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Abstract

Aims: The global rate of type 2 diabetes (T2D) continues to rise. Guidelines that influ-

ence the worldwide treatment of this disease are central to changing this trajectory.

We sought in this review to evaluate the appropriateness of sources cited in the

American Diabetes Association's (ADA) guidelines on eating patterns for T2D man-

agement, identify additional relevant sources, and evaluate the evidence.

Materials and Methods: We reviewed the evidence behind the ADA's recommenda-

tions on eating patterns in the 2018 and 2019 ADA Standards of Care and the 2014

ADA Nutrition Therapy Recommendations for Adults with Diabetes. Additionally, we

conducted a comprehensive search to identify any additional studies not included in

the cited evidence. To determine appropriateness of inclusion in the guidelines, the

following criteria were applied: 1) it was a clinical trial or systematic review/meta-

analysis of clinical trials; 2) it involved persons with T2D; 3) one of the study arms

followed one of the eating patterns currently recommended; 4) its reported out-

comes included glycaemic control; 5) outcomes were reported separately for persons

with T2D.

Results: We found a wide variation in the evidence for each eating pattern. Issues

that have hampered the guideline process include: lack of a rigorous literature review,

resulting in the omission of pertinent studies; an overreliance on prospective cohort

studies; inconsistent standards for evidence; inclusion of studies not on persons with

T2D; and bias.

Conclusions: The ADA Guidelines recommended eating patterns fall short of rigorous

standards of scientific review according to state-of-the-art systematic review and

guideline creation practices.
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1 | INTRODUCTION

Clinical practice guidelines are not new, but they are growing in num-

ber. A modern definition of clinical practice guidelines was set forth in

1992 by the Institute of Medicine and updated in 2011: “Clinical prac-

tice guidelines are statements that include recommendations intended

to optimize patient care that are informed by a systematic review of

evidence and an assessment of the benefits and harms of alternative

care options.”1 Rising alongside the number of clinical practice guide-

lines are concerns about the process behind their creation. To ensure

that guidelines affecting clinical care are created using the most rigor-

ous and unbiased methods possible, multiple organizations have

issued standards for evaluating scientific evidence when creating

guidelines (Table S1). Despite the availability of standards to improve

the development of clinical practice guidelines, there is still wide con-

cern among the scientific community that even the most well-

respected guidelines lack sufficient rigour.2-6

Over half of adults in the United States now have type 2 diabetes

(T2D) or prediabetes,7 and worse, this multifactorial epidemic is now

worldwide and shows no signs of slowing, with rates of both T2D and

T2D-related health complications rising.8 When advising people with

T2D on food choices, many healthcare providers rely on nutrition

guidelines provided by the American Diabetes Association (ADA), and

these guidelines influence standard recommendations made around

the globe.9-11 Given these alarming trends, it is of paramount impor-

tance to review the treatment guidelines to ensure they are based on

rigorous, accepted scientific methods.

The ADA's approach to the evidence in developing its guidelines

has been to employ a grading system to rate the strength of evidence.

An “A” rating is given to well-conducted randomized controlled trials

(RCTs) that are adequately powered, as well as to meta-analyses that

incorporate quality ratings. “B” ratings are given to well-conducted

cohort studies, “C” ratings are for poorly controlled trials or uncon-

trolled studies, and a score of “E” is for expert consensus or clinical

experience. This approach does not follow any of the widely accepted

standards or “guidelines for guidelines” such as Agree II, GRADE, or

those from the National Academy of Sciences, Engineering and Medi-

cine (Table S1).

Several concerns prompted our review of the evidence cited by

the ADA in support of its recommendations for eating patterns in the

management of T2D: (a) a strong reliance by the ADA on sources that

they rate as B, C and E12,13; (b) the failure to conduct a systematic

review to inform source selection; (c) the exclusion of studies that

could have been considered; (d) the lack of explanation of how the

ADA selected and reviewed cited studies or how the experts weighed

various endpoints in forming their opinion; and (e) the possibility

of bias.

We conducted a review of the sources cited for currently rec-

ommended eating patterns in the ADA's Standards of Medical Care in

Diabetes (Table 1) (2018 and 2019 standards),12,14 and the ADA's

Nutrition Therapy Recommendations for Adults with Diabetes (2014

recommendations),13 which helped inform the 2018 standards. In

addition, a comprehensive search was conducted to identify any stud-

ies that would have been appropriate to include in a rigorous review.

The review considers the strength of the evidence but does not assign

a grade to each study.

TABLE 1 Description of eating patterns as described in the
American Diabetes Association 2014 recommendations

Eating pattern Description

DASH diet Emphasizes fruits, vegetables, and low-fat dairy

products, including whole grains, poultry, fish

and nuts, and is reduced in saturated fat, red

meat, sweets and sugar-containing

beverages. The most effective DASH diet

was also reduced in sodium.

Mediterranean diet Includes abundant plant food (fruits,

vegetables, breads, other forms of cereals,

beans, nuts and seeds); minimally processed,

seasonally fresh, and locally grown foods;

fresh fruits as the typical daily dessert and

concentrated sugars or honey consumed

only for special occasions; olive oil as the

principal source of dietary lipids; dairy

products (mainly cheese and yogurt)

consumed in low to moderate amounts;

fewer than 4 eggs/wk; red meat consumed

in low frequency and amounts; and wine

consumption in low to moderate amounts

generally with meals.

Plant-based dieta The two most common ways of defining

vegetarian diets in the research are vegan

diets (diets devoid of all flesh foods and

animal-derived products) and vegetarian

diets (diets devoid of all flesh foods but

including egg [ovo] and/or dairy [lacto]

products).

Features of a vegetarian-eating pattern that

may reduce risk of chronic disease include

lower intakes of saturated fat and

cholesterol and higher intakes of fruits,

vegetables, whole grains, nuts, soy products,

fibre and phytochemicals.

Low-carbohydrateb Focuses on eating foods higher in protein

(meat, poultry, fish, shellfish, eggs, cheese,

nuts and seeds), fats (oils, butter, olives,

avocado), and vegetables low in

carbohydrate (salad greens, cucumbers,

broccoli, summer squash). The amount of

carbohydrate allowed varies with most plans

allowing fruit (eg, berries) and higher

carbohydrate vegetables; however,

sugar-containing foods and grain products

such as pasta, rice, and bread are generally

avoided.

There is no consistent definition of “low”
carbohydrate. In research studies, definitions

have ranged from very-low-carbohydrate

diet (21-70 g/d of carbohydrates) to

moderately low-carbohydrate diet (30%-40%

of calories from carbohydrates).

aMore recently have been referred to as plant-based diets but defined as

vegetarian and vegan in the 2014 recommendations.
bMore widely understood that this diet is not high in protein.
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After this review was initially conducted, the ADA published their

2019 standards.14 In this new document, low-carbohydrate diet was

endorsed as a recommended eating pattern (new in 2019), with spe-

cific acknowledgment of the evidence for antiglycaemic medication

reduction in people with T2D who adhere to a low-carbohydrate diet.

The present updated review includes all new citations from the 2019

ADA standards.

2 | MATERIALS AND METHODS

The present review includes studies newly cited in the 2019 stan-

dards (Tables S2–S5), as well as sources cited in the 2014 recommen-

dations and the 2018 standards (Table S7).

