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POPULAR DIETS HAVE BECOME IN-
creasingly prevalent and con-
troversial.1 More than 1000 diet
books are now available,2 with

many popular ones departing substan-
tially from mainstream medical ad-
vice.3 Cover stories for major news
magazines, televised debates, and cau-
tionary statements by prominent medi-
cal authorities4,5 have fueled public in-
terest and concern regarding the
effectiveness and safety of such diets.6-8

Although some popular diets are
based on long-standing medical ad-
vice and recommend restriction of por-
tion sizes and calories (eg, Weight
Watchers),9 a broad spectrum of alter-
natives has evolved. Some plans mini-
mize carbohydrate intake without fat
restriction (eg, Atkins diet),10 many
modulate macronutrient balance and
glycemic load (eg, Zone diet),11 and oth-
ers restrict fat (eg, Ornish diet).12 Given
the growing obesity epidemic,13 many
patients and clinicians are interested in
using popular diets as individualized
eating strategies for disease preven-
tion.14 Unfortunately, data regarding the
relative benefits, risks, effectiveness, and
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Context The scarcity of data addressing the health effects of popular diets is an im-
portant public health concern, especially since patients and physicians are interested
in using popular diets as individualized eating strategies for disease prevention.

Objective To assess adherence rates and the effectiveness of 4 popular diets (At-
kins, Zone, Weight Watchers, and Ornish) for weight loss and cardiac risk factor re-
duction.

Design, Setting, and Participants A single-center randomized trial at an aca-
demic medical center in Boston, Mass, of overweight or obese (body mass index: mean,
35; range, 27-42) adults aged 22 to 72 years with known hypertension, dyslipidemia,
or fasting hyperglycemia. Participants were enrolled starting July 18, 2000, and ran-
domized to 4 popular diet groups until January 24, 2002.

Intervention A total of 160 participants were randomly assigned to either Atkins
(carbohydrate restriction, n=40), Zone (macronutrient balance, n=40), Weight Watch-
ers (calorie restriction, n=40), or Ornish (fat restriction, n=40) diet groups. After 2 months
of maximum effort, participants selected their own levels of dietary adherence.

Main Outcome Measures One-year changes in baseline weight and cardiac risk
factors, and self-selected dietary adherence rates per self-report.

Results Assuming no change from baseline for participants who discontinued the study,
mean (SD) weight loss at 1 year was 2.1 (4.8) kg for Atkins (21 [53%] of 40 participants
completed, P=.009), 3.2 (6.0) kg for Zone (26 [65%] of 40 completed, P=.002), 3.0
(4.9) kg for Weight Watchers (26 [65%] of 40 completed, P� .001), and 3.3 (7.3) kg for
Ornish (20 [50%] of 40 completed, P=.007). Greater effects were observed in study com-
pleters. Each diet significantly reduced the low-density lipoprotein/high-density lipopro-
tein (HDL) cholesterol ratio by approximately 10% (all P�.05), with no significant effects
on blood pressure or glucose at 1 year. Amount of weight loss was associated with self-
reported dietary adherence level (r=0.60; P�.001) but not with diet type (r=0.07; P=.40).
For each diet, decreasing levels of total/HDL cholesterol, C-reactive protein, and insulin
were significantly associated with weight loss (mean r=0.36, 0.37, and 0.39, respec-
tively) with no significant difference between diets (P=.48, P=.57, P=.31, respectively).

Conclusions Each popular diet modestly reduced body weight and several cardiac
risk factors at 1 year. Overall dietary adherence rates were low, although increased
adherence was associated with greater weight loss and cardiac risk factor reductions
for each diet group.
JAMA. 2005;293:43-53 www.jama.com
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sustainability of popular diets have been
limited.15-25

We conducted a 1-year randomized
trial of the dietary component of the At-
kins, Zone, Weight Watchers, and Or-
nish plans, aiming to determine their
realistic clinical effectiveness and sus-
tainability for weight loss and cardiac
risk factor reduction. Of note, this study
only evaluated the dietary compo-
nents and did not include other spe-
cific components that may be unique
to each individual dietary program.

METHODS
Participants

We recruited study candidates from the
Greater Boston area using newspaper
advertisements and television public-
ity (local news coverage). Of 1010 tele-
phone inquiries, 247 individuals agreed
to be screened in person and 160 indi-

viduals were enrolled at an academic
medical center in Boston, Mass, from
July 18, 2000, through January 24, 2002
(FIGURE 1). We included adults of
any age who were overweight or obese
with body mass index (calculated as
weight in kilograms divided by the
square of height in meters) between 27
and 42, and having at least 1 of the fol-
lowing metabolic cardiac risk factors:
fasting glucose of at least 110 mg/dL
(�6.1 mmol/L), total cholesterol of at
least 200 mg/dL (�5.2 mmol/L), low-
density lipoprotein (LDL) cholesterol
of at least 130 mg/dL (�3.4 mmol/L),
high-density lipoprotein (HDL) cho-
lesterol of 40 mg/dL or less (�1.0
mmol/L), triglycerides of at least 150
mg/dL (�1.7 mmol/L), systolic blood
pressure of at least 145 mm Hg, dia-
stolic blood pressure of at least 90
mm Hg, or current use of oral medica-

tion to treat hypertension, diabetes
mellitus, or dyslipidemia. Exclusion cri-
teria included unstable chronic ill-
ness, insulin therapy, urinary microal-
bumin of more than 2 times normal,
serum creatinine of at least 1.4 mg/dL
(�123.8 µmol/L), clinically signifi-
cant abnormalities of liver or thyroid
test results, weight loss medication, or
pregnancy. Participants did not re-
ceive any monetary compensation.
All participants provided written in-
formed consent, and the local institu-
tional review board approved the pro-
tocol. Our recruitment strategy was
designed to meet race and sex criteria
consistent with federal guidelines.26

Randomization and Intervention

We administered dietary advice to small
groups rather than individually. Be-
cause not all individuals were available
to meet for diet group classes at the same
time of day, we allowed participants to
select 1 of 4 class times based on per-
sonal preference. Once each of the 4 class
rosters contained approximately 10 par-
ticipants, 1 of the 4 diets was assigned
to each group according to a computer-
generated randomized Latin-square se-
quence. This method was used to en-
sure that each diet was administered to
each of the class times only once, there-
fore minimizing potential confounding
between class time and diet type. Study
personnel were blinded to dietary as-
signments (revealed by the study statis-
tician) until after each class roster was
finalized, to avoid the potential for bi-
ased recruiting according to diet type. A
new set of diet classes was adminis-
tered every 3 to 4 months for 4 cycles.

A single team composed of a dieti-
tian and physician (M.L.D., J.A.G.) ad-
ministered diet-specific advice to each
group, meeting for 1 hour on 4 occa-
sions during the first 2 months of the
study. At the first meeting, the team re-
vealed the diet assignment and pro-
vided the corresponding rationale,
written materials, and official diet cook-
book.12,27-29 Subsequent meetings aimed
to maximize adherence by reinforcing
positive dietary changes and address-
ing barriers to adherence.

