulin deficiency 

(ADA, 2019a). T1D, gestational diabetes and MODY are not considered further 

in this report. 

 T2D accounts for about 90% of all cases of diabetes in the UK (NHS Digital, 

2018; NHS Scotland, 2018; Diabetes UK, 2019) and occurs as a result of 

reduced beta-cell insulin secretion and increased insulin resistance (ADA, 

2019a). Although several non-modifiable risk factors such as age, family history 

and ethnicity are associated with increased T2D risk, about 80 to 85% of an 

individual’s risk of developing T2D is associated with obesity (Hauner, 2010), a 

modifiable risk factor. 

 Symptoms of diabetes include frequent urination, extreme thirst, tiredness, 

unplanned weight loss and infection such as genital thrush. These symptoms 

are less pronounced in people with T2D than T1D and about 60% of people 

with T2D do not have any symptoms when they are diagnosed (Winkley et al, 

2013). Consequently, 1 in 3 people may develop complications with their eyes, 

feet, kidneys or nerves by the time they are diagnosed (Winkley et al, 2013); so 

early diagnosis and treatment is vital. 

 Diagnosis of T2D is on the basis of elevated blood glucose concentrations 

(fasting concentration of 7.0 mmol/L or more or post prandial concentration of 

11.1 mmol/L or more) (WHO, 2006) or an elevated HbA1c concentration (often 

reported as a percentage of red blood cells that are glycated) (48 mmol/mol or 

more; 6.5% or more) (WHO, 2011). These indices are markers of impaired 

control of blood glucose and associated metabolic processes (usually referred 

to as impaired glycaemic control).  

 Elevated blood glucose concentrations over time can have serious long-term 

consequences such as heart attacks, strokes, kidney diseases, blindness, 
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lower-limb amputations and premature death. Cardiovascular diseases (CVD) 

are the leading cause of death for people with T2D. Every year in the UK, T1D 

and T2D are linked to more than 27,000 heart attacks (NHS Digital, 2017; 

SSNAP, 2019), 35,600 strokes (NHS Digital, 2017; SSNAP, 2019) and 8,793 

amputations (NCVIN, 2018). In the UK, more than 1,300 people every year 

have their eyesight seriously affected by their diabetes (PHE, 2019) and at 

least 10,375 people have end-stage kidney failure caused by their diabetes 

(Byrne et al, 2018). 

UK and international recommendations for 

management of T2D 

 In England, NICE has issued guidelines for the identification, diagnosis and 

management of T2D (NICE, 2019a). The Scottish Intercollegiate Guidelines 

Network (SIGN) have also issued guidelines on management of diabetes 

(SIGN, 2019). 

 The aim of diabetes management and treatment is to reduce and maintain 

HbA1c concentration at a value below the cut-off for the definition of T2D. 

Although a reduction below the threshold for the definition of T2D is the ultimate 

aim, any reduction in HbA1c reflects an improvement in the degree of control of 

T2D.  

 Reduction of blood lipids and blood pressure are also important treatment 

goals.  

 Management of T2D usually involves behavioural interventions (including diet, 

physical activity, smoking cessation, moderate alcohol intake) and/or 

medications. Treatment may also include bariatric surgery to reduce weight.  

 Currently, there is no cure for T2D but data from dietary weight management 

programmes and bariatric surgery confirm that weight loss can result in 

remission (Diabetes UK, 2018b). The DiRECT study, a UK primary care-led 

weight management intervention for people with T2D of <6 years duration, 

reported 46% remission at 1 year and 36% remission at 2 years (Lean et al, 

2019). An international consensus statement endorsed by 45 international 

diabetes associations including Diabetes UK and the American Diabetes 

Association (ADA) also reported that T2D remission generally occurs in about 

30 to 63% of patients 1 to 5 years following bariatric surgery (Rubin et al, 2016) 

and a remission rate of about 30% has been reported at 15 years following 

surgery (Sjostrom et al, 2014). 
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Dietary management of T2D 

 A reduction in energy (calorie) intake is an important part of the behavioural 

interventions recommended to people with T2D who have overweight or 

obesity. The aim of reducing energy intake is weight loss, which in turn 

improves glycaemic control. For example, NICE (2019b: [NG28]) recommends 

that for adults with T2D who have overweight, ‘set an initial body weight loss 

target of 5 to 10%’. 

 Dietary changes, such as a reduction in saturated fat and substitution with 

unsaturated fats, are also generally recommended in order to reduce the risk of 

CVD (SACN, 2019). 

 In England, NICE (2019b: [NG28]) recommends a healthy dietary pattern, 

comparable to national recommendations for the general population, for people 

with T2D. This reflects the SACN (2015: Section 11.5) recommendation for 

carbohydrate intake of approximately 50% of total dietary energy. Current 

government advice for the general population is outlined in Annex 1 (Table 

A1.1). NICE (2019b: [NG28]) also recommends providing individualised advice 

and encouraging ‘high fibre, low glycaemic‑index sources of carbohydrate in the 

diet such as fruit, vegetables, wholegrains and pulses; include low‑fat dairy 

products and oily fish; and control the intake of foods containing saturated and 

trans fatty acids’. 

 SIGN (2017: [116]) recommends that individuals with T2D ‘are given dietary 

choices for achieving weight loss that may also improve glycaemic control. 

Options include calorie restriction, reducing fat intake, consumption of 

carbohydrates with low rather than high GI, and restricting the total amount of 

dietary carbohydrate (a minimum of 50 g per day appears safe for up to six 

months)’. 

 International guidelines vary in relation to the amount of carbohydrate 

recommended for people with T2D (see Table 3.1, below). Diabetes UK, the 

ADA and Diabetes Australia have made dietary recommendations that focus 

more on foods and overall dietary patterns. 

 Diabetes Australia recommends following the Australian Dietary Guidelines for 

Adults (Diabetes Australia, 2015). In a position statement on low carbohydrate 

eating for people with diabetes, it states ‘there is reliable evidence that lower 

carb eating can be safe and useful in lowering average blood glucose levels 

over the short term (up to 6 months)’ and that it can ‘also help reduce body 

weight and help manage heart disease risk factors such as raised cholesterol 

and raised blood pressure’ (Diabetes Australia, 2018). 
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 Both Diabetes UK and the ADA emphasise tailoring advice to the individual. 

Diabetes UK and ADA note the lack of clear evidence for a specific dietary 

intake of carbohydrate for those with T2D (Diabetes UK (2018a), ADA (2019b)). 

The ADA recommends that ‘reductions in overall carbohydrate intake may be 

applied in a variety of eating patterns that meet individual needs and 

preferences’ and that ‘for select adults with type 2 diabetes not meeting 

glycaemic targets or where reducing antihyperglycemic medications is a 

priority, reducing overall carbohydrate intake with low or very-low carbohydrate 

eating plans is a viable approach’. 

 International organisations consistently recommend carbohydrates low in free 

sugars and high in fibre, such as those found in vegetables and fruit, 

wholegrains and legumes including lentils and pulses (SACN, 2015; USDOH & 

USDA, 2015; Reynolds et al, 2019). Carbohydrates that are associated with 

poorer health outcomes include sugar, especially sugar-sweetened beverages 

and carbohydrates refined or processed in ways that raise the free sugars 

content or reduces the levels of naturally occurring fibres, and it is 

recommended that these foods are limited (SACN, 2015; USDOH & USDA, 

2015). 

 Macronutrient recommendations for adults with T2D, as recommended by 

NICE, SIGN and a range of diabetes organisations are summarised in Table 

3.1 below.  
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Table 3.1: UK and international macronutrient recommendations for 
adults with T2D 

Organisation 

Macronutrient (% total dietary energy) 

Carbohydrate Total fat Protein 

National Institute for Clinical 
Excellence (NICE)* 

50 35  

Scottish Intercollegiate 
Guidelines Network (SIGN)  

Individualise Individualise  

Diabetes UK 

Individualise 

(low carbohydrate diets** 

amongst other strategies, for 
weight loss in the short term) 

No specific amount No specific amount 

American Diabetes 
Association (ADA) 

Individualise 20 to 35 15 to 20 

Diabetes Canada 45 to 60 <35 15 to 20 

European Association for 
the Study of Diabetes 

45 to 60 <35 10 to 20 

Diabetes Australia 

No specific amount 

(low carbohydrate diets*, amongst 
other strategies, for reducing 
blood sugar levels and weight 
loss in the short term (6 months) 

No specific amount No specific amount 

*NICE guideline [NG28] recommendation adapted to be in line with UK government recommendations. 

**Defined as <130g/day or <26% total energy intake derived from carbohydrate. 

Data from Diabetes UK (2018a), SIGN (2017), ADA (2019b), Sievenpiper et al (2018), Mann et al (2004), Diabetes 

Australia (2015), Diabetes Australia (2018), NICE (2019).  
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 Markers and clinical outcomes of 

type 2 diabetes 

Selection of primary and secondary 

outcomes 

 The primary outcomes considered in this review are body weight and HbA1c.  

 The secondary outcomes considered are fasting plasma glucose, blood lipid 

profiles and changes in medication and diabetes-related symptoms. 

 One of the aims of the dietary management for people with T2D is to reduce 

the risk of CVD. Weight loss has beneficial effects on a number of CVD risk 

factors, including blood pressure. Although blood pressure is an important risk 

factor for CVD, it was not included as an outcome measure since there is clear 

evidence that a reduction in body weight is the primary driver for a decrease in 

blood pressure. In contrast with blood lipids, changes in dietary macronutrient 

composition were not considered likely to have independent effects on blood 

pressure. 

 Although blood pressure was not included as an outcome in this report, blood 

pressure reduction is an important factor that should be considered in the 

overall health of adults with T2D. 

Study duration 

 For the outcome of body weight, only studies with a duration of at least 12 

months were considered (see paragraph 4.6). For all other outcomes, studies 

with a minimum duration of 3 months were considered (see paragraph 4.9). 

Primary outcomes 

Body weight 

 Ninety percent of adults with T2D in the UK have overweight or obesity 

(Diabetes UK, 2018c). Interventions aim, therefore, to support people to 

achieve and maintain a healthy body weight. Many short-term interventions are 

able to achieve weight loss but the maintenance of weight loss is challenging 

(Miller & Brennan, 2015). Therefore, for the outcome of body weight, only 

studies with a minimum duration of 12 months were specified in the selection 

criteria and were considered in grading the evidence and drawing conclusions. 
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If the eligible evidence also included results of shorter-term studies on change 

in body weight, then these were reported for completeness but were not 

considered in grading the evidence for this outcome. 

HbA1c 

 An elevated HbA1c concentration is a marker of impaired glycaemic control. 

The aim of T2D management is to improve glycaemic control because a 

reduction in HbA1c concentration indicates an improvement in control of T2D 

and a reduction in risk of long-term complications. 

 In the UK, the cut-off HbA1c concentration for the diagnosis of T2D is 48 

mmol/mol (6.5%). HbA1c concentrations for non-diabetic hyperglycaemia are 

between 42 and 47.9 mmol/mol (6.0 to 6.5%), and concentrations below 42 

mmol/mol (6.0%) are regarded as non-diabetic (NICE, 2017). 

 Since the life-cycle of red blood cells (containing the haemoglobin) in the 

circulation is approximately 100 days, the most clinically meaningful changes in 

HbA1c will be found after a period of around 3 months. Only studies with a 

minimum duration of 3 months were therefore considered in this report. 

Secondary outcomes 

Fasting plasma glucose  

 Although HbA1c was the primary outcome related to glycaemic control 

considered in this review, some of the research literature also reports impacts 

on fasting plasma glucose (especially older studies that may have based the 

definition of diabetes on measurement of fasting plasma glucose 

concentrations). Fasting plasma glucose concentration of 7.0 mmol/L is the cut-

off for diagnosis of T2D, with concentrations between 6.1 and 6.9 mmol/L 

reflecting non-diabetic hyperglycaemia and 6.0 mmol/L or less as normal 

glycaemia (NICE, 2017).  

Blood lipids 

 T2D is a major risk factor for CVD, which is the principal cause of death in 

individuals with T2D. One of the contributors to this high risk is dyslipidaemia, a 

condition where there is an abnormal amount of lipids or blood fats such as 

non-HDL cholesterol and triacylglycerols. Dyslipidaemia increases the risk of a 

number of metabolic diseases including CVD (SACN, 2019). Increased 

concentration of serum HDL cholesterol is associated with reduced risk of CVD 

(SACN, 2019). 
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 To assess the effects of lower carbohydrate diets on fasting lipid profiles in 

people with T2D, the following outcomes were considered: serum total 

cholesterol, serum triacylglycerol, serum LDL cholesterol, serum HDL 

cholesterol, and serum total cholesterol:HDL cholesterol ratio. Beneficial effects 

would include reductions in total cholesterol, serum LDL cholesterol, serum 

triacylglycerol, serum total cholesterol:HDL cholesterol ratio and an increase in 

serum HDL cholesterol. 

Change in medication use and diabetes-related 
symptoms 

 A successful intervention goal for people with T2D would be a reduction in T2D 

symptoms and medication (for managing levels of glycaemia, blood pressure 

and blood lipids). A dietary intervention would be considered beneficial if it is 

able to achieve the same level of glycaemic control with a reduced need for 

diabetes medication. 
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 Methods 

Eligibility criteria and literature search  

 This report is based on evidence provided by systematic reviews (SRs) with 

meta-analyses (MAs). SRs and MAs reduce the potential for biased study 

selection or overlooking relevant studies since they are systematic and provide 

a comprehensive and quantitative analysis of the research in a particular field. 

 SACN’s Framework for the Evaluation of Evidence (SACN, 2012) was used as 

the basis for assessing the evidence. The framework is based on an evidence 

hierarchy which is used to judge the strength of the evidence according to study 

design. Most weight is placed on evidence from randomised controlled trials 

(RCTs) since well-conducted RCTs minimise the potential for selection bias 

and confounding. Less weight is placed on observational studies because such 

studies are potentially subject to bias, confounding and reverse causality. 

However, in the absence of RCTs, evidence from non-randomised intervention 

studies and prospective studies is considered stronger evidence than other 

study designs (case-control, cross-sectional and case reports). 

Inclusion criteria 

 The Knowledge and Library Services team (PHE) conducted an online 

database search for SRs, MAs and pooled analyses of RCTs and prospective 

cohort studies comparing the impact of lower versus higher carbohydrate diets 

on markers and clinical outcomes of T2D. Details of the search terms are 

provided in Annex 2 (Table A2.1). 

 Additional eligibility criteria included: English language publications with no 

geographical restriction, published in peer-reviewed scientific journals after 

1980 (since very few studies before then measured HbA1c).  

 Only SRs that included studies that recruited people with pre-diagnosed T2D 

(as defined in the primary RCTs) when they entered the study were considered. 

 For the primary outcome of body weight, only studies with a minimum duration 

of 12 months (which reflects longer-term maintenance of weight loss) were 

considered (see paragraph 4.6, chapter 4). For all other outcomes, studies with 

a minimum duration of 3 months were considered. 

Exclusion criteria 

 The following types of studies were excluded: SRs and MAs of case-control or 

cross-sectional studies, non-SRs, case reports, published abstracts, grey 
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literature such as dissertations, conference proceedings, magazine articles, 

books/book chapters, opinion pieces, information from websites, reports and 

other non-peer reviewed articles.  

 Studies with mixed populations (for example, individuals with T1D or metabolic 

syndrome or with pre-diabetes) in which results were not presented separately 

for T2D were excluded. 

Evidence from clinical practice studies 

 A number of clinical studies (including Saslow et al (2017); Bhanpuri et al 

(2018); Hallberg et al (2018), Athinarayanan et al (2019)) and case reviews 

(Unwin & Tobin, 2015) have assessed the effectiveness of lower carbohydrate 

diets on glycaemic control and other markers in adults with T2D. These are 

largely based in primary or secondary care clinic settings or use data from 

participants self-enrolled in commercial dietary programmes. The study design 

employed in such published research includes quasi-experimental studies, non-

randomised trials, single-arm trials or experiences in clinical practice. Some of 

the key limitations of these studies are: lack of randomisation, lack of a 

comparator arm and self-selection (for example, participants may choose a 

particular study or study arm). 

 These studies were not considered in this report because of the number of 

limitations associated with this study type. They also did not meet the inclusion 

criteria for study selection (see paragraphs 5.3 to 5.5). 

Literature search 

 MEDLINE, EMBASE, the Cochrane Library (CDSR and DARE), NICE 

evidence, TRIP and Google Scholar were searched, using the search terms 

outlined in Annex 2 (Table A2.1), for relevant publications meeting the inclusion 

criteria. 

 Interested parties were also invited to highlight any additional evidence 

(including key RCTs published after the most recent SRs/MAs) to that identified 

by the PHE literature search (and which satisfied the inclusion criteria) in a call 

for evidence published on the SACN website (from 9 February to 7 March 

2018).  

 Reference lists of all included publications (identified through the online 

database search or highlighted by interested parties, up to September 2018) 

were hand-searched. 

 Reference lists of relevant reviews by other international organisations were 

also considered.  



January (2020) Draft for consultation 

25 
This is a draft report and does not necessarily represent the final views of the Scientific Advisory Committee on 
Nutrition, or the advice/policy of Public Health England and UK Health Departments. 

Consideration of evidence published after the literature 
search 

 The draft report has been made available for public consultation and interested 

parties are invited to alert SACN to any evidence that it may have missed. 

 Any evidence highlighted through the consultation process or published after 

September 2018 will be considered by the committee. 

 The report will be amended if newly available evidence adds to existing work or 

changes existing conclusions.  

Selection of studies 

 Literature search: After removing duplicates, titles and abstracts of the 

identified publications were screened independently by 2 reviewers for 

eligibility. Differences were resolved by discussion. Publications were rejected 

on initial screen if the reviewers could determine from the title and abstract that 

they did not meet the inclusion criteria. Full-texts of potentially eligible 

publications were obtained and again screened by 2 reviewers with differences 

resolved by discussion. Where uncertainty remained, advice was sought from 

the WG. 

 The online database search identified 3169 abstracts which were screened for 

eligibility. Of these, full texts of 19 potentially relevant SRs with MAs were 

retrieved and screened and 11 met the inclusion criteria. Details of the studies 

excluded on the 1st screening and reasons for exclusion are provided in Annex 

3 (Table A3.1). Two subsequent publications that met the inclusion criteria were 

identified by WG members: 1 SR with MA and 1 network meta-analysis (NMA). 

NMAs compare multiple interventions by combining direct evidence from trials 

comparing 2 interventions with indirect evidence from trials with a common 

comparator. 

 The 12 identified SRs with MAs and the NMA were of RCTs (no SRs of 

prospective cohort studies were identified). 

 Call for evidence: Three responses citing 13 publications were received in 

response to the call for evidence (Annex 3, Table A3.2). Out of these, 2 RCTs 

(Saslow et al, 2017; Tay et al, 2018) published after the NMA which had the 

most recent search period (Schwingshackl et al, 2018), met the inclusion 

criteria. 