First, we sought to determine if each ADA-cited study was appro-

priate for inclusion in the guidelines. Studies were deemed appropri-

ate if: (a) they were a clinical trial, a systematic review, or a systematic

review with meta-analysis of clinical trials; (b) they involved people

with T2D; (c) they had a study arm that followed one of the three eat-

ing patterns recommended by the 2018 standards or a low-

carbohydrate diet (low-carbohydrate studies should specifically

address quantity of carbohydrates); (d) their reported outcomes

included glycaemic control; (e) their outcomes were reported sepa-

rately for people with T2D if there was a T2D subgroup within a

larger trial. Adherence to these criteria helps ensure that each

included study belongs in the evidence base supporting the “corner-

stone” of T2D management, which the ADA defines as metabolic con-

trol. The exclusion of prospective studies from our criteria was based

on the judgement that such studies, while perhaps appropriate for

T2D prevention guidelines, are not appropriate as a basis for treat-

ment guidelines because they do not test a specific therapeutic inter-

vention. In our review, we considered glycated haemoglobin (HbA1c)

to be the primary biomarker for glycaemic control; fasting blood glu-

cose (FBG) was considered if HbA1c data were not available. We also

reported outcome data on lipids and lipoproteins, blood pressure and

body weight, as these biomarkers are relevant for assessing overall

cardiovascular disease (CVD) risk status, a critical component of T2D

management.

Second, we searched the literature for other articles that might be

appropriate for consideration in the development of dietary guidelines

for T2D, following the same criteria by which we appraised studies

cited by the ADA. The searches were performed in the following data-

bases: PubMed and Medline Ovid. The searches were limited to

human studies published in English between 1 January 2000 and 31

May 2018. We used the following search terms and/or combinations

of these terms: diabetes; DASH; Dietary Approaches to Stop Hyper-

tension; Mediterranean; vegetarian; vegan; plant-based; low-carbohy-

drate; carbohydrate restriction; carbohydrate-restricted; and

ketogenic. We also found other articles by reviewing references cited

in relevant studies. A flow diagram of the search can be found in

Figure S1.

Two co-authors independently conducted the searches and evalu-

ated all studies for appropriateness. In cases of disagreement, the two

co-authors and a third co-author discussed the findings and reached

agreement. All studies deemed appropriate for inclusion are presented

in Tables S2–S5.

Third, we evaluated the evidence from all of the assembled stud-

ies, those cited by the ADA (Table S7) as well as those we had identi-

fied (Tables S2–S5). We did not assign a grade to each study but

rather, on a prima facie basis, assessed whether or not the cited study

provided evidence of benefit.

3 | RESULTS

3.1 | Dietary approaches to stop hypertension diet

3.1.1 | Cited evidence

The ADA 2014 recommendations and 2018 standards cite eight stud-

ies15-22 (Table S7) to support claims that the Dietary Approaches to

Stop Hypertension (DASH) diet is a healthy eating pattern for

glycaemic control, blood pressure and other CVD risk factors in peo-

ple with T2D. The cited studies include four RCTs: only one15 of the

four RCTs15,16,18,19 cited by the ADA was conducted in people with

T2D. That study reported significant improvements in weight, FBG,

blood pressure, HDL cholesterol, LDL cholesterol and HbA1c, but the

trial was short (8 weeks), had a 30% dropout rate,15 and resulted in a

14.4% increase in triglyceride levels. The findings of two other ADA-

cited RCTs from the same study and published in two different

journals showed significant reductions in systolic and diastolic blood

pressure in the DASH study arm16,19; however, neither study pro-

vided a sub-analysis in people with T2D. The other four studies cited

are an observational study,20 a commentary,22 a non-systematic

review,21 and the 2010 USDA Dietary Guidelines for Americans,17

which either reported a low incidence of T2D in those following the

DASH diet or recommended the diet for blood pressure control.

3.1.2 | Additional evidence

We identified a post hoc analysis of the Exercise and Nutritional Inter-

ventions for Cardiovascular Health (ENCORE) study and an additional

RCT,23,24 both of which were published prior to the 2018 standards

(Table S2). The post hoc analysis by Blumenthal et al23 compared a

usual care diet, which allowed ad libitum energy intake, to the DASH

diet alone and to a DASH diet with energy restriction and exercise.

The DASH diet + exercise did result in significantly greater improve-

ments in FBG, body fat, total cholesterol, LDL cholesterol and triglyc-

erides compared to usual care, but the DASH diet alone did not have

any of these significant outcomes compared to usual care. The study

also reported a worsening in glycaemic control status (based on glu-

cose tolerance test measures at baseline and end of the intervention)

during the study period in participants without T2D or prediabetes in

the DASH arm, more than with the control and DASH diet + exer-

cise.23 The RCT by Paula et al24 compared the DASH diet + exercise

to a diet based on ADA guidelines that did not include exercise. The

significance of change from baseline and in a comparison of
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interventions was mixed; DASH + exercise resulted in a greater reduc-

tion in blood pressure but no difference in glycaemic control when

compared to usual care; however, the effect of the DASH diet with-

out exercise was unknown.24

3.1.3 | Summary of evidence

To our knowledge, clinical research on the DASH diet that provides

outcomes for people with T2D consists of two RCTs, of 4 and

8 weeks' duration, and a post hoc analysis.15,23,24 Only one of the two

trials showed glycaemic improvement that can be attributed to the

DASH diet alone. According to our evaluation, the other cited sources

provide limited to no support for the DASH diet for people with T2D

in improving glycaemic control for the reasons already cited: these

studies were not clinical trials or systematic reviews, or did not pro-

vide outcomes data for people with T2D. While evidence shows that

the DASH diet reduces blood pressure, primarily in people without

diabetes, the lack of evidence for glycaemic control does not support

a recommendation for DASH as a healthy eating pattern for the man-

agement of T2D. Additionally, as can be seen in the other eating pat-

tern sections, a decrease in blood pressure (critical for CVD risk

management) can be achieved with other eating patterns with more

robust glycaemic control data. To corroborate the current ADA rec-

ommendation for the DASH diet in management of T2D, more

research is needed to closely evaluate the diet in those with T2D; par-

ticularly needed is research on glycaemic control and CVD risk factors

as study endpoints.

3.2 | Mediterranean diet

3.2.1 | Cited evidence

The ADA documents cite six studies,25-31 including three RCTs of lon-

ger duration,25-28 to support claims that a Mediterranean diet can

improve glycaemic control and CVD risk factors and is therefore a

healthy eating pattern for people with T2D (Table S7). Two RCTs

found that the Mediterranean diet was superior to comparison

diets25,28: one found that a low-carbohydrate Mediterranean diet

resulted in a significantly greater HbA1c reduction compared to the

control diet,28 and the other found at 4-year follow-up that the Medi-

terranean diet resulted in significant HbA1c reduction, sustained

improvements in triglyceride and HDL cholesterol levels, and less

medication initiation in people with newly diagnosed T2D.25 A third

RCT,26 for which data were reanalysed with essentially the same

results in 2018,27 reported a significant reduction of major cardiovas-

cular events in both versions of the Mediterranean diet studied, com-

pared with the control. Two systematic reviews29,30 found limited

evidence that the Mediterranean diet is effective for glycaemic con-

trol, but more robust support for CVD risk reduction. Also cited was a

commentary favouring the Mediterranean diet that was based on a

non-systematic selection of articles.31

3.2.2 | Additional evidence

We identified 12 other studies on the Mediterranean diet worthy of

consideration: four RCTs, two RCT follow-up studies, and six system-

atic reviews with meta-analysis (Table S3).32-43 One RCT found that

this diet significantly improved HbA1c and body mass index in post-

menopausal women with T2D, but the diet was not superior to usual

care for improving blood pressure and lipids.32 A 2-year RCT36 com-

paring low-fat, low-carbohydrate and Mediterranean diets in obese

people with T2D, with data available for 36 persons with T2D, found

that the Mediterranean diet improved FBG, but not HbA1c levels,

compared to a low-fat and low-carbohydrate diet. Two studies33,34

followed up Esposito 2009,25 which was included in the ADA-cited

evidence (Table 1). Both studies found longer times to medication

requirement in the Mediterranean diet arm versus the low-fat diet

arm, as well as increased partial remission and improved FBG and

CVD risk markers. One of two smaller 12-week RCTs found a statisti-

cally significant HbA1c reduction favouring a Mediterranean diet over

a typical diet; the other did not find a difference between the Medi-

terranean diet and a low-fat diet.35,37 Neither of these trials resulted

in between-group statistical significance for CVD risk factor markers

including body mass index, blood pressure and lipids, but one found

improvement in inflammation markers and flow-mediated dilation in

the Mediterranean diet arm only.35 Four systematic reviews with

meta-analysis38-41 and two with network meta-analysis42,43 con-

cluded that the Mediterranean diet is superior to other eating patterns

for glycaemic control, weight loss, lipid profile, and reduced need for

diabetes medication.