Figure 1. Study Flow Diagram of Participants

40 Assigned to Receive
Atkins Diet

40 Assigned to Receive
Zone Diet

40 Assigned to Receive
Ornish Diet

40 Assigned to Receive
Weight Watchers Diet

247 Candidates Screened
in Person

1010 Telephone Inquires

160 Randomized

22 No Metabolic Risk Factor
17 Microproteinuria
14 Too Busy
13 Reported That Diets

Too Extreme
10 BMI >42
8 BMI <27
3 Other

87 Excluded

340 Not Interested
173 Too Busy
110 Reported BMI >42

92 Reported BMI <27
23 Taking Insulin
25 Unknown

763 Excluded

11 Disliked Diet
7 Unable to Adhere
1 Moved Away

19 Declined Follow-up
10 Disliked Diet
9 Unable to Adhere
1 Moved Away

20 Declined Follow-up
5 Disliked Diet
8 Unable to Adhere
1 Moved Away

14 Declined Follow-up
7 Disliked Diet
7 Unable to Adhere

14 Declined Follow-up

26 Included in Secondary
Completers Analysis

40 Included in Primary
Intent-to-Treat Analysis

26 Included in Secondary
Completers Analysis

40 Included in Primary
Intent-to-Treat Analysis

20 Included in Secondary
Completers Analysis

40 Included in Primary
Intent-to-Treat Analysis

21 Included in Secondary
Completers Analysis

40 Included in Primary
Intent-to-Treat Analysis

BMI indicates body mass index, calculated as weight in kilograms divided by the square of height in meters.
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The Atkins diet group aimed for less
than 20 g of carbohydrate daily, with a
gradual increase toward 50 g daily. The
Zone group aimed for a 40-30-30 bal-
ance of percentage calories from carbo-
hydrate, fat, and protein, respectively.
The Weight Watchers group aimed to
keep total daily “points” in a range de-
terminedbycurrentweight.Each“point”
was roughly 50 calories, and most par-
ticipants aimed for 24 to 32 points daily.
Lists provided by the Weight Watchers
Corporation determined point values of
common foods. The Ornish group aimed
for a vegetarian diet containing 10% of
calories from fat.

In an effort to isolate the effects of
the dietary component of each plan, we
standardized recommendations per-
taining to supplements, exercise, and
external support. We encouraged all
participants to take a nonprescription
multivitamin daily, obtain at least 60

minutes of exercise weekly, and avoid
commercial support services. To ap-
proximate the realistic long-term sus-
tainability of each diet, we asked par-
ticipants to follow their dietary
assignment to the best of their ability
until their 2-month assessment, after
which time we encouraged them to fol-
low their assigned diet according to
their own self-determined interest level.

Dietary Adherence

We used 2 techniques to measure di-
etary adherence. We asked partici-
pants to complete 3-day food records
at baseline, 1, 2, 6, and 12 months.30 Us-
ing a computerized diet analysis pro-
gram (Nutritionist Five, version 2.3,
First DataBank Inc, San Bruno, Calif),
we calculated the average daily macro-
nutrient and micronutrient intakes, and
used a 10-point score to reflect the de-
gree to which each group achieved the

specified dietary target vs baseline in-
take. We also telephoned participants
monthly and asked them to rate the di-
etary adherence level during the pre-
vious 30 days using a similar 10-point
scale, ranging from perfect score (10)
to baseline (1). Using these scales fa-
cilitated comparisons between the 2 di-
etary adherence methods. We also
asked participants to report medica-
tion changes, hospitalizations, and ad-
verse effects during the monthly tele-
phone calls.

Outcome Measures

We assessed outcome measures at
baseline, 2, 6, and 12 months. Partici-
pants were blinded to timing of
assessments until 2 weeks before
each visit, and baseline measurements
occurred within 2 weeks before
dietary intervention. Study nurses
and laboratory personnel who as-

Table 1. Baseline Characteristics of Study Participants

Characteristics
Atkins Diet

(n = 40)
Zone Diet
(n = 40)

Weight Watchers Diet
(n = 40)

Ornish Diet
(n = 40)

All Diets
(N = 160)

P
Value

Demographics
Age, mean (SD), y 47 (12) 51 (9) 49 (10) 49 (12) 49 (11) .41

Women, No. (%) 21 (53) 20 (50) 23 (58) 17 (43) 81 (51) .61

White race, No. (%) 32 (80) 26 (65) 30 (75) 32 (80) 120 (75) .37

Risk factors, No. (%)
Smoker* 3 (8) 5 (13) 1 (3) 4 (10) 13 (8) .41

Hyperglycemia† 16 (40) 8 (20) 8 (20) 12 (30) 44 (28) .14

Exercise‡ 8 (20) 14 (35) 12 (30) 5 (13) 39 (24) .09

Weight factors, mean (SD)
BMI 35 (3.5) 34 (4.5) 35 (3.8) 35 (3.9) 35 (3.9) .60

Body weight, kg 100 (14) 99 (18) 97 (14) 103 (15) 100 (15) .43

Waist size, cm 109 (11) 108 (13) 108 (11) 111 (13) 109 (12) .63

Blood pressure, mean (SD), mm Hg
Systolic 129 (17) 130 (16) 133 (17) 133 (17) 131 (17) .50

Diastolic 77 (9) 77 (10) 74 (11) 76 (9) 76 (10) .50

Glucose, mean (SD), mg/dL 127 (62) 116 (48) 116 (53) 121 (55) 120 (54) .78

Insulin, mean (SD), µIU/mL 22 (16) 31 (37) 20 (10) 30 (18) 26 (23) .06

Cholesterol, mean (SD), mg/dL
Total 214 (31) 222 (46) 221 (46) 214 (34) 218 (40) .72

LDL 136 (31) 138 (45) 142 (39) 136 (37) 138 (38) .89

HDL 48 (16) 48 (13) 47 (2.3) 45 (2.0) 47 (1.1) .72

Total/HDL ratio 4.9 (1.7) 5.1 (1.5) 5.1 (2.1) 5.1 (1.5) 5.1 (1.7) .96

LDL/HDL ratio 3.2 (1.5) 3.1 (0.9) 3.3 (1.7) 3.2 (1.1) 3.2 (1.3) .91

Triglycerides 152 (98) 194 (123) 154 (87) 174 (130) 169 (111) .29

C-reactive protein, mean (SD), mg/L 4.4 (3.8) 3.7 (3.4) 3.7 (2.9) 4.4 (3.5) 4.1 (3.4) .65
Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); HDL, high-density lipoprotein; LDL, low-density lipoprotein.
SI conversions: To convert glucose to mmol/L, multiply by 0.0555; HDL, LDL, and total cholesterol to mmol/L, multiply by 0.0259; insulin to pmol/L, multiply by 6.945; and tri-

glycerides to mmol/L, multiply by 0.0113.
*Defined as smoking more than 1 cigarette per week.
†Defined as a fasting blood glucose of at least 110 mg/dL (5.55 mmol/L).
‡Defined as weekly exercise greater than mild, according to participant report.
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sessed outcomes were blinded to par-
ticipants’ dietary assignment. We mea-
sured body weight using a single
calibrated scale (Detecto, Webb City,
Mo) of the participants with them wear-

ing light clothing and no shoes. We
measured waist size as the mean of 2
readings at the umbilicus of the par-
ticipant using a spring-calibrated tape
measure and blood pressure was mea-

sured as the mean of 1 reading in each
arm of the participant while he/she was
sitting, using an automated instru-
ment with digital readout (Dinamap,
Criticon Inc, Tampa, Fla). We ob-

Table 2. Dietary Macronutrient Intake According to 3-Day Diet Records in an Analysis in Which Missing Data Were Replaced by Baseline or
Subsequent Values*

Variable

Diet Group, Median (Interquartile Range)
P Value

for Linear
TrendAtkins (n = 40) Zone (n = 40)

Weight Watchers
(n = 40)

Ornish
(n = 40)

Calories/d
Baseline 1898 (1556-2544) 2059 (1610-2252) 2056 (1755-2400) 1947 (1652-2255) .71

