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O
besity is a major public health 
risk in the United States, where 
65 percent of adults are over-
weight (i.e., they have a body 

mass index [BMI] of 25 kg per m2 or 
greater).1 The prevalence of obesity in the 
United States was 14.5 percent from 1976 
to 19802 and has since risen to 30.5 per-
cent.1 The percentage of children who are 
overweight (i.e., BMI in the 95th percentile 
or greater for age and sex) is at an all-time 
high: 10.4 percent of two- to five-year-olds, 
15.3 percent of six- to 11-year-olds, and 
15.5 percent of 12- to 19-year-olds,3 based 
on growth charts from 1979.4 Black and 
Hispanic children are more likely to be over-
weight than white children (21.5, 21.8, and 
12.3 percent, respectively).5

Approximately 365,000 U.S. deaths in 
2000 were attributed to poor diet and physi-
cal inactivity (15.2 percent of total deaths), 
the second leading cause of death for that 
year.6 Obesity-related medical expendi-

tures were estimated to be $75 billion in 
2003, approximately one half of which was 
financed by Medicare and Medicaid.7

At any given time, 45 percent of women 
and 30 percent of men in the United States 
are trying to lose weight.8 However, less 
than 25 percent of these persons actually 
reduce their caloric intake and increase 
their activity level.8 Consumers spend 
$33 billion annually on weight loss prod-
ucts, diets, and services,8 and a significant 
proportion of this money is spent on low-
carbohydrate diets.

Definition of Low-Carbohydrate Diet
Low-carbohydrate diets restrict caloric intake 
by reducing the consumption of carbohy-
drates to 20 to 60 g per day (typically less than 
20 percent of the daily caloric intake). The 
consumption of protein and fat is increased 
to compensate for part of the calories that 
formerly came from carbohydrates (Table 1).9

The Atkins Diet10 is the prototypical low-
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Patient information: 
A handout on low-carbo-
hydrate diets, written by 
the authors of this article, 
is available on page 1951.

See related editorial 
on page 1896.
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carbohydrate diet. This type of diet differs 
from ketogenic diets used for seizure preven-
tion, which substitute fat for protein and 
carbohydrates.

Diets such as the Zone Diet,11 Carbohy-
drate Addict’s Diet,12 and later phases of the 
South Beach Diet13 restrict carbohydrates 
to 40 percent of calories or less, and they 
focus more on the glycemic index of foods 
than the Atkins Diet. 

Glycemic Index
The glycemic index is a rating system for 
foods based on the extent to which they raise 
blood sugar levels in the two hours after they 
are eaten (Table 214,15). The reference point 
is pure glucose or white bread, which is arbi-
trarily scored as 100. The higher the glycemic 
index, the more rapidly that carbohydrate is 
released into the bloodstream as glucose.14

Foods with a high glycemic index induce a 

SORT: KEY RECOMMENDATIONS FOR PRACTICE

Clinical recommendation
Evidence 
rating References 

Low-carbohydrate diets are slightly more effective than low-fat diets 
for initial, short-term weight loss (three to six months), but they are 
no more effective after one year.

C 22-24, 26-29

Low-carbohydrate diets do not adversely affect lipid profiles, but 
evidence of their effect on long-term cardiovascular health is lacking.

C 22-24, 26-28

Supplementation with a multivitamin should be considered in persons 
on a low-carbohydrate diet.

C 9

Because long-term data on patient-oriented outcomes are lacking for 
many diets, it is not possible to clearly endorse one diet over another.

C 26, 29, 30

A = consistent, good-quality patient-oriented evidence; B = inconsistent or limited-quality patient-oriented evi-
dence; C = consensus, disease-oriented evidence, usual practice, expert opinion, or case series. For information 
about the SORT evidence rating system, see page 1874 or http://www.aafp.org/afpsort.xml.

