
Should patients with diabetes
follow a low-carb diet?
Before you recommend a low-carbohydrate diet for weight loss, read this review of the effect
these diets can have on a patient with type 2 diabetes.

Michael J. Chandler, RD, CNSD, MS; Leslie A.
Hildebrandt, PhD, RD

T
ype 2 diabetes is a heterogeneous disorder
characterized by variable plasma insulin levels
with associated hyperglycemia and peripheral
insulin resistance. Postinsulin-receptor impair-
ments include altered glucose transporter func-

tion and enzymatic abnormalities. Insulin resistance manifests
as persistent hepatic glucose production and diminished
peripheral glucose disposal. These pathophysiologic mecha-
nisms contribute to the development of heart disease, neu-
ropathy, and nephropathy.1

Insulin resistance alters macronutrient metabolism, result-
ing in diminished protein synthesis and excessive protein
degradation with a loss of lean body mass. Muscle amino
acids used to support increased hepatic glucose production
contribute to hyperglycemia.1 Insulin resistance also alters
lipid metabolism. 

Most patients with type 2 diabetes are overweight (defined
as a body mass index [BMI] of more than 25 kg/m2) before
their disease is diagnosed; insulin resistance increases with
higher body adiposity.1 Patients are encouraged to decrease
body fat in order to decrease insulin resistance, thereby
reducing their risk of chronic complications. However, a low-
carbohydrate diet may influence macronutrient metabolism
differently in patients with type 2 diabetes.2,3 Carbohydrate-
restricted diets may in fact lower lean body mass, thereby
increasing percent of body fat. This change in body composi-
tion potentially increases insulin resistance.

LOW-CARBOHYDRATE DIETS
Many of the most popular low-carbohydrate diets, also
known as ketogenic diets, focus on consuming animal-based
foods and suggest limiting intake of fruits, vegetables, and
complex carbohydrates, not just simple carbohydrates (see
Table 1, page 38). Saturated fat content in most cases is more
than the current recommendations for disease prevention.
And, in view of the limited food choices, adequate micronu-
trient consumption is often corrected with supplements.

Exogenous carbohydrate restriction lowers glucose levels,
resulting in tiredness, headache, and agitation. The body
responds by breaking down muscle protein to maintain ade-
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quate glucose levels, which depletes muscle mass. In addi-
tion, elevated urea production from amino acid catabolism
causes dehydration.

This discussion reviews the results of 26 studies that exam-
ined the effect of low-carbohydrate diets on body weight.
The studies were conducted during the past 40 years. “Table.
A review of 26 studies on low-carbohydrate diets” (in the
online version of this article) shows a breakdown of the
study populations, diet specifics, and weight loss results. 

Study logistics Some low-carbohydrate diets have been
found to produce significant weight loss. In many cases, how-
ever, carbohydrate restriction was accompanied by very low
energy intake.4-13 In contrast, some studies found that carbo-
hydrate restriction (less than 20 g/d) had minimal impact on
weight loss.14-17 Therefore, whether carbohydrate restriction is
an important variable for weight reduction is difficult to deter-
mine. Important factors that impact weight loss are diet dura-
tion, initial BMI, the contribution of carbohydrates to energy
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intake, total kilocalories (kcal) consumed, and how caloric
consumption compares to energy requirements. Consumption
of simple versus complex carbohydrates and the amount of
dietary fiber consumed also impact weight loss. 

Study size The number of participants in these studies
ranged from 1 to 119; seven studies included fewer than 12
participants in each treatment group. Therefore, some studies
may not demonstrate a qualified evaluation of the impact of
carbohydrate restriction on weight loss because an inade-
quate number of subjects were included in the study. Sub-
jects’ obesity status was based on BMI; however, initial BMI
does not influence the effect of low-carbohydrate consump-
tion on weight loss. 