3.2.3 | Summary of evidence

The ADA-cited sources combined with additional ones identified

through our search resulted in a total of seven RCTs, two follow-up

RCT studies, and seven systematic reviews (including five with meta-

analysis) that are appropriate for consideration in developing nutrition

guidelines for T2D. Among the included trials are several large-scale

studies, one with 3614 participants26,27 and one with more than 200

participants.25,33,34 Longer-term studies include one lasting

12 months,28 one lasting 24 months,36 and two lasting longer than

4 years.25-27,33,34

As recommended by the ADA guidelines, we found that the Medi-

terranean eating pattern has demonstrated effectiveness in improving

glycaemic control25,28,32-34,38-43 as well as CVD risk factors and even

in reducing CVD events.22,23,26,27,29,30,33,34,38-43 This diet appears to

be appropriately considered helpful for T2D management; its inclu-

sion in the recommended eating patterns is warranted. However,

questions remain about which components of the Mediterranean diet

contribute to its effectiveness on all of these outcomes. Some studies

suggest that it is the diet's more moderate carbohydrate content

(<50% total energy intake) that accounts for reductions in weight and

CVD risk,44 while others suggest that the high monounsaturated fat

content in the diet plays an important role in improving insulin sensi-

tivity, glycaemic control, and inflammation.45,46 Research in these
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areas will strengthen future nutritional recommendations and provide

more in-depth guidance on how the Mediterranean diet can be used

for T2D management.

3.3 | Plant-based diet

3.3.1 | Cited evidence

The ADA documents cite eight studies in support of a plant-based

diet47-54 (Table S7) for glycaemic control and CVD risk reduction. Of

three RCTs,49,51,53 none found a significant improvement in HbA1c

over the control diet, although, in all three, the test diet resulted in

reductions from baseline for HbA1c as well as diabetes medication

use, a significant factor in the diet's overall effectiveness. In one

RCT,51 a low-fat vegan diet resulted in significantly greater FBG

reduction than the control diet. The small study sample (11 total and

four in the control arm) should be noted, as well as the lower energy

intake prescribed for the vegan diet. Additionally, the follow-up54 to

the 2006 RCT by Barnard et al,49 which tested an energy-controlled

diet compared to an ad libitum vegan diet and initially found within-

group but not between-group advantages for both diets, found a sub-

stantial decline in benefits occurring between 22 and 74 weeks; how-

ever, when the data were analysed before medication changes, a

significant between-group reduction in HbA1c was observed in the

vegan group.54 In a review by Rinaldi et al47 whose conclusions

favoured plant-based diets, six trials did not consistently show

improvements in glycaemic control, weight loss or CVD risk fac-

tors.51-53,55-57 The ADA also cited a commentary based on a non-

systematic review,48 a cross-sectional study,52 and an assessment of

diets in Barnard et al49 2006. None of these studies was a controlled

trial or systematic review.

3.3.2 | Additional evidence

We identified nine studies40,56-62 not included in the ADA review,

three of which were published after the 2018 standards (Table S4).

Three RCTs found reductions in HbA1c from baseline,56-58 and two

found the test diet superior compared to the control diet.56,57 In these

studies, the plant-based diets were compared to an energy-restricted

diet, the recommended Korean Diabetes Association diet, and the

participants' usual diet. However, in all three studies, a slight increase

in triglycerides was observed in the intervention arms, with one study

reporting a statistically significant change.57 This study also reported

significant decreases in weight, as well as in total, LDL and HDL cho-

lesterol levels in the intervention arm.57 A follow-up study59 to the

2011 study by Kahleova et al53 found that the significant improve-

ments (from baseline) in HbA1c had regressed over time, even though

the intervention arm maintained a significant weight loss and higher

level of antiglycaemic medication reduction at 24 months. A single-

arm demonstration study61 found a plant-based diet, coupled with

digital support, was effective for glycaemic control, according to

patient-reported HbA1c outcomes, while another non-randomized

study found no significant change in glycaemic control compared to

both baseline and the control diet.57 In addition, we found three sys-

tematic reviews with meta-analysis. Yokoyama et al61 found that the

evidence supports plant-based diets for glycaemic control, but had left

out the follow-up study by Kahleova et al, while Ajala et al40 con-

cluded that the evidence is only suggestive of benefit. Lastly, a sys-

tematic review with network meta-analysis43 did not find plant-based

diets to be superior to other eating patterns for T2D.

3.3.3 | Summary of evidence

In summary, all six known controlled trials9,51,53,56-58 and two follow-

up studies54,59 showed improvements from baseline in HbA1c and

FBG with a plant-based diet; however, only two showed significant

improvement compared to a control diet.56,57 Longer-term data from

two follow-up studies at 1 year and 74 weeks found no lasting signifi-

cant benefit.54,59 All controlled studies except one had fewer than

100 participants. Overall, as recommended by ADA guidelines, a

plant-based diet may be effective in improving glycaemic control for

some people with T2D, especially in those with a personal preference

for such an eating pattern, at least in the short term; however, some

of the studies that showed improvements in glycaemic endpoints

were restricted in energy intake51,53; therefore, it is not clear exactly

what generated the beneficial outcomes—the composition of the diet

or the weight loss resulting from energy restriction.63-65 Further, the

decrease in HDL cholesterol57,58,66,67 and higher triglyceride

levels66,67 seen in some studies need to be considered. Whether these

changes in CVD risk markers are clinically meaningful or associated

with poor CVD outcomes needs to be closely assessed; any worsening

in atherogenic dyslipidaemia, which has been found to indicate wors-

ening insulin resistance status,68 needs to be weighed against the

improvements in other aspects of the lipid profile. This may allow indi-

vidualized recommendations based on values prior to diet initiation

and to any changes in the lipid panel in response to a plant-based diet.

3.4 | Low-carbohydrate diet

3.4.1 | Cited evidence

The ADA documents cite 19 studies (Table S7) in their review of low-

carbohydrate diets.28,29,36,69-84 Of the 14 RCT trials cited, one72 was

inappropriately included, as noted in Table 1. Of the remaining 13

RCTs, five found a significant between-group advantage for the low-

carbohydrate arm for glycaemic control.28,69,71,83,84 Of the eight that

did not show a between-group glycaemic advantage, all but one found

a reduction from baseline, and three had greater reductions in medica-

tion use.73,74,82 Of the seven trials with a duration of ≥1 year, three

showed sustained clinically significant improvements in HbA1c at

1 year,28,69,82 and two showed sustained meaningful benefit at

2 years.36,78 Another 1-year study found the low-carbohydrate diet

resulted in decreased glucose variability, which has been found to be

an independent CVD risk factor, making it an important overall con-

sideration.85 An isocaloric trial found the low-carbohydrate arm had a
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significant decrease in insulin and visceral fat accumulation compared

to a high-carbohydrate arm.70

Of the 10 studies that reported on lipids, five found significant

improvements in triglycerides with a low-carbohydrate diet74,78,82-84;

none resulted in a worsening. Six28,70,71,73,74,82 of 10 studies reporting

HDL cholesterol or total cholesterol:HDL cholesterol ratio found that

the low-carbohydrate diet resulted in significantly better outcomes

than comparison diets; the others found nonsignificant differences

between diets.75,78,83,84 Seven of eight studies reporting LDL choles-

terol found nonsignificant differences between diets,71,73,75,78,82-84

with four of them reporting a nonsignificant decrease in LDL choles-

terol78,82-84 in the low-carbohydrate arm, while the other three stud-

ies had a nonsignificant LDL cholesterol increase in the low-

carbohydrate arm.71,73,75 One study found superior improvement with

a low-carbohydrate diet.28 Four systematic reviews with meta-

analysis cited by the ADA concluded that there is evidence supporting

the use of low-carbohydrate diets in patients with T2D,29,77,79,80

although benefits were found in some cases to decline over time or

with higher carbohydrate intake. A fifth non-systematic review of

meta-analyses by van Wyk et al80 concluded that adherence may be

the most significant barrier to efficacy with a low-carbohydrate

approach to glycaemic control.