1 mo 1705 (1292-2180)† 1417 (1200-1831)† 1477 (1152-1819)† 1393 (1139-1945)† .17

2 mo 1736 (1481-2145)‡ 1434 (1234-1920)† 1615 (1352-1947)† 1439 (1124-2089)† .22

6 mo 1846 (1307-2384)‡ 1886 (1262-2093)‡ 1755 (1521-1992)† 1711 (1315-2139)† .56

12 mo 1886 (1509-2290)‡ 1757 (1373-2059)† 1832 (1614-2130)† 1819 (1315-2139)‡ .73

Carbohydrates, g/d
Baseline 239 (186-283) 239 (186-267) 242 (190-260) 236 (183-273) .70

1 mo 68 (39-209)† 159 (124-199)† 174 (145-239)† 229 (187-271) .01

2 mo 137 (54-223)† 157 (129-217)† 191 (143-245)† 230 (171-272) .01

6 mo 190 (90-239)† 198 (151-239)† 202 (158-248)† 237 (168-271) .01

12 mo 190 (127-239)† 173 (133-239)† 208 (164-263)‡ 218 (178-258) .01

Total fat, g/d
Baseline 78.0 (53.5-100.0) 81.1 (57.0-101.0) 82.1 (59.0-108.8) 75.5 (64.0-94.8) .99

1 mo 95.5 (69.5-118.5)† 53.5 (42.3-70.0)† 43.5 (37.3-60.5)† 26.5 (13.3-74.3)† .01

2 mo 89.5 (73.3-115.8)‡ 54.5 (39.3-73.3)† 54.5 (39.3-72.3)† 27.5 (18.0-69.3)† .01

6 mo 80.5 (52.3-105.8) 66.0 (39.3-92.8) 58.0 (45.0-85.8)† 54.5 (22.3-80.5)† .01

12 mo 80.5 (50.5-106.8) 71.5 (46.0-85.5) 64.0 (45.3-92.3)‡ 64.0 (29.8-81.1)† .03

Saturated fat, g/d
Baseline 26.0 (17.3-37.0) 28.6 (20.0-32.8) 27.0 (19.0-38.8) 25.5 (21.3-33.8) .52

1 mo 31.0 (22.3-44.5)† 15.5 (12.0-23.8)† 15.5 (10.5-19.8)† 7.5 (2.0-23.8)† .01

2 mo 34.5 (22.3-42.8)† 16.5 (13.0-25.8)† 17.5 (13.3-26.3)† 9.5 (4.0-22.5)† .01

6 mo 25.5 (18.8-37.3) 18.0 (13.0-28.6)‡ 20.5 (15.0-26.5)† 18.5 (5.3-29.7)† .01

12 mo 27.3 (21.0-39.8) 24.0 (14.3-32.0) 20.5 (15.3-35.3)† 20.5 (7.0-29.7)† .03

Protein, g/d
Baseline 86.0 (66.5-115.3) 90.4 (67.3-98.3) 90.2 (75.0-109.3) 87.0 (74.0-103.3) .41

1 mo 109.0 (73.3-132.8)† 89.7 (74.3-107.3) 72.0 (59.3-85.5)† 66.0 (47.0-90.3)† .01

2 mo 93.5 (69.3-128.0) 90.4 (65.3-112.5) 80.5 (66.3-101.8) 70.0 (49.8-93.1)† .01

6 mo 82.0 (64.3-113.0) 90.4 (71.8-110.3) 80.0 (64.5-110.8) 74.0 (55.3-99.3)‡ .13

12 mo 86.0 (65.3-116.5) 90.4 (63.0-111.8) 82.5 (60.0-105.8)† 76.5 (60.0-94.0)‡ .10

Cholesterol, mg/d
Baseline 287 (196-351) 326 (210-356) 331 (196-401) 326 (233-436) .12

1 mo 501 (308-686)† 198 (154-317)‡ 184 (134-237)† 82 (18-324)† .01

2 mo 347 (241-615)‡ 243 (151-326)‡ 217 (168-309)† 112 (21-281)† .01

6 mo 324 (222-446) 225 (139-326) 245 (165-363)† 218 (56-412)† .01

12 mo 321 (238-449) 293 (166-335) 219 (142-365)† 280 (124-388)† .03

Fiber, g/d
Baseline 16.0 (12.3-20.8) 17.4 (14.0-21.0) 15.0 (12.3-20.0) 14.0 (11.0-16.8) .02

1 mo 8.5 (5.3-15.8)† 18.0 (12.3-24.8) 15.0 (12.0-19.8) 20.5 (14.0-29.5)† .01

2 mo 12.5 (6.3-17.8)† 18.5 (15.0-24.8) 16.0 (12.0-20.8) 19.0 (13.3-27.5)† .01

6 mo 13.0 (7.3-19.0)† 17.4 (13.0-23.0) 14.0 (12.0-18.8) 14.5 (12.0-21.0) .39

12 mo 15.0 (10.5-19.0) 17.0 (11.3-19.0) 14.5 (12.0-20.0) 15.0 (12.0-20.8)‡ .61
*For Atkins group, the actual numbers of records available were 39 at baseline, 22 at 1 month, 22 at 2 months, 15 at 6 months, and 17 at 12 months; for Zone group, 30 at baseline,

24 at 1 month, 18 at 2 months, 22 at 6 months, and 25 at 12 months; for Weight Watchers group, 39 at baseline, 26 at 1 month, 31 at 2 months, 28 at 6 months, and 24 at 12
months; for Ornish group, 39 at baseline, 22 at 1 month, 24 at 2 months, 15 at 6 months, and 17 at 12 months.

†Wilcoxon rank sum test, P�.05 for difference from baseline within the group.
‡Wilcoxon rank sum test, P�.01 for difference from baseline within the group.
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tained blood samples after an over-
night fast for measurement of serum
total cholesterol, HDL cholesterol, tri-
glycerides, glucose, insulin, high-
sensitivity C-reactive protein, and cre-
atinine levels by standard methods.31

We used the Friedewald formula32 to
calculate LDL cholesterol. We also ob-
tained urine samples from 24-hour col-
lections for measurement of total pro-
tein, nitrogen, and creatinine levels. We
documented changes in exercise cat-
egory (vigorous, moderate, mild, or
minimal) according to self-report.

Statistical Analysis

The primary end point was mean ab-
solute change from baseline weight at
1 year. Using t tests and a 2-sided type
I error of 5%, we estimated that 40 par-
ticipants in each group would be nec-
essary to achieve 80% power to detect
a weight change of 2% from baseline or
3% between diets.

Analysis of variance was used to as-
sess differences in baseline variables be-
tween diet groups, and independent t
tests were used to compare baseline vari-
ablesbetweenstudyparticipantswhodis-
continued the study with those partici-
pants who remained. Absolute changes
for each outcome variable at 2, 6, and 12
months were normally distributed for
weight loss and cardiac risk variables but
not for dietary variables. To assess the
null hypothesis of no change from base-

line, we used 1-sample t test for nor-
mally distributed variables and Wil-
coxonranksumtest for skewedvariables.
Missing data were replaced with base-
line data for a primary intent-to-treat
analysis or excluded for a secondary
completers analysis. To compare the ad-
herence data obtained from diet re-
cords and self-reports, we used Pearson
correlation coefficient in a single analy-
sis that paired the 2 mean scores for each
diet across 5 time points. We used lin-
ear regression to assess the relationship
between changes in weight, dietary ad-
herence variables, and cardiac risk fac-
tors, and to assess the independent ef-
fectsofpotentiallyconfoundingvariables,
including baseline characteristics, and
changes in exercise and medication use.
We used SPSS version 10.1 (SPSS Inc,
Chicago, Ill) for all statisticall analyses.
All P values were 2-sided; P�.05 was
considered statistically significant.