Diet duration Depleting levels of water, muscle glycogen,
and muscle protein produce a rapid weight loss in the early
days of following a diet. Interestingly, a less pronounced
effect on weight loss was observed when the study was pro-
longed. Study lengths ranged from 7 to 365 days. People
reducing their body fat over a long period may become disil-
lusioned over time.

CARBOHYDRATE CONSUMPTION
The percent of total energy intake that was dietary carbohy-
drates compared to the total amount of carbohydrates con-
sumed each day should be considered. In the carbohydrate-
restricted groups, 4% to 44% of calories consumed were 
carbohydrates, compared to 45% to 75% in the control
group. In several cases, however, carbohydrate consumption
for the control group was not known. 

The quantity of carbohydrates consumed by many of the
treatment subjects was much less than current recommenda-
tions (55% to 65% kcal from carbohydrates). Carbohydrate
levels in 10 studies were 10% of recommended kcal or less,
which can substantially reduce lean body mass. Yet carbo-
hydrate consumption levels in the treatment groups of two
studies were very close to current recommendations, and 
the diets these groups followed may not be considered low-
carbohydrate.18,19

The type of carbohydrate (simple versus complex) and the
amount of dietary fiber consumed also are important factors.
Eight studies measured dietary fiber content. On average, the
participants eating a low-carbohydrate diet consumed slightly
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less dietary fiber than the control participants (18.2 g/d vs.
20.4 g/d).10,15,20-25 Only one study measured the type of car-
bohydrates consumed; however, the contribution to total
calories was unknown.15 Future studies are needed to assess
the role of starches, simple carbohydrates, and dietary fiber
content in weight loss. 

To promote a safe rate of weight loss that preserves meta-
bolically active tissue, most clinicians recommend consuming
more than 1,200 kcal/d.19 The caloric intake of the low-
carbohydrate treatment groups ranged from 500 to 2,300
kcal/d. One study provided participants with caloric intake

that maintained their body weight; another study did not
place any restrictions on caloric intake.14,26 Thirty-three per-
cent of the studies required caloric intakes that were below
the current recommendations for safe weight loss. Weight
losses reported in these studies could have been from fluid
and muscle depletion. The caloric intakes of the control
groups were sometimes quite low, often matching those of the
treatment group. In some cases, caloric intake by the control
group was not known; therefore comparisons between the
groups were not possible. Participants consuming comparable
amounts of total kcal exhibited similar amounts of weight
loss.11,12,15,21,24,25,27,28 However, initial and final body weight
values were unavailable. The missing data prevent investiga-
tors from comparing percent weight change, which renders
the study results inconclusive.26,29-32

Caloric intake should be compared to the amount of ener-
gy expended when evaluating the impact of carbohydrate-
restricted diets on weight loss. Larger or more active people
require more energy than smaller or more sedentary people.
Unfortunately, 27% of the studies did not determine energy
requirements; therefore energy balance could not be calculat-
ed. In 80% of those studies, carbohydrate-restricted partici-
pants had a negative energy balance because they consumed
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KEY POINTS
■ Insulin resistance in persons with type 2 diabetes manifests as persistent hepatic glucose 

production and diminished peripheral glucose disposal. These pathophysiologic mechanisms
contribute to the development of heart disease, neuropathy, and nephropathy.

■ Carbohydrate-restricted diets may lower lean body mass, thereby increasing percent of body
fat. This change in body composition potentially increases insulin resistance.

■ Important factors that impact weight loss are diet duration, initial BMI, the contribution of 
carbohydrates to energy intake, total kilocalories consumed, and how caloric consumption
compares to energy requirements. 

■ Many patients with type 2 diabetes follow low-carbohydrate diets in an attempt to lose body
fat; however, adhering to such diets can increase the risk of glycogen depletion, dehydration,
and a loss of metabolically active muscle tissue. 