3.4.2 | Additional evidence

We identified 27 additional studies: 10 RCTs (nine new, one follow-

up), 12 non-randomized trials (11 new, 1 follow-up), and five system-

atic reviews with meta-analysis. Of these 27 additional evidence

sources, 20 were published in time for inclusion in the 2014 recom-

mendations, and 21 were published prior to the 2018 standards

(Table S5).86-110 All 27 studies reported outcomes data for people

with T2D and thus were appropriate for consideration in the develop-

ment of nutritional recommendations for T2D management. Of the

10 RCTs, all of which reported on glycaemic control, nine found that a

low-carbohydrate diet resulted in a significant change from baseline

to end of study86,87,89,90,92-94,96; six also found a superior between-

group reduction favouring the low-carbohydrate diet.86,87,90,92,94,96

While some studies found that the control diet also improved

glycaemic control significantly from baseline, none found the control

diet superior to the low-carbohydrate diet. All 12 single-arm and non-

randomized trials found that a low-carbohydrate diet significantly

improved glycaemic control from baseline to end of study; the two

studies that made between-group comparisons found the low-

carbohydrate diet superior to the control diet.99,101 We identified

eight longer-term studies (1-3 years' duration),86,88,91,93,97-99,105 of

which five86,97-99,105 found significant glycaemic benefit sustained

with a low-carbohydrate diet; these include two 2-year trials97,105 and

a 3-year trial.98 Another longer trial also found sustained improve-

ment in glycaemic control at 44 weeks.103 All of these studies

assessed HbA1c as the primary glycaemic marker, 86,88,91,93,97-99,103

except the study by Dashti et al,105 which only reported FBG.

Of 11 studies that reported on diabetes medication

use,84,88-92,97,99,103,104,106 eight reported more medication reductions

and/or elimination of glycaemic control medications in the low-

carbohydrate arm. Five of six studies that conducted between-group

comparisons of medication use found the low-carbohydrate diet to be

superior,86,88,89,91,99 and one study92 found that both diets reduced

usage significantly from baseline with no between-group difference.

No study found the control diet to be superior although there was

some reduction in medication use from baseline in two of the studies

in the control group.88,90

Overall a favourable result was seen with regard to triglycerides

and HDL cholesterol. No study found the control diet to be superior

or that a low-carbohydrate diet significantly worsened triglycerides or

HDL cholesterol. The additional evidence is mixed regarding the low-

carbohydrate diet's effects on LDL cholesterol. Eight studies found no

significant change within group from baseline,87-89,91,93,95,96,106

whereas five other studies found that the diet resulted in significant

improvement101,105,107 or showed superiority to a control diet.97,98 In

another study, the diet improved LDL cholesterol significantly in

women but not in men.102 Two studies found that the diet resulted in

significant worsening from baseline.99,100 However, the study by

Hallberg et al99 reported no change between the test and control

diets for measured apolipoprotein B, probably more pertinent to CVD

risk than the calculated LDL cholesterol value, which is impacted pro-

portionately by the significant rise in HDL cholesterol and decrease in

triglycerides in the Friedewald equation used to calculate LDL

cholesterol.99

Three of four additional systematic reviews,40,108,110 including

two published since 2017,40,109 recommended a low-carbohydrate

diet for T2D management, while one found no advantage with a low-

carbohydrate diet.109 A fifth systematic review, with network meta-

analysis, concluded that a low-carbohydrate diet was superior for

HbA1c reduction compared to other eating patterns, but that a Medi-

terranean diet was superior for reduction of FBG.43

3.4.3 | Summary of evidence

The studies that we deemed appropriate for consideration in the devel-

opment of nutritional guidelines in T2D treatment consisted of 18 from

the ADA review (one was a follow-up study) and 27 from our search

(two were follow-up studies). These 42 separate studies included 22

randomized trials, 10 non-randomized trials and 10 systematic reviews,

eight of which included a meta-analysis. Ten of the trials had >100

participants,28,73,74,76,78,90,91,97,99,101 and 16 provided longer-term

data: 10 studies lasting 1 to 2 years,28,69,73,76,84,92,94,99,103,105 five stud-

ies lasting 2 years,36,78,88,91,97 and one study providing follow-up data

at 3 years. Of six studies lasting ≥2 years,36,78,88,91,97,98 five sustained a

clinically meaningful HbA1c reduction (of at least 0.7% from baseline).

Three of the four 2-year studies reporting on diabetes medication use

found significant reductions with a low-carbohydrate diet compared to

a control diet88,91,97; this includes the one study that did not sustain

HbA1c reduction at 2 years.88

Evidence from 30 trials and 10 follow-up studies shows that a

low-carbohydrate diet is an effective dietary approach for addressing

dyslipidaemia. More than half of the studies that reported triglyceride
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levels found a significant improvement from baseline with a low-

carbohydrate diet; eight also showed superiority over a control

diet.28,71,84,91,96,99,101,103 Similarly, the evidence consistently showed

significant improvements in HDL cholesterol with a low-carbohydrate

diet, with 10 studies finding a significant increase over control

diet.28,70,71,73,88,89,91,99,101,103 It is also worth again noting that

two99,100 studies showed a significant increase in LDL cholesterol in

the low-carbohydrate arm; the rest of the studies found no change or

a decrease of LDL cholesterol. Adding a clause in future guidelines on

monitoring LDL cholesterol or apolipoprotein B would further guide

physicians in recommending this diet for their patients to ensure no

additional CVD risk factor worsening, as individual results may vary.

The authors of the ADA guideline documents, in their evaluation

of a low-carbohydrate eating pattern, raise concerns about the quality

of evidence that they do not apply to other dietary patterns. For

example, regarding low-carbohydrate diets, the 2014 recommenda-

tions state, “many of the studies were small, were of short duration,

and/or had low retention rates.” However, these issues could apply to

plant-based and DASH eating patterns as well. Another concern,

raised in the 2018 standards, is that there is “not a standard defini-

tion” of low-carbohydrate diets. While we agree that this is important,

the issue—which essentially centres on the question of what an effica-

ciously low-carbohydrate intake level is—can be evaluated within the

currently available literature. This approach was used in the meta-

analysis by Snorgaard et al in 2017, which showed that the lower the

actual percentage of daily calories consumed as carbohydrate (as

reported by research participants), the greater the glycaemic control

achieved.79 One of the key limitations observed in most studies on

low-carbohydrate diet is the discrepancy between the prescribed and

actual carbohydrate intake. Most participants end up consuming more

carbohydrate at the end of the intervention than was prescribed,

probably affecting the outcome. This is a limitation that can be seen

with any dietary intervention for which the prescribed diet and the

diet actually consumed tend to be very different. Another limitation is

how many of the glycaemic control improvements were attributable

to the specific dietary intervention and how many were attributable

to the weight loss alone. This is an issue with any of the dietary pat-

terns that resulted in weight loss and is an important area of future

research.

4 | SUMMARY

Treatment guidelines must be based on rigorous scientific standards that

are consistently applied in order to ensure that guidelines are both reli-

able and credible. In reviewing the evidence cited in support of the ADA

recommendations on eating patterns for T2D management, we found

multiple reasons for concern. Although the ADA does provide a rubric

for grading studies to include in its evidence review, not apparent in the

2018 or 2019 standards or the 2014 recommendations is a description

of the process used to guide final selection decisions. Perhaps that is the

source of the issues we find concerning; for example, studies were cited

as evidence that by the ADA's own rubric were not A-rated sources or

that were not conducted in people with T2D, were not clinical trials, or

were not based on a systematic review of the evidence.