 Post call for evidence: Seven of the SRs with MAs identified by the PHE 

literature search (see paragraph 5.20) were excluded (Garg, 1998; Anderson et 

al, 2004; Nield et al, 2007; Kirk et al, 2008; Kodama et al, 2009; Castaneda-

Gonzalez et al, 2011; Ajala et al, 2013) either because the majority of the 

included RCTs were of less than 3 months duration or because they did not 
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offer any additional information to that covered by the more recent SRs with 

MAs.  

 Three additional SRs with MAs (Korsmo-Haugen et al, 2018; Sainsbury et al, 

2018; van Zuuren et al, 2018) were subsequently identified by members of the 

WG. 

 The 2 RCTs identified in the call for evidence were not considered separately 

because 1 (Tay et al, 2018) was included in the SR by van Zuuren et al (2018) 

and the other (Saslow et al, 2017) was included in a SR (McArdle et al, 2018) 

published after September 2018 (to be considered post-consultation). 

 In total, 8 SRs with MAs (Naude et al, 2014; Fan et al, 2016; Meng et al, 2017; 

Snorgaard et al, 2017; Huntriss et al, 2018; Korsmo-Haugen et al, 2018; 

Sainsbury et al, 2018; van Zuuren et al, 2018) and 1 NMA (Schwingshackl et al, 

2018) were included for further consideration. 

 Figure 5.1 displays the flow diagram for inclusion of studies. 
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Figure 5.1: Flow diagram showing the number of publications assessed for 
eligibility and included in the review. 
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Data extraction 

 The following data from all 8 SRs with MAs and the 1 NMA were extracted and 

summarised (see Annex 4, Tables A4.1 to A4.2): first author, year of 

publication, research question, study design, location, funding, declarations of 

interest, inclusion/exclusion criteria, statistical analysis, assessment of study 

quality, total number of primary RCTs, total number of participants, study 

duration, demographics and results.  

Primary data in the SRs with MAs 

 In total, there were 48 publications (relating to 44 primary RCTs) included in the 

8 eligible SRs with MAs. Information was extracted from all 48 publications 

included in the SRs with MAs to enable a more detailed assessment (see 

Annex 5, Tables A5.1 to A5.3). 

 Information was not extracted from the primary studies included in the NMA 

(Schwingshackl et al, 2018) since it assessed the comparative efficacy of a 

range of different dietary approaches in the management of T2D and many of 

the component studies did not include a comparison of lower versus higher 

carbohydrate diets. 

 Data extracted from all publications in the 8 SRs with MAs included: sample 

size; age; inclusion/exclusion criteria; study power; intervention duration; loss to 

follow-up; type of analysis, intention-to-treat (ITT) or per protocol (PP); 

outcomes; funding sources; prescribed and achieved intakes of carbohydrates; 

dietary fat including saturated fats, polyunsaturated fats (PUFA) and 

monounsaturated fats (MUFA) and protein (expressed as percentage of total 

energy and grams per day); prescribed and achieved intakes of energy (kcal 

per day); duration of T2D and T2D inclusion criteria, medication use; and 

recommendations for physical activity. 

 Where primary RCTs included multiple comparator arms, the data for the 

higher carbohydrate groups were pooled together to create one comparator diet 

group. Where carbohydrate intakes were reported as a range, the average 

value was estimated. 

 The overlap of publications included in the 8 SRs with MAs, grouped by 

outcome and then MA, were tabulated (Annex 6, Tables A6.1 to A6.7). 

 The extracted data (see paragraph 5.30) were used to prepare bar graphs 

showing the following comparisons between the lower and higher carbohydrate 

groups for the primary outcomes (body weight and HbA1c) (see Annex 7, 

Figures A7.1 to A7.20):  

• prescribed and achieved carbohydrate intakes 

• difference between intakes of carbohydrate (prescribed versus achieved) 
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• adherence to prescribed intake of carbohydrate 

• macronutrient (carbohydrate, fat, protein) intakes 

• energy intakes 

• fatty acid intakes (SFAs, PUFAs, MUFAs) 

Units of measurement 

 Energy intakes were expressed in kilocalories (kcal) with the corresponding SI 

(International system of units) values in megajoules (MJ) or kilojoules (kJ) in 

brackets. When expressed in megajoules (MJ) or kilojoules (kJ), they were 

converted to kilocalories (kcal) for consistency (1 MJ = 239.06 kcal, 1 kJ = 

0.239006 kcal). 

 HbA1c values were expressed as percentages since this is how they were 

reported in the primary RCTs included in the SRs with MAs. The corresponding 

SI units (mmol/mol) were also included in brackets for information. The 

following formula was used to convert units for HbA1c from percentage to 

mmol/mol: HbA1c (mmol/mol) = [HbA1c (%) - 2.15] × 10.929 (NGSP, 2010). 

 Concentrations of serum total cholesterol, LDL cholesterol, HDL cholesterol, 

triacylglycerol and plasma glucose were expressed as mmol/L. Where 

concentrations were reported in mg/dL they were converted to mmol/L using 

the following formulae: 

• serum total cholesterol, LDL cholesterol and HDL cholesterol, 1 mmol/L = 

38.61 mg/dL) 

• serum triacylglycerol, 1 mmol/L = 88.5 mg/dL 

• plasma fasting glucose, 1 mmol/L = 18 mg/dL 

 Carbohydrate intakes (prescribed and achieved) were expressed as a 

percentage of total energy (TE). Where achieved carbohydrate intakes were 

reported as g/day, values for energy intake were used to estimate carbohydrate 

as percentage of TE (1 g of carbohydrate = 4 kcal).  

Definitions of study durations 

 Primary RCTs with a duration of ≥3 to <12 months were defined as shorter term 

and those with a duration of ≥12 months were defined as longer term. 

Definitions of diets containing different amounts of 
carbohydrate 

 There is no universally agreed definition of a ‘low carbohydrate diet’ and 

definitions vary across studies. Comparisons in this report were therefore 

between lower and higher carbohydrate intakes. 
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 Feinman et al (2015) proposed definitions for diets containing different amounts 

of carbohydrate intakes regarded as very low, low, moderate or high (adapted 

from Accurso et al (2008). These categories were defined in both grams per 

day and as a percentage of TE intake of approximately 2,000 kcal/day (see 

Table 5.1). 

 For the purposes of this report, in order to enable comparisons of carbohydrate 

intake across the studies under consideration, the classification proposed by 

Feinman et al (2015) was adopted as the basis for categorisation of 

carbohydrate intake (denoted in italics when used).  

Table 5.1: Categories of dietary carbohydrate intakes* 

Description  

Amount of carbohydrate 

g/day 
% TE 

(based on 2000 kcal/day) 

Very low carbohydrate∞ 20 to 50 ≤10 

Low carbohydrate  >50 to <130 >10 to <26 

Moderate carbohydrate  130 to 230 26 to 45 

High carbohydrate  >230 >45 

*Based on Feinman et al (2015) and Accurso et al (2008) 

∞Also referred to as ketogenic diets. 

 According to the above categories of carbohydrate intake, government 

recommendations on carbohydrate intake for the general population (50% of 

TE) would be classified as high. 

 Categorisation of a low carbohydrate diet varies between the primary RCTs 

with some defining it in g/day and some as % TE. In weight loss interventions 

carbohydrate intake might be relatively low in terms of g/day but relatively high 

in terms of % TE. This is also the case with low and very low energy diets (see 

below) which may be low in achieved g/day of carbohydrate but also low in 

other nutrients and, therefore, relatively high in carbohydrates as % TE. 

 Low and very low carbohydrate diets should not be confused with low and very 

low energy diets. Low energy diets provide 800 to 1200 kcal/day and include 

diets based on food or on meal replacements (formulated products such as 

shakes, soups, bars). Very low energy diets provide <800 kcal/day (Codex 

Alimentarius, 1995; NICE, 2014). The majority are made up of formulated 

products to ensure adequate protein and micronutrient intake.  

Grouping of the evidence by outcomes 

 Evidence from the eligible 8 SRs with MAs was considered for each of the 

primary and secondary outcomes and subdivided according to study duration 

(shorter-term, ≥3 months to <12 months; longer-term, ≥12 months).  
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Assessment of the evidence 

 The 8 SRs with MAs that met the inclusion criteria were considered by the WG. 

Chapters on the impact of lower carbohydrate diets compared with higher 

carbohydrate diets on markers and clinical outcomes of T2D were drafted by 

the secretariat of the WG and provided the basis for the WG’s considerations. 

The final text and conclusions were considered and agreed by SACN. This draft 

report has been made available for public consultation and the comments 

received from interested parties will be taken into consideration before the 

report is finalised.  

Evaluation of the quality of the evidence 

 The quality of the 8 eligible SRs with MAs was assessed using: 

• SACN Framework for the Evaluation of Evidence (SACN, 2012) 

• AMSTAR 2 (a measurement tool to assess systematic reviews) (Shea et al, 

2017). 

SACN Framework 

 The following criteria were considered: 

Systematic review and meta-analyses 

• scope and aims 

• search dates (publication dates of studies included in the reviews or meta-

analyses)  

• inclusion and exclusion criteria  

• number of primary studies and total number of participants 

• conduct and reporting of pre-specified outcomes consistent with registered 

protocol.  

Primary studies considered within systematic reviews/meta-analyses 

• exposure/intervention duration and follow-up  

• type of carbohydrates (for example, starch, free sugars, fibre) and types of 

nutrients replacing carbohydrates (for example, protein, fat) in the lower 

carbohydrate groups 

• prescribed and achieved intakes of carbohydrates in lower and higher 

carbohydrate groups 

• populations considered and relevant characteristics (duration of known 

T2D, medication use, physical activity levels).  
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Interpretation of results and their analysis  

• appropriateness of statistical methods used  

• whether and which confounding factors were taken into account (where 

relevant) 

• consistency of the effect (taking account of overlap in the primary studies 

considered) 

• heterogeneity: an I2 statistic of 0 to 25% was considered to represent low 

heterogeneity; 26 to 75%, medium heterogeneity; and >75%, high 

heterogeneity. While a high I2 statistic reflects uncertainty regarding the 

value of the pooled estimate, it does not necessarily reflect uncertainty 

regarding the direction of the effect/association (which may be consistent 

across studies) 

• direction and size of effect and statistical significance 

• results of subgroup and sensitivity analyses.  

 In accordance with the SACN Framework for the Evaluation of Evidence 

(SACN, 2012), the word ‘effect’ was used to describe the evidence from RCTs. 

An effect was deemed to be statistically significant using the two-tailed p<0.05 

criterion (SACN, 2019).  

AMSTAR 2 

 The methodological quality of each eligible publication was assessed 

independently by 2 members of the secretariat and a member of the WG and 

any differences were resolved by discussion. 

 AMSTAR 2 includes the following 16 items for evaluation (AMSTAR, 2017): 

1. Did the research questions and inclusion criteria for the review include the 

components of PICO (population, intervention, control group, outcome)? 

2. Did the report of the review contain an explicit statement that review 

methods were established prior to the conduct of the review and did the 

report justify any significant deviations from the protocol? 

3. Did the review authors explain their selection of the study designs for 

inclusion in the review? 

4. Did the review authors use a comprehensive literature search strategy? 

5. Did the review authors perform study selection in duplicate? 

6. Did the review authors perform data extraction in duplicate? 

7. Did the review authors provide a list of excluded studies and justify the 

exclusions? 

8. Did the review authors describe the included studies in adequate detail? 

9. Did the review authors use a satisfactory technique for assessing the risk of 

bias in individual studies that were included in the review? 
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10. Did the review authors report on the sources of funding for the studies 

included in the review? 

11. If MA was performed, did the review authors use appropriate methods for 

statistical combination of results? 

12. If MA was performed, did the review authors assess the potential impact of 

risk of bias in individual studies on the results of the MA or other evidence 

synthesis? 

13. Did the review authors account for risk of bias in primary studies when 

interpreting/discussing the results of the review? 

14. Did the review authors provide a satisfactory explanation for, and discussion 

of, any heterogeneity observed in the results of the review? 

15. If they performed quantitative synthesis, did the review authors carry out an 

adequate investigation of publication bias (small study bias) and discuss its 

likely impact on the results of the review? 

16. Did the review authors report any potential sources of conflict of interest, 

including any funding they received for conducting the review? 

 In addition to the items identified as critical by AMSTAR 2 (items 2, 4, 7, 9, 11, 

13 and 15), the WG agreed that item 8 should also be considered critical 

because detailed information about the included studies (duration, sample size, 

loss to follow-up), about the population (such as medication use, duration since 

diabetes diagnosis, physical activity), and the intervention (such as prescribed 

and achieved intakes of carbohydrate, dietary advice, approach, adherence) 

would be an important consideration in the assessment and interpretation of the 

evidence. 

 Item 3 was not considered since all the selected SRs with MAs included only 

RCTs which is the preferred study design in the SACN Framework (2012). 

 A summary of the AMSTAR 2 assessment is provided in Annex 8 (Table A8.1). 

Approach to considering statistical models 

 The results of 2 statistical models of MA, fixed effects and random effects, are 

increasingly being reported in SRs. There are differences in the underlying 

assumptions and statistical considerations of the models. Random-effects 

models generally give proportionally more weight to small than to large primary 

studies, while fixed-effects models give weight in direct proportion to the size of 

the primary studies. However, the choice of models and their interpretation 

remains an area of debate among statisticians (SACN, 2019).  

 More detailed information on differences between the 2 models can be found in 

Chapter 9 of the Cochrane Handbook for Systematic Reviews of Interventions 

(https://training.cochrane.org/handbook). 
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 The following approach used by SACN in its report on ‘Saturated Fats and 

Health’ (SACN, 2019), was used when considering the results of the MAs:  

• Where the results of only 1 model (that is, fixed effects or random effects) 

were stated in a publication, the results of this MA were reported and used 

to draw conclusions.  

• Where the results of both models were stated in a publication, both were 

reported. The following factors were considered: appropriateness of the 

model assumptions, the direction and magnitude of the effect, statistical 

significance and the level of agreement between the models. Where the 

results of the models differed, the totality of the evidence and expert 

judgement were used to draw conclusions and considered in the final 

grading of the evidence (see Grading of the evidence below). 

Grading of the evidence 

 The methods outlined in SACN’s reports on Carbohydrates and Health (SACN, 

2015) and Saturated Fats and Health (SACN, 2019) were modified for use in 

this report. 

 Expert judgement, based on the criteria specified in Table 5.3 below, was used 

to grade the strength of the evidence (adequate, moderate, limited, inconsistent 

or insufficient) for the primary and secondary outcomes.  

 Emphasis was placed on the results of the largest (based on number of 

participants) MA. If these results disagreed with those of other MAs, then this 

was reported. 

 When evaluating consistency and agreement between the MAs, consideration 

was given to statistical significance, direction and magnitude of effect size, 

subgroup and sensitivity analyses, heterogeneity and the degree of overlap in 

the primary studies. 

 Risk of bias was taken into account through use of SACN and AMSTAR 2 

criteria (see above sections) to inform the consideration of SR quality. The risk 

of bias of individual RCTs described within each SR, was also used to inform 

the criteria described in Table 5.3. The potential for publication bias was 

minimised by placing emphasis on the largest MA. Consideration was also 

given to any sensitivity analysis excluding individual RCTs with high risk of bias. 

 Only outcomes where the evidence base was graded as adequate or moderate 

were used to inform recommendations. 
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Table 5.3 Criteria for grading evidence (SACN, 2019) 

Strength of 
evidence Explanatory notes 

Adequate There is adequate evidence to make a decision about the 
effect/association of a factor(s)/intervention(s) in relation to a 
specific outcome.  
Taking into account overlap of primary studies included in the 
identified publications, the evidence from meta-analyses goes in 
the same direction.  
The results of meta-analyses are statistically significant or, in the 
case of systematic reviews without meta-analysis, there is 
convincing evidence of a consistent significant effect/association in 
the primary studies considered.  
Effects/associations are also consistent when major population 
subgroups or other relevant factors are considered in additional 
analyses.  
The identified publications are considered to be of good quality 
based on the key factors listed above.  
The inclusion and exclusion criteria of the identified publications are 
well defined and appropriate.  
A judgement of adequate evidence is also made based on the 
number, size, quality and durations/follow-ups of randomised 
controlled trials and/or prospective cohort studies included in the 
identified systematic reviews, meta-analyses and pooled analyses.   
Where only 1 systematic review, meta-analysis or pooled analysis 
is identified on a specific outcome, evidence is considered 
adequate if the publication reports primary data from ≥ 3 
randomised controlled trials or ≥ 5 cohort studies, of adequate size, 
considered to be of good quality and which were included in a 
meta-analysis or pooled analysis. Alternatively, for a single 
systematic review when a meta-analysis or pooled analysis is not 
conducted, evidence may be considered adequate if a total of ≥ 4 
randomised controlled trials or ≥ 5 cohort studies, of adequate size 
and considered to be of good quality, consistently went in the same 
direction. 
 

Moderate  There is moderate evidence (therefore less conclusive) to make a 
decision about the effect/association of a factor(s)/intervention(s) in 
relation to a specific outcome.  
Taking into account overlap of primary studies included in the 
identified publications, the majority of the evidence from meta-
analyses goes in the same direction. 
The results of meta-analyses are statistically significant or, in the 
case of systematic reviews without meta-analysis, there is 
moderate evidence of a consistent significant effect/association in 
the primary studies considered.   
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Strength of 
evidence Explanatory notes 

Effects/associations may be less consistent when major population 
subgroups or other relevant factors are considered in additional 
analyses.  
The identified publications are considered to be of moderate to 
good quality based on the key factors listed above.  
The inclusion and exclusion criteria of the identified publications are 
reasonably well defined and generally appropriate. 
Compared to evidence considered adequate, there may be fewer 
and smaller randomised controlled trials and/or prospective cohort 
studies, of moderate quality with sufficient durations/follow-ups, 
included in the identified systematic reviews, meta-analyses and 
pooled analyses. 
Where only 1 systematic review, meta-analysis or pooled analysis 
is identified on a specific outcome, evidence is considered 
moderate if the publication reports primary data from ≥3 
randomised controlled trials or 3-4 cohort studies of moderate size, 
considered to be of moderate quality and which were included in a 
meta-analysis or pooled analysis. Alternatively, for a single 
systematic review when a meta-analysis or pooled analysis was not 
conducted, evidence may be considered moderate if a total of ≥ 3 
randomised controlled trials or 5 cohort studies, of moderate size 
and considered to be of moderate quality, consistently went in the 
same direction.  
 