RESULTS
Participant Characteristics

The 40 participants in each of the 4 diet
groups were well matched in terms of
baseline characteristics (TABLE 1). Age,
race, sex, body mass index, and meta-
bolic characteristics generally matched
those of the overweight population in the
United States.13 Baseline characteristics
did not differ significantly between diet
groups and regression models adjust-
ing for these (eg, hyperglycemia, base-

line insulin levels) or other potentially
confounding variables such as time of
diet class demonstrated no confound-
ing effects.

Of the 160 participants, the mean
(SD) age was 49 (11) years (range,
22-72 years) and 81 were women (n=21
in Atkins, n=20 in Zone, n=23 in
Weight Watchers, n=17 in Ornish
groups; P=.90 for sex difference be-
tween diets). Compared with men,
women had significantly lower mean
baseline weight (93 vs 106 kg), waist
size (103 vs 114 cm), diastolic blood
pressure (74 vs 78 mm Hg), and tri-
glyceride levels (150 vs 188 mg/dL [1.7
vs 2.1 mmol/L]) (all P�.05), and higher
mean levels of C-reactive protein (4.8
vs 3.3 mg/L) and HDL cholesterol (52
vs 41 mg/dL [1.35 vs 1.06 mmol/L]).
Women were also more likely to be
nonwhite (38% vs 11%).

Attrition and Adverse Effects

The number of participants who did not
complete the study at months 2, 6, and
12 were 34 (21%), 61 (38%), and 67
(42%), respectively. At 1 year, there was
a nonsignificant trend (P=.08) toward
a difference in discontinuation rates be-
tween the more extreme diets (48% for
Atkins and 50% for Ornish) and mod-
erate diets (35% for Zone and 35% for
Weight Watchers). Twenty-seven of 61
participants who discontinued before 6
months were evaluated at 2 months

Figure 2. Mean Self-reported Dietary Adherence Scores of All 4 Diet Groups, According to Study Month
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Possible range of self-rated adherence level was from 1 (none) to 10 (perfect). Baseline values were carried forward in cases of missing data. Range of standard de-
viation for all 4 diet groups was from 1.9 to 3.5.
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(mean weight loss, 2.6 kg) and 10 of 67
participants who discontinued before 12
months were evaluated at 6 months
(mean weight loss, 1.3 kg). Individuals

who discontinued the study had less for-
mal education (P=.001) and lower base-
line diastolic blood pressure (74 vs 78
mm Hg, P=.02) than those who com-

pleted. The most common reasons cited
for discontinuation of the study were
that the assigned diet was too hard to fol-
low or not yielding enough weight loss.
We were unable to identify any diet-
related adverse event or serious ad-
verse effects during the study. We found
no evidence of clinically significant re-
nal impairment in any of the diet groups.

Dietary Intake and Adherence

Dietary intake according to an intent-
to-treat analysis of 3-day diet records is
shown in TABLE 2. At baseline, 147
(92%) of the participants submitted food
records. Mean total energy intake was
2059 calories daily, with 46.4%, 34.5%,
and 17.6% of calories derived, respec-
tively, from carbohydrate, fat, and pro-
tein. There were no significant caloric or
macronutrient differences between diet
groups at baseline. For each group, di-
etary adherence as assessed by diet re-
cords decreased progressively with time,
although the specifically targeted di-
etary parameters for each diet were sig-
nificantly different from baseline (all
P� .01) at each time point, according to
both the primary and secondary analy-
ses. At 1 year, the mean caloric reduc-
tions from baseline were 138 for At-
kins, 251 for Zone, 244 for Weight
Watchers, and 192 for Ornish groups (all
P�.05, P=.70 between diets).

Group mean adherence scores accord-
ing to diet records and self-assessment
were highly associated for the duration
of the study (Pearson r=0.90; P�.001).
As with diet records, adherence accord-
ing to self-report gradually decreased
over time, and to a similar extent in each
diet group (FIGURE 2). Nevertheless, ap-
proximately 25% of participants in each
diet group sustained a mean adher-
ence level of at least 6 of 10, which ap-
peared to delineate a clinically mean-
ingful adherence level.

Weight Loss

According to the primary intent-to-
treat analysis (TABLE 3) and the sec-
ondary analysis that excluded missing
data (TABLE 4), all 4 diets resulted in
modest statistically significant weight
loss at 1 year, with no statistically sig-

Table 3. Changes in Weight and Cardiac Risk Factors in an Analysis in Which Baseline Values
Were Carried Forward in the Case of Missing Data*

Variable

Diet Group, Mean Change (SD)

P Value
for Trend

Across Diets
Atkins
(n = 40)

Zone
(n = 40)

Weight
Watchers
(n = 40)

Ornish
(n = 40)

Weight, kg
2 mo –3.6 (3.3)† –3.8 (3.6)† –3.5 (3.8)† –3.6 (3.4)† .89
6 mo –3.2 (4.9)† –3.4 (5.7)† –3.5 (5.6)† –3.6 (6.7)† .76
12 mo –2.1 (4.8)† –3.2 (6.0)† –3.0 (4.9)† –3.3 (7.3)† .40

BMI
2 mo –1.3 (1.1)† –1.3 (1.2)† –1.2 (1.3)† –1.2 (1.1)† .83
6 mo –1.1 (1.7)† –0.9 (2.4)‡ –1.2 (2.0)† –1.2 (2.3)† .65
12 mo –0.7 (1.6)† –1.1 (2.0)† –1.1 (1.7)† –1.4 (2.5)‡ .36

Waist circumference, cm
2 mo –3.3 (3.1)† –3.0 (3.5)† –3.5 (4.2)† –2.7 (3.2)† .37
6 mo –3.2 (4.9)† –2.9 (5.2)† –3.5 (5.9)† –2.5 (5.3)† .69
12 mo –2.5 (4.5)† –2.9 (5.3)† –3.3 (5.4)† –2.2 (5.5)‡ .89

Total cholesterol, mg/dL
2 mo –1.8 (24) –18.4 (25)† –14.8 (26)† –19.0 (28)† .01
6 mo –0.9 (18) –6.2 (19)‡ –8.1 (21)‡ –11.4 (26)† .03
12 mo –4.3 (23) –10.1 (35) –8.2 (24)‡ –10.8 (21)† .35

LDL cholesterol, mg/dL
2 mo 1.3 (18) –9.7 (27)‡ –12.1 (25)† –16.5 (25)† .001
6 mo –2.7 (14) –6.7 (22) –7.0 (24) –10.5 (22)† .10
12 mo –7.1 (24) –11.8 (34)‡ –9.3 (27)‡ –12.6 (19)† .46

HDL cholesterol, mg/dL
2 mo 3.2 (6.2)† 1.8 (7.6) –0.2 (11.8) –3.6 (7.3)† .001
6 mo 3.8 (6.4)† 3.6 (10.5)‡ 2.4 (9.0) –1.5 (7.0) .005
12 mo 3.4 (7.1)† 3.3 (10.3)‡ 3.4 (9.9)‡ –0.5 (6.5) .06

Total/HDL cholesterol ratio
2 mo –0.36 (0.66)† –0.66 (1.06)† –0.49 (1.86) –0.18 (1.01) .40
6 mo –0.38 (0.68)† –0.46 (0.93)† –0.60 (1.57)‡ –0.25 (1.07) .75
12 mo –0.39 (0.69)† –0.52 (1.04)† –0.70 (1.67)‡ –0.30 (0.96) .89