Our literature searches added considerably to the body of credible

evidence worthy of consideration for a thorough review of the ADA

recommendations on eating patterns. We found two additional stud-

ies to include on the DASH diet, 12 studies on the Mediterranean

diet, nine on plant-based diets, and 27 on low-carbohydrate diets.

Almost all of these additional studies were published prior to the doc-

uments reviewed in the present paper.

We would like to note several things in the ADA documents that

could be interpreted as evidence of bias, one of which is the inclusion

of opinion pieces or reviews favouring the DASH, plant-based and

Mediterranean eating patterns that were not based on a systematic

approach to the literature.22,47,48 Further, there seemed to be inconsis-

tency in the ADA's determination of what constitutes sufficiently ample

and rigorous evidence for its recommendations. For example, regarding

glycaemic control, the ADA recommends the DASH diet on the basis of

a single trial in T2D. For plant-based diets, the ADA recommends on

the basis of three trials and one follow-up study, none of which showed

superiority of the test diet over the control diet in HbA1c reduc-

tion49,51,53,54 and despite its conclusion that vegetarian and low-fat

vegan studies “did not consistently improve glycaemic control or CVD

risk factors except when energy intake was restricted, and weight was

lost.” In contrast, the 2014 recommendations and both the 2018 and

2019 standards raise concerns about lack of sustainability with a low-

carbohydrate diet over the long term. While adherence is a common

behaviour change problem, it is not unique to low-carbohydrate diets,

and the long-term data on this approach are supportive.

Our review is based only on studies in which glycaemic control

in people with T2D is an endpoint, because of its central importance

to T2D management. The aim has been to produce a review and pre-

sentation (Tables S1 and S2) of a more complete body of evidence

that is objective, fair and easily accessible to most readers and may

prove useful in the creation of future iterations of the ADA

guidelines.

Another section of the ADA guidelines on HbA1c target guidance

was recently reviewed and assessed by the American College of Physi-

cians when they issued new HbA1c target guidance. Using the Agree II

instrument for evaluation, the American College gave a score of 3.7

out of 7 for the ADA guidelines, the second-lowest of six guidelines

scored. Additionally, the ADA guidelines scored significantly lower than

all others in “rigor of development.” Table S6 provides our assessment

of the ADA guidelines using the National Academies of Sciences, Engi-

neering, and Medicine's Clinical Practice Guidelines We Can Trust evalu-

ation method, along with recommended steps for improving the overall

process. Additionally, another review evaluated the evidence for CVD

prevention in the 2016 edition of the Standards of Care.4 The prior

two and current reviews of separate sections of the ADA guidelines all

raise the same underlying concern regarding the rigour of the guideline

development process. Given this, we believe our review is a critically

important document that reinforces the need for a process change.
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5 | CONCLUSION

In order to change the current global trajectory of T2D, it is impera-

tive that health organizations be willing to invest resources in creating

objective guidelines based on rigorous and unbiased scientific review.

Guidance from the ADA is valuable on many fronts; however, the pre-

sent review of the current standards and recommendations, specifi-

cally on recommended eating patterns, finds significant shortcomings

regarding scientific review methodologies, which are likely to translate

to suboptimal clinical care decisions for people with T2D.

ACKNOWLEDGMENTS

We thank Dr James McCarter and Nina Teicholz for their edits, which

greatly improved the manuscript.

CONFLICT OF INTEREST

S.J.H. is an employee and shareholder of Virta Health, a for-profit com-

pany that provides remote diabetes care using a low-carbohydrate nutri-

tion intervention, and serves as an advisor for Atkins Corp. N.E.D. is a

paid consultant for Virta Health. J.A.K. serves as medical director of

McNair Interests, a private equity group with investments in type 1 dia-

betes and other chronic illnesses, and is also an advisor for Sanofi and

Lexicon. S.J.A. is an employee and shareholder of Virta Health.

ORCID

Sarah J. Hallberg https://orcid.org/0000-0002-8553-8293

Shaminie J. Athinarayanan https://orcid.org/0000-0001-5427-

6748

REFERENCES

1. Institute of Medicine. Clinical Practice Guidelines We Can Trust.

Washington, DC: National Academies Press; 2011.

2. National Academies of Sciences, Engineering, and Medicine. Red-

esigning the Process for Establishing the Dietary Guidelines for Ameri-

cans. Washington, DC: National Academies Press; 2017.

3. Lenzer J, Hoffman J, Furberg C, Ioannidis J. Ensuring the integrity of

clinical practice guidelines: a tool for protecting patients. BMJ.

2013;347.

4. Bouchonville ME, Matani S, DuBroff JJ, DuBroff RJ. Are diabetes

guidelines truly evidence based? Diabetes Res Clin. 2017;127:70-79.

5. Nissen SE. Prevention guidelines: bad process, bad outcome. JAMA

Intern Med. 2014;174:1972-1973.

6. Blake P, Durao S, Naude CE, Bero L. An analysis of methods used to

synthesize evidence and grade recommendations in food-based die-

tary guidelines. Nutr Rev. 2018;76:290-300.

7. Menke A, Casagrande S, Geiss L, Cowie CC. Prevalence of and

trends in diabetes among adults in the United States, 1988–2012.

JAMA. 2015;314:1021-1029.

8. Centers for Disease Control and Prevention. National Diabetes Statis-

tics Report, 2017. Atlanta, GA: Centers for Disease Control and Pre-

vention, US Department of Health and Human Services; 2017.

9. International Diabetes Federation. Recommendations for Managing

Type 2 Diabetes in Primary Care, 2017. www.idf.org/managing-

type2-diabetes. Accessed January 2019.

10. Society for Endocrinology Metabolism and Diabetes of South Africa

Type 2 Diabetes Guidelines Expert Committee. The 2017 SEMDSA

guideline for the management of type 2 diabetes guideline commit-

tee. JEMDSA. 2017;21:S1-S196.

11. Davies MJ, D'Alessio DA, Fradkin J, et al. Management of hypergly-

cemia in Type 2 diabetes, 2018. A consensus report by the American

Diabetes Association (ADA) and the European Association for the

Study of Diabetes (EASD). Diabetes Care. 2018;41(12):2669-2701.

12. American Diabetes Association. Standards of medical care in diabe-

tes. Chapter 4: lifestyle management. Diabetes Care. 2018;41:

S38-S50.

13. Evert AB, Boucher JL, Cypress M, et al. Nutrition therapy recom-

mendations for the management of adults with diabetes. Diabetes

Care. 2014;37:S120-S143.

14. American Diabetes Association. Standards of medical care in diabetes.

Chapter 5: lifestyle management. Diabetes Care. 2019;42:S46-S60.

15. Azadbakht L, Fard NR, Karimi M, et al. Effects of the dietary

approaches to stop hypertension (DASH) eating plan on cardiovas-

cular risks among type 2 diabetic patients: a randomized crossover

clinical trial. Diabetes Care. 2011;34:55-57.

16. Harsha DW, Lin PH, Obarzanek E, et al. Dietary approaches to stop

hypertension: a summary of study results. J Am Diet Assoc. 1999;99:

S35-S39.

17. US Department of Health and Human Services. USDA Dietary Guide-

lines for Americans 2010. www.dietaryguidelines.com. Accessed

August 2018.

18. Sacks FM, Svetkey LP, Vollmer VM, et al. Effects on blood pressure

of reduced dietary sodium and the Dietary Approaches to Stop

Hypertension (DASH) diet. N Engl J Med. 2001;344:3-10.

19. Appel LJ, Moore TJ, Obarzanek E, et al. A clinical trial of the effects

of dietary patterns on blood pressure. N Engl J Med. 1997;336:

1117-1124.