Limited  There is limited evidence (therefore, even less conclusive) to make 
a decision about the effect/association of a factor(s)/intervention(s) 
in relation to a specific outcome.  
Taking into account overlap of primary studies included in the 
identified publications, the majority of the evidence from meta-
analyses goes in the same direction. 
The results of meta-analyses are statistically significant or, in the 
case of systematic reviews without meta-analysis, there is limited 
evidence of a consistent significant effect/association in the primary 
studies considered. 
Effects/associations may be inconsistent when major population 
subgroups or other relevant factors are considered in additional 
analyses.  
The identified publications are considered to be of poor to 
moderate quality based on the key factors listed above.  
The inclusion and exclusion criteria of the identified publications are 
not well defined and may not be appropriate. 
Compared to evidence considered adequate or moderate, there 
may be fewer and smaller randomised controlled trials and/or 
prospective cohort studies, of low quality with inadequate 
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Strength of 
evidence Explanatory notes 

durations/follow-ups, included in the identified systematic reviews, 
meta-analyses and pooled.   
Where only 1 systematic review, which did not include a meta-
analysis, is identified on a specific outcome, evidence was 
considered limited if primary data from 3-4 randomised controlled 
trials or prospective cohort studies of limited size and considered to 
be of low quality were identified but there was some evidence that 
the results were in the same direction.  
 

Inconsistent There is inconsistent evidence after taking into account the above 
quality criteria and overlap of primary studies included in the 
identified systematic reviews, meta-analyses and pooled analyses, 
the results in relation to a specific outcome are conflicting and it is 
not possible to draw a conclusion. 
 

Insufficient  There is insufficient evidence as a result of no systematic reviews, 
meta-analyses or pooled analyses of appropriate quality identified 
in relation to a specific outcome or, in a single review or analysis, 
<3-4 eligible randomised controlled trials or cohort studies were 
identified. Therefore, it is not possible to draw conclusions. 
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 Assessment of the evidence 

 Eight SRs with MAs (Naude et al, 2014; Fan et al, 2016; Meng et al, 2017; 

Snorgaard et al, 2017; Huntriss et al, 2018; Korsmo-Haugen et al, 2018; 

Sainsbury et al, 2018; van Zuuren et al, 2018) and 1 NMA (Schwingshackl et al, 

2018) were included for detailed consideration. 

 After further assessment, only results from 4 SRs with MAs (Huntriss et al, 

2018; Korsmo-Haugen et al, 2018; Sainsbury et al, 2018; van Zuuren et al, 

2018) were prioritised and used to grade the evidence and draw conclusions. 

This is because they were more recent, larger (in terms of number of 

participants) and considered to be of better quality (based on SACN and 

AMSTAR 2 criteria, see chapter 5) than the older SRs with MAs (Naude et al, 

2014; Fan et al, 2016; Meng et al, 2017; Snorgaard et al, 2017). Only 1 primary 

RCT (Iqbal et al, 2010) that was included in 3 of the older SRs was not covered 

by the 4 prioritised SRs with MAs. 

 The overlap of primary RCTs grouped by outcome and MA is summarised in 

Annex 6 (Tables A6.1 to A6.7). 

 The NMA (Schwingshackl et al, 2018) was also not considered further in 

grading the evidence because it included mainly indirect comparisons and did 

not provide any additional information to that obtained from the SRs with MAs 

of direct comparisons between lower and higher carbohydrate intakes. 

 A summary of the 4 non-prioritised SRs (Naude et al, 2014; Fan et al, 2016; 

Meng et al, 2017; Snorgaard et al, 2017) and the NMA (Schwingshackl et al, 

2018) and their limitations is provided in Annex 9. 

Overview of the prioritised SRs with MAs 

 The various markers and clinical outcomes of T2D considered in each SR with 

MA are summarised in Annex 10 (Table A10.1). None of the 4 prioritised SRs 

with MAs considered total cholesterol:HDL cholesterol ratio or reduction in 

diabetes-related symptoms as outcomes. Only 1 SR with MA (Huntriss et al, 

2018) considered change in medication use as an outcome, specifically 

diabetes medication. 

 The main inclusion criteria for each of the 4 prioritised SRs with MAs are 

provided in Table 6.1 below. 
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Table 6.1: Main inclusion criteria for the 4 prioritised SRs with MAs 

Author (year) Huntriss et al 
(2018) 

Korsmo-Haugen 
et al (2018) 

Sainsbury et al 
(2018) 

van Zuuren et al 
(2018) 

Search 
period 

Up to June 
2016 

1983 to January 
2016 

01 Jan 1980 to 
31 August 2016 

Up to 21 March 
2017 

Carbohydrate 
comparison 

Low 
carbohydrate 
diet as stated 
by author; must 
have achieved 
lower 
carbohydrate 
intake than 
control group 

Diet <40% TE 
versus diet 
>40% TE from 
carbohydrates 

Diet ≤45% TE 
versus diet 
>45% TE from 
carbohydrates 

Diet ≤40% TE 
from 
carbohydrates 
versus low fat 
diet (≤30% TE) 

Type of study 
and duration 

RCTs (duration 
not specified) in 
adults aged ≥18 
years with T2D 

RCTs >3 
months duration 
in adults with 
T2D 

Studies of adults 
with impaired 
glucose 
tolerance and/or 
T1D included if 
separate data 
provided for 
T2D individuals 

RCTs ≥3 
months duration 
in adults aged 
≥18 years with 
T1D or T2D 

Crossover trials 
included if data 
from 1st phase, 
of at least 3 
months, could 
be extracted 

Trials of adults 
with and without 
T2D included if 
≥80% T2D or 
subgroup 
analysis 
conducted 

RCTs and 
clinically 
controlled trials 
over ≥4 weeks 
duration in 
adults (aged ≥18 
y) with T2D 

Crossover trials 
with washout ≥4 
weeks. If ≤4 
weeks, data 
only included if 
able to extract 
relevant data for 
1st phase 
(before 
crossover) 

 In the overview below of the 4 SRs with MAs (paragraphs 6.10 to 6.25), the 

numeric ranges used by the authors to define lower and higher carbohydrate 

diets (where stated) are included in brackets. This is followed by classification 

of these intakes according to carbohydrate categories in square brackets (very 

low, low, moderate, high) (see chapter 5, paragraphs 5.40 to 5.41 and Table 

5.1). 

 The overall risk of bias analyses of the primary RCTs included in the 4 

prioritised SRs with MAs (as assessed by the authors) are also summarised in 

the overviews below. Further details of the individual risk of bias domains that 

were included for consideration and the criteria used to assess high, low and 

unclear risk of bias are provided in Annex 11 (Tables A11.1 and A11.2). 
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Huntriss et al (2018) 

 Huntriss et al (2018) (18 RCTs, 2204 participants) compared the effects of a 

lower (not defined) compared to a higher (not defined) carbohydrate diet in the 

management of T2D. RCTs were included if the lower carbohydrate diet group 

achieved a lower carbohydrate intake than the higher carbohydrate group 

(usual care, which included a variety of diets). 

 The primary outcome was HbA1c; secondary outcomes were weight, serum 

total cholesterol, serum triacylglycerol, serum LDL cholesterol, serum HDL 

cholesterol and changes in diabetes medication. 

 Meta-analyses were performed for change in each outcome at 12 months. No 

sensitivity or subgroup analyses were performed.  

 Risk of bias assessment: 15 out of the 18 studies were considered to be at high 

risk of bias in 1 or more of the 6 assessment criteria. 

Korsmo-Haugen et al (2018) 

 Korsmo-Haugen et al (2018) (23 RCTs, 2178 participants) compared the 

effects of lower carbohydrate diets (defined as ≤40% TE [moderate]) with 

higher carbohydrate diets (defined as >40% of total energy [moderate]). 

 The outcomes considered were: weight, HbA1c, serum total cholesterol, serum 

triacylglycerol, serum LDL cholesterol and serum HDL cholesterol. The authors 

did not distinguish between primary and secondary outcomes. 

 Meta-analyses were performed for change in each outcome for all studies 

combined and subgroup analyses were conducted based on study duration (3 

to 6 months and ≥12 months). A sensitivity analysis was performed excluding 

studies at high risk of bias.  

 Risk of bias assessment: high, 10 studies; low, 3 studies; unclear, 10 studies. 

Sainsbury et al (2018) 

 Sainsbury et al (2018) (25 RCTs, 2412 participants) compared the effects of 

lower carbohydrate diets (defined as ≤45% TE [moderate]) with higher 

carbohydrate diets (defined as >45% TE [high]) in reducing HbA1c and whether 

greater restriction of carbohydrate was associated with greater reductions in 

HbA1c. Although 25 RCTs were included in the study description table, 2 

additional studies (Brinkworth et al, 2004; Stern et al, 2004) missing from this 

table, were included in some MAs. 

 The primary outcome was HbA1c; secondary outcomes were weight, serum 

total cholesterol, serum triacylglycerol, serum LDL cholesterol and serum HDL 

cholesterol. 
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 Meta-analyses were performed for weight change and HbA1c change at 3, 6, 

12 and 24 months. All other outcomes were qualitatively evaluated. A subgroup 

analysis, based on prescribed quantity of carbohydrates (low; moderate) was 

performed at each time point. Sensitivity analyses were conducted (only for 

HbA1c) excluding studies at high risk of bias and studies with greater weight 

loss on the lower carbohydrate diet (to assess whether reductions in HbA1c 

were due to weight loss rather than reduction in carbohydrate intake).  

 Risk of bias assessment: high, 7 studies; low, 9 studies; unclear, 9 studies. 

van Zuuren et al (2018) 

 van Zuuren et al (2018) (33 RCTs, 3 controlled clinical trials, 2161 participants) 

compared the effects of lower carbohydrate diets (defined as ≤40% TE 

[moderate]) with low fat diets (defined as ≤30% TE). 

 Primary outcomes were HbA1c, fasting plasma glucose, serum total 

cholesterol, serum triacylglycerol, serum LDL cholesterol and serum HDL 

cholesterol; body weight was a secondary outcome. 

 MAs were performed for change in each outcome at up to 8 weeks, ≥8 to <16 

weeks, ≥16 to 26 weeks (approximately 4 to 6 months) and ≥26 weeks (all 

RCTs in this category were ≥12 months). Sensitivity analyses were performed 

for all outcomes using a fixed-effects model. Separate sensitivity analyses were 

also performed that excluded studies at high risk of bias and studies that 

caused substantial heterogeneity. 

 Risk of bias assessment: high, 19 studies; low, 0 studies; unclear, 14 studies. 

Risk of bias assessed separately for 3 non-randomised trials: moderate, 1 

study; serious, 2 studies. 

Overview of primary RCTs included in the 

prioritised SRs with MAs 

 Thirty-six publications were included in the MAs of the 4 SRs. Seven of these 

related to 3 RCTs reporting at different follow-up time points and/or different 

outcomes: 

1) Parker et al (2002) (3 months); Brinkworth et al (2004) (16 months) 

2) Jonasson et al (2014) (outcome: inflammatory markers; 6 months); 

Guldbrand et al (2012) (24 months) 

3) Tay et al (2014) (6 months); Tay et al (2015) (12 months); Tay et al 

(2018) (24 months) 

 In total, 32 primary RCTs were included in the MAs of the 4 SRs. 
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Characteristics of primary RCTs 

 Population characteristics (including age, ethnicity, sex, sample size, BMI, 

duration since diabetes diagnosis) and details of dietary interventions and 

physical activity guidance from the 32 RCTs in the 4 SRs are summarised 

below. 

Populations 

 Participants in 31 out of 32 primary RCTs were adults (aged ≥18 years) with 

T2D. One RCT also included participants without T2D. Ten out of 32 RCTs 

reported ethnicity and, of those, the average number of white participants was 

48.3% (range, 14 to 75%). One RCT reported participants as ‘predominantly 

white’. Ethnicity was not reported in 21 RCTs. 

 Thirty out of 32 RCTs included both men and women; 2 RCTs included only 

women. Total sample size ranged from 24 to 419 study participants (mean, 

n=99). 

 Twenty-nine of the 32 RCTs reported BMI of study participants. Of those, 27 

RCTs reported similar BMI for both groups. The average BMI was 34 kg/m2 

(range, 25 to 43 kg/m2) in the lower carbohydrate groups and 35 kg/m2 (range, 

27 to 43 kg/m2) in the higher carbohydrate groups. One RCT did not report BMI 

but inclusion criteria specified BMI of 27 to 40 kg/m2. Two RCTs did not report 

BMI and it was not clear whether participants with healthy weight were 

included. One RCT also included participants with healthy weight. 

Loss to follow-up  

 Thirty out of 32 RCTs reported number of participants lost to follow-up. 

 All shorter-term studies (≥3 to <12 months) (16 RCTs) reported loss to follow-

up. Of those, 4 reported no loss to follow-up in either dietary groups. The 

average loss to follow-up was 19% (range, 0 to 34%) in the lower carbohydrate 

group and 15% (range, 0 to 42%) in the higher carbohydrate group. One RCT 

did not report separately for each group (8% of participants lost to follow-up). 

 Out of the longer-term studies (≥12 months) (16 RCTs), 14 reported loss to 

follow-up. Of those, 1 reported no loss to follow-up in either dietary group. The 

average loss to follow-up was 23% (range, 0 to 46%) in the lower carbohydrate 

group and 22% (range, 0 to 51%) in the higher carbohydrate group. 

Medication use 

 Details of medication use reported in the primary RCTs is provided in Annex 12 

(Table A12.1). Out of 32 RCTs, 27 reported medication use at baseline in 
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varying levels of detail. Medications included insulin; oral hypoglycaemic 

agents; lipid-lowering drugs; anticoagulants; and blood pressure lowering 

drugs. 

 Ten RCTs specified diabetes medication as part of the inclusion or exclusion 

criteria. Out of these: 6 excluded T2D individuals on insulin; 1 stipulated no use 

of anti-hyperglycaemic medications but did not specify if this included insulin; 3 

included only newly-diagnosed T2D individuals who were not being treated with 

any diabetes medication. 

 Out of the 27 RCTs that reported medication use at baseline, 2 did not report 

on any changes made to medication during the study. Out of 25 RCTs that 

reported changes: 14 provided statistical analyses (9 between-groups; 1 within 

group; 4 within and between groups); 11 provided descriptive analyses. 

Duration since diabetes diagnosis 

 There is a greater possibility of remission (or an effect of a dietary intervention) 

with shorter versus longer duration since diabetes diagnosis (Steven et al, 

2016). Duration since diabetes diagnosis was reported in 15 out of the 32 

RCTs. Average duration was 9.1 years (range, 5.5 to 17.6 years) in the lower 

carbohydrate groups and 8.5 years (range, 6.2 to 16.2 years) in the higher 

carbohydrate groups. Two RCTs reported that study participants were ‘newly’ 

diagnosed with T2D. Fifteen RCTs did not report duration since diabetes 

diagnosis. 

Physical activity 

 Nineteen out of the 32 RCTs included recommendations for physical activity 

during the study intervention period (see Annex 5, Table A5.3). All participants 

received the same advice and reported time spent in physical activity did not 

differ between groups. Advice varied from maintaining usual level of activity (6 

RCTs), broad advice consistent with public health guidelines (6 RCTs) or more 

specific recommendations that included daily or weekly targets (7 RCTs). 

Thirteen RCTs did not provide any advice on physical activity. 

Dietary interventions and approach 

 Details of the intervention approach (for example, number of sessions, 

motivational advice, group or individual discussions) were reported in 27 out of 

the 32 RCTs. Out of these, 17 RCTs provided one-to-one sessions, 7 provided 

group sessions and 3 provided a mixture of one-to-one and group sessions. All 

27 RCTs reported that the intervention approach was the same in the lower and 

higher carbohydrate groups. Five RCTs did not report details of the intervention 

approach. 
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 Dietary advice varied between studies and included provision of meal plans and 

recipes, general healthy eating advice and recommendations to avoid, replace 

or increase particular nutrients or foods. Four RCTs provided participants with 

key foods which contributed to 16 to 60% TE. One RCT reported exclusive use 

of polyphenol-enriched extra virgin olive oil in the lower carbohydrate group 

only. One RCT supplemented participants with potassium, sodium, magnesium, 

calcium and omega-3 fatty acids during ‘ketogenic phases’ of the intervention 

and 1 RCT supplemented participants with vanadyl sulphate, chromium 

dicotinate glycinate and alpha-lipoic acid. 

 Few studies reported carbohydrate quality as part of dietary advice: 1 RCT 

promoted wholegrain carbohydrates; 1 RCT encouraged participants to 

eliminate simple sugars and prescribed ‘complex carbohydrates’; and 1 RCT 

recommended participants avoid all ‘processed carbohydrates – such as bread 

and pasta’. Two RCTs prescribed 30 g/day and 20 g/day of fibre, respectively, 

in both diet groups and 1 RCT emphasised fruits and vegetables with high fibre 

content. Nine RCTs promoted low-GI foods. 

Assessment of dietary intakes 

 Dietary intakes were self-reported in 28 RCTs using a variety of dietary 

assessment methods (food diaries, 24-hour recall, food frequency 

questionnaires). The most common method was the use of food diaries (19 

RCTs) although studies differed in number of collection days (3 to 7 days), the 

most common being 3-days (7 RCTs). Five RCTs reported dietary assessment 

by use of 24-hour recall method, 2 RCTs used food frequency questionnaires 

and 2 RCTs used a mixture of methods. Four out of 32 RCTs did not report on 

how dietary information was collected. 

Macronutrient and energy intakes 

 Estimated intakes of carbohydrates, fats (total, SFA, PUFA, MUFA), protein 

and energy, reported in the 32 RCTs included in the MAs of the 4 prioritised 

SRs, are summarised in Table 6.2. The intake data (range of mean intakes and 

median) are presented by study duration (except for prescribed carbohydrate 

intakes): shorter-term (≥3 to <12 months) and longer-term (≥12 months).  

Carbohydrate intakes 

Prescribed carbohydrate intakes 

 Twenty-one RCTs reported prescribed mean carbohydrate intakes in the lower 

and higher carbohydrate groups. Across studies, these ranged between 14 and 

50% TE (median, 40% TE) in the lower carbohydrate groups and 23 to 65% TE 
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(median, 55% TE) in the higher carbohydrate groups. According to categories 

of carbohydrate intakes (see Table 5.1), prescribed intakes ranged from low to 

high in both lower and higher carbohydrate groups. 

Achieved carbohydrate intakes  

 Twenty-seven of the 32 RCTs reported achieved mean carbohydrate intakes 

either as % TE, absolute amounts (g/day) or both (21 RCTs). Estimated 

achieved carbohydrate intakes (as % TE and g/day) are presented in Table 6.2. 

Where RCTs reported achieved carbohydrate intakes as % TE, they were 

converted to the corresponding value in g/day (or vice versa if data on total 

energy intake was provided).  