TABLE 1

Nutritional and Caloric Assessment of Various Diets

Diet

Total 
calories 
per day

Carbohydrate 
grams per day 
(% of calories)

Protein 
grams per day 
(% of calories)

Fat grams 
per day 
(% of calories)

Typical American diet 2,200 275 (50) 82.5 (15) 85 (35)

Low-carbohydrate diet

Atkins Diet

Induction phase 1,152 13 (5) 102 (35) 75 (59)

Ongoing phase 1,627 35 (9) 134 (33) 105 (58)

Maintenance phase 1,990 95 (19) 125 (25) 114 (52)

Moderate-carbohydrate diet

Carbohydrate Addict’s Diet 1,476 87 (24) 84 (23) 89 (54)

Low–glycemic-index diet

Sugar Busters! 1,521 176 (46) 89 (23) 44 (26)

Low-fat diet

 Weight Watchers 1,462 207 (57) 73 (20) 42 (26)

Very low-fat diet

Ornish Diet 1,273 258 (81) 48 (15) 13 (9)

NOTE: Nutrient breakdowns are based on approximate average daily intake and therefore may not total 100 percent 
of daily calories.

Adapted with permission from Freedman MR, King J, Kennedy E. Popular diets: a scientific review. Obes Res 2001;
9(suppl 1):3S,11S,12S.
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more rapid insulin response. When coupled 
with a meal that is rapidly converted to 
glucose, this insulin response can cause 
a relative hypoglycemic period within the 
postprandial period (Figure 1). It has been 
suggested that this reactive hypoglyce-
mia can stimulate the appetite and lead 
to increased caloric intake.14,16 This theory 
has been proposed as a partial explanation 
for the increase in obesity rates in recent 

decades despite the emphasis on diets with 
lower fat and higher carbohydrate content. 
Between 1989 and 1996, total daily caloric 
intake increased, primarily from carbohy-
drates, but to a lesser extent from fats.17 

Eating foods with a high glycemic index 
also can lead to higher levels of circulating 
insulin. Persons with this metabolic syn-
drome have high insulin levels, and hyperin-
sulinemia has been implicated as a mediator 
for heart disease.14 For each standard devia-
tion increase in fasting insulin levels, the odds 
ratio of developing ischemic heart disease 
increases 60 percent in men 45 to 76 years of 
age.14,18 One case-control study19 showed that 
consumption of a high–glycemic-index diet 
was associated with a higher risk of diabetes. 
It is important to note, however, that the ben-
efits of a lower–glycemic-index diet, such as 
the South Beach Diet, Sugar Busters!,20 and 
others, have not been tested in randomized 
controlled trials (RCTs) measuring patient-
oriented outcomes.

Overview of Low-Carbohydrate
and Low–Glycemic-Index Diets
Most diets take a phased approach. In gen-
eral, dieters initially are limited to less than 
20 g of carbohydrates per day. During this 
initiation, ketosis is established, demonstrat-
ing that the body’s glycogen supplies have 
been consumed and that protein and fat 
are being used as fuel. Carbohydrates are 
then slowly added back into the diet until 
weight loss stops and weight is maintained. 
The amount of carbohydrates needed for 
weight maintenance is individualized. The 
final stages focus on development of lifelong 
eating habits that allow a moderate amount 
of calories. 

Low-carbohydrate and low–glycemic-
index diets are variations on the theme 
of initiation and maintenance. The Atkins 
Diet tends to remain higher in fat and lower 
in carbohydrates, whereas the South Beach 
Diet recommends a more balanced diet that 
limits fat and processed or refined carbo-
hydrates. Participants in the Zone Diet, on 
the other hand, must consume the proper 
ratio of carbohydrates to protein to fats (i.e., 
40:30:30) from initiation to maintenance.

TABLE 2

Glycemic Index of Selected Foods

The rightsholder did not 
grant rights to reproduce 
this item in electronic 
media. For the missing 
item, see the original print 
version  of this publication.
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Weight is maintained when the number 
of calories consumed equals the number 
burned. When this ratio is out of balance, 
persons gain or lose weight. Proponents of 
low-carbohydrate diets often claim that it 
is the composition of the diet rather than 
the caloric content that induces weight loss. 
However, low-carbohydrate diets generally 
are low-calorie diets with a high protein 
content. Protein has been shown to be more 
hunger satisfying than carbohydrates or 
fats,21 which may explain the lower dropout 
rates for low-carbohydrate diets compared 
with traditional low-fat diets.22-24 Successful 
low-carbohydrate dieters simply eat fewer 
calories than they burn. 