20. Cespedes EM, Hu FB, Tinker L, et al. Multiple healthful dietary pat-

terns and type 2 diabetes in the Women's Health Initiative. Am J

Epidemiol. 2016;183:622-633.

21. Ley SH, Hamdy O, Mohan V, Hu FB. Prevention and management of

type 2 diabetes: dietary components and nutritional strategies. Lan-

cet. 2014;383:1999-2007.

22. Campbell AP. DASH eating plan: an eating pattern for diabetes man-

agement. Diabetes Care. 2017;30:76-81.

23. Blumenthal JA, Babyak MA, Sherwood A, et al. Effects of the dietary

approaches to stop hypertension diet alone and in combination with

exercise and caloric restriction on insulin sensitivity and lipids.

Hypertension. 2010;55:1199-1205.

24. Paula TP, Viana LV, Neto AT, et al. Effects of the DASH diet and

walking on blood pressure in patients with type 2 diabetes and

uncontrolled hypertension: a randomized controlled trial. J Clin

Hypertens. 2015;17:895-901.

25. Esposito K, Maiorino MI, Ciotola M, et al. Effects of a

Mediterranean-style diet on the need for antihyperglycemic drug

therapy in patients with newly diagnosed type 2 diabetes: a random-

ized trial. Ann Intern Med. 2009;151:306-314.

26. Estruch R, Ros E, Salas-Salvado J, et al. Primary prevention of cardio-

vascular disease with a Mediterranean diet. N Engl J Med. 2013;378:

1279-1290.

27. Estruch R, Ros E, Salas-Salvado J, et al. Primary prevention of cardio-

vascular disease with a Mediterranean diet supplemented with

extra-virgin olive oil or nuts. N Engl J Med. 2018;378:e34.

28. Elhayany A, Lustman A, Abel R, Attal-Singer J, Vinker S. A low carbo-

hydrate Mediterranean diet improves cardiovascular risk factors and

diabetes control among overweight patients with type 2 diabetes

1776 HALLBERG ET AL.

https://orcid.org/0000-0002-8553-8293
https://orcid.org/0000-0002-8553-8293
https://orcid.org/0000-0001-5427-6748
https://orcid.org/0000-0001-5427-6748
https://orcid.org/0000-0001-5427-6748
http://www.idf.org/managing-type2-diabetes
http://www.idf.org/managing-type2-diabetes
http://www.dietaryguidelines.com/


mellitus: a 1-year prospective randomized intervention study. Diabe-

tes Obes Metab. 2010;12:204-209.

29. Wheeler ML, Dunbar SA, Jaacks LM, et al. Macronutrients, food

groups, and eating patterns in the management of diabetes: a sys-

tematic review of the literature, 2010. Diabetes Care. 2012;35:

434-445.

30. Franz MJ, Powers MA, Leontos C, et al. The evidence for medical

nutrition therapy for type 1 and type 2 diabetes in adults. J Am Diet

Assoc. 2010;110:1852-1889.

31. Boucher JL. Mediterranean eating pattern. Diabetes Spectr. 2017;3:

72-76.

32. Toobert DJ, Glasgow RE, Strycker LA, et al. Biologic and quality-of-

life outcomes from the Mediterranean Lifestyle Program: a random-

ized clinical trial. Diabetes Care. 2003;26:2288-2293.

33. Maiorino MI, Bellastella G, Petrizzo M, et al. Effect of a Mediterra-

nean diet on endothelial progenitor cells and carotid intima-media

thickness in type 2 diabetes: follow-up of a randomized trial. Eur J

Prev Cardiol. 2017;24:399-408.

34. Esposito K, Maiorino MI, Petrizzo M, Bellastella G, Giugliano D. The

effects of a Mediterranean diet on the need for diabetes drugs and

remission of newly diagnosed type 2 diabetes: follow-up of a ran-

domized trial. Diabetes Care. 2014;37:1824-1830.

35. Ceriello A, Esposito K, La Sala L, et al. The protective effect of the

Mediterranean diet on endothelial resistance to GLP-1 in type 2 dia-

betes: a preliminary report. Cardiovasc Diabetol. 2014;13:140.

36. Shai I, Schwarzfuchs D, Henkin Y, et al. Weight loss with a low-car-

bohydrate, Mediterranean, or low-fat diet. N Engl J Med. 2008;359:

229-241.

37. Itsiopoulos C, Brazionis L, Kaimakamis M, et al. Can the Mediterra-

nean diet lower HbA1c in type 2 diabetes? Results from a random-

ized cross-over study. Nutr Metab Cardiovasc Dis. 2011;21:740-747.

38. Esposito K, Maiorino MI, Ceriello A, Giugliano D. Prevention and

control of type 2 diabetes by Mediterranean diet: a systematic

review. Diabetes Res Clin Pract. 2010;89:97-102.

39. Esposito K, Maiorino MI, Bellastella G, Chiodini P, Panagiotakos D,

Giugliano D. A journey into a Mediterranean diet and type 2 diabe-

tes: a systematic review with meta-analyses. BMJ Open. 2015;5:

e008222.

40. Ajala O, English P, Pinkney J. Systematic review and meta-analysis

of different dietary approaches to the management of type 2 diabe-

tes. Am J Clin Nutr. 2013;97:505-516.

41. Huo R, Du T, Xu Y, et al. Effects of Mediterranean-style diet on gly-

cemic control, weight loss and cardiovascular risk factors among

type 2 diabetes individuals: a meta-analysis. Eur J Clin Nutr. 2015;69:

1200-1208.

42. Pan B, Wu Y, Yang Q, et al. The impact of major dietary patterns on

glycemic control, cardiovascular risk factors, and weight loss in

patients with type 2 diabetes: a network meta-analysis. J Evid Based

Med. 2019;12(1):29-39.

43. Schwingschackl L, Chaimani A, Hoffmann G, Schwedheim C, Boeing

H. A network meta-analysis on the comparative efficacy of different

dietary approaches on glycaemic control in patients with type 2 dia-

betes mellitus. Eur J Epidemiol. 2018;33:157-170.

44. Esposito K, Ciotola M, Giugliano D. Low carbohydrate diet and coro-

nary heart disease in women. N Engl J Med. 2007;356:750-752.

45. Esposito K, Marfella R, Ciotola M, et al. Effect of a Mediterranean-

style diet on endothelial dysfunction and markers of vascular inflam-

mation in the metabolic syndrome: a randomized trial. JAMA. 2004;

292:1440-1446.

46. Schwenke DC. Insulin resistance, low-fat diets, and low-

carbohydrate diets: time to test new menus. Curr Opin Lipidol. 2005;

16:55-60.

47. Rinaldi S, Campbell EE, Fournier J, O'Connor C, Madill J. A compre-

hensive review of the literature supporting recommendations from

the Canadian Diabetes Association for the use of a plant-based diet

for management of type 2 diabetes. Can J Diabetes. 2016;40:

471-477.

48. Pawlak R. Vegetarian diets in the prevention and management of

diabetes and its complications. Diabetes Spectr. 2017;30:82-88.

49. Barnard ND, Cohen J, Jenkins DJ, et al. A low-fat vegan diet

improves glycemic control and cardiovascular risk factors in a ran-

domized clinical trial in individuals with type 2 diabetes. Diabetes

Care. 2006;29:1777-1783.

50. Turner-McGrievy GM, Barnard ND, Cohen J, Jenkins DJ, Gloede L,

Green AA. Changes in nutrient intake and dietary quality among par-

ticipants with type 2 diabetes following a low-fat vegan diet or a

conventional diabetes diet for 22 weeks. J Am Diet Assoc. 2008;108:

1636-1645.

51. Nicholson AS, Sklar M, Barnard ND, Gore S, Sullivan R, Browning S.

Toward improved management of NIDDM: a randomized, con-

trolled, pilot intervention using a low fat, vegetarian diet. Prev Med.

1999;29:87-91.