 According to categories of carbohydrate intakes, only 3 out of 27 RCTs 

compared low versus high for achieved mean carbohydrate intakes. The 

highest number of comparisons (14 RCTs) were between moderate and high 

achieved mean carbohydrate intakes (see Figure 6.1). There was also 

considerable overlap in achieved mean carbohydrate intakes between the 

lower and higher carbohydrate groups across studies. 

 In shorter-term (≥3 to <12 months) studies, estimates of achieved mean 

carbohydrate intakes ranged from 13 to 47% TE or 49 to 218 g/day in the lower 

carbohydrate groups and 41 to 55% TE or 139 to 245 g/day in the higher 

carbohydrate groups. According to categories of carbohydrate intakes, 

achieved mean intakes expressed as % TE ranged from low to high in the 

lower carbohydrate groups and moderate to high in the higher carbohydrate 

groups; however, when expressed as g/day, carbohydrate categories in the 

lower carbohydrate groups ranged from very low to moderate. 

 In longer-term (≥12 months) studies, estimates of achieved mean carbohydrate 

intakes ranged from 18 to 46% TE or 76 to 233 g/day in the lower carbohydrate 

groups and 43 to 54% TE or 156 to 250 g/day in the higher carbohydrate 

groups. According to categories of carbohydrate intakes, achieved mean 

intakes expressed as % TE ranged from low to high in the lower carbohydrate 

groups and moderate to high in the higher carbohydrate groups; however, 

when expressed as g/day, carbohydrate categories in the lower carbohydrate 

groups ranged from low to moderate. 

Carbohydrate intakes in primary RCTs included in MAs of 4 prioritised 
SRs 

 The range and categories of carbohydrate intakes (prescribed and achieved) in 

the primary RCTs included in each of the prioritised 4 SRs is shown in Table 

6.3. 

 In all 4 SRs with MAs, most comparisons between lower and higher 

carbohydrate groups by categories of achieved carbohydrate intake were 

between moderate versus high (see Table 6.3 and Figure 6.1).  
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Achieved fat intakes 

 Estimated mean intakes (% TE) of total fats, SFAs, PUFAs and MUFAs were 

higher in the lower compared to the higher carbohydrate groups in shorter-term 

and longer-term studies.  

 In shorter-term (≥3 to <12 months) studies, estimated mean total fat intakes 

ranged from 18 to 59% TE in the lower carbohydrate groups and 23 to 36% TE 

in the higher carbohydrate groups. 

• Estimated mean SFA intakes ranged from 6 to 20% TE in the lower 

carbohydrate groups and 8 to 12% TE in the higher carbohydrate groups. 

• Estimated mean PUFA intakes ranged from 4 to 9% TE in the lower 

carbohydrate groups and 5 to 7% TE in the higher carbohydrate groups. 

• Estimated mean MUFA intakes ranged from 8 to 17% TE in the lower 

carbohydrate groups and 10 to 12% TE in the higher carbohydrate groups. 

 In longer-term (≥12 months) studies, estimated mean total fat intakes ranged 

from 31 to 58% TE in the lower carbohydrate groups and 27 to 40% TE in the 

higher carbohydrate groups. 

• Estimated mean SFA intakes ranged from 10 to 19% TE in the lower 

carbohydrate groups and 8 to 13% TE in the higher carbohydrate groups. 

• Estimated mean PUFA intakes ranged from 6 to 13% TE in the lower 

carbohydrate groups and 4 to 7% TE in the higher carbohydrate groups. 

• Estimated mean MUFA intakes ranged from 13 to 25% TE in the lower 

carbohydrate groups and 11 to 13% TE in the higher carbohydrate groups. 

Achieved protein intakes 

 Estimated mean protein intakes were higher in the lower compared to the 

higher carbohydrate groups in the shorter and longer term.  

 In shorter-term (≥3 to <12 months) studies, estimated mean protein intakes 

ranged from 19 to 37% TE in the lower carbohydrate groups and 16 to 23% TE 

in the higher carbohydrate groups. 

 In longer-term (≥12 months) studies, estimated mean protein intakes ranged 

from 16 to 27% TE in the lower carbohydrate groups and 16 to 21% TE in the 

higher carbohydrate groups. 

Achieved energy intakes 

 Out of 32 RCTs, 23 prescribed energy (calorie) restriction in 1 or more groups. 

Prescribed energy restriction in the lower and higher carbohydrate groups was 

the same in 13 RCTs and differed in 10 RCTs (of those, 6 RCTs prescribed a 

500 kcal (2092 kJ) deficit only for the higher carbohydrate group). 
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 Estimated mean energy intakes were similar in the lower and higher 

carbohydrate groups in shorter- and longer-term studies. They were higher in 

longer-term than shorter-term studies for both groups (see Table 6.2). 

 In shorter-term (≥3 to <12 months) studies, estimated mean energy intakes 

ranged from 1,273 to 2,029 kcal/day (5,326 to 8,489 kJ/day) (median, 1,557 

kcal/day; 6,514 kJ/day) in the lower carbohydrate groups and 1,197 to 1,785 

kcal/day (5,008 to 7,468 kJ/day) (median, 1,522 kcal/day; 6,368 kJ/day) in the 

higher carbohydrate groups. 

 In longer-term (≥12 months) studies, estimated mean energy intakes ranged 

from 1,251 to 2,222 kcal/day (5,234 to 9,297 kJ/day) (median, 1,708 kcal/day; 

7,146 kJ/day) in the lower carbohydrate groups and 1,420 to 2,222 kcal/day 

(5,941 to 9,297 kJ/day) (median, 1757 kcal/day; 7351 kJ/day) in the higher 

carbohydrate groups.  
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Table 6.2: Macronutrient and energy intakes in the primary RCTs included in 
MAs of 4 prioritised SRs 

  Mean intakes 
Median (range)1 

 Duration 
(number RCTs) 

Lower carbohydrate 
groups 

Higher carbohydrate 
groups 

Prescribed carbohydrate 
(% TE)2 

[carbohydrate category] 

All (21) 40 (14 to 50) 

[low to high] 

55 (23 to 65) 

[low to high] 

Achieved carbohydrate 
(% TE) 

[carbohydrate category] 

Shorter-term3 (13) 38 (13 to 47) 

[low to high] 

50 (41 to 55) 

[moderate to high] 

Longer-term4(14) 39 (18 to 46) 

[low to high] 

48 (43 to 54) 

[moderate to high] 

Achieved carbohydrate 
(g/day) 

[carbohydrate category]  

Shorter-term5(12) 127 (49 to 218) 

[very low to moderate] 

198 (139 to 245) 

[moderate to high] 

Longer-term6(13) 167 (76 to 233) 

[low to moderate] 

210 (156 to 250) 

[moderate to high] 

Achieved Fats (%TE) Shorter-term   

Total (13) 40 (18 to 59) 31 (23 to 36) 

SFA (7) 9 (6 to 20) 8 (8 to 12) 

PUFA (5) 5 (4 to 9) 5 (5 to 7) 

MUFA (5) 15 (8 to 17) 11 (10 to 12) 

 Longer-term   

Total (12) 42 (31 to 58) 32 (27 to 40) 

SFA (11) 12 (10 to 19) 10 (8 to 13) 

PUFA (7) 8 (6 to 13) 6 (4 to 7) 

MUFA (8) 16 (13 to 25) 11 (11 to 13) 

Achieved protein (% TE) Shorter-term (13) 26 (19 to 37) 19 (16 to 23) 

Longer-term (11) 23 (16 to 27) 19 (16 to 21) 

Achieved energy 
(kcal/day; kJ/day) 

Shorter-term (12) 1557 (1273 to 2029); 

6514 (5326 to 8489) 

1522 (1197 to 1785); 

6368 (5008 to 7468) 

Longer-term (13) 1708 (1251 to 2222); 

7146 (5234 to 9297) 

1757 (1420 to 2222); 

7351 (5941 to 9297) 

1 Median and range of mean intakes. 
2 Not mean intakes since they are prescribed. 
3 All 13 RCTs reported carbohydrate intake as %TE 
4 Out of 14 RCTs, 10 reported intakes as %TE; 4 reported in g/day and were converted to %TE. 
5 Out of 12 RCTs, 6 reported as g/day; 6 reported in %TE and were converted to g/day. 
6 Out of 13 RCTs, 6 reported intakes in g/day; 7 reported intakes as %TE; and were converted to g/day. 
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Table 6.3: Prescribed and estimated achieved carbohydrate intakes in primary RCTs included in MAs of 4 prioritised SRs 
with MAs 

SR with MA Prescribed carbohydrate intakes (% TE)  
median (range) [category] 

Achieved mean carbohydrate intakes (% 
TE)  

median (range)* [category] 

Comparison of achieved 
carbohydrate intakes by 
category 
(number RCTs) 

First author 
(number RCTs) 

Lower carbohydrate 
groups 

Higher carbohydrate 
groups 

Lower carbohydrate 
groups 

Higher carbohydrate 
groups 

Huntriss (2018)  
(7) 

30 (14 to 50) 
[low to high] 

55 (53 to 58) 
[high to high] 

31 (17 to 44) 
[low to moderate] 

48 (43 to 52) 
[moderate to high] 

low vs moderate (2) 
low vs high (1) 
moderate vs high (4) 
 

Korsmo-Haugen 
(2018) (18) 

40 (20 to 40) 
[low to moderate] 

55 (23** to 65) 
[low to high] 

39 (13 to 46) 
[low to high] 

49 (43 to 52) 
[moderate to high] 

low vs moderate (2) 
low vs high (1) 
moderate vs moderate (3) 
moderate vs high (9) 
high vs high (1) 
NR (2) 

 

Sainsbury (2018)  
(22) 

40 (14 to 45) 
[low to moderate] 

55 (23** to 60) 
[low to high] 

36 (13 to 47) 
[low to high] 

50 (41 to 55) 
[moderate to high] 

low vs moderate (2) 
low vs high (2) 
moderate vs moderate (3) 
moderate vs high (10) 
high vs high (3) 
NR (2) 

van Zuuren (2018)  
(12) 

20 (14 to 40) 
[low to moderate] 

53 (23** to 60) 
[low to high] 

33 (14 to 42) 
[low to moderate] 

50 (45 to 52) 
[moderate to high] 

low vs high (2) 
moderate vs moderate (1) 
moderate vs high (6) 
NR (3) 

 

Data from RCTs in MAs of 4 prioritised SRs with MAs (reported in 36 publications, see paragraph 6.26); carbohydrate categories in square brackets are based on those 

proposed by Feinman et al (2015). *Median and range of mean intakes, **1 RCT by Wolever et al (2008) reported prescribed CHO intakes between 20 to 25% TE (possible 

outlier value). NR, not reported. 
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Figure 6.1: Comparisons of achieved carbohydrate intakes (% TE) in the 
lower and higher carbohydrate groups in the primary RCTs according to 
categories of carbohydrate intake (results for 27 out of 32 RCTs; 5 did not report 
achieved intakes) 

General limitations in the evidence base 

 An important limitation in consideration of the evidence was that the 4 

prioritised SRs with MAs had different inclusion criteria for cut-offs used to 

define lower carbohydrate diets (see Table 6.1): 

• <40% TE (Korsmo-Haugen et al, 2018; van Zuuren et al, 2018) 

• <45% TE (Sainsbury et al, 2018) 

• no cut-off; low carbohydrate diet as stated by author; to be included, the 

low carbohydrate group must have achieved a lower carbohydrate intake 

than the control group (Huntriss et al, 2018). 

 In addition, van Zuuren et al (2018) only included RCTs that compared lower 

carbohydrate diets specifically with lower fat (≤30% TE) diets.  

 A number of other limitations were identified in the evidence base and were 

considered as part of the assessment. These are summarised below. 

Dietary approach and assessment 

 The studies considered were very heterogeneous in terms of the prescribed 

diets (amounts and types of carbohydrates, fats and proteins) and in the 
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nutrition advice given to participants (approach and intensity of contact 

sessions). 

 The majority of primary RCTs were of dietary advice rather than feeding studies 

so adherence may have been challenging, particularly for participants in the 

lower carbohydrate groups in the longer-term (≥12 months) RCTs. 

 Although the majority of primary RCTs provided information on dietary intakes 

the reliability of consumption estimates is uncertain since participants were not 

blinded to the intervention and dietary assessments were self-reported (using 

methods such as 24-hour recall, food diaries or food frequency questionnaires). 

Misreporting of food consumption and general under-reporting (by failing to 

report foods or drinks consumed and/or under-estimating quantities) is a known 

problem in dietary surveys (Bates, 2014). It is not clear if misreporting would 

differ systematically by dietary intervention group. 

 Technical difficulties in the dietary assessment process can also affect the 

accuracy of consumption estimates, such as assumptions made on food 

composition, recipes and portion sizes. 

Carbohydrate intakes 

 There is no standard definition of a low carbohydrate diet and included studies 

used variable and wide-ranging definitions. According to categories of 

carbohydrate intake (see Table 5.1) a low carbohydrate diet is defined as a 

carbohydrate intake of <130 g/day or <26% TE (based on an energy intake of 

2,000 kcal/day). However, cut-offs for a lower carbohydrate diet in the primary 

RCTs included in the 4 prioritised SRs with MAs included carbohydrate intakes 

of up to 50% TE (range, 14 to 50% TE).  

 Achieved mean carbohydrate intakes in the lower carbohydrate groups (range, 

13 to 47% TE) overlapped with those in the higher carbohydrate groups (range, 

41 to 54% TE) (see Table 6.2). 

 Categorisation of carbohydrate intakes as very low, low, moderate or high is 

defined as both absolute amounts (g/day) or as percentage of TE (based on an 

energy intake of 2,000 kcal/day) (see Table 5.1). In some primary studies that 

included an energy restricted diet, prescribed carbohydrate intakes in the lower 

carbohydrate group were expressed in grams per day and would be 

categorised as low based on absolute amounts but, since energy intakes were 

restricted, the amounts consumed would be higher and categorised as 

moderate if expressed as percentage of TE. 

 Out of the 27 RCTs that reported estimates of achieved mean carbohydrate 

intakes, the highest number of comparisons (14 RCTs) were between moderate 

versus high; only 3 compared low versus high intakes. 
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 Studies did not consider the type of carbohydrate (for example, wholegrain 

versus refined, free sugars versus fibre) being consumed in either dietary group 

and how this could affect the markers under consideration. Considerations 

were generally restricted to nutrients rather than foods, food patterns or the 

food matrix. 

 In order to compensate for reduced carbohydrate intake in the lower 

carbohydrate groups, the proportions of other macronutrients (usually fats 

and/or proteins) were increased. However, the potential impact of increasing 

the proportions of other macronutrients on markers and clinical outcomes of 

T2D was generally not considered.  

 Lower carbohydrate diets were compared to a wide variety of higher 

carbohydrate diets including low fat, high or low GI, Mediterranean dietary 

pattern and standard diabetes care. The dietary composition of these diets was 

very different in terms of macronutrient composition making comparisons more 

difficult. The variety of comparator diets also made it difficult to compare the 

lower carbohydrate diets to current UK dietary recommendations for 

carbohydrate (as specified in the terms of reference). 

Medication use 

 Reporting and measurement of medication use (oral hypoglycaemic drugs, 

insulin, anti-hypertensive and lipid-lowering drugs) and/or medication change 

was inconsistent and very variable. Some studies only included participants 

who were not on any diabetes medication or were taking only oral glucose 

lowering drugs (no insulin). Several studies provided details of medication use 

at the start of the study but did not report on this at follow-up. In other studies, 

adjustments to medication were made proactively at the start of the study 

and/or reactively during the study to minimise risk of hypoglycaemia. Many of 

the studies that reported changes in medication use provided descriptive rather 

than statistical analyses. 

 Medication change is an important potential confounder in these studies. For 

example, if diabetes medication was reduced or stopped (to reduce the risk of 

hypoglycaemia) in the lower carbohydrate group, this could underestimate any 

potential beneficial effect of the lower carbohydrate diet on HbA1c because the 

dietary component would act alone without the added effect of the medication. 

In relation to blood lipids, any impact of dietary intervention may have been 

confounded by pharmaceutical treatment (such as statins) to lower lipids. 

Other issues 

 The independent effect of weight change on the other measured variables 

(HbA1c and blood lipid profile) is an important confounder. It is difficult to 
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separate the effect of weight change on these markers and any observed 

benefits could be due to weight loss rather than a reduction in carbohydrate. 

 Primary studies varied in the type of analysis (ITT or PP) used to compare the 

lower and higher carbohydrate groups (20 RCTs reported ITT analysis, 8 

reported PP analysis and 4 did not report type of analysis). ITT analysis 

includes all participants originally allocated at randomisation; it measures the 

effectiveness of an intervention and is more relevant to public health. PP 

analysis includes only those participants who completed the study; it measures 

the efficacy of an intervention and, since it only includes data on completers, it 

could over-estimate the effects of lower carbohydrate diets. Although both 

types of analyses provide useful information, they answer different questions 

and should be considered separately. However, all MAs combined the results 

of individual studies regardless of the type of analysis that was used.  

 Risk of bias was high or unclear in most of the primary RCTs included in the 

MAs. This reduces the confidence that can be placed on the estimates of the 

effects of lower carbohydrate diets on the markers of T2D and clinical 

outcomes under consideration. 

 The majority of participants in the primary RCTs were white and overweight 

(BMI ≥25 to <30 kg/m2) or obese (BMI ≥30 kg/m2). It is not known if reported 

effects can be generalised to other ethnic groups or to adults with a healthy 

weight (BMI ≥18.5 to <25 kg/m2). 

Results of MAs in prioritised SRs with MAs 

and evidence grading 

 The focus of this evidence review was to compare between-group differences 

in change from baseline for each outcome, since this presents the strongest 

evidence respecting the randomisation. These findings were used to grade the 

evidence. 

 All MAs from the 4 prioritised SRs with MAs reported results for the weighted 

mean difference (WMD) between the lower and higher carbohydrate diet 

groups in change from baseline for all the outcomes reported below. In all 

cases, the difference was reported as the change in the lower carbohydrate 

group minus change in the higher carbohydrate group. Detailed results for all 

outcomes are provided in Annex 13 (Tables A13.1 to A13.7). 

 The criteria used to grade the evidence are provided in chapter 5 (paragraphs 

5.58 to 5.62 and Table 5.3) and summary tables of the grading process for all 

outcomes are provided in Annex 14 (Tables A14.1 to A14.13). 
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 Summaries and results of within-group changes in the lower and higher 

carbohydrate groups for the primary RCTs included in the MAs are provided for 

information in Annex 15 (Table A15.1 to A15.8). The results indicate that both 

interventions have an effect. They are included to indicate the direction of effect 

and the absolute changes over time. Results of within-group analyses were not 

used to grade the evidence. 

Primary outcomes 

Body weight 

 All 4 prioritised SRs with MAs (Huntriss et al, 2018; Korsmo-Haugen et al, 

2018; Sainsbury et al, 2018; van Zuuren et al, 2018) performed MAs on change 

in body weight. Only results of MAs that included primary RCTs with a minimum 

follow-up of 12 months were considered in grading the evidence for this 

outcome. 