In addition to being low-calorie diets, 
low-carbohydrate diets also initially induce 
significant water diuresis. The majority of 
this diuresis is likely the result of glycoge-
nolysis from increased protein consump-
tion. Glycogen binds water at a rate of 
2 to 4 g of water per gram of glycogen.25 As 
glycogen stores are consumed for energy, 
two to four times that weight in water is shed 
through urine. Thus, a portion of the early 
weight loss in these diets is water weight. An 
insignificant number of additional calories 
may be lost through ketosis or ketones in 
the urine; however, this theory has not been 
established convincingly. 

A significant shortcoming of low-carbo-

hydrate diet plans is that the importance of 
physical activity is only minimally addressed. 
Presumably, any beneficial effects that these 
diets may have on weight could be augmented 
by exercise. Physicians should reinforce this 
potential benefit during office visits with 
patients on low-carbohydrate diets.

Effectiveness
A systematic review26 of primarily short-
term observational studies found that low-
carbohydrate diets were no more effective for 
weight loss than higher-carbohydrate diets, 
and that weight loss was directly related to 
the degree of caloric restriction and duration 
of the diet. 

Four RCTs22-24,27 published 
since that systematic review 
reported that greater short-
term weight loss (i.e., up to six 
months) occurred with low-
carbohydrate diets than with 
low-fat diets. However, at one 
year the amount of weight lost 
did not differ significantly between the two 
groups.24,28 In one study28 of 132 obese 
patients, those on a low-carbohydrate diet 
lost 5.1 kg (11 lb, 4 oz) at one year whereas 
those on a low-calorie, low-fat diet lost 3.1 kg 
(6 lb, 13 oz). This difference was not statisti-
cally significant. 

A recent RCT29 compared the Atkins, 

Figure 1. Comparison of blood sugar responses to low– and high–glycemic-index foods.
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Ornish, Weight Watchers, and Zone diets 
for one year. Each diet significantly reduced 
the weight of participants by 2.1 to 3.3 kg 
(4 lb, 10 oz to 7 lb, 4 oz). All of the diets were 
equally effective.

A small RCT30 with overweight adoles-
cents demonstrated similar results. Adoles-
cents on a low-carbohydrate diet lost more 
weight at three months than those eating a 
low-fat diet. No long-term RCTs in this age 
group have been published. 

Safety
Low-carbohydrate diets have been contro-
versial, largely because of concerns about the 
possible negative effects that high fat intake 
(particularly saturated fat) may have on 
overall health. However, these diets do not 
adversely affect lipid levels.22-24,26-28 In fact, in 
24-week,22 six-month,27 and one-year28 com-
parisons with patients on traditional low-fat 
diets, patients on low-carbohydrate diets had 
lower triglyceride levels, higher high-density 
lipoprotein (HDL) cholesterol levels, similar 
low-density lipoprotein cholesterol levels, 
and lower A1C levels.

Two studies30,31 of adolescent patients on 
low-carbohydrate diets also found no detri-
mental effects on cholesterol profiles at three 
and five months; the five-month cohort 
study31 actually found a decrease in total 
cholesterol levels. 

The relatively low fiber intake of patients on 
low-carbohydrate diets raises concerns about 
constipation and long-term risks of cancer 

and diverticular disease. Theo-
retic concerns exist about osteo-
porosis resulting from increased 
calciuria and lower intake of 
magnesium, potassium, and 
vitamin C.9 Low-carbohydrate 
diets also raise uric acid levels 

and may exacerbate gout. Constipation, diar-
rhea, dizziness, halitosis, headaches, insom-
nia, kidney stones, and nausea have been 
reported in persons on low-carbohydrate 
diets.9,32 There have been reports that these 
diets may impair cognitive ability; however, 
the evidence for this risk is limited.33

The higher fat content of low-carbohy-
drate diets raises concerns about their long-

term safety. Although information about 
the effect on lipid profiles is somewhat 
reassuring, lipid levels are not a patient-
oriented outcome, and diets high in fat 
have been associated with serious medical 
problems, including breast cancer and heart 
disease.34,35 Long-term studies are needed to 
determine if these associations exist when 
patients consume a low-calorie diet.