COMPETENCIES

“An important goal for patients
with type 2 diabetes is to maintain
their weight loss over time.”
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TABLE 1. Popular low-carbohydrate, high-protein diets 

Atkins5 Protein Power6 Stillman4 Sugar Busters8 Zone7

Diet philosophy • Eating too many • Eating carbohydrates • High-protein foods • Sugar is toxic to • Eating the right 
carbohydrates causes releases insulin in burn body fat the body and causes combination of foods 
obesity and other large quantities, • If carbohydrates the release of insulin, creates a  metabolic 
health problems which contributes are consumed, the which promotes state at which the 

• Ketosis leads to to obesity and body stores fat fat storage body functions at peak 
decreased hunger other health problems instead of burning it performance, leading  

to decreased hunger, 
weight loss, and 
increased energy

Foods to eat • Meat, fish, and • Meat, fish, and • Lean meats, • Protein and fat • Protein, fat, 
poultry poultry skinless poultry • Low-glycemic- carbohydrates (must 

• Eggs • Eggs • Lean fish and index foods be exact proportions) 
• Cheese • Cheese seafood • Olive oil and • Low-glycemic-
• Low carbohydrate • Low carbohydrate • Eggs canola oil index foods

vegetables vegetables • Cottage cheese, • Alcoholic  • Alcoholic  
• Butter and oil • Butter, oil, and skim milk, beverages allowed, beverages allowed,  
• No alcoholic salad dressings and cheeses in moderation in moderation

beverages • Alcoholic  • No alcoholic 
beverages allowed, beverages
in moderation

Foods to avoid • Breads and pasta • Breads and pasta • Breads and pasta • Potatoes, white • Bread and pasta
• Most fruits and • Fruits and • Fruits and  rice, and corn • Some types of fruit

vegetables vegetables vegetables • Carrots and beets • Saturated fats
• Milk • Fats and oils • Fats and oils • All refined white 

• Dairy products • Dairy products flour products

Diet composition • Carbohydrate: 5% • Carbohydrate: 16% • Carbohydrate: 3% • Carbohydrate: 52% • Carbohydrate: 36%
(average %  • Protein: 27% • Protein: 26% • Protein: 64% • Protein: 27% • Protein: 34% 
of kilocalories • Total fat: 68% • Total fat: 54% • Total fat: 33% • Total fat: 21% • Total fat: 29% 
consumed  • Saturated fat: 26% • Saturated fat: 18% • Saturated fat: 13% • Saturated fat: 4% • Saturated fat: 9% 
over 3 d) • Alcohol: 0% • Alcohol: 4% • Alcohol: 0% • Alcohol: 0% • Alcohol: 1%

Recommended Multivitamin and Multivitamin and Multivitamin and None 200 IU vitamin E
supplements mineral supplement mineral supplement mineral supplement

including chromium 
picolinate, carnitine, 
and coenzyme Q10

Practicality • Limited food choices • Not practical as a • Extreme  • Not practical as a • Menus are plain 
• Difficult to eat in long-term diet plan restrictions in long-term diet plan and unappealing

restaurants • Rigid rules food choices • Rigid rules • Vegetable portions 
• Very little variety are very large 

• Difficult to calculate 
portions

Data from Stillman IM and Baker SS,4 Atkins RC,5 Eades MR and Eades MD,6 Sears B and Lawren W,7 Steward HL et al,8 and St Jeor ST, Howard BV, Prewitt TE, et al; Nutrition Committee
of the Council on Nutrition, Physical Activity, and Metabolism of the American Heart Association. Dietary protein and weight reduction: a statement for healthcare professionals from the
National Committee on the Council on Nutrition, Physical Activity, and Metabolism of the American Heart Association. Circulation. 2001;104(15):1869-1874.



only 30% to 88% of recommended kcal requirements. As
expected, weight loss was more pronounced in participants
for whom kcal were restricted. The composition of that loss
is not known because muscle mass and water are assumed to
be lost during rapid weight loss.33-35 Results of two studies
showed carbohydrate-restricted participants lost significantly
more weight than the control group even though the treat-
ment group had a more positive or equal energy balance.10,20

However, the sample size in one study was small and dietary
consumption was determined through self-reported food rec-
ords.20 Future studies need to include larger populations, long-
er diet durations, and complete energy-balance information. 