52. Tonstad S, Butler T, Yan R, Fraser GE. Type of vegetarian diet, body

weight, and prevalence of type 2 diabetes. Diabetes Care. 2009;32:

791-796.

53. Kahleova H, Matoulek M, Malinska H, et al. Vegetarian diet

improves insulin resistance and oxidative stress markers more than

conventional diet in subjects with type 2 diabetes. Diabet Med.

2011;28:549-559.

54. Barnard ND, Cohen J, Jenkins DJ, et al. A low-fat vegan diet and a

conventional diabetes diet in the treatment of type 2 diabetes: a

randomized, controlled, 74-wk clinical trial. Am J Clin Nutr. 2009;89:

1588S-1596S.

55. De Mello VDF, Zelmanovitz T, Perassolo MS, et al. Withdrawal of

red meat from the usual diet reduces albuminuria and improves

serum fatty acid profile in type 2 diabetes patients with

macroalbuminuria. Am J Clin Nutr. 2006;83:1032-1038.

56. Lee YM, Kim SA, Lee IK, et al. Effect of a brown rice based vegan

diet and conventional diabetic diet on glycemic control of patients

with type 2 diabetes: a 12 week randomized clinical trial. PLoS ONE.

2016;11:e0155918.

57. Mishra S, Xu J, Agarwal U, Gonzales J, Levin S, Barnard ND. A multi-

center randomized controlled trial of a plant-based nutrition pro-

gram to reduce body weight and cardiovascular risk in the corporate

setting: the GEICO study. Eur J Clin Nutr. 2013;67:718-724.

58. Barnard ND, Levin SM, Gloede L, Flores R. Turning the waiting room

into a classroom: weekly classes using a vegan or a portion con-

trolled eating plan improve diabetes control in a randomized transla-

tional study. J Acad Nutr Diet. 2018;118:1072-1079.

59. Kahleova H, Hill M, Pelikanova T. Vegetarian vs conventional dia-

betic diet: 1 year follow-up. Cor Vasa. 2014;56:e140-e144.

60. Ferdowsian HR, Barnard ND, Hoover VJ, et al. A multicomponent

intervention reduces body weight and cardiovascular risk at a

GEICO corporate site. Am J Health Promot. 2010;24:384-388.

61. Berman MA, Guthrie NL, Edwards KL, et al. Change in glycemic con-

trol with use of a digital therapeutic in adults with type 2 diabetes:

cohort study. JMR Diabetes. 2018;3:e4.

62. Yokoyama Y, Barnard ND, Levin SM, Watanabe M. Vegetarian diets

and glycemic control in diabetes: a systematic review and meta-anal-

ysis. Cardiovasc Diagn Ther. 2014;4:373-382.

63. Chen Z, Zuurmond MG, van der Schaft N, et al. Plant versus animal

based diets and insulin resistance, prediabetes and type 2 diabetes:

the Rotterdam study. Eur J Epidemiol. 2018;33:883-893.

64. Lim EL, Hollingsworth KG, Aribisala BS, Chen MJ, Mathers JC,

Taylor R. Reversal of type 2 diabetes: normalisation of beta cell

function in association with decreased pancreas and liver

triacylglycerol. Diabetologia. 2011;54:2506-2514.

65. Steven S, Hollingsworth KG, Al-Mrabeh A, et al. Very low-calorie

diet and 6 months of weight stability in type 2 diabetes:

HALLBERG ET AL. 1777



pathophysiological changes in responders and nonresponders. Dia-

betes Care. 2016;39:808-815.

66. Wang F, Zheng J, Yang B, et al. Effects of vegetarian diets on blood

lipids: a systematic review and meta-analysis of randomized con-

trolled trials. J Am Heart Assoc. 2015;4:e002408.

67. Yokoyama Y, Levin SM, Barnard ND. Association between plant-

based diets and plasma lipids: a systematic review and meta-analysis.

Nutr Rev. 2017;75:683-698.

68. Fizelova M, Miilunpohja M, Kangas AJ, et al. Associations of multiple

lipoprotein and apolipoprotein measures with worsening of glycemic

and incident type 2 diabetes in 6607 non-diabetic Finnish men. Ath-

erosclerosis. 2015;240:272-277.

69. Stern L, Iqbal N, Seshadri P, et al. The effects of low-carbohydrate

versus conventional weight loss diets in severely obese adults: one-

year follow-up of a randomized trial. Ann Intern Med. 2004;140:

778-785.

70. Miyashita Y, Koide N, Ohtsuka M, et al. Beneficial effect of low car-

bohydrate in low calorie diets on visceral fat reduction in type 2 dia-

betic patients with obesity. Diabetes Res Clin Pract. 2004;65:

235-241.

71. Jönsson T, Granfeldt Y, Ahren B, et al. Beneficial effects of a Paleo-

lithic diet on cardiovascular risk factors in type 2 diabetes: a random-

ized cross-over pilot study. Cardiovasc Diabetol. 2009;8:3.

72. Khoo J, Piantadosi C, Duncan R, et al. Comparing effects of a low-

energy diet and a high-protein low-fat diet on sexual and endothelial

function, urinary tract symptoms, and inflammation in obese diabetic

men. J Sex Med. 2011;8:2868-2875.

73. Davis NJ, Tomuta N, Schechter C, et al. Comparative study of the

effects of a 1-year dietary intervention of a low- carbohydrate diet

versus a low-fat diet on weight and glycemic control in type 2 diabe-

tes. Diabetes Care. 2009;32:1147-1152.

74. Daly ME, Paisey R, Paisey R, et al. Short-term effects of severe die-

tary carbohydrate-restriction advice in type 2 diabetes: a random-

ized controlled trial. Diabet Med. 2006;23:15-20.

75. Dyson PA, Beatty S, Matthews DR. A low-carbohydrate diet is more

effective in reducing body weight than healthy eating in both dia-

betic and non-diabetic subjects. Diabet Med. 2007;24:1430-1435.

76. Wolever TM, Gibbs AL, Mehling C, et al. The Canadian trial of carbo-

hydrates in diabetes (CCD), a 1-yr controlled of low-glycemic index

dietary carbohydrate in type 2 diabetes: no effect on glycated hemo-

globin but reduction in C-reactive protein. Am J Clin Nutr. 2008;87:

114-125.

77. Kirk JK, Graves DE, Craven TE, Lipkin EW, Austin M, Margolis KL.

Restricted-carbohydrate diets in patients with type 2 diabetes: a

meta-analysis. J Am Diet Assoc. 2008;108(1):91-100.

78. Iqbal N, Vetter ML, Moore RH, et al. Effects of a low-intensity inter-

vention that prescribed a low-carbohydrate vs. a low-fat diet in

obese, diabetic participants. Obesity (Silver Spring). 2010;18(9):1733-

1738.

79. Snorgaard O, Poulsen GM, Andersen HK, Astrup A. Systematic

review and meta-analysis of dietary carbohydrate restriction in

patients with type 2 diabetes. BMJ Open Diabetes Res Care. 2017;5:

e000354.

80. Van Wyk HJ, Davis RE, Davies JS. A critical review of low-

carbohydrate diets in people with type 2 diabetes. Diabet Med.

2016;33:148-157.

81. Meng Y, Bai H, Wang S, Li Z, Wang Q, Chen L. Efficacy of low carbo-

hydrate diet for type 2 diabetes mellitus management: a systematic

review and meta-analysis of randomized controlled trials. Diabetes

Res Clin Pract. 2017;131:124-131.

82. Tay J, Luscombe-Marsh ND, Thompson CH, et al. Comparison of

low- and high-carbohydrate diets for type 2 diabetes management: a

randomized trial. Am J Clin Nutr. 2015;102:780-790.

83. Goday A, Bellido D, Sajoux I, et al. Short-term safety, tolerability and

efficacy of a very low-calorie ketogenic diet interventional weight

loss program versus hypocaloric diet in patients with type 2 diabetes

mellitus. Nutr Diabetes. 2016;6:e230.