Low-carbohydrate diets have been criti-
cized for being nutritionally inadequate. 
Analyses of these diets have found that 
vitamins A, B6, C, and E; thiamine; folate; 
calcium; magnesium; iron; potassium; and 
fiber are deficient.9 Although the reported 
deficiencies in calcium and magnesium 
seem contrary to the high dairy and nut 
intake allowed by these diets, supplementa-
tion with fiber and a multivitamin may be 
warranted,9 with additional calcium supple-
mentation in women.

Low-Carbohydrate Diets
in Clinical Practice
Traditional low-fat diets are only now being 
studied rigorously, and as such, mortality and 
morbidity data to support their use are sparse. 
In recent direct short-term comparisons, 
low-carbohydrate diets were found to be no 
more or less effective than low-fat diets at 
safely maintaining weight loss, although low-
carbohydrate diets may be more effective in 
the very short term (i.e., up to six months). 

Obesity results from the interplay between 
genes and environment; their contributions 
vary with each person. It is therefore reason-
able to suspect that different types of diets 
(e.g., low-carbohydrate, low-fat, very low-
fat) may be of varying benefit in different 
persons. Part of the solution may be to pair 
the most appropriate diet with each patient 
based on eating habits, patterns, and desires.

Part of the genetic component of obesity 
is insulin resistance, the probable common 
pathway for metabolic syndrome (Table 336).
Low-carbohydrate diets may be particularly 
helpful in patients with metabolic syndrome.

The physiologic effects of consuming 
low–glycemic-index foods (e.g., lower insu-
lin levels, less hunger)14 may explain why 
persons who successfully lose weight with 

Adherence is the key to
long-term success for safe,
effective, lasting weight
loss.
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low-carbohydrate diets take in fewer calo-
ries.23 Scant evidence exists that low-carbo-
hydrate diets result in weight loss because of 
increased calorie use via ketogenesis. How-
ever, if low-carbohydrate diets safely modify 
insulin response and glucose metabolism 
and decrease caloric consumption,14 they are 
a reasonable alternative for persons who are 
willing to adhere to these diets. 

Adherence is the key to long-term success 
for safe, effective, lasting weight loss. There 
is no way to predict which patients will ben-
efit most from certain types of diets, and 
attempts to create an optimal patient-diet 
dyad can be only hypothesized based on each 
patient’s medical and diet histories and labo-
ratory findings. An individualized approach 
probably is the best solution. Caloric intake 
must be less than caloric expenditure to 
achieve weight loss. A low-carbohydrate diet 
combined with an exercise program can help 
selected patients safely achieve weight loss 
and improve their biochemical profiles.

Cautions
None of the diets discussed in this article 
have been studied in a controlled clinical trial 
for longer than one year, and no study has 
measured clinical outcomes such as disease-
specific mortality, cardiovascular events, and 
all-cause mortality. A low-carbohydrate diet 
that limits the intake of fruits, vegetables, and 
legumes cannot be endorsed, and physicians 
should counsel patients to exercise regularly 
as part of any health maintenance program.

The Authors

ALLEN R. LAST, M.D., M.P.H., is assistant program direc-
tor at the Racine Family Medicine Residency Program at 
the Medical College of Wisconsin, Racine. He received his 
medical degree from the University of Wisconsin Medical 
School, Madison, and completed residency training 
and a faculty development fellowship at the University 
of Pittsburgh Medical Center (UPMC) St. Margaret 
Family Medicine Residency Program, Pittsburgh, Penn. 
He received a master’s degree in public health from 
the University of Pittsburgh Graduate School of Public 
Health. 

STEPHEN A. WILSON, M.D., M.P.H., is assistant director 
for predoctoral education and faculty research at the 
UPMC St. Margaret Family Medicine Residency Program, 
associate director for its faculty development fellowship, 
and clinical instructor of family medicine at the University 
of Pittsburgh School of Medicine, where he received his 
medical degree. He completed a family medicine residency 
and faculty development fellowship in faculty develop-
ment at UPMC St. Margaret. He received a master’s 
degree in public health from the University of Pittsburgh 
Graduate School of Public Health.