 The findings from MAs of shorter-term studies (≥3 to <12 months) on body 

weight that were included in the 4 prioritised SRs with MAs, are briefly 

described here for interest (the results are provided in Annex 16, Table A16.1). 

They were not used to grade the evidence since the selection criteria specified 

that only studies with a minimum duration of 12 months would be considered 

(see paragraph 5.6, chapter 5); therefore, any SRs and MAs that included only 

shorter-term (≥3 to <12 months) studies on weight change would have been 

excluded. As a consequence, the shorter-term results from the 4 prioritised SRs 

with MAs included here may not be representative of the overall evidence base 

for shorter-term studies on body weight. 

Shorter-term studies (≥3 to <12 months) 

 All the shorter-term RCTs included in these MAs had a duration of ≥3 to ≤6 

months, except for 1 RCT of 8 months duration. 

 Sainsbury et al (2018) conducted separate MAs for weight change at 3 and 6 

months, van Zuuren et al (2018) included studies with a duration >16 to 26 

weeks (>4 to 6 months) and Korsmo-Haugen et al (2018) included studies of ≥3 

to ≤6 months duration. In total, 12 primary RCTs were included in the MAs at 3 

months and 17 RCTs were included in MAs at ≥3 to ≤6 months. 

 Sainsbury et al (2018) reported a significantly greater weight loss in the lower 

compared to the higher carbohydrate group at 3 months (WMD -1.08 kg, 95% 

CI -1.93 to 0.23, p=0.0002, I2=69%, random-effects model; 12 RCTs, 953 

participants) but not at 6 months (WMD -0.14 kg, 95% CI -0.94 to 0.65, p=0.05, 

I2=48%, random-effects model; 9 RCTs, 1070 participants). 
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 van Zuuren et al (2018) reported no difference in weight loss between lower 

and higher carbohydrate diets (WMD -0.24 kg, 95% CI -1.01 to 0.53, p=0.54, 

I2=88%, random-effects model; 7 RCTs, 537 participants). 

 Korsmo-Haugen et al (2018) reported no difference in weight loss between 

lower and higher carbohydrate diets (WMD -0.87 kg, 95% CI -1.88 to 0.15, 

p=NR, I2=33%, random-effects model; 7 RCTs, 424 participants). 

 Huntriss et al (2018) did not perform a MA of shorter-term studies but provided 

a descriptive analysis. At 3 months, 3 out of 5 RCTs reported a significant 

difference in weight change in favour of the lower carbohydrate diet and 2 

reported no difference between groups. At 6 months, 4 out of 8 RCTs reported 

a significant difference in weight change in favour of the lower carbohydrate 

diet and 4 reported no difference between groups. 

Longer-term studies (≥12 months) 

 Korsmo-Haugen et al (2018) reported no difference in weight change between 

lower and higher carbohydrate diets (WMD 0.14 kg, 95% CI -0.29 to 0.57, 

p=NR, I2=0%, random-effects model; 10 RCTs, 1163 participants). 

 Sainsbury et al (2018) reported no difference in weight loss between lower and 

higher carbohydrate diets (WMD -0.43 kg, 95% CI -0.93 to 0.07, p=0.09, I2=0%, 

random-effects model; 10 RCTs, 1484 participants, participant numbers in each 

study were not provided in the forest plots; estimated by the secretariat from 

table detailing characteristics of primary RCTs). A subgroup analysis based on 

prescribed carbohydrate quantity of the lower carbohydrate diet (low or 

moderate) reported no difference in weight change between a low and high 

carbohydrate diet (WMD 0.58 kg, 95% CI -0.83 to 1.99, p=0.42, I2=0%, 

random-effects model; 3 RCTs, 281 participants) but a significantly greater 

weight loss with moderate compared to the high carbohydrate diet (WMD -0.58 

kg, 95% CI -1.11 to -0.04, p=0.04, I2=0%, random-effects model; 7 RCTs, 1203 

participants). 

 van Zuuren et al (2018) reported no difference in weight loss between lower 

and higher carbohydrate diets (WMD -0.19 kg, 95% CI -1.65 to 1.27, p=0.80, 

I2=0%, random-effects model; 5 RCTs, 483 participants). Results using a fixed-

effects model agreed with those of the random-effects model. Results of 2 

sensitivity analyses (excluding RCTs at high risk of bias and RCTs causing 

substantial heterogeneity) were in agreement with the main results.  

 Huntriss et al (2018) reported no difference in weight change between lower 

and higher carbohydrate diets (WMD 0.28 kg, 95% CI -1.37 to 1.92, p=0.74, 

I2=75%, random-effects model; 6 RCTs, 567 participants). 
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Summary 

 The 2 largest SRs with MAs reporting on change in body weight were Korsmo-

Haugen et al (2018) (10 RCTs, n=1163) and Sainsbury et al (2018) (10 RCTs, 

n=1484). Both reported no significant difference in weight loss between the 

lower and higher carbohydrate diets in longer-term studies (≥12 months). 

These results agreed with those from the 2 other MAs (Huntriss et al, 2018; van 

Zuuren et al, 2018). 

 The evidence was graded as adequate. 

Lower versus higher carbohydrate diets and body weight 

Shorter-term studies (≥3 to <12 months)  

• Not graded 

Longer-term studies (≥12 months) 

• No difference in effect  

• Adequate evidence 

HbA1c 

 All 4 SRs performed MAs on the effect of a lower versus higher carbohydrate 

diet on HbA1c. In total, 21 shorter-term (≥3 to <12 months) and 17 longer-term 

(≥12 months) primary RCTs were included in MAs. 

Shorter-term studies (≥3 to <12 months) 

 All RCTs included in these MAs measured HbA1c at ≥3 to ≤6 months, except 1 

which reported at 8 months (included in MA by Sainsbury et al, 2018 at 6 

months). 

 Sainsbury et al (2018) conducted separate MAs for HbA1c change in studies of 

3 and 6 months duration. The 3-month MA included 1 RCT that reported at 4 

months. 

 At 3 months, there was a significantly greater reduction in HbA1c concentration 

in the lower compared to the higher carbohydrate diet (WMD -0.19% (-1.9 

mmol/mol), 95% CI -0.33 to -0.05, p=0.008, I2=28%, random-effects model; 12 

RCTs, 953 participants). 

 Subgroup analyses by prescribed carbohydrate quantity (low versus high and 

moderate versus high) reported a significantly greater reduction in HbA1c with 

the low compared to the high carbohydrate diet (WMD -0.47% (-4.7 mmol/mol), 

95% CI -0.71 to -0.23, p=0.0001, I2=0%, random-effects model; 4 RCTs, 321 

participants) but no significant difference between the moderate and high 



January (2020) Draft for consultation 

57 
This is a draft report and does not necessarily represent the final views of the Scientific Advisory Committee on 
Nutrition, or the advice/policy of Public Health England and UK Health Departments. 

carbohydrate diets (WMD -0.06% (-0.6 mmol/mol), 95% CI -0.17 to 0.06, 

p=0.33, I2=0%, random-effects model; 8 RCTs, 632 participants). 

 To assess the effect of weight loss on HbA1c change, a sensitivity analysis 

excluding RCTs with significantly greater weight loss on the lower carbohydrate 

diet reported that the difference between the lower and higher carbohydrate 

diets was no longer significant (WMD -0.05% (-0.5 mmol/mol), 95% CI -0.17 to 

0.06, p=0.35, I2=0%, random-effects model; 7 RCTs, 588 participants).  

 Results of a sensitivity analysis, removing RCTs at high risk of bias were in 

agreement with the results of the main analysis with subgroup analysis 

reporting significantly greater reductions in HbA1c on the low versus high 

carbohydrate diet (WMD -0.45% (-4.5 mmol/mol), 95% CI -0.69 to -0.20, p=NR, 

I2=NR, random-effects model; 3 RCTs, 237 participants) but not with the 

moderate versus high carbohydrate diet (WMD -0.09% (-0.9 mmol/mol), 95% 

CI -0.24 to 0.06, p=NR, I2=NR, random-effects model; 5 RCTs, 377 

participants).  

 At 6 months, there was a significantly greater reduction in HbA1c in the lower 

compared to the higher carbohydrate diets (WMD -0.19% (-1.9 mmol/mol), 95% 

CI -0.35 to -0.02, p=NR, I2=44%, random-effects model; 10 RCTs, 1173 

participants). 

 Results of a sensitivity analysis excluding RCTs at high risk of bias was in 

agreement with the main analysis (WMD -0.21% (-2.1 mmol/mol), 95% CI -0.38 

to -0.05, p=NR, I2=NR, random-effects model; 8 RCTs, 927 participants). 

 A subgroup analysis by carbohydrate quantity reported a significantly greater 

reduction in HbA1c with a low compared to a high carbohydrate diet (WMD -

0.31% (-3.1 mmol/mol), 95% CI -0.59 to -0.04, p=NR, I2=NR, random-effects 

model; 4 RCTs, 244 participants) but not between a moderate and a high 

carbohydrate diet (WMD -0.17% (-1.7 mmol/mol, 95% CI -0.42 to 0.09, p=NR, 

I2=NR, random-effects model; 4 RCTs, 683 participants). 

 van Zuuren et al (2018) (4 to 6 months) reported a significantly greater 

reduction in HbA1c in the lower compared to the higher carbohydrate diet 

(WMD -0.26% (-2.6 mmol/mol), 95% CI -0.50 to -0.02, p=0.04, I2=59%, 

random-effects model; 7 RCTs, 539 participants). Results of an analysis using 

a fixed-effects model were in agreement with those of the random-effects 

model (WMD -0.23% (-2.3 mmol/mol), 95% CI -0.38 to -0.09, p=0.001, I2=59%, 

fixed-effects model; 7 RCTs, 539 participants). Results of a sensitivity analysis, 

excluding studies causing substantial heterogeneity were in agreement with the 

main results (WMD -0.42% (-4.2 mmol/mol), 95% CI -0.61 to -0.24, p<0.00001, 

I2=0%, random-effects model; 5 RCTs, 310 participants). A sensitivity analysis 

excluding studies at high risk of bias showed no effect of the lower compared to 

higher carbohydrate diet on HbA1c change (WMD -0.20% (-2.0 mmol/mol), 
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95% CI -0.44 to 0.04, p=0.1, I2=55%, random-effects model; 6 RCTs, 508 

participants). 

 Korsmo-Haugen et al (2018) (≥3 to ≤6 months) reported a significantly greater 

reduction in HbA1c with the lower compared to higher carbohydrate diet (WMD 

-0.17% (-1.7 mmol/mol), 95% CI -0.27 to -0.08, p=NR, I2= 0%; random-effects 

model; 6 RCTs, 395 participants). 

 Huntriss et al (2018) did not perform a MA of RCTs with a duration of 3 or 6 

months but provided a descriptive analysis. 

 At 3 months, 5 out of 7 RCTs reported an average difference of ≥0.2% (-2.0 

mmol/mol) favouring the lower carbohydrate diet with 3 of these reporting a 

difference of ≥0.5% (-5.0 mmol/mol). The remaining 2 RCTs reported no 

difference between groups. Two RCTs reported a significant difference in 

favour of the lower carbohydrate group (p<0.05) but significance was lost 

(p=0.06) after adjusting results for baseline differences in HbA1c. 

 At 6 months, 7 out of 8 RCTs reported improvement of ≥0.2% (-2.0 mmol/mol) 

in favour of the lower carbohydrate diet with 3 reporting improvements ≥0.5% (-

5.0 mmol/mol). The remaining study reported no difference between groups. 

Four RCTs reported a significant difference between groups in favour of the 

lower carbohydrate diet; 1 study reported that significance was lost after taking 

account of differences in baseline HbA1c. 

Summary 

 At 3 and 6 months, the largest SR with MA was Sainsbury et al (2018) (12 

RCTs, n=953 at 3 months and 10 RCTs, n=1173 at 6 months). At both time 

points there were significantly greater reductions in HbA1c in the lower 

compared to the higher carbohydrate diet group. These results were in 

agreement with those of the 2 other MAs (Korsmo-Haugen et al, 2018; van 

Zuuren et al, 2018). 

 The evidence was graded as adequate. 

Longer-term studies (≥12 months) 

 Sainsbury et al (2018) conducted separate MAs for HbA1c change at 12 and 24 

months. 

 At 12 months, Sainsbury et al (2018) reported no difference in HbA1c reduction 

between lower and higher carbohydrate diets (WMD -0.09% (-0.9 mmol/mol), 

95% CI -0.21 to 0.03, p=0.12, I2=16%, random-effects model; 12 RCTs, 1600 

participants). 

 A subgroup analysis based on prescribed carbohydrate quantity reported no 

difference in HbA1c reduction between a low and high carbohydrate diet (WMD 

-0.17% (-1.7 mmol/mol), 95% CI -0.44 to 0.09, p=0.19, I2=0%, random-effects 
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model; 4 RCTs, 335 participants) or a moderate and high carbohydrate diet 

(WMD -0.08% (-0.8 mmol/mol), 95% CI -0.23 to 0.06, p=0.25, I2=30%, random-

effects model; 8 RCTs, 1265 participants). 

 A sensitivity analysis excluding RCTs at high risk of bias reported a significantly 

greater reduction in HbA1c in the lower compared to the higher carbohydrate 

diet (WMD -0.13% (-1.3 mmol/mol), 95% CI -0.26 to -0.01, p=NR, I2=NR, 

random-effects model; 11 RCTs, 1438 participants) which disagreed with 

results of the main analysis. In a subgroup analysis based on prescribed 

carbohydrate quantity, there was no difference in HbA1c reduction between a 

low and high carbohydrate diet (WMD -0.17% (-1.7 mmol/mol), 95% CI -0.44 to 

0.09, p=NR, I2=NR, random-effects model; 4 RCTs, 335 participants) or 

between a moderate and high carbohydrate diet (WMD -0.13% (-1.3 

mmol/mol), 95% CI -0.30 to 0.03, p=NR, I2=NR, random-effects model; 7 RCTs, 

1103 participants).  

 At 24 months, there was no difference in HbA1c reduction between lower and 

higher carbohydrate groups (WMD -0.11% (-1.1 mmol/mol), 95% CI -0.38 to 

0.15, p=NR, I2=NR, random-effects model; 3 RCTs, 526 participants). The 

results of the MA at 24 months were reported only in the narrative and the 

RCTs included in the MA were not specified (the included RCTs and number of 

participants were determined from the table describing characteristics of 

included studies).  

 Korsmo-Haugen et al (2018) reported no difference in HbA1c reduction 

between lower and higher carbohydrate diets (WMD 0.00%, 95% CI -0.10 to 

0.09, p=NR, I2= 0%, random-effects model; 10 RCTs, 1030 participants).  

 Huntriss et al (2018) reported a significantly greater reduction in HbA1c in the 

lower compared to higher carbohydrate diets (WMD -0.28% (-2.8 mmol/mol), 

95% CI -0.53 to -0.02, p=0.03, I2=54%, random-effects model; 7 RCTs, 645 

participants). 

 van Zuuren et al (2018) conducted separate MAs of RCTs with ≥12 months 

duration and 24 months duration. 

 At ≥12 months, van Zuuren et al (2018) reported a significantly greater 

reduction in HbA1c with a lower compared to a higher carbohydrate diet (WMD 

-0.36% (-3.6 mmol/mol), 95% CI -0.58 to -0.14, p=0.001, I2=0%, random-effects 

model; 4 RCTs, 390 participants). Results using a fixed-effects model were in 

agreement with the results of the random-effects model. A sensitivity analysis, 

excluding studies at high risk of bias (1 RCT) reported no difference in HbA1c 

reduction between the lower and higher carbohydrate diets (WMD -0.25% (-2.5 

mmol/mol), 95% CI -0.66 to 0.15, p=0.22, I2=0%, random-effects model; 3 

RCTs, 274 participants). 
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 At 24 months, there was no difference in HbA1c reduction between lower and 

higher carbohydrate diets (WMD -0.02% (-0.2 mmol/mol), 95% CI -0.37 to 0.41, 

p=0.93, I2=13%, random-effects model; 3 RCTs, 199 participants). Results from 

analysis using a fixed-effects model were in agreement with those of the 

random-effects model.  

Summary 

 In longer-term studies with ≥12 months duration, the largest SR with MA 

(Sainsbury et al, 2018) (12 RCTs, n=1600) reported no difference in HbA1c 

reduction between the lower and higher carbohydrate diets. These results were 

in agreement with those of the second largest MA (Korsmo-Haugen et al, 2018) 

(10 RCTs, n=1030) but in disagreement with results of a sensitivity analysis 

(excluding 1 RCT at high risk of bias) by Sainsbury et al (2018) (11 RCTs, 

n=1438) and the 2 smaller MAs, Korsmo-Haugen et al, 2018 (7 RCTs, n=645) 

and van Zuuren et al, 2018 (4 RCTs, n=390). 

 The evidence was graded as inconsistent because the results of the largest MA 

(Sainsbury et al, 2018) (12 RCTs, n=1600) disagreed with those of a sensitivity 

analysis (excluding 1 RCT at high risk of bias) by Sainsbury et al (2018) and 

with the 2 other MAs (Huntriss et al, 2018; van Zuuren et al, 2018). 

 Two SRs with MAs reported HbA1c change at 24 months duration (Sainsbury 

et al, 2018; van Zuuren et a, 2018). The largest SR with MA (Sainsbury et al, 

2018) (3 RCTs, n=526) reported no difference in HbA1c change between the 

lower and higher carbohydrate diets. This was in agreement with results of the 

MA by van Zuuren et al (2018) (3 RCTs, n=199). 

 The evidence was graded as adequate. 

Lower versus higher carbohydrate diets and HbA1c 

Shorter-term studies (≥3 to <12 months) 

• Greater HbA1c reduction in the lower carbohydrate group 

• Adequate evidence 

Longer-term studies (≥12 to <24 months) 

• Inconsistent evidence 

Longer-term studies (24 months) 

• No difference in effect  

• Adequate evidence 
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Secondary outcomes  

Fasting plasma glucose 

 One SR with MA (van Zuuren et al, 2018) examined the difference in effect 

between lower and higher carbohydrate diets on fasting plasma glucose. In 

total, 6 shorter-term (≥3 to <12 months) and 4 longer-term (≥12 months) 

primary RCTs were included in the MAs. van Zuuren et al (2018) also 

conducted a MA for change in fasting plasma glucose at 24 months but results 

are not considered here because only 2 RCTs were included (see Table 5.3, 

chapter 5). 