84. Saslow LR, Mason AE, Kim S, et al. An online intervention comparing

a very low-carbohydrate ketogenic diet and lifestyle recommenda-

tions versus a plate method diet in overweight individuals with type

2 diabetes: a randomized controlled trial. J Med Internet Res. 2017;

19:e36.

85. Nusca A, Tuccinardi D, Albano M, et al. Glycemic variability in the

development of cardiovascular complications in diabetes. Diabetes

Metab Res Rev. 2018;34:e3047.

86. Saslow LR, Daubenmier JJ, Moskowitz JT, et al. Twelve-month

outcomes of a randomized trial of a moderate-carbohydrate

versus very low-carbohydrate diet in overweight adults with

type 2 diabetes mellitus or prediabetes. Nutr Diabetes. 2017;

7:304.

87. Yamada Y, Uchida J, Izumi H, et al. A non-calorie-restricted low-

carbohydrate diet is effective as an alternative therapy for patients

with type 2 diabetes. Intern Med. 2014;53:13-19.

88. Guldbrand H, Dizdar B, Bunjaku B, et al. In type 2 diabetes,

randomisation to advice to follow a low-carbohydrate diet tran-

siently improves glycaemic control compared with advice to follow a

low-fat diet producing a similar weight loss. Diabetologia. 2012;55:

2118-2127.

89. Westman EC, Yancy WS, Mavropoulos JC, Marquart M, McDuffie

JR. The effect of a low-carbohydrate, ketogenic diet versus a low-

glycemic index diet on glycemic control in type 2 diabetes mellitus.

Nutr Metab. 2008;19:36.

90. Samaha FF, Iqbal N, Seshadri P, et al. A low-carbohydrate as com-

pared with a low-fat diet in severe obesity. N Engl J Med. 2003;348:

2074-2081.

91. Tay J, Thompson CH, Luscombe-Marsh ND, et al. Effects of an

energy-restricted low-carbohydrate, high unsaturated fat/low satu-

rated fat diet versus a high-carbohydrate, low-fat diet in type 2 dia-

betes: a 2-year randomized clinical trial. Diabetes Obes Metab. 2018;

20:858-871.

92. Wang LL, Wang Q, Hong Y, et al. The effect of low-carbohydrate

diet on glycemic control in patients with type 2 diabetes mellitus.

Nutrients. 2018;10:pii.:E661.

93. Larsen RN, Mann NJ, Maclean E, Shaw JE. The effect of high-protein,

low-carbohydrate diets in the treatment of type 2 diabetes: a 12

month randomised controlled trial. Diabetologia. 2011;54:731-740.

94. Sato J, Kanazawa A, Makita S, et al. A randomized controlled trial of

130g/day low-carbohydrate diet in type 2 diabetes with poor glyce-

mic control. Clin Nutr. 2017;36:992-1000.

95. Boden G, Sargrad K, Homko C, Mozzoli M, Stein TP. Effect of a low

carbohydrate diet on appetite, blood glucose levels, and insulin resis-

tance in obese patients with type 2 diabetes. Ann Intern Med. 2005;

142:403-411.

96. Gannon MC, Nuttall FQ. Effect of a high-protein, low-carbohydrate

diet on blood glucose control in people with type 2 diabetes. Diabe-

tes. 2004;53:2375-2382.

97. Haimoto H, Iwata M, Wakai K, Umegaki H. Long-term effects of a

diet loosely restricting carbohydrates on HbA1c levels, BMI and

tapering of sulfonylureas in type 2 diabetes: a 2-year follow-up

study. Diabetes Res Clin Pract. 2008;79:350-356.

98. Sanada M, Kabe C, Hata H, et al. Efficacy of a moderately low carbo-

hydrate diet in a 36-month observational study of Japanese patients

with Type 2 diabetes. Nutrients. 2018;10:E528.

99. Hallberg SJ, McKenzie AL, Williams PT, et al. Effectiveness and

safety of a novel care model for the management of type 2 diabetes

at 1 year: an open-label, non-randomized, controlled study. Diabetes

Ther. 2018;9:583-612.

100. Krebs JD, Bell D, Hall R, et al. Improvements in glucose metabolism

and insulin sensitivity with a low-carbohydrate diet in obese patients

with type 2 diabetes. J Am Coll Nutr. 2013;32:11-17.

1778 HALLBERG ET AL.



101. Hussain TA, Matthew TC, Dashti AA, et al. Effect of low-calorie ver-

sus low-carbohydrate ketogenic diet in type 2 diabetes. Nutrition.

2012;28:1016-1021.

102. Sasakabe T, Haimoto H, Umegaki H, Wakai K. Effects of a moderate

low-carbohydrate diet on preferential abdominal fat loss and cardio-

vascular risk factors in patients with type 2 diabetes. Diabetes Metab

Syndr Obes. 2011;4:167-174.

103. Nielsen JV, Joensson EA. Low carbohydrate diet in type 2 diabetes:

stable improvement of bodyweight and glycemic control during 44

months follow-up. Nutr Metab. 2008;5:14.

104. Nielsen JV, Jonsson E, Nilsson AK. Lasting improvement of hyper-

glycaemia and bodyweight: low-carbohydrate diet in type 2 diabe-

tes. A brief report. Ups J Med Sci. 2005;110:179-183.

105. Dashti HM, Matthew TC, Khadada M, et al. Beneficial effects of

ketogenic diet in obese diabetic subjects. Mol Cell Biochem. 2007;

302:249-256.

106. Yancy WS, Foy M, Chalecki AM, Vernon AC, Westman EC. A low

carbohydrate, ketogenic diet to treat type 2 diabetes. Nutr Metab.

2005;2:34.

107. Dashti HM, Mathew TC, Hussein T, et al. Long-term effects of a

ketogenic diet in obese patients. Exp Clin Cardiol. 2004;9:200-205.

108. Huntriss R, Campbell M, Bedwell C. The interpretation and effect of

a low-carbohydrate diet in the management of type 2 diabetes: a

systemic review and meta-analysis of randomised controlled trials.

Eur J Clin Nutr. 2018;72:311-325.

109. Castaneda-Gonzalez LM, Bacardi Gascon M, Jimenez CA. Effects of

low carbohydrate diets on weight and glycemic control among type

2 diabetes individuals: a systemic review of RCT greater than 12

weeks. Nutr Hosp. 2011;26:1270-1276.

110. Sainsbury E, Kizirian NV, Partridge SR, Gill T, Colagiuri S, Gibson AA.

Effect of dietary carbohydrate restriction on glycemic control in

adults with diabetes: a systematic review and meta-analysis. Diabe-

tes Res Clin Pract. 2018;139:239-252.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Hallberg SJ, Dockter NE,

Kushner JA, Athinarayanan SJ. Improving the scientific rigour

of nutritional recommendations for adults with type 2

diabetes: A comprehensive review of the American Diabetes

Association guideline-recommended eating patterns. Diabetes

Obes Metab. 2019;21:1769–1779. https://doi.org/10.1111/

dom.13736

HALLBERG ET AL. 1779

https://doi.org/10.1111/dom.13736
https://doi.org/10.1111/dom.13736

	 Improving the scientific rigour of nutritional recommendations for adults with type 2 diabetes: A comprehensive review of ...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	3  RESULTS
	3.1  Dietary approaches to stop hypertension diet
	3.1.1  Cited evidence
	3.1.2  Additional evidence
	3.1.3  Summary of evidence

	3.2  Mediterranean diet
	3.2.1  Cited evidence
	3.2.2  Additional evidence
	3.2.3  Summary of evidence

	3.3  Plant-based diet
	3.3.1  Cited evidence
	3.3.2  Additional evidence
	3.3.3  Summary of evidence

	3.4  Low-carbohydrate diet
	3.4.1  Cited evidence
	3.4.2  Additional evidence
	3.4.3  Summary of evidence


	4  SUMMARY
	5  CONCLUSION
	5  ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	  REFERENCES