LDL/HDL cholesterol ratio
2 mo –0.18 (0.57)‡ –0.33 (0.79)† –0.42 (1.55) –0.21 (0.67) .81
6 mo –0.30 (0.55)† –0.30 (0.74)† –0.47 (1.37)‡ –0.22 (0.70) .90
12 mo –0.39 (0.81)† –0.40 (0.81)† –0.55 (1.39)‡ –0.31 (0.68)† .92

Triglycerides, mg/dL
2 mo –32.3 (66)† –54.1 (105)† –9.2 (39) –0.4 (77) .01
6 mo –10.6 (40) –14.8 (57) –1.5 (55) –2.3 (71) .35
12 mo –1.2 (84) 2.5 (147) –12.7 (61) 5.6 (36) .93

Systolic BP, mm Hg
2 mo –4.2 (13)‡ –4.1 (14) –4.8 (13)‡ –1.3 (8.8) .19
6 mo –3.7 (10)‡ –3.9 (14) –4.8 (14)‡ –0.6 (8.7) .32
12 mo 0.2 (12) 1.4 (15) –2.7 (13) 0.5 (7.7) .71

Diastolic BP, mm Hg
2 mo –4.2 (8.3)† –4.8 (7.6)† –3.1 (7.4)‡ –2.5 (7.1)‡ .19
6 mo –4.0 (6.5)† –4.0 (9.1)† –1.8 (6.9) –0.3 (6.2) .01
12 mo –1.4 (7.5) –1.2 (9.5) –1.7 (6.4) 0.2 (4.6) .40

Glucose, mg/dL
2 mo –9.8 (30)‡ –9.0 (29) –5.5 (24) –3.1 (23) .21
6 mo –7.8 (26) –8.2 (33) –3.8 (22) –5.1 (25) .50
12 mo 1.4 (30) –4.2 (18) –4.7 (19) –4.1 (30) .34

(continued)
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nificant differences between diets
(P=.40). In each diet group, approxi-
mately 25% of the initial participants
sustained a 1-year weight loss of more
than 5% of initial body weight and ap-
proximately 10% of participants lost
more than 10% of body weight. Weight
reductions were highly associated with
waist size reductions for all diets (Pear-
son r=0.86 at 1 year; P�.001), with no
significant difference between diets. In
women, mean (SD) body weight de-
creased by 2.4 (5.1) kg (2.5% change
from baseline) and waist size by 2.3
(4.5) cm, whereas in men body weight
decreased by 3.3 (6.4) kg (3.1% change
from baseline) and waist size by 3.1
(5.8) cm at 1 year (P = .30 for sex
differences).

In contrast with the absent associa-
tion between diet type and weight loss
(r=0.07; P=.40), we observed a strong
curvilinear association between self-
reported dietary adherence and weight
loss (r=0.60; P�.001) that was almost
identical for each diet (FIGURE 3). Par-
ticipants in the top tertile of adherence
lost 7% of body weight on average.

Cardiac Risk Factors

According to the primary intent-to-
treat analysis (Table 3), all diets
achieved modest, although statisti-
cally significant, improvements in sev-
eral cardiac risk factors at 1 year. All
diets reduced mean LDL cholesterol lev-
els at 1 year, although this did not reach
statistical significance in the case of the
Atkins group (P=.07). All diets signifi-
cantly increased mean HDL choles-
terol levels, except in the Ornish diet
group (P=.60). The LDL/HDL ratio de-
creased approximately 10% in each diet
group (all P�.05). No diet program sig-
nificantly altered triglycerides, blood
pressure, or fasting glucose at 1 year.
The lower carbohydrate diets (Atkins
and Zone) were more likely to reduce
triglycerides, diastolic blood pressure,
and insulin in the short term, al-
though the Atkins diet failed to signifi-
cantly reduce mean fasting insulin lev-
els at 1 year (P = .26). All the diets
reduced 1-year C-reactive protein lev-
els by approximately 15% to 20%, al-

Table 4. Changes in Weight and Cardiac Risk Factors in an Analysis in Which Missing Values
Were Excluded*

Variable

Diet Group, Mean Change (SD)

Atkins
(n = 40)

Zone
(n = 40)

Weight Watchers
(n = 40)

Ornish
(n = 40)

Weight, kg
2 mo –4.7 (2.9)† –4.6 (3.4)† –4.2 (3.8)† –5.0 (3.0)†

6 mo –5.8 (5.3)† –5.2 (6.4)† –4.7 (6.1)† –6.7 (8.0)†

12 mo –3.9 (6.0)† –4.9 (6.9)† –4.6 (5.4)† –6.6 (9.3)†

BMI
2 mo –1.6 (1.0)† –1.6 (1.2)† –1.5 (1.3)† –1.7 (1.0)†

6 mo –2.0 (1.9)† –1.7 (2.2)† –1.7 (2.1)† –2.4 (2.7)†

12 mo –1.4 (2.1)† –1.6 (2.3)† –1.7 (1.9)† –2.3 (3.2)†

Waist circumference, cm
2 mo –4.3 (2.9)† –3.6 (3.5)† –4.2 (4.3)† –3.7 (3.2)†

6 mo –5.9 (5.3)† –4.4 (6.0)† –4.7 (6.4)† –4.8 (6.5)†

12 mo –4.7 (5.4)† –4.5 (6.0)† –5.0 (6.0)† –4.3 (7.2)‡

Total cholesterol, mg/dL
2 mo –2.3 (27) –22.3 (26)† –17.9 (29)† –26.2 (30)†

6 mo –1.6 (24) –9.6 (23)‡ –10.8 (24)‡ –21.6 (33)†

12 mo –8.1 (31) –15.6 (43) –12.6 (28)‡ –21.5 (26)†

LDL cholesterol, mg/dL
2 mo 1.6 (20) –11.7 (29)‡ –14.7 (27)† –22.7 (27)†

6 mo –4.9 (18) –10.3 (26) –9.4 (27) –20.0 (28)†

12 mo –13.5 (32) –18.1 (41)‡ –14.2 (32)‡ –25.2 (20)†

HDL cholesterol, mg/dL
2 mo 4.2 (6.7)† 2.2 (8.4) –0.3 (13.0) –4.9 (8.2)†

6 mo 7.0 (7.4)† 5.5 (12.7)‡ 3.2 (10.3) –2.8 (9.6)

12 mo 6.4 (8.8)† 5.1 (12.5)‡ 5.2 (12.0)‡ –1.1 (9.3)

Total/HDL cholesterol ratio
2 mo –0.47 (0.71)† –0.80 (1.12)† –0.60 (2.03) –0.24 (1.19)

6 mo –0.70 (0.80)† –0.71 (1.08)† –0.80 (1.79)‡ –0.48 (1.46)

12 mo –0.75 (0.81)† –0.79 (1.21)† –1.07 (1.98)‡ –0.59 (1.30)

LDL/HDL cholesterol ratio
2 mo –0.23 (0.63)‡ –0.40 (0.86)‡ –0.50 (1.70) –0.29 (0.77)

6 mo –0.55 (0.66)† –0.49 (0.85)‡ –0.63 (1.56)‡ –0.41 (0.93)

12 mo –0.73 (1.01)† –0.61 (0.94)† –0.85 (1.65)‡ –0.62 (0.87)†
(continued)

Table 3. Changes in Weight and Cardiac Risk Factors in an Analysis in Which Baseline Values
Were Carried Forward in the Case of Missing Data* (cont)

Variable

Diet Group, Mean Change (SD)

P Value
for Trend

Across Diets
Atkins
(n = 40)

Zone
(n = 40)

Weight
Watchers
(n = 40)

Ornish
(n = 40)