An important goal for patients with type 2 diabetes is to
maintain their weight loss. Two studies examined the long-
term effects of carbohydrate restriction.24,36 After 1 year,
weight loss achieved by consuming 40% to 43% kcal from
carbohydrates was not significant compared to weight loss
achieved by consuming 52% to 54% kcal from carbohy-
drates. The effect of low-carbohydrate diets on maintaining
weight loss needs further investigation.

Total weight loss needs to be distinguished from changes in
body fat. Depletion of metabolically active muscle tissue is an
undesirable result. Nine studies measured body composition;
however, the results were inconsistent because a variety of
methods were used.10,12,17,20,22,25,29,30,37 More studies on the
impact of carbohydrate restriction on body fat loss and lean
body mass preservation are needed.

HYDRATION STATUS
None of the studies assessed total fluid consumption and
fluid balance. If high protein consumption and gluconeogen-
esis secondary to carbohydrate restriction resulted in en-
hanced urea production, the participants may have become
dehydrated. Water loss could have contributed to the weight
that was lost. Interestingly, 51% of the carbohydrate-restricted
participants (5% kcal from carbohydrates) in one study
developed a headache that could have been linked to fluid
depletion.29 In another study, 60% of the participants con-
suming 8% kcal from carbohydrates developed a headache
and 35% of the participants developed muscle cramps.17 In
future studies, fluid status should be monitored to evaluate
weight loss composition.

GLUCOSE AND INSULIN 
Glycemic response reflects the body’s uptake and metabolism
of carbohydrates. In addition to consumption of simple versus
complex carbohydrates and total carbohydrate consumption,
dietary fat intake plays a pivotal role. Fats delay gastric empty-
ing, thereby delaying glucose disposal. Adherence to carbohy-
drate-restricted diets rich in fat can alter the glycemic response.

Fasting glucose levels were comparatively measured in 11
studies. Participants in six of these studies were euglycemic
throughout the study period.10,12,22,25,37,38 Preprandial and post-
prandial glucose levels were recorded in only one study.25

Most of the studies were of short duration (4 to 12 weeks)
and contained a small number of participants; only four
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included patients with diagnosed type 2 diabetes.21,23,24,39 In
many cases, the type of carbohydrates consumed and the
amount of dietary fiber were not disclosed. Both of these 
factors can have a significant effect on fasting glucose levels.
When glucose levels in the treatment and control groups
were compared, low-carbohydrate intake produced signifi-
cantly lower circulating glucose levels. After 30 days of con-
suming 7% kcal from carbohydrates, circulating glucose lev-
els were lowered from 116 mg/dL to 76 mg/dL.15

In four studies that did not find significantly different glu-
cose levels between groups, carbohydrate restriction was not
extensive (40% to 44% kcal from carbohydrates)12,25,36,39 or
dietary fiber intake was higher in the control group.12 Inter-
estingly, in three of these studies, high glucose levels were

maintained both before and after dietary interventions.25,36,39

Therefore, as expected, exogenous carbohydrate restriction
results in decreased fasting glucose levels in normoglycemic
people. However, this response was observed in only one of
the studies that included patients with type 2 diabetes.21

Altering fasting glucose levels also may change insulin re-
sponse. Insulin regulates tissue glucose uptake and macronutri-
ent metabolism, with secretion occurring only when circulating
glucose and select amino acids are present.26 Insulin resistance
contributes to the pathophysiology of type 2 diabetes and, as
tissues fail to respond to circulating insulin, insulin production
rises above normal levels. Hyperinsulinemia may be observed
when carbohydrate consumption, energy balance, and body
fat are high. However, circulating insulin concentrations may
not reflect insulin response by target tissues. 