Address correspondence to Allen R. Last, M.D., Racine 
Family Medicine Residency, Medical College of Wisconsin, 
Department of Family and Community Medicine, 1320 
Wisconsin Ave., Racine, WI 53403 (e-mail: alast@mcw.
edu). Reprints are not available from the authors.

Author disclosure: Nothing to disclose.

REFERENCES

1. Flegal KM, Carroll MD, Ogden CL, Johnson CL. Preva-
lence and trends in obesity among U.S. adults, 1999-
2000. JAMA 2002;288:1723-7.

2. Flegal KM, Carroll MD, Kuczmarski RJ, Johnson CL. 
Overweight and obesity in the United States: preva-
lence and trends, 1960-1994. Int J Obes Relat Metab 
Disord 1998;22:39-47.

3. Ogden CL, Flegal KM, Carroll MD, Johnson CL. Preva-
lence and trends in overweight among U.S. children and 
adolescents, 1999-2000. JAMA 2002;288:1728-32.

4. National Center for Health Statistics. Executive sum-
mary of the Growth Chart Workshop, 1992. Accessed 
online November 12, 2005, at: http://www.cdc.gov/
nchs/data/misc/growork.pdf.

5. Strauss RS, Pollack HA. Epidemic increase in childhood 
overweight, 1986-1998. JAMA 2001;286:2845-8.

6. Mokdad AH, Marks JS, Stroup DF, Gerberding 
JL. Actual causes of death in the United States, 
2000 [published corrections appear in JAMA 2005;
293:293-4 and JAMA 2005;293:298]. JAMA 2004;
291:1238-45.

7. Finkelstein EA, Fiebelkorn IC, Wang G. State-level esti-
mates of annual medical expenditures attributable to 
obesity. Obes Res 2004;12:18-24.

8. Serdula MK, Mokdad AH, Williamson DF, Galuska DA, 
Mendlein JM, Heath GW. Prevalence of attempting 
weight loss and strategies for controlling weight. JAMA 
1999;282:1353-8. 

TABLE 3

World Health Organization Criteria
for Metabolic Syndrome

Insulin resistance or glucose intolerance and at 
least two of the following conditions:

Atherogenic dyslipidemia (mainly increased 
triglyceride levels and low high-density 
lipoprotein cholesterol levels)

Central obesity

Elevated blood pressure

Microalbuminuria

Information from reference 36.



1948 American Family Physician www.aafp.org/afp Volume 73, Number 11 June 1, 2006

Low-Carbohydrate Diets

9. Freedman MR, King J, Kennedy E. Popular diets: a sci-
entific review. Obes Res 2001;9(suppl 1):1S-40S.

10. Atkins RC. Dr. Atkins’ Diet Revolution: The High Calorie 
Way to Stay Thin Forever. New York, N.Y.: Bantam, 
1973.

11. Sears B, Lawren B. The Zone: A Dietary Road Map. 1st 
ed. New York, N.Y.: Regan, 1995.

12. Heller RF, Heller RF. The Carbohydrate Addict’s Diet: 
The Lifelong Solution to Yo-Yo Dieting. New York, N.Y.: 
Dutton, 1991.

13. Agatston A. The South Beach Diet: The Delicious, 
Doctor-Designed, Foolproof Plan for Fast and Healthy 
Weight Loss. New York, N.Y.: Random House, 2003.

14. Ludwig DS. The glycemic index: physiological mecha-
nisms relating to obesity, diabetes, and cardiovascular 
disease. JAMA 2002;287:2414-23. 

15. Foster-Powell K, Holt SH, Brand-Miller JC. International 
table of glycemic index and glycemic load values: 2002. 
Am J Clin Nutr 2002;76:5-56.

16. Ebbeling CB, Leidig MM, Sinclair KB, Hangen JP, 
Ludwig DS. A reduced-glycemic load diet in the treat-
ment of adolescent obesity. Arch Pediatr Adolesc Med 
2003;157:773-9.

17. Chanmugam P,Guthrie JF, Cecilio S, Morton JF, Basiotis 
PP, Anand R. Did fat intake in the United States really 
decline between 1989-1991 and 1994-1996? J Am Diet 
Assoc 2003;103:867-72. 