Insulin, µIU/mL
2 mo –5.1 (13)† –7.1 (12)† –1.8 (6.0) –1.7 (12) .06

6 mo –2.3 (11) –1.9 (16) –2.5 (7.1) –0.4 (18) .60

12 mo –1.2 (6.7) –5.4 (14)† –2.6 (6.1)† –3.0 (6.3)‡ .70

C-reactive protein, mg/L
2 mo –0.33 (1.6) –0.22 (1.9) –0.04 (1.2) –0.61 (2.6) .61

6 mo –0.71 (2.0)‡ –0.42 (1.9) –0.50 (1.5)‡ –0.70 (2.8) .97

12 mo –0.70 (2.1)‡ –0.58 (2.1) –0.58 (1.3)† –0.88 (2.4)‡ .70
Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); BP,

blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
SI conversions: To convert glucose to mmol/L, multiply by 0.0555; HDL, LDL, and total cholesterol to mmol/L, multiply

by 0.0259; insulin to pmol/L, multiply by 6.945; and triglycerides to mmol/L, multiply by 0.0113.
*For Atkins group, the actual numbers of records available were 31 at 2 months, 22 at 6 months, and 21 at 12 months;

for Zone group, 33 at 2 months, 26 at 6 months, and 26 at 12 months; for Weight Watchers group, 33 at 2 months,
30 at 6 months, and 26 at 12 months; for Ornish group, 29 at 2 months, 21 at 6 months, and 20 at 12 months.

†P�.01 for difference from baseline within the group.
‡P�.05 for difference from baseline within the group.
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though the reduction did not reach sta-
tistical significance in the case of the
Zone diet (P = .09). The secondary
analysis, which excluded missing data
(Table 4), demonstrated larger but oth-
erwise similar changes overall.

The amount of weight loss pre-
dicted the amount of improvement in
several cardiac risk factors (FIGURE 4).
For each diet, weight loss was signifi-
cantly associated with changes in total/
HDL cholesterol ratio (r=–0.36), C-
reactive protein (r=–0.37), and insulin
levels (r=–0.39), regardless of diet type
(P=.48, P=.57, P=.31, respectively, for
difference between diets). No diet sig-
nificantly worsened any cardiac risk fac-
tor in association with weight loss or
dietary adherence at 1 year.

Exercise and Medication Use
Exercise levels, according to partici-
pant report (vigorous, moderate, mild,
minimal), were modestly increased
from baseline throughout the trial (all
P�.05), and to a similar extent for each
diet group (P=.70 between diets). At
1 year, the numbers of participants with
increased and decreased exercise lev-
els from baseline were 11 and 2 for At-
kins, 10 and 7 for Zone, 14 and 3 for
Weight Watchers, and 8 and 3 for Or-
nish groups, respectively. The amount
of weight loss was associated with
changes in exercise level (r = 0.27;
P=.001), with no significant differ-
ences between diets (P=.70). After ac-
counting for dietary adherence, there
was no significant association be-

tween change in exercise and change
in body weight or any cardiac risk fac-
tor at 1 year.

The number of prescription medi-
cations (mean, 2.4) did not signifi-
cantly change in the 126 participants
who remained in the study for at least
2 months. The net change in total num-
ber of prescription medications for the
Atkins, Zone, Weight Watchers, and
Ornish groups was +7, –4, –7, and +5,
respectively (P=.16 for difference be-
tween diets). Adjusting for changes in
baseline medication use did not mate-
rially affect the study outcomes. For ex-
ample, 4 to 7 participants in each group
were initially taking cholesterol-
lowering medication, which was dis-
continued by 1 individual in the Zone
group and initiated during the study by
primary care physicians for 1 each in
the Atkins and Weight Watchers groups
and for 3 in the Zone group. When in-
dividuals who initiated cholesterol-
lowering medication were excluded
from the intent-to-treat analysis, the re-
ductions in LDL/HDL cholesterol ra-
tios observed with each diet remained
statistically significant, and associa-
tions between weight loss and lipid
changes were unchanged or slightly
stronger.

COMMENT
In our randomized trial, we found that
a variety of popular diets can reduce
weight and several cardiac risk factors
under realistic clinical conditions, but
only for the minority of individuals who
can sustain a high dietary adherence
level. Despite a substantial percentage
of participants who could sustain mean-
ingful adherence levels, no single diet
produced satisfactory adherence rates
and the progressively decreasing mean
adherence scores were practically iden-
tical among the 4 diets. The higher dis-
continuation rates for the Atkins and
Ornish diet groups suggest many indi-
viduals found these diets to be too ex-
treme. To optimally manage a na-
tional epidemic of excess body weight33

and associated cardiac risk factors, prac-
tical techniques to increase dietary ad-
herence rates are urgently needed.

Table 4. Changes in Weight and Cardiac Risk Factors in an Analysis in Which Missing Values
Were Excluded* (cont)

Variable

Diet Group, Mean Change (SD)

Atkins
(n = 40)

Zone
(n = 40)

Weight Watchers
(n = 40)

Ornish
(n = 40)

Triglycerides, mg/dL
2 mo –42 (72)† –66 (112)† –11 (43) –1 (90)

6 mo –19 (53) –23 (70) –2 (64) –4 (99)

12 mo –2 (117) 4 (183) –20 (75) 11 (53)

Systolic BP, mm Hg
2 mo –5.4 (15)‡ –4.9 (15) –5.9 (14)‡ –1.8 (10)

6 mo –6.7 (12)† –6.1 (17) –6.4 (16)‡ –1.2 (12)

12 mo 0.3 (17) 2.1 (18) –4.1 (16) 0.9 (11)

Diastolic BP, mm Hg
2 mo –5.5 (9.0)† –5.8 (8.0)† –3.7 (8.0)‡ –3.4 (8.1)‡

6 mo –7.3 (7.4)† –6.2 (10.8)† –2.4 (7.9) –0.5 (8.6)

12 mo –2.6 (10.3) –1.8 (11.8) –2.6 (7.8) 0.4 (6.6)

Glucose, mg/dL
2 mo –12.7 (34)‡ –10.8 (31) –6.6 (26) –4.2 (27)

6 mo –14.1 (34) –12.6 (40) –5.0 (25) –9.6 (34)

12 mo 2.5 (42) –6.4 (22) –7.1 (23) –8.2 (43)

Insulin, µIU/mL
2 mo –6.5 (15)‡ –8.6 (13)† –2.2 (7) –2.3 (15)

6 mo –4.1 (15) –3.0 (20) –3.4 (8)‡ –0.7 (25)

12 mo –2.3 (9) –8.5 (17)‡ –4.1 (7)† –5.9 (8)‡

C-reactive protein, mg/L
2 mo –0.42 (1.8) –0.27 (2.1) –0.05 (1.3) –0.84 (3.0)

6 mo –1.29 (2.6)‡ –0.65 (2.3) –0.67 (1.7)‡ –1.33 (3.8)

12 mo –1.33 (2.8)‡ –0.88 (2.6) –0.88 (1.6)† –1.76 (3.1)‡
Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); BP,

blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
SI conversions: To convert glucose to mmol/L, multiply by 0.0555; HDL, LDL, and total cholesterol to mmol/L, multiply

by 0.0259; insulin to pmol/L, multiply by 6.945; and triglycerides to mmol/L, multiply by 0.0113.
*For Atkins group, the actual numbers of records available were 31 at 2 months, 22 at 6 months, and 21 at 12 months;

for Zone group, 33 at 2 months, 26 at 6 months, and 26 at 12 months; for Weight Watchers group, 33 at 2 months,
30 at 6 months, and 26 at 12 months; for Ornish group, 29 at 2 months, 21 at 6 months, and 20 at 12 months.