Thirteen studies measured fasting insulin levels.10,12,15,

20-22,24,25,32,36-39 Circulating insulin was normal in 10 stud-
ies,10,12,15,20-22,25,36,38,39 and two studies25,37 included people 
with hyperinsulinemia. In 8 of the 13 studies, insulin levels
decreased significantly when carbohydrate consumption was
decreased.10,12,15,20,22,37-39 One study did not provide data for
the control group, thereby limiting comparative analysis.32

TABLE 2. Effects of carbohydrate restriction

Caloric intake is often severely low 

Carbohydrate restriction alone does not result in weight loss

Possible loss of metabolically active tissue

Significant increase in LDL-C when carbohydrate restriction is eased

Weight loss was not maintained 1 year later

“Adherence to a carbohydrate-
restricted diet rich in fat can alter
the glycemic response.”

Continued on page 40



Circulating insulin levels increased in normoinsulinemic sub-
jects during carbohydrate restriction in one study, possibly
because carbohydrate-restricted subjects had a higher dietary
fiber intake (25 g/d).25 The percent drop in circulating
insulin was greater for the treatment group compared to the
control group. The six studies that illustrated the greatest
change in plasma insulin did not indicate the type of carbo-
hydrates consumed.12,20,22,37-39 Dietary fiber and fat composi-
tion, as well as the level of physical activity, also were not
monitored in some studies.12,37,39 The majority of the studies
demonstrated that circulating insulin concentrations dropped
more often in the low-carbohydrate groups. 

Patients with type 2 diabetes produce insulin, but their cells
are resistant to its mechanism of action. A decrease in circu-
lating insulin may be beneficial for patients with type 2 dia-
betes; however, only four studies included participants with
diabetes.21,24,36,39 In addition, a drop in insulin level does not
necessarily translate into reduced insulin resistance. If carbo-
hydrate restriction lowers glucose and insulin levels, circulat-
ing lipids also may be altered. Further investigation is need-
ed; new studies should have larger populations that include
more patients with diabetes, be conducted for longer dura-
tions, and include more comprehensive monitoring of glu-
cose and insulin. 

LIPOPROTEINS
The risk of developing cardiovascular disease (CVD) is 2 to
4 times higher for the diabetic population. People with dia-
betes exhibit multiple coronary heart disease (CHD) risk fac-
tors including elevated total plasma cholesterol, increased
LDL cholesterol, lower HDL cholesterol, and elevated
triglycerides. Total plasma cholesterol, although not as indica-
tive as lipoprotein cholesterol levels, is positively related to
CHD. Fifteen studies compared total cholesterol levels, with
seven of them including participants with normal plasma
cholesterol levels prior to dietary intervention.21,24,28,37-40 Two
studies included people with diabetes.21,39 In 10 of the 15
studies, no significant difference in total cholesterol levels
were found following dietary intervention between the treat-
ment and control groups. However, the low-carbohydrate
groups of five studies had significantly more circulating total
cholesterol compared to the control groups.13,14,24,38,39 The
increased plasma cholesterol levels following carbohydrate
restriction may be a result of elevated LDL-C levels.   

Patients who have diabetes and CHD with elevated LDL-
C are 2 to 3 times more likely to have recurrent cardiac
events than are patients who have CHD and similar LDL-C
but do not have diabetes. Eleven studies measured LDL-
C;10,13,14,17,21,24,25,37-40 in three of these studies, LDL-C was ele-
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vated before dietary intervention.17,25,40 People with diabetes
were included in two of these studies.21,24 In seven studies,
LDL-C increased significantly after carbohydrate restric-
tion.13,14,17,21,24,38,40 Many of the carbohydrate-restricted diets
resulted in high levels of total fats (all of the studies) and 
saturated fats (57% of the studies), which may explain the
increased LDL-C. None of the reviewed studies found a sig-
nificant decrease in LDL-C following carbohydrate restric-
tion. Therefore, low carbohydrate diets should not be recom-
mended because resultant increased LDL-C may accelerate
mortality and morbidity in patients with diabetes. 