18. Despres JP, Lamarche B, Mauriege P, Cantin B, Dagenais 
GR, Moorjani S, et al. Hyperinsulinemia as an indepen-
dent risk factor for ischemic heart disease. N Eng J Med 
1996;334:952-7.

19. Hodge AM, English DR, O’Dea R, Giles GG. Glycemic 
index and dietary fiber and the risk of type 2 diabetes. 
Diabetes Care 2004;27:2701-6.

20. Steward HL. The New Sugar Busters!: Cut Sugar to Trim 
Fat. 1st ed. New York, N.Y.: Ballantine, 2003.

21. Fischer K, Colombani PC, Wenk C. Metabolic and 
cognitive coefficients in the development of hunger 
sensations after pure macronutrient ingestion in the 
morning. Appetite 2004;42:49-61.

22. Yancy WS Jr, Olsen MK, Guyton JR, Bakst RP, West-
man EC. A low-carbohydrate, ketogenic diet versus 
a low-fat diet to treat obesity and hyperlipidemia: a 
randomized, controlled trial. Ann Intern Med 2004;
140:769-77.

23. Brehm BJ, Seeley RJ, Daniels SR, D’Alessio DA. A ran-
domized trial comparing a very low carbohydrate diet 
and a calorie-restricted low fat diet on body weight 
and cardiovascular risk factors in healthy women. J Clin 
Endocrinol Metab 2003;88:1617-23. 

24. Foster GD, Wyatt HR, Hill JO, McGuckin BG, Brill 
C, Mohammed BS, et al. A randomized trial of a 
low-carbohydrate diet for obesity. N Engl J Med 
2003;348:2082-90. 

25. Shils ME. Modern nutrition in health and disease. 9th 
ed. Baltimore, Md.: Williams & Wilkins, 1999:904.

26. Bravata DM, Sanders L, Huang J, Krumholz HM, Olkin I, 
Gardner CD, et al. Efficacy and safety of low-car-
bohydrate diets: a systematic review. JAMA 2003;
289:1837-50.

27. Samaha FF, Iqbal N, Seshadri P, Chicano KL, Daily DA, 
McGrory J, et al. A low-carbohydrate as compared 
with a low-fat diet in severe obesity. N Engl J Med 
2003;348:2074-81.

28. Stern L, Iqbal N, Seshadri P, Chicano KL, Daily DA, 
McGrory J, 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: 778-85. 

29. Dansinger ML, Gleason JA, Griffith JL, Selker HP, 
Schaefer EJ. Comparison of the Atkins, Ornish, Weight 
Watchers, and Zone diets for weight loss and heart 
disease risk reduction: a randomized trial. JAMA 
2005;293:43-53.

30. Sondike SB, Copperman N, Jacobson MS. Effects of a 
low-carbohydrate diet on weight loss and cardiovas-
cular risk factor in overweight adolescents. J Pediatr 
2003;142:253-8. 

31. Willi SM, Oexmann MJ, Wright NM, Collop NA, Key LL 
Jr. The effects of a high-protein, low-fat, ketogenic diet 
on adolescents with morbid obesity: body composition, 
blood chemistries, and sleep abnormalities. Pediatrics 
1998;101(1 pt 1):61-7.

32. Reddy ST, Wang CY, Sakhaee K, Brinkley L, Pak CY. 
Effect of low-carbohydrate high-protein diets on acid-
base balance, stone-forming propensity, and calcium 
metabolism. Am J Kidney Dis 2002;40:265-74.

33. Wing RR, Vazquez JA, Ryan CM. Cognitive effects 
of ketogenic weight-reducing diets. Int J Obes Relat 
Metab Disord 1995;19:811-6.

34. Cho E, Spiegelman D, Hunter DJ, Chen WY, Stampfer 
MJ, Colditz GA, et al. Premenopausal fat intake and risk 
of breast cancer. J Natl Cancer Inst 2003;95:1079-85.

35. Law M. Dietary fat and adult diseases and the impli-
cations for childhood nutrition: an epidemiologic 
approach. Am J Clin Nutr 2000;72(5 suppl):1291S-6S. 

36. World Health Organization. Definition, Diagnosis, and 
Classification of Diabetes Mellitus and Its Complica-
tions: Report of a WHO Consultation. Geneva: World 
Health Organization, 1999.