†P�.01 for difference from baseline within the group.
‡P�.05 for difference from baseline within the group.
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One way to improve dietary adher-
ence rates in clinical practice may be to
use a broad spectrum of diet options, to
better match individual patient food pref-
erences, lifestyles, andcardiovascular risk
profiles. Participants in our study were
not allowed to choose their dietary as-
signment; however, we suspect adher-
ence rates and clinical improvements
would have been better if participants
had been able to freely select from the 4
diet options. Our findings challenge the
concept that 1 type of diet is best for ev-
erybody and that alternative diets can be
disregarded. Likewise, our findings do
not support the notion that very low car-
bohydrate diets are better than stan-
dard diets, despite recent evidence to the
contrary.17,22,23,25

Our results support a growing body
of research suggesting that carbohy-
drate restriction and saturated fat re-
striction have different effects on car-
diovascular r i sk prof i les . Low
carbohydrate diets consistently in-
crease HDL cholesterol,17,20 and low–
saturated fat diets consistently de-
crease LDL cholesterol levels.34 Low
carbohydrate diets have typically been
more effective for short-term reduc-
tion of serum triglycerides, glucose,

and/or insulin.17,19,22,23,35,36 These find-
ings may suggest to some clinicians that
the degree to which a patient exhibits
features of the metabolic syndrome

might guide the degree of carbohy-
drate restriction to recommend. In the
long run, however, sustained adher-
ence to a diet rather than diet type was

Figure 3. One-Year Changes in Body Weight as a Function of Diet Group and Dietary
Adherence Level for All Study Participants
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Figure 4. One-Year Changes in Total/High-Density Lipoprotein Cholesterol Ratio, C-Reactive Protein, and Insulin as a Function of Weight
Loss for All Study Participants
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the key predictor of weight loss and car-
diac risk factor reduction in our study.

The clinical significance of diet-
induced changes in HDL cholesterol is
unclear. High-carbohydrate/low-fat
diets typically reduce or fail to in-
crease HDL cholesterol levels, but in-
sufficient data exist to determine
whether this is harmful or benign in
terms of cardiac events or atheroscle-
rosis progression.34,37,38 Similarly, the in-
crease in HDL cholesterol associated
with low-carbohydrate/high-fat diets is
of unclear benefit due to a lack of rel-
evant dietary intervention trials. In-
creased saturated fat intake may poten-
tially contribute to HDL cholesterol
increases in the case of the Atkins diet,
although we observed no such associa-
tion between changes in HDL choles-
terol and saturated fat in our study. The
reduction in LDL/HDL cholesterol ra-
tio observed for each diet is suggestive
but not conclusive of net beneficial ef-
fects on lipid profiles. Clearly, the car-
diovascular and other health effects of
dietary alternatives require additional
study.

By design, our study provided a lim-
ited amount of support beyond the ini-
tial 2 months to estimate the real-
world effectiveness and sustainability
of the diets when a long-term support
system was lacking. A benefit of this ap-
proach was the enhanced ability to
demonstrate a dose-response relation-
ship between dietary adherence lev-
els, weight loss, and clinical benefits.
A drawback is that this approach is
poorly suited to determine the effects
of each diet in highly adherent indi-
viduals. Research studies and clinical
programs that aim to maximize adher-
ence to dietary and other lifestyle rec-
ommendations are known to obtain
greater clinical benefits.39,40

Our study has several limitations.
Our study was designed to identify the
clinical strengths and weaknesses of
each diet under identical conditions but
was not necessarily designed to iden-
tify a “best diet.” If one diet produces
more weight loss or cardiac risk reduc-
tion than the other diets do, a much
larger sample size would probably be

required to detect such differences un-
der similar conditions. Our study had
a relatively high rate of attrition, which
confounds the interpretation of the re-
sults because the magnitude of the re-
sults depends on the accuracy of an un-
verifiable assumption. The assumption
that participants who discontinued the
study were unchanged from baseline is
reasonable but imprecise.41 Neverthe-
less, we believe our general findings are
reasonably valid based on 3 observa-
tions: participants who discontinued
were reasonably similar to the other par-
ticipants from a demographic and clini-
cal perspective, the participants who
discontinued had evidence of weight
loss rather than weight gain before dis-
continuing, and we obtained meaning-
ful (albeit modest) results despite a
rather conservative approach to han-
dling the missing data. Our study was
limited in its ability to exclude long-
term safety risks or occasional danger-
ous adverse effects resulting from the
diets, even though we found no short-
term safety risks in our study. Finally,
the measurements of dietary intake and
adherence relied on self-reporting and
are therefore subjective.

In conclusion, poor sustainability and
adherence rates resulted in modest
weight loss and cardiac risk factor re-
ductions for each diet group as a whole.
Cardiac risk factor reductions were as-
sociated with weight loss regardless of
diet type, underscoring the concept that
adherence level rather than diet type was
the key determinant of clinical ben-
efits. Cardiovascular outcomes studies
would be appropriate to further inves-
tigate the potential health effects of these
diets. More research is also needed to
identify practical techniques to in-
crease dietary adherence, including tech-
niques to match individuals with the di-
ets best suited to their food preferences,
lifestyle, and medical conditions.

Author Contributions: Dr Dansinger had full access
to all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of the
data analysis.
Study concept and design: Dansinger, Griffith, Selker,
Schaefer.
Acquisition of data: Dansinger, Gleason, Schaefer.
Analysis and interpretation of data: Dansinger,
Gleason, Selker, Schaefer.

Drafting of the manuscript: Dansinger, Griffith,
Schaefer.
Critical revision of the manuscript for important in-
tellectual content: Dansinger, Gleason, Griffith, Selker,
Schaefer.
Statistical analysis: Dansinger, Griffith.
Obtained funding: Dansinger, Selker, Schaefer.
Administrative, technical, or material support:
Dansinger, Gleason, Selker, Schaefer.
Study supervision: Selker, Schaefer.
Funding/Support: This study was supported by grants
MO1-RR00054 from the General Clinical Research Cen-
ter via the National Center for Research Resources of
the National Institutes of Health (NIH); HL57477 from
the NIH; contract 53-1950-5-003 from the US Depart-
ment of Agriculture; and P30DK46200 from the Hu-
man Metabolic and Genetics Core Laboratory of the Bos-
ton Obesity Nutrition Research Center program. Dr
Dansinger was supported by grant T32 HS00060 from
the Agency for Healthcare Research and Quality.
Role of the Sponsors: The General Clinical Research
Center scientific staff provided consultation in the de-
sign of the study. The General Clinical Research Cen-
ter nursing staff provided assistance with the data col-
lection. No sponsor participated in the analysis or
interpretation of the data, manuscript preparation, re-
view, or approval, or the decision to publish.
Acknowledgment: We thank Wenjun Li, PhD, from
the University of Massachusetts Medical School, Di-
vision of Preventive and Behavioral Medicine, for sta-
tistical assistance; Judith McNamara, MT, and Kou-
rosh Zonous-Hashemi, BS, from the Lipid Metabolism
Laboratory, Jean Mayer USDA Human Nutrition Re-
search Center, Tufts University, for performing the li-
poprotein analyses; Elias Seyoum, PhD, from the Nu-
trition Evaluation Laboratory, Jean Mayer USDA
Human Nutrition Research Center, Tufts University,
for performing the insulin assays; the General Clinical
Research Center staff from Tufts-New England Medi-
cal Center for technical assistance; Kendrin Sonnev-
ille, MS, RD, and Jacquelyn Stamm, MS, RD, for per-
forming diet record analyses; and Sylvia Peterson, for
administrative support.