Shorter-term studies (≥3 to <12 months) 

 All RCTs included in the MA were of 4 to 6 months duration. 

 van Zuuren et al (2018) reported a significantly greater reduction in fasting 

plasma glucose in the lower compared to the higher carbohydrate diet 

(WMD -0.51 mmol/L, 95% CI -0.91 to -0.12, p=0.01, I2=71%, random-effects 

model; 6 RCTs, including 1 non-randomised trial, 396 participants). Results of 

an analysis using a fixed-effects model were in agreement with those of the 

random-effects model (WMD -0.27 mmol/L, 95% CI -0.38 to -0.16, p<0.00001, 

I2=71%, fixed-effects model; 6 RCTs, 396 participants). 

 A sensitivity analysis excluding RCTs at high risk of bias also reported a 

significantly greater reduction with the lower compared to the higher 

carbohydrate diet (WMD -0.41 mmol/L, 95% CI -0.78 to -0.03, p=0.03, I2=67%, 

random-effects model; 5 RCTs, 365 participants). Results of a sensitivity 

analysis excluding RCTs causing substantial heterogeneity agreed with the 

main results (WMD -0.76 mmol/L, 95% CI -1.05 to -0.47, p<0.00001, I2=0%, 

random-effects model; 4 RCTs, 167 participants). 

Summary 

 One SR with MA assessed the effect of a lower compared to a higher 

carbohydrate diet on fasting plasma glucose (van Zuuren et al, 2018) (6 RCTs, 

n=396). A significantly greater reduction in fasting plasma glucose was reported 

in the lower compared to the higher carbohydrate diet in shorter-term studies 

(≥3 to <12 months). 

 The evidence was graded as moderate because only 1 MA (n=396), which 

compared lower carbohydrate diets specifically with low fat (≤30% TE) diets, 

assessed this outcome. The MA also included 1 non-randomised trial. 

Longer-term studies (≥12 months) 

 van Zuuren et al (2018) reported no difference in fasting plasma glucose 

reduction between lower and higher carbohydrate diets (WMD -0.37 mmol/L, 
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95% CI -1.22 to 0.48, p=0.39, I2=92%, random-effects model; 4 RCTs, 340 

participants). Results of an analysis using a fixed-effects model disagreed with 

the results of the random-effects model (WMD -0.51 mmol/L, 95% CI -0.72 to -

0.30, p<0.00001, I2=92%, fixed-effects model; 4 RCTs, 340 participants). 

 A sensitivity analysis excluding studies at high risk of bias, reported no 

difference in effect between a lower and higher carbohydrate diet (WMD -0.05 

mmol/L, 95% CI -1.11 to 1.02, p=0.93, I2=92%, random-effects model; 3 RCTs, 

224 participants).  

Summary 

 One SR with MA (van Zuuren et al, 2018) (4 RCTs, n=340) reported no 

difference between lower and higher carbohydrate diets in reducing fasting 

plasma glucose in longer-term RCTs (≥12 months). 

 The evidence was graded as insufficient because heterogeneity was 92% in the 

only MA (n=340) that considered this outcome, reflecting a high degree of 

uncertainty in the value of the pooled estimate. 

Lower versus higher carbohydrate diets and fasting plasma glucose 

Shorter-term studies (≥3 to <12 months) 

• Greater reduction in fasting plasma glucose in the lower 
carbohydrate group 

• Moderate evidence 

Longer-term studies (≥12 months) 

• Insufficient evidence 
 

Serum total cholesterol  

 Two SRs with MAs (Huntriss et al, 2018; Korsmo-Haugen et al, 2018) 

examined the difference in effect between lower and higher carbohydrate diets 

on serum total cholesterol. In total, 4 shorter-term (≥3 to <12 months) and 13 

longer-term (≥12 months) primary RCTs were included in MAs. 

Shorter-term studies (≥3 to <12 months) 

 All RCTs included in the MA by Korsmo-Haugen et al (2018) had a duration of 

3 to 6 months. 

 Korsmo-Haugen et al (2018) reported no difference between lower and higher 

carbohydrate diets on reducing total serum cholesterol (WMD -0.06 mmol/L, 

95% CI -0.41 to 0.30, p=NR, I2=57%, random-effects model; 4 RCTs, 279 

participants). 



January (2020) Draft for consultation 

63 
This is a draft report and does not necessarily represent the final views of the Scientific Advisory Committee on 
Nutrition, or the advice/policy of Public Health England and UK Health Departments. 

 Huntriss did not conduct a MA of RCTs with a duration of ≥3 to <12 months. 

Summary 

 One SR with MA (Korsmo-Haugen et al, 2018) (4 RCTs, n=279) assessed the 

difference in effect between lower and higher carbohydrate diets on serum total 

cholesterol reduction in shorter-term studies (≥3 to <12 months) and reported 

no difference. 

 The evidence was graded as moderate because there was only 1 MA with a 

small sample size (n=279). 

Longer-term studies (≥12 months) 

 Korsmo-Haugen et al (2018) reported no difference in effect between lower and 

higher carbohydrate diets on change in serum total cholesterol (WMD 0.07 

mmol/L, 95% CI -0.04 to 0.19, p=NR, I2=23%, random-effects model; 10 RCTs, 

1094 participants).  

 Huntriss et al (2018) reported no difference in effect between lower and higher 

carbohydrate diets on change in serum total cholesterol (WMD -0.08 mmol/L, 

95% CI -0.23 to 0.08, p=0.35, I2=60%, random-effects model; 7 RCTs, 645 

participants). 

Summary 

 The largest SR with MA (Korsmo-Haugen et al, 2018) (10 RCTs, n=1094) 

reported no difference between lower and higher carbohydrate diets on change 

in serum total cholesterol in longer-term studies (≥12 months). This agreed with 

the results of the other MA (Huntriss et al, 2018) (7 RCTs, n=645).  

 The evidence was graded as adequate. 

Lower versus higher carbohydrate diets and serum total cholesterol 

Shorter-term studies (≥3 to <12 months) 

• No difference in effect 

• Moderate evidence 

Longer-term studies (≥12 months) 

• No difference in effect 

• Adequate evidence 
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Serum triacylglycerol 

 Three SRs with MAs (Huntriss et al, 2018; Korsmo-Haugen et al, 2018; van 

Zuuren et al, 2018) assessed the difference in effect between lower and higher 

carbohydrate diets on serum triacylglycerol. In total, 12 shorter-term (≥3 to <12 

months) and 13 longer-term (≥12 months) primary RCTs were included in MAs. 

 van Zuuren et al (2018) also conducted a MA for change in serum 

triacylglycerol at 24 months but results are not considered here because only 2 

RCTs were included (see Table 5.3, chapter 5). 

Shorter-term studies (≥3 to <12 months) 

 All the shorter-term (≥3 to <12 months) RCTs included in MAs had a duration of 

3 to 6 months. 

 Korsmo-Haugen et al (2018) reported a greater reduction in serum 

triacylglycerol with a lower compared to a higher carbohydrate diet but the 

upper confidence interval was 0 and significance was not reported (WMD -0.18 

mmol/L, 95% CI -0.36 to 0.00, p=NR, I2=20%, random-effects model; 7 RCTs, 

424 participants). 

 van Zuuren et al (2018) reported a significantly greater reduction in serum 

triacylglycerol with a lower compared to a higher carbohydrate diet (WMD -0.22 

mmol/L, 95% CI -0.37 to -0.08, p=0.002, I2=41%, random-effects model; 6 

RCTs, 508 participants). Results of analysis using a fixed-effects model were in 

agreement with those of the random-effects model (WMD -0.22 mmol/L, 95% 

CI -0.32 to -0.11, p<0.0001; I2=41%, fixed-effects model; 6 RCTs, 508 

participants).  

 Huntriss did not conduct a MA of RCTs with a duration of ≥3 to <12 months. 

Summary 

 The largest SR with MA (van Zuuren et al, 2018) (6 RCTs, n=508) reported a 

significantly greater reduction in serum triacylglycerol in the lower compared to 

the higher carbohydrate diet in shorter-term studies (≥3 to <12 months). This 

was consistent with the results of the MA by Korsmo-Haugen et al (2018) but 

significance was not reported (and upper confidence interval was 0). 

 The evidence was graded as adequate. 

Longer-term studies (≥12 months) 

 Korsmo-Haugen et al (2018) reported no difference in effect between lower and 

higher carbohydrate diets on reduction in serum triacylglycerol (WMD -0.10 
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mmol/L, 95% CI -0.23 to 0.03, p=NR; I2=61%, random-effects model; 9 RCTs, 

967 participants). 

 Huntriss et al (2018) reported a significantly greater reduction in serum 

triacylglycerol with the lower compared to the higher carbohydrate diets on 

reduction in serum triacylglycerol (WMD -0.24 mmol/L, 95% CI -0.35 to -0.13, 

p<0.0001; I2=0%, random-effects model; 7 RCTs, 645 participants).  

 van Zuuren et al (2018) reported a significantly greater reduction in serum 

triacylglycerol with a lower compared to a higher carbohydrate diet (WMD -0.25 

mmol/L, 95% CI -0.47 to -0.04, p=0.02; I2=73%, random-effects model; 5 RCTs, 

468 participants). Results of analysis using a fixed-effects model agreed with 

those of the random-effects model (WMD -0.25 mmol/L, 95% CI -0.36 to -0.15, 

p<0.00001; I2=73%, fixed-effects model; 5 RCTs, 468 participants). Sensitivity 

analyses excluding studies at high risk of bias and studies causing substantial 

heterogeneity (same RCT excluded in both) reported a significantly greater 

reduction in serum triacylglycerol with a lower compared to a higher 

carbohydrate diet (WMD -0.14 mmol/L, 95% CI -0.26 to -0.02, p=0.02, I2=0%, 

random-effects model; 4 RCTs, 352 participants).  

Summary 

 The largest SR with MA (Korsmo-Haugen et al, 2018) (9 RCTs, n=967) 

reported no difference between lower and higher carbohydrate diets on serum 

triacylglycerol reduction in longer-term studies (≥12 months). These results 

disagreed with those of the 2 other MAs (Huntriss et al, 2018; 7 RCTs, n=645) 

(van Zuuren et al, 2018; 5 RCTs, n=468) that reported a significantly greater 

reduction in serum triacylglycerol with a lower compared to a higher 

carbohydrate diet. 

 The evidence was graded as inconsistent because of disagreement between 

results of the largest MA (Korsmo-Haugen et al, 2018) (9 RCTs, n=967) and 

those of the other 2 MAs (Huntriss et al, 2018) (7 RCTs, n=645) (van Zuuren et 

al, 2018) (5 RCTs, n=468). 

Lower versus higher carbohydrate diets and serum triacylglycerol 

Shorter-term studies (≥3 to <12 months) 

• Greater reduction in serum triacylglycerol in the lower carbohydrate 
group 

• Adequate evidence 

Longer-term studies (≥12 months) 

• Inconsistent evidence 
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Serum LDL cholesterol 

 Three SRs with MAs (Huntriss et al, 2018; Korsmo-Haugen et al, 2018; van 

Zuuren et al, 2018) examined the difference in effect between lower and higher 

carbohydrate diets on serum LDL cholesterol. In total, 10 shorter-term (≥3 to 

<12 months) and 11 longer-term (≥12 months) primary RCTs were included in 

MAs. 

Shorter-term studies (≥3 to <12 months) 

 All the shorter-term (≥3 to <12 months) RCTs had a duration of 3 to 6 months. 

 Korsmo-Haugen et al (2018) reported no difference in effect between lower and 

higher carbohydrate diets on change in serum LDL cholesterol (WMD -0.08 

mmol/L, 95% CI -0.29 to 0.14, p=NR, I2=50%, random-effects model; 6 RCTs, 

345 participants).  

 van Zuuren et al (2018) reported no difference in effect between lower and 

higher carbohydrate diets on change in serum LDL cholesterol (WMD 0.02 

mmol/L 95% CI -0.09 to 0.13, p=0.75, I2=0%, random-effects model; 5 RCTs, 

372 participants). Results of analysis using a fixed-effects model were the 

same as those of the random-effects model. 

 Huntriss did not conduct a MA of RCTs with a duration of ≥3 to <12 months. 

Summary 

 The MA with the largest number of participants (van Zuuren et al, 2018) (5 

RCTs, n=372) reported no difference in effect between lower and higher 

carbohydrate diets on change in serum LDL cholesterol in shorter-term studies 

(≥3 to <12 months). This agreed with results of the other MA (Korsmo-Haugen 

et al, 2018) (6 RCTs, n=345). 

 The evidence was graded as adequate. 

Longer-term studies (≥12 months) 

 Korsmo-Haugen et al (2018) reported no difference in effect between lower and 

higher carbohydrate diets on change in serum LDL cholesterol (WMD 0.03 

mmol/L, 95% CI -0.10 to 0.16, p=NR, I2=51%, random-effects model; 9 RCTs, 

1064 participants). 

 Huntriss et al (2018) reported no difference in effect between lower and higher 

carbohydrate diets on change in serum LDL cholesterol (WMD 0.05 mmol/L, 

95% CI -0.10 to 0.19, p=0.54, I2=0%, random-effects model; 5 RCTs, 389 

participants).  

 van Zuuren et al (2018) reported no difference in effect between lower and 

higher carbohydrate diets on change in serum LDL cholesterol (WMD -0.07 

mmol/l, 95% CI -0.23 to 0.09, p=0.41, I2=50%, random-effects model; 4 RCTs, 
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375 participants). Results of analysis using a fixed-effects model agreed with 

those of the random-effects model (WMD -0.08 mmol/L, 95% CI -0.20 to 0.03, 

p=0.15, I2=50%, fixed-effects model; 4 RCTs, 375 participants). A sensitivity 

analysis excluding RCTs at high risk of bias (1 RCT) also reported no 

difference in effect between the lower and higher carbohydrate diets (WMD 

0.00 mmol/L, 95% CI -0.14 to 0.15, p=0.95, I2=0%, random-effects model; 3 

RCTs, 259 participants).  

Summary 

 The largest SR with MA (Korsmo-Haugen et al, 2018) (9 RCTs, n=1064) 

reported no difference in effect between the lower and higher carbohydrate 

diets on change in serum LDL cholesterol in longer-term studies (≥12 months). 

This agreed with results of the 2 other SRs with MAs (Huntriss et al, 2018; 5 

RCTs, n=389) (van Zuuren et al, 2018; 4 RCTs, n=375). 

 The evidence was graded as adequate. 

Lower versus higher carbohydrate diets and serum LDL cholesterol 

Shorter-term studies (≥3 to <12 months) 

• No difference in effect 

• Adequate evidence 

Longer-term studies (≥12 months) 

• No difference in effect 

• Adequate evidence 

Serum HDL cholesterol 

 Three SRs with MAs (Huntriss et al, 2018; Korsmo-Haugen et al, 2018; van 

Zuuren et al, 2018) assessed the difference in effect between lower and higher 

carbohydrate diets on HDL cholesterol. In total, 11 shorter-term (≥3 to <12 

months) and 13 longer-term (≥12 months) primary RCTs were included in MAs.  

 van Zuuren et al (2018) also conducted a MA for change in serum HDL 

cholesterol at 24 months but results are not considered here because only 2 

RCTs were included (see Table 5.3, chapter 5). 

Shorter-term studies (≥3 to <12 months) 

 All the shorter-term (≥3 to <12 months) RCTs had a duration of 3 to 6 months. 

 van Zuuren et al (2018) reported no difference between lower and higher 

carbohydrate diets on increasing serum HDL cholesterol (WMD 0.09 mmol/L, 

95% CI -0.03 to 0.22, p=0.13, I2=91%, random-effects model; 6 RCTs, 508 

participants). Results of analysis using a fixed-effects model were in agreement 
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with those of the random-effects model (WMD -0.01 mmol/L, 95% CI -0.04 to 

0.02, p=0.43, I2=91%, fixed-effects model; 6 RCTs, 508 participants). A 

sensitivity analysis excluding studies causing substantial heterogeneity (2 

RCTs) reported a significantly greater increase in serum HDL cholesterol with 

the lower compared to the higher carbohydrate diet (WMD 0.17 mmol/L, 95% 

CI 0.11 to 0.23, p<0.00001, I2=0%, random-effects model; 4 RCTs, 283 

participants).  

 Korsmo-Haugen et al (2018) reported no difference in effect between lower and 

higher carbohydrate diets on change in serum HDL cholesterol (WMD -0.01 

mmol/L, 95% CI -0.07 to 0.04, p=NR, I2=15%, random-effects model; 6 RCTs, 

345 participants). 

 Huntriss did not conduct a MA of RCTs with a duration of ≥3 to <12 months. 

Summary 

 The largest SR with MA (van Zuuren et al, 2018) (6 RCTs, n=508) reported no 

difference in effect between the lower and higher carbohydrate diets in serum 

HDL cholesterol in shorter-term studies (≥3 to <12 months). This agreed with 

results from the other SR with MA (Korsmo-Haugen et al, 2018) (6 RCTs, 

n=345) but disagreed with the results of a sensitivity analysis excluding RCTs 

causing substantial heterogeneity (van Zuuren et al, 2018). 

 The evidence was graded as inconsistent because of disagreement between 

the results of the 2 MAs with those of a sensitivity analysis excluding RCTs 

causing substantial heterogeneity. 

Longer-term studies (≥12 months) 

 Korsmo-Haugen et al (2018) reported no difference in effect between lower and 

higher carbohydrate diets on increasing serum HDL cholesterol (WMD 0.06 

mmol/L, 95% CI -0.01 to 0.13, p=NR, I2=71%, random-effects model; 10 RCTs, 

1093 participants).  

 Huntriss et al (2018) reported a significantly greater increase in serum HDL 

cholesterol with the lower compared to the higher carbohydrate diet (WMD 0.06 

mmol/L, 95% CI 0.04 to 0.09, p<0.00001, I2=1%, random-effects model; 7 

RCTs, 645 participants).  

 van Zuuren et al (2018) reported a significantly greater increase in serum HDL 

cholesterol with the lower compared to the higher carbohydrate diet (WMD 0.11 

mmol/L, 95% CI 0.05 to 0.18, p=0.0007, I2=66%, random-effects model; 4 

RCTs, 375 participants). Results of analysis using a fixed-effects model agreed 

with those of the random-effects model (WMD 0.13 mmol/L, 95% CI 0.10 to 

0.17, p<0.00001, I2=66%, fixed-effects model; 4 RCTs, 375 participants). A 

sensitivity analysis excluding studies at high risk of bias (1 RCT) also reported 

a significantly greater increase in serum HDL cholesterol in the lower compared 
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to the higher carbohydrate diet (WMD 0.08 mmol/L, 95% CI 0.03 to 0.13, 

p=0.001, I2=0%, random-effects model; 3 RCTs, 259 participants). 

Summary 

 The largest SR with MA (Korsmo-Haugen et al, 2018) (10 RCTs, n=1093) 

reported no difference in effect between the lower and higher carbohydrate 

diets on serum HDL cholesterol in longer-term studies (≥12 months). This 

disagreed with results of the 2 other SRs with MAs (Huntriss et al, 2018; 7 

RCTs, n=645) (van Zuuren et al, 2018; 4 RCTs, n=375) and a sensitivity 

analysis excluding studies at high risk of bias (van Zuuren et al, 2018; 3 RCTs, 

n=259). 