HDL transports cholesterol and other lipids back to the
liver, which reduces CHD risk. Fourteen studies measured
HDL-C;10,12-14,17,21,22,24,25,28,37-40 people with diabetes were includ-
ed in three of them.21,24,39 HDL was normal prior to dietary
intervention in 50% of the studies.10,14,17,28,38-40 The impact of
dietary intervention on HDL-C was minimal in the majority
of cases. However, three studies found significantly increased
HDL-C during carbohydrate restriction.14,17,38 Unfortunately,
environmental factors such as exercise and alcohol consump-
tion were not measured; therefore, the effects of these factors
were not a part of the study results. 

Hypertriglyceridemia reflects insulin resistance and the con-
stellation of metabolic abnormalities that predispose patients
with diabetes to CHD. Fasting triglyceride levels reflect
endogenous fat synthesis. Fat production occurs when food
consumption creates a positive energy balance. Alcohol and
simple carbohydrates also increase fasting triglyceride levels.
Circulating triglyceride levels were compared in 15 stud-
ies.10,12-14,17,21,22,24,25,28,36-39 Preintervention triglyceride levels were
normal in seven of these studies,10,14,22,28,36,38,40 and people with
diabetes were included in three of them.21,24,39 No significant
difference in triglyceride levels was observed following carbo-
hydrate restriction in five studies.12,28,36,37,39 However, nine
studies found circulating triglyceride levels decreased during
carbohydrate restriction.10,14,17,21,22,24,25,38,40 Severe caloric restric-
tion, which occurred in the majority of the carbohydrate-
restricted groups, may have contributed to the decrease in
plasma triglycerides. A negative energy balance of the magni-
tude observed can lead to muscle loss and lower basal energy
requirements. This observation is difficult to interpret when
alcohol and simple carbohydrate consumption for the control
groups is unavailable, which occurred often.

The risk of CVD is a major concern for patients with type
2 diabetes. Low-carbohydrate diets also increase circulating
homocysteine and fibrinogen levels, which are positively
associated with CVD incidence.13 These diets are also low in
the micronutrients and phycochemicals that serve as antioxi-

ON THE WEB
•Table: A review of 26 studies on low-
carbohydrate diets
Please see the online version of this article at
www.jaapa.com for this enhancement.

“Low-carbohydrate diets may 
elevate circulating LDL-C and, in
turn, increase the risk of CVD.”



dants and can reduce CVD risk.10,18,41 Inadequate antioxidant
consumption promotes more free radical damage to arterial
walls and increases oxidized LDL-C, thereby increasing the
incidence of stroke and MI in patients with diabetes.

CONCLUSION
Research has identified key factors that deem carbohydrate-
restricted diets to be inappropriate for patients with type 2
diabetes (see Table 2, page 39). Many patients with type 2
diabetes follow low-carbohydrate diets in an attempt to lose
body fat; however, adhering to low-carbohydrate diets can
increase the risk of glycogen depletion, dehydration, and a
loss of metabolically active muscle tissue. Furthermore, body
fat levels may rise beyond what they were prior to carbohy-
drate restriction when the diet is discontinued. Also, low-
carbohydrate diets may elevate circulating LDL-C and, in
turn, increase risk of CVD. 

Low-carbohydrate, high-protein diets have other effects on
systemic function beyond the scope of this review. Limiting
carbohydrate consumption also can impair renal function,42-44

diminish bone density,45,46 cause constipation,17,29,47 and alter
thyroid function.19,27,48 Ketosis created during carbohydrate
restriction can impact neurologic function.17,29 In view of
these risk factors, clinicians should carefully consider the
appropriateness of recommending a low-carbohydrate, high-
protein diet to their patients with type 2 diabetes. JAAPA
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