REFERENCES

1. Freedman MR, King J, Kennedy E. Popular diets:
a scientific review. Obes Res. 2001;9(suppl 1):1S-
40S.
2. Amazon.com online book seller. Available at: http:
//www.amazon.com. Accessed December 2, 2004.
3. Anderson JW, Konz EC, Jenkins DJ. Health advan-
tages and disadvantages of weight-reducing diets: a
computer analysis and critical review. J Am Coll Nutr.
2000;19:578-590.
4. St Jeor ST, Howard BV, Prewitt TE, Bovee V, Baz-
zarre T, Eckel RH. Dietary protein and weight reduc-
tion: a statement for healthcare professionals from the
Nutrition Committee of the Council on Nutrition, Physi-
cal Activity, and Metabolism of the American Heart
Association. Circulation. 2001;104:1869-1874.
5. Bonow RO, Eckel RH. Diet, obesity, and cardio-
vascular risk. N Engl J Med. 2003;348:2057-2058.
6. Pagano-Therrien J, Katz DL. The low-down on low-
carbohydrate diets. Nurse Pract. 2003;28:5, 14.
7. Cheuvront SN. The Zone Diet phenomenon: a closer
look at the science behind the claims. J Am Coll Nutr.
2003;22:9-17.
8. Riley RE. Popular weight loss diets: health and ex-
ercise implications. Clin Sports Med. 1999;18:691-701.
9. Lowe MR, Miller-Kovach K, Frye N, Phelan S. An
initial evaluation of a commercial weight loss pro-
gram: short-term effects on weight, eating behavior,
and mood. Obes Res. 1999;7:51-59.
10. Atkins R. Dr. Atkins’ New Diet Revolution. New
York, NY: Avon Books; 1998.
11. Sears B. The Zone: A Dietary Road Map. New York,
NY: HarperCollins Publishers; 1995.

EFFECT OF 4 DIETS ON WEIGHT LOSS AND CARDIAC RISK FACTORS

52 JAMA, January 5, 2005—Vol 293, No. 1 (Reprinted) ©2005 American Medical Association. All rights reserved.

 by guest on February 12, 2012jama.ama-assn.orgDownloaded from 

http://jama.ama-assn.org/


12. Ornish D. Every Day Cooking With Dean Ornish.
New York, NY: HarperCollins Publishers; 1997.
13. Flegal KM, Carroll MD, Ogden CL, Johnson CL.
Prevalence and trends in obesity among US adults,
1999-2000. JAMA. 2002;288:1723-1727.
14. Blackburn GL, Phillips JC, Morreale S. Physi-
cian’s guide to popular low-carbohydrate weight-
loss diets. Cleve Clin J Med. 2001;68:761, 765-766,
768-769, 773-764.
15. Eisenstein J, Roberts SB, Dallal G, Saltzman E. High-
protein weight-loss diets: are they safe and do they
work? a review of the experimental and epidemio-
logic data. Nutr Rev. 2002;60:189-200.
16. Kennedy ET, Bowman SA, Spence JT, Freedman
M, King J. Popular diets: correlation to health, nutri-
tion, and obesity. J Am Diet Assoc. 2001;101:411-
420.
17. Foster GD, Wyatt HR, Hill JO, et al. A random-
ized trial of a low-carbohydrate diet for obesity. N Engl
J Med. 2003;348:2082-2090.
18. Jarvis M, McNaughton L, Seddon A, Thompson
D. The acute 1-week effects of the Zone diet on body
composition, blood lipid levels, and performance in rec-
reational endurance athletes. J Strength Cond Res.
2002;16:50-57.
19. Samaha FF, Iqbal N, Seshadri P, et al. A low-
carbohydrate as compared with a low-fat diet in se-
vere obesity. N Engl J Med. 2003;348:2074-2081.
20. Westman EC, Yancy WS, Edman JS, Tomlin KF,
Perkins CE. Effect of 6-month adherence to a very
low carbohydrate diet program. Am J Med. 2002;113:
30-36.
21. Sondike SB, Copperman N, Jacobson MS. Ef-
fects of a low-carbohydrate diet on weight loss and
cardiovascular risk factor in overweight adolescents.
J Pediatr. 2003;142:253-258.
22. Yancy WS Jr, Olsen MK, Guyton JR, Bakst RP,
Westman EC. A low-carbohydrate, ketogenic diet ver-
sus a low-fat diet to treat obesity and hyperlipid-

emia: a randomized, controlled trial. Ann Intern Med.
2004;140:769-777.
23. Brehm BJ, Seeley RJ, Daniels SR, D’Alessio DA. A
randomized 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;88:1617-1623.
24. Meckling KA, O’Sullivan C, Saari D. Comparison
of a low-fat diet to a low-carbohydrate diet on weight
loss, body composition, and risk factors for diabetes
and cardiovascular disease in free-living, overweight
men and women. J Clin Endocrinol Metab. 2004;89:
2717-2723.
25. 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.
26. NIH policy and guidelines on the inclusion of
women and minorities as subjects in clinical
research—amended, October, 2001. Available at: http:
//grants1.nih.gov/grants/funding/women_min
/guidelines_amended_10_2001.htm. Accessed De-
cember 2, 2004.
27. Sears B. Zone Perfect Meals in Minutes. New York,
NY: HarperCollins Publishers; 1997.
28. Weight Watchers Publishing Group. Weight
Watchers New Complete Cookbook. New York, NY:
Macmillin Press; 1998.
29. Atkins R, Gare F. Dr. Atkins’ New Diet Cookbook.
New York, NY: M Evans and Co Inc; 1995.
30. Crawford PB, Obarzanek E, Morrison J, Sabry ZI.
Comparative advantage of 3-day food records over
24-hour recall and 5-day food frequency validated by
observation of 9- and 10-year-old girls. J Am Diet
Assoc. 1994;94:626-630.
31. McNamara JR, Schaefer EJ. Automated enzy-
matic standardized lipid analyses for plasma and li-
poprotein fractions. Clin Chim Acta. 1987;166:1-8.

32. Friedewald WT, Levy RI, Fredrickson DS. Estima-
tion of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin Chem. 1972;18:499-502.
33. Hedley AA, Ogden CL, Johnson CL, Carroll MD,
Curtin LR, Flegal KM. Prevalence of overweight and
obesity among US children, adolescents, and adults,
1999-2002. JAMA. 2004;291:2847-2850.
34. Connor WE, Connor SL. Should a low-fat, high-
carbohydrate diet be recommended for everyone? the
case for a low-fat, high-carbohydrate diet. N Engl
J Med. 1997;337:562-563, 566-567.
35. Landry N, Bergeron N, Archer R, et al. Whole-
body fat oxidation rate and plasma triacylglycerol con-
centrations in men consuming an ad libitum high-
carbohydrate or low-carbohydrate diet. Am J Clin Nutr.
2003;77:580-586.
36. Brand-Miller JC. Glycemic load and chronic disease.
Nutr Rev. 2003;61:S49-S55.
37. Brinton EA, Eisenberg S, Breslow JL. A low-fat diet
decreases high density lipoprotein (HDL) cholesterol
levels by decreasing HDL apolipoprotein transport rates.
J Clin Invest. 1990;85:144-151.
38. Katan MB, Grundy SM, Willett WC. Should a low-
fat, high-carbohydrate diet be recommended for ev-
eryone? beyond low-fat diets. N Engl J Med. 1997;337:
563-566.
39. Heshka S, Anderson JW, Atkinson RL, et al. Weight
loss with self-help compared with a structured com-
mercial program: a randomized trial. JAMA. 2003;289:
1792-1798.
40. Koertge J, Weidner G, Elliott-Eller M, et al. Im-
provement in medical risk factors and quality of life
in women and men with coronary