 The evidence was graded as inconsistent because of disagreement between 

results of the largest MA with those of the 2 other MAs. 

Lower versus higher carbohydrate diets and serum HDL cholesterol 

Shorter-term studies (≥3 to <12 months) 

• Inconsistent evidence 

Longer-term studies (≥12 months) 

• Inconsistent evidence 

Serum total cholesterol:HDL cholesterol ratio 

 None of the SRs with MAs considered serum total cholesterol:HDL cholesterol 

ratio as an outcome.  

Medication use and diabetes-related symptoms 

 None of the 4 prioritised SRs with MAs considered diabetes-related symptoms 

as an outcome. 

 Only 1 SR (Huntriss et al, 2018) assessed change in diabetes medication use 

as an outcome but provided a narrative synthesis only (see paragraphs 6.192 

to 6.194 below). Observations on medication use from the 3 other SRs with 

MAs are summarised in Annex 12 (Table A12.2). 

 Huntriss et al, (2018) reported that out of the 18 RCTs (n=2204) in the SR, 16 

included participants on diabetes medication at trial start; 2 of these did not 

report on medication changes. Out of the remaining 14 RCTs, 6 reported 

medication changes in the shorter term (≥3 to <12 months) and 8 reported 

medication changes in the longer term (≥12 months). 
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Shorter-term studies (≥3 to <12 months) 

 Out of 6 RCTs that reported medication changes in the shorter term (≥3 to <12 

months), 5 reported a significant reduction in diabetes medication in the lower 

carbohydrate diet group (p≤0.05).  

Longer-term studies (≥12 months) 

 Out of the 8 RCTs that reported medication changes in the longer term (≥12 

months), 4 reported a significant reduction in diabetes medication in the lower 

carbohydrate group (p≤0.05). 

Summary 

 One SR (Huntriss et al, 2018) assessed medication change as an outcome, 

providing a narrative synthesis only. 

 Five out of 6 shorter-term studies (≥3 to <12 months) reported a significant 

reduction in diabetes medication in the lower carbohydrate group (p≤0.05). 

 Four out of 8 longer-term (≥12 months) RCTs reported a significant reduction in 

diabetes medication in the lower carbohydrate group (p≤0.05). 

 This outcome was not graded because a MA was not performed.  

Summary of evidence grading for all outcomes 

 Results of the evidence grading (strength of the evidence) together with the 

difference in effect (↓ greater decrease in lower carbohydrate group; ↑ greater 

increase in lower carbohydrate group; — no difference between groups in 

effect) is summarised in Table 6.4. 
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Table 6.4: Summary of strength of the evidence from RCTs on effects of lower 
versus higher carbohydrate diets on primary and secondary outcomes of T2D 

Outcome 

Shorter-term studies 
(3 to ≤12m) 

Longer-term studies 
(≥12m) 

Difference in 
effect 

Strength of 
evidence 

Difference in 
effect 

Strength of 
evidence 

Primary 

Body weight 
Not graded (only longer-term 

weight change graded) 
— Adequate 

HbA1c ↓ Adequate 
Inconsistent 

(≥12 to <24 months) 

   — 
Adequate 

(24 months) 

Secondary 

Fasting plasma glucose ↓ Moderate Insufficient 

Serum total cholesterol — Moderate — Adequate 

Serum triacylglycerol ↓ Adequate Inconsistent 

Serum LDL cholesterol — Adequate — Adequate 

Serum HDL cholesterol Inconsistent Inconsistent 

Serum TC:HDL ratio 
No evidence: none of the 4 prioritised SRs with MAs included this 

outcome 

Medication use and 
diabetes-related symptoms 

No evidence: 

None of the 4 prioritised SRs with MAs performed MA of medication use; 1 
included diabetes medication use as an outcome but only provided a 
narrative synthesis. 

None of the 4 prioritised SRs with MAs considered diabetes-related 
symptoms as an outcome. 

Difference in effect: ↓ greater reduction in lower carbohydrate group, ↑ greater increase in lower carbohydrate 

group, — no difference between lower and higher carbohydrate groups.  
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Adverse events 

SRs with MAs 

 Korsmo-Haugen et al (2018) reported that 13 out of the 23 included RCTs 

described adverse events. Out of these 1 RCT, of participants with renal failure 

(Facchini & Saylor, 2003), reported a worse outcome relating to indicators of 

nephropathy with the higher carbohydrate diet. The other RCTs reported no 

difference between groups in reported adverse events such as hypoglycaemia. 

 Sainsbury et al (2018) reported that they had not assessed the safety of lower 

carbohydrate diets, including the potential for micronutrient deficiencies and 

increased frequency of hypoglycaemic episodes, but noted that 2 RCTs 

(Yamada et al, 2014; Sato et al, 2017) had reported 3 and 4 hypoglycaemic 

episodes respectively among participants in the lower carbohydrate groups. 

 Huntriss et al (2018) and van Zuuren et al (2018) did not report on adverse 

events. 

 All 4 SRs with MAs observed the potential of carbohydrate-restricted diets to 

detrimentally impact CVD risk markers. 

Primary RCTs 

 Thirteen of the primary RCTs included in the 4 SRs with MAs reported on 

adverse events that occurred during the study (see Annex 17, Table A17.1). 

Out of these, none reported any serious adverse events related to the diet. The 

most common adverse events experienced during the study included 

gastroenteritis, nausea, vomiting and headaches.  

 There were no significant differences between the lower and higher 

carbohydrate groups in reported adverse events except in 1 RCT (Goday et al, 

2016) that prescribed very low carbohydrate intakes (<50g/day): adverse 

events were reported by 80% of participants in the very low carbohydrate group 

compared to 41% in the higher carbohydrate group (p<0.001). Headache, 

nausea and vomiting were more common in the very low carbohydrate group at 

2 weeks (all p<0.05). At the end of the study, constipation (p<0.005) and 

orthostatic hypotension (p<0.05) were more common in the very low 

carbohydrate group compared with the higher carbohydrate group. 

Potential long-term concerns 

 The implications of long-term restriction of carbohydrates in adults with T2D are 

currently unknown since there is a lack of data from longer-term studies. 
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 The reduced carbohydrate intake in lower carbohydrate diets is usually 

replaced by increased consumption of protein or fat. In the primary RCTs, total 

and saturated fat intakes were above government recommendations in the 

lower carbohydrate diets. This is a potential concern since long-term higher 

consumption of saturated fats increases CVD risk (SACN, 2019). However, in 

the evidence considered, increased concentrations of surrogate markers of 

CVD risk (serum total cholesterol, triacylglycerol and LDL cholesterol) were not 

observed over the study duration periods.  

 Another potential concern is that lower carbohydrate diets could lead to a 

reduction in fibre and essential micronutrient intake as a result of restricted 

intakes of cereals, grains and some types of fruit and vegetables (Churuangsuk 

et al, 2019). 

Summary 

 Evidence from the primary RCTs included in the SR with MAs suggests little 

difference in adverse events between lower and higher carbohydrate diets in 

the short term.  

 Limited evidence suggests very low carbohydrate (20 to 50 g/day; <10% TE) 

diets are associated with some adverse events (headache, nausea, vomiting, 

constipation, hypotension). 

 The implications of longer-term consumption of lower carbohydrate diets in 

adults with T2D are unknown. 
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 Overall summary and conclusions 

Summary 

 This report reviews the evidence on lower carbohydrate diets compared to 

current UK government advice for adults with T2D. 

Terms of reference 

 These were to: 

• review the evidence on lower carbohydrate diets (alongside higher fat 

and/or higher protein) compared to current government advice for adults 

with T2D 

• consider the impact, in adults with T2D, of lower compared with higher 

carbohydrate diets on markers and clinical outcomes of T2D including any 

potential adverse effects 

• make recommendations based on the review of the evidence 

Assessment of the evidence 

 The report is based on evidence provided by SRs with MAs of RCTs. 

 The primary outcomes considered were body weight and HbA1c. Secondary 

outcomes were: fasting plasma glucose, blood lipid profiles (serum total 

cholesterol; serum triacylglycerol; serum LDL cholesterol; serum HDL 

cholesterol; serum total cholesterol:HDL cholesterol ratio); and changes in 

medication and diabetes-related symptoms. 

 All outcomes were assessed in the shorter term (defined as ≥3 to <12 months) 

and longer term (defined as ≥12 months) except for body weight, where only 

longer-term studies (reflecting maintenance of weight loss) were considered. 

Although shorter-term study duration was defined as ≥3 to <12 months, all 

except one of the primary studies included in the identified SRs considered 

outcomes between 3 and 6 months. Out of the longer-term studies (≥12 

months) only 7 had a duration beyond 12 months. 

 Eight SRs with MAs and 1 network meta-analysis (NMA) were considered 

eligible for inclusion in the evidence review. Information was extracted from the 

primary RCTs (n=44) included in the 8 SRs with MAs to inform a detailed 

assessment of the data, including: reported intakes of macronutrients 

(carbohydrates, fats and protein) and energy in the lower and higher 

carbohydrate groups; medication use; type of analysis; loss to follow-up; and 

physical activity. 
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 Results from the 4 most recent SRs with MAs (Huntriss et al, 2018; Korsmo-

Haugen et al, 2018; Sainsbury et al, 2018; van Zuuren et al, 2018) were 

prioritised and used to grade the evidence and draw conclusions. Only 1 

primary RCT that was included in the non-prioritised SRs with MAs was not 

covered by the 4 prioritised SRs with MAs. In total, 32 RCTs were included in 

the MAs of the 4 prioritised SRs with MAs. 

 The evidence was graded as adequate, moderate, limited, inconsistent or 

insufficient. Only outcomes where the evidence base was graded as adequate 

or moderate were used to inform the recommendations. 

Definition of diets containing different amounts of 
carbohydrates 

 There is no agreed definition of a low carbohydrate diet. To allow comparisons 

of carbohydrate intakes across the primary studies, the following categories 

were adopted to group carbohydrate intakes (g/day or % TE) as very low, low, 

moderate and high (see Table 7.1). 

Table 7.1: Categories of dietary carbohydrate intakes* 

Description  

Amount of carbohydrate 

g/day 
% TE 

(based on 2000 kcal/day) 

Very low carbohydrate∞ 20 to 50 ≤10 

Low carbohydrate  >50 to <130 >10 to <26 

Moderate carbohydrate  130 to 230 26 to 45 

High carbohydrate  >230 >45 

*Based on Feinman et al (2015) and Accurso et al (2008) 

∞Also referred to as ketogenic diets. 

 Based on these categories, government recommendations on carbohydrate 

intake for the general population (50% TE) would be classified as high. 

 Comparisons in this report were between lower and higher carbohydrate diets 

because definitions of low and high carbohydrate intakes varied across studies. 

Macronutrient and energy intakes in the primary RCTs 

Carbohydrate intakes 

 Prescribed carbohydrate intakes ranged from 14 to 50% TE in the lower 

carbohydrate groups and 23 to 65% TE in the higher carbohydrate groups. 

According to categories of carbohydrate intakes, prescribed intakes ranged 

from low to high in both lower and higher carbohydrate groups. 
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 In shorter-term (≥3 to <12 months) studies, reported achieved mean 

carbohydrate intakes ranged from 13 to 47% TE in the lower carbohydrate 

groups and 41 to 55% TE in the higher carbohydrate groups. According to 

categories of carbohydrate intakes, achieved mean intakes ranged from low to 

high in the lower carbohydrate groups and moderate to high in the higher 

carbohydrate groups. 

 In longer-term (≥12 months) studies, reported achieved mean carbohydrate 

intakes ranged from 18 to 46% TE in the lower carbohydrate groups and 43 to 

54% TE in the higher carbohydrate groups. According to categories of 

carbohydrate intakes, achieved mean intakes ranged from low to high in the 

lower carbohydrate groups and moderate to high in the higher carbohydrate 

groups. 

Fat intakes 

 In shorter-term (≥3 to <12 months) studies, estimated mean intakes of total fat 

ranged from 18 to 59% TE in the lower carbohydrate groups and 23 to 36% TE 

in the higher carbohydrate groups. Estimated mean intake ranges of SFA, 

PUFA and MUFA were:  

• SFA – 6 to 20% TE in the lower carbohydrate groups and 8 to 12% TE in 
the higher carbohydrate groups. 

• PUFA - 4 to 9% TE in the lower carbohydrate groups and 5 to 7% TE in the 
higher carbohydrate groups. 

• MUFA - 8 to 17% TE in the lower carbohydrate groups and 10 to 12% TE in 
the higher carbohydrate groups. 

 In longer-term (≥12 months) studies, estimated mean intakes of total fats 

ranged from 31 to 58% TE in the lower carbohydrate groups and 27 to 40% TE 

in the higher carbohydrate groups. Estimated mean intake ranges of SFA, 

PUFA and MUFA were: 

• SFA - 10 to 19% TE in the lower carbohydrate groups and 8 to 13% TE in 

the higher carbohydrate groups. 

• PUFA - 6 to 13% TE in the lower carbohydrate groups and 4 to 7% TE in 

the higher carbohydrate groups. 

• MUFA - 13 to 25% TE in the lower carbohydrate groups and 11 to 13% TE 

in the higher carbohydrate groups. 

Protein intakes 

 In shorter-term (≥3 to <12 months) studies, estimated mean protein intakes 

ranged from 19 to 37% TE in the lower carbohydrate groups and 16 to 23% TE 

in the higher carbohydrate groups. 

 In longer-term (≥12 months) studies, estimated achieved mean protein intakes 

ranged from 16 to 27% TE in the lower carbohydrate groups and 16 to 21% TE 

in the higher carbohydrate groups. 
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Energy intakes 

 In shorter-term (≥3 to <12 months) studies, estimated mean energy intakes 

ranged from 1,273 to 2,029 kcal (5,326 to 8,489 kJ/day) (median, 1,557 

kcal/day; 6,514 kJ/day) in the lower carbohydrate groups and 1,197 to 1,785 

kcal/day (5,008 to 7,468 kJ/day) (median, 1,522 kcal/day; 6,368 kJ/day) in the 

higher carbohydrate groups. 

 In longer-term (≥12 months) studies, estimated mean energy intakes ranged 

from 1,251 to 2,222 kcal/day (5,234 to 9,297 kJ/day) (median, 1,708 kcal/day; 

7,146 kJ/day) in the lower carbohydrate groups and 1,420 to 2,222 kcal/day 

(5,941 to 9,297 kJ/day) (median, 1,757 kcal/day; 7,351 kJ/day) in the higher 

carbohydrate groups. 

Limitations in the evidence base 

 There were several limitations in the quality of the evidence base. 

 One of the most important limitations was the lack of an agreed definition for a 

low carbohydrate diet. In the 4 prioritised SRs with MAs that were considered in 

evaluating and grading the evidence, the cut-offs for defining a low 

carbohydrate diet varied: ≤40% TE (2 SRs), ≤45% TE (1 SR), no specific cut-

off, the lower carbohydrate groups must have achieved lower intakes than the 

comparator groups (1 SR). 

 In the primary RCTs included in the MAs of the 4 prioritised SRs with MAs, 

there was considerable overlap between prescribed carbohydrate intakes in the 

lower (14 to 50% TE) and higher (23 to 65% TE) carbohydrate groups.  

 Estimated mean achieved carbohydrate intakes in the lower carbohydrate 

groups ranged between 13 to 47% TE and, in most studies, were above the 

definition of a low carbohydrate diet according to categories of carbohydrate 

intake (>10 to <26% TE or >50 to <130 g/day).  

 Out of 27 RCTs that reported achieved mean intakes of carbohydrates, the 

highest number of comparisons (14 RCTs) were between moderate versus high 

carbohydrate intakes; only 3 RCTs compared low versus high carbohydrate 

intakes. 

 As well as being very heterogeneous in the amounts of carbohydrates 

prescribed and achieved in the lower carbohydrate categories, the primary 

RCTs varied in the type and amount of macronutrient that replaced 

carbohydrate (usually fat and/or protein) and in the duration and intensity of the 

advice given to participants in how to follow their prescribed diets. Very few 

trials included details on the type of carbohydrate consumed (for example, 

those with differing free sugar or fibre content, wholegrain versus refined) or 

considered how this could affect the outcomes under consideration. 
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 An important limitation was the inconsistent assessment and reporting of 

medication use. In some studies, dosage of diabetes medication was adjusted 

proactively before the study while in others it was adjusted during the study to 

minimise risk of hypoglycaemia. Medication use was also a potential 

confounder for one of the primary outcomes under consideration (HbA1c) since 

reducing medication in the lower carbohydrate group could reduce differences 

in HbA1c change between the intervention groups. 

 Risk of bias was assessed as high or unclear in most of the primary RCTs 

included in the 4 prioritised SRs with MAs. This reduces the confidence that 

can be placed on the estimates of the effects. 

 The majority of participants in the primary RCTs were white and overweight 

(BMI ≥25 to <30 kg/m2) or obese (BMI ≥30 kg/m2). It is not known if reported 

effects can be generalised to other ethnic groups or to adults with a healthy 

weight (BMI ≥18.5 to <25 kg/m2). 

Evidence grading 

Primary outcomes 

Body weight 

 There was adequate evidence from RCTs for no difference in effect between 

lower and higher carbohydrate diets in reducing body weight in the longer term 

(≥12 months). 

HbA1c 

 There was adequate evidence from RCTs of a greater reduction in HbA1c with 

lower compared to higher carbohydrate diets in the shorter term (≥3 to <12 

months). 

 The evidence was graded as inconsistent in the longer term (≥12 to <24 

months) because of disagreement with other publications and with the results 

of a sensitivity analysis (after removal of 1 RCT at high risk of bias). 

 There was adequate evidence for no difference in effect between lower and 

higher carbohydrate diets on HbA1c change in longer term studies at 24 

months. 

Secondary outcomes 

Fasting plasma glucose  

 There was moderate evidence from RCTs of a greater reduction in fasting 

plasma glucose with the lower compared to the higher carbohydrate diets in the 
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shorter term (≥3 to <12 months). The evidence was graded as moderate 

because only 1 MA (n=396), which compared lower carbohydrate diets 

specifically with low fat (<30% TE) diets, assessed this outcome. The MA also 

included 1 non-randomised trial. 

 There was insufficient evidence from RCTs to assess if there was a difference 

between lower and higher carbohydrate diets on reducing fasting plasma 

glucose in the longer term (≥12 months). The evidence was graded as 

insufficient because there was only 1 MA with very high heterogeneity (92%). 

Serum total cholesterol 

 There was moderate evidence from RCTs for no difference in effect between 

lower and higher carbohydrate diets in reducing serum total cholesterol in the 

shorter term (≥3 to <12 months). The evidence was graded as moderate 

because only 1 MA with a small sample size (n=279) considered this outcome. 

 There was adequate evidence from RCTs for no difference in effect between 

lower and higher carbohydrate diets in reducing serum total cholesterol in the 

longer term (≥12 months). 

Serum triacylglycerol 

 There was adequate evidence from RCTs of a greater reduction in serum 

triacylglycerol with lower compared to higher carbohydrate diets in the shorter 

term (≥3 to <12 months). 

 The evidence was graded as inconsistent in longer-term RCTs (≥12 months) 

because of disagreement between the MAs. 

Serum LDL cholesterol 

 There was adequate evidence from RCTs for no difference in effect between 

lower and higher carbohydrate diets in change of serum LDL cholesterol in the 

shorter term (≥3 to <12 months) and in the longer term (≥12 months). 

Serum HDL cholesterol  

 The evidence on lower compared to higher carbohydrate diets on serum HDL 

cholesterol was inconsistent in shorter-term RCTs (≥3 to <12 months). The 

evidence was graded as inconsistent because of disagreement with the results 

of a sensitivity analysis excluding RCTs causing substantial heterogeneity. 

 The evidence was graded as inconsistent in longer-term RCTs (≥12 months) 

because of disagreement between MAs. 

Serum total cholesterol:HDL cholesterol ratio 

 None of the SRs with MAs considered serum total cholesterol:HDL cholesterol 

ratio as an outcome.  
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Medication use and diabetes-related symptoms 

 The evidence for this outcome was not graded because a MA was not 

performed. 

 One SR assessed medication change as an outcome but only provided a 

narrative synthesis and reported specifically on diabetes medication. Five out of 

6 shorter-term RCTs reported a significant reduction in diabetes medication in 

the lower carbohydrate diet group. Four out of 8 longer-term RCTs reported a 

significant reduction in diabetes medication in the lower carbohydrate diet 

group.  

 None of the SRs with MAs considered changes in diabetes-related symptoms 

as an outcome.  

Table 7.2: Summary of strength of the evidence from RCTs on effects of lower 
versus higher carbohydrate diets on primary and secondary outcomes of T2D 

Outcome 

Shorter-term studies 
(3 to ≤12m) 

Longer-term studies 
(≥12m) 

Difference in 
effect 

Strength of 
evidence 

Difference in 
effect 

Strength of 
evidence 

Primary 

Body weight 
Not graded (only longer-term 

weight change graded) 
— Adequate 

HbA1c ↓ Adequate 
Inconsistent 

(≥12 to <24 months) 

   — 
Adequate 

(24 months) 

Secondary 

Fasting plasma glucose ↓ Moderate Insufficient 

Serum total cholesterol — Moderate — Adequate 

Serum triacylglycerol ↓ Adequate Inconsistent 

Serum LDL cholesterol — Adequate — Adequate 

Serum HDL cholesterol Inconsistent Inconsistent 

Serum TC:HDL ratio 
No evidence: none of the 4 prioritised SRs with MAs included this 

outcome 

Medication use and 
diabetes-related symptoms 

No evidence: 

None of the 4 prioritised SRs with MAs performed MA of medication use; 
1 included diabetes medication use as an outcome but only provided a 
narrative synthesis. 

None of the 4 prioritised SRs with MAs considered diabetes-related 
symptoms as an outcome. 

Difference in effect: ↓ greater reduction in lower carbohydrate group, ↑ greater increase in lower carbohydrate 

group, — no difference between lower and higher carbohydrate groups. 
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Adverse events 

 Studies did not identify any harmful effects of lower carbohydrate intakes in the 

short-term. 

 Total and SFA intakes were above government recommendations in the lower 

carbohydrate diets compared with higher carbohydrate diets. This is a potential 

concern in the long term since high saturated fat intakes increase CVD risk 

(SACN 2019). However, in the evidence considered, increased concentrations 

of surrogate markers of CVD risk (serum total cholesterol, triacylglycerol and 

LDL cholesterol) were not observed over the study duration periods. 

 Another potential concern is that lower carbohydrate diets could lead to 

reduced intakes of essential micronutrients and fibre as a result of restricted 

intakes of grains, fruits and vegetables. 

Conclusions 

 The terms of reference for this review were to consider the impact of lower 

carbohydrate diets compared to current government advice on carbohydrate 

intake (about 50% TE) on markers and clinical outcomes of T2D in adults with 

T2D. 

 The primary outcomes selected for consideration were body weight and HbA1c; 

secondary outcomes were fasting plasma glucose, blood lipid profiles and 

changes in medication and diabetes-related symptoms. All outcomes were 

assessed in the shorter term (defined as ≥3 to <12 months) and longer term 

(defined as ≥12 months) except for body weight, where only longer-term 

studies were considered. Although shorter-term study duration was defined as 

≥3 to <12 months, all except one of the primary studies included in the 

prioritised SRs considered outcomes between 3 and 6 months. Out of the 

longer-term primary studies (defined as ≥12 months), only 7 had a duration 

above 12 months.  

 There is no universally agreed definition of a low carbohydrate diet. For the 

purposes of this review, the following categories were adopted to enable 

comparison across studies: very low (20 to 50 g/day or ≤10% TE), low (>50 to 

<130 g/day or >10 to <26% TE), moderate (130 to 230 g/day or 26 to 45% TE), 

high (>230 g/day or >45% TE). According to these categories, current UK 

government advice on carbohydrate intake would be considered high. 
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 In considering the evidence, it was not possible to assess the impact of a low 

compared to a high carbohydrate diet on markers and clinical outcomes of T2D 

in adults with T2D. This was because: 

• the definition of a low carbohydrate diet varied widely across the primary 

RCTs, with prescribed carbohydrate intakes in the lower carbohydrate 

group ranging from 14 to 50% TE (median, 40% TE) 

• estimated mean achieved carbohydrate intakes reported in the lower 

carbohydrate groups ranged between 13 to 47% TE but were moderate (26 

to 45% TE) in the majority of primary RCTs. 

 Comparisons were, therefore, mainly between the impact of lower and higher 

carbohydrate diets. This limits the interpretation of the evidence for any benefits 

or harms of a ‘low’ compared to a ‘high’ carbohydrate diet. 

 The evidence considered for the following markers and clinical outcomes of 

T2D suggests that for adults with T2D: 

• body weight — no difference between lower and higher carbohydrate diets 

in the longer term (shorter-term weight changes were not considered) 

• HbA1c — lower carbohydrate diets have benefits over higher carbohydrate 

diets in the shorter term but evidence for longer-term effects are unclear 

• fasting plasma glucose — lower carbohydrate diets have benefits over 

higher carbohydrate diets in the shorter term but there is insufficient 

evidence to assess longer-term effects 

• serum total cholesterol — no difference between lower and higher 

carbohydrate diets in the shorter or longer term 

• serum triacylglycerol — lower carbohydrate diets have benefits over higher 

carbohydrate diets in the shorter term but evidence for longer-term effects 

are inconsistent 

• serum LDL cholesterol — no difference between lower and higher 

carbohydrate diets in the shorter term or longer term 

• serum HDL cholesterol — evidence for shorter-term and longer-term effects 

is inconsistent 

• serum total cholesterol:HDL cholesterol ratio — none of the SRs with MAs 

considered this outcome 

• medication use — lower carbohydrate diets may have a beneficial effect in 

reducing diabetes medication but the evidence is unclear because of 

inconsistencies in the reporting and measurement of diabetes medications 

across primary studies  

• diabetes-related symptoms — none of the SRs with MAs considered this 

outcome. 
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 Overall, the evidence suggests beneficial effects of lower carbohydrate diets for 

some outcomes (HbA1c, fasting plasma glucose, serum triacylglycerol) in the 

shorter term which are unclear in the longer term. No differences were 

observed between higher and lower carbohydrate diets on body weight in the 

longer term (shorter term changes were not considered) or on serum total 

cholesterol, serum LDL cholesterol and serum HDL cholesterol either in the 

shorter term or longer term.  

 These findings need to be interpreted with caution since weight loss was a 

primary outcome in many of the primary RCTs. It is difficult to separate the 

effect of weight change on these markers and any observed benefits could be 

due to weight loss rather than a reduction in carbohydrate. 

 In relation to blood lipid profiles, it is difficult to separate the effects of diet and 

effects of weight loss from effects of lipid-lowering medication (such as statins) 

since many participants were taking such medications. 

 The overall quality of the evidence base was limited by a number of 

uncertainties in the data, including: variability in the definition of a low 

carbohydrate diet; differences in achieved carbohydrate intakes between lower 

and higher carbohydrate diets were often smaller than prescribed; and inherent 

inaccuracies in estimates of dietary intake.  

 An important limitation in the evidence base was that few studies assessed 

outcomes beyond 12 months. 

 The majority of participants in the primary RCTs were white and overweight 

(BMI ≥25 to <30 kg/m2) or obese (BMI ≥30 kg/m2). It is not known if reported 

effects can be generalised to other ethnic groups or to adults with a healthy 

weight (BMI ≥18.5 to <25 kg/m2). 

 This report did not assess the effect of lower carbohydrate diets in the general 

population without T2D. It is not known if the reported effects of lower 

carbohydrate diets in adults with T2D apply to the general adult population 

without T2D. 

 In general, no adverse events were reported with lower carbohydrate diets, but 

study duration did not extend beyond 12 months in the majority of primary 

RCTs. The effect of lower carbohydrate diets over several years in adults with 

T2D are unknown. 

 Several gaps were identified in the evidence base. No trials provided 

information about the type of carbohydrate consumed (for example, those with 

differing free sugar or fibre content, wholegrains compared to refined starch) or 

considered how this could affect the outcomes of interest. In addition, few trials 

assessed longer-term effects (beyond 12 months) of lower carbohydrate diets, 

and none considered hard endpoints such as diabetes complications, CVD 

events or mortality.  
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 Recommendations 

To be added post-consultation 
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 Glossary 
Body mass index (BMI) BMI is used to standardise body weight for different 

heights. It is calculated by weight in kilograms divided 
by height in metres squared (weight (kg)/height (m2)). 

BMI ranges: 

• below 18.5 kg/m2 – underweight range 

• between 18.5 and 24.9 kg/m2 – healthy weight range 

• between 25 and 29.9 kg/m2 – overweight range  

• between 30 and 39.9 kg/m2 – obese range. 

(For children and young people aged 2 to 18, the BMI 
calculation takes into account age and sex as well as 
height and weight.) 

Cardiovascular disease 
(CVD) 

A general term for conditions affecting the heart or 
blood vessels. It can be categorised into 3 types: 
coronary heart disease, cerebrovascular disease or 
peripheral vascular disease. 

Clinical controlled trial 
(CCT) 

A study design based in a clinic setting that usually has 
a number of key limitations including lack of 
randomisation, lack of comparator arm, self-selection 
and self-reporting by participants. 

Commensal A relationship between two organisms where one 
benefits from the other without affecting it. 

Coronary heart disease 
(CHD) 

A complete or partial narrowing of the coronary arteries 
which supply the heart muscle. Includes myocardial 
infarction (MI) and other manifestations of coronary 
atherosclerosis. 

Dietary reference value 
(DRV) 

DRVs describes the distribution of nutrient and energy 
requirements in a population. They comprise: 

• Estimated Average Requirement (EAR): half of a 
group in a population will need more than this 
amount and half will need less; 

• Reference Nutrient Intake (RNI): the intake that will 
be adequate to meet the needs of 97.5% of the 
population; 

• Lower Reference Nutrient Intake (LRNI): the intake 
which will meet the needs of only 2.5% of the 
population. 

Dyslipidaemia An abnormal amount of lipids (triacylglycerols, 
cholesterol or phospholipids) in the blood. 
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Fasting blood glucose Level of sugar in the blood after an overnight fast. It can 
be used to diagnose diabetes or ‘pre diabetes’. NICE 
defines the following blood glucose levels as:  

• Normal: Below 5.5 mmol/l (100 mg/dl) 

• Impaired fasting glucose: Between 5.5 and 6.9 
mmol/L (between 100 mg/dl and 125 mg/dl) 

• Diabetic: 7.0 mmol/L and above (126 mg/dl and 
above) 

 
(Type 2 diabetes: prevention in people at high risk | 
NICE Public Health Guideline 38; NICE. Published July 
12, 2012) 

Fasting insulin Concentration of insulin in the blood after an overnight 
fast. 

Fixed-effects model A model that calculates a pooled effect estimate using 
the assumption that all observed variation between 
studies is caused by the play of chance. Studies are 
assumed to be measuring the same overall effect. 

Food matrix The nutrient and non-nutrient components of foods and 
their molecular relationships to each other. 

Glucose tolerance Ability of the body to absorb and use glucose. 

Glycated haemoglobin 
(HbA1c) 

Provides a measure of average plasma glucose 
concentration. 

Hazard ratio (HR) Comparison of the effect of different variables on 
survival or other outcomes that develop over time.  

Heterogeneity  The variation in study outcomes between studies. 

Heterogeneity is used generically to refer to any type of 
significant variability between studies contributing to a 
meta-analysis that renders the data inappropriate for 
pooling. This may include heterogeneity in diagnostic 
procedure, intervention strategy, outcome measures, 
population, study samples, or study methods. 

The term heterogeneity can also refer to differences in 
study findings. Statistical tests can be applied to 
compare study findings to determine whether 
differences between the findings are statistically 
significant. For example, significant heterogeneity 
between estimates of effect from intervention studies 
suggests that the studies are not estimating a single 
common effect. In the presence of significant 
heterogeneity, it is more appropriate to describe the 
variations in study findings than to attempt to combine 
the findings into one overall estimate of effect.  
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High density lipoprotein 
(HDL) cholesterol 

Carries cholesterol away from the cells and back to the 
liver, where it is either broken down or passed out of 
the body as a waste product; for this reason, HDL is 
referred to as "good cholesterol", and higher 
concentrations are better. 

Hyperdyslipidaemia  Increased concentration of lipids in the blood; 
associated with a number of metabolic diseases. 

Insulin resistance Occurs when cells of the body do not respond properly 
to the hormone insulin. 

Intermediate markers A marker used in place of a clinical endpoint or disease 
that is assumed to be representative of that clinical 
endpoint/ disease.  

Ketogenic diet A low-carbohydrate eating regime in order to promote 
the metabolism of fat to ketone bodies rather than 
carbohydrate to glucose as the body’s main source of 
energy. 

Lignin A chemical compound present in structural materials, 
such as the cell walls of many plants, which contributes 
to their rigidity. 

Low density lipoprotein 
(LDL) cholesterol 

Carries cholesterol to the cells that need it. If there is 
too much cholesterol for the cells to use, it can build up 
in the artery walls and, over time, narrowing them and 
reducing blood flow. For this reason, LDL is known as 
‘bad cholesterol’. 

Meta-analysis (MA) A quantitative pooling of estimates of effect of an 
exposure on a given outcome, from different studies 
identified from a systematic review of the literature. 

MA is a specific method of statistical synthesis that is 
used in some systematic reviews, where the results 
from several studies are quantitatively combined and 
summarised. The pooled estimate of effect from a MA 
is more precise (that is, has narrower confidence 
intervals) than the findings of each of the individual 
contributing studies, because of the greater statistical 
power of the pooled sample. 

Metabolic syndrome Medical term for a cluster of conditions that occur 
together and include high blood pressure, 
dyslipidaemia and obesity. Metabolic syndrome 
increases the risk of type 2 diabetes, coronary heart 
disease and stroke. 



January (2020) Draft for consultation 

89 

Monounsaturated fatty 
acid (MUFA) 

Unsaturated fats have some of the hydrogen atoms 
missing and have been replaced by a double bond 
between the carbon atoms. If there is one double bond, 
the fat is known as a monounsaturated fatty acid. 

Peripheral vascular 
disease 

Results from narrowing or blockage in the arteries to 
the limbs (usually the legs) and aortic disease, which 
includes conditions that affect the aorta, including aortic 
aneurysm and carotid arterial narrowing. 

Polyunsaturated fatty 
acid (PUFA) 

Unsaturated fats have some of the hydrogen atoms 
missing and have been replaced by a double bond 
between the carbon atoms. If there is more than one 
double bond the fat is known as a polyunsaturated fatty 
acid. 

Random-effects model A statistical model in which both within-study sampling 
error (variance) and between-studies variation are 
included in the assessment of the uncertainty 
(confidence interval) of the results of a meta-analysis. 

Randomised controlled 
trial (RCT) 

An experiment in which two or more interventions, 
possibly including a control intervention or no 
intervention, are compared by being randomly allocated 
to participants. In most trials one intervention is 
assigned to each individual but sometimes assignment 
is to defined groups of individuals (for example, in a 
household) or interventions are assigned within 
individuals (for example, in different orders or to 
different parts of the body). 

Risk factor Social, economic or biological status, behaviours or 
environments which are associated with or cause 
increased susceptibility to a specific disease, ill health, 
or injury. 

Risk of bias Relates to the quality of a study and is an essential 
component of a systematic review across studies. 

Saturated fat A saturated fat is a fat that has as many hydrogen 
atoms as they can hold (that is, they are ‘saturated’ with 
hydrogen atoms). When hydrogen atoms are missing, 
carbon atoms form double bonds. Generally saturated 
fats are solid at room temperature. 

Sensitivity analysis An analysis used to determine how sensitive the results 
of a study or systematic review are to changes in how it 
was done. Used to assess how robust the results are to 
uncertain decisions or assumptions about the data and 
the methods that were used. 
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Subgroup analysis Analysis that is repeated for a subset of participants 
(such as male or female) or for a subset of studies 
(such as differing carbohydrate intakes, low, moderate 
or high). 

Statin A medicine that can help lower the level of LDL 
cholesterol in the blood. 

Stroke A serious life-threatening medical condition that occurs 
when blood supply to part of the brain is cut off. 

Systematic review (SR) Method of identifying, appraising and synthesising 
research evidence. The aim is to evaluate and interpret 
all the available research that is relevant to a particular 
review question. It differs from a traditional literature 
review in that the latter describes and appraises 
previous work but does not specify methods by which 
the reviewed studies were identified, selected, or 
evaluated. In a SR, the scope (for example, the review 
question and any sub-questions and/or subgroup 
analyses) is defined in advance, and the methods to be 
used at each step are specified. The steps include: a 
comprehensive search to find all relevant studies; the 
use of criteria to include or exclude studies; and the 
application of established standards to appraise study 
quality. A SR also makes explicit the methods of 
extracting and synthesising study findings. 

Total cholesterol:HDL 
cholesterol ratio 

Provides more information on an individual’s CHD risk 
by dividing total cholesterol by HDL cholesterol. A ratio 
above 6 is considered high risk - the lower this figure is 
the better. 

Triacylglycerol Fats in foods are predominantly in the form of 
triacylglycerol. They are formed of glycerol and 3 fatty 
acids. Also called triacylglyceride. 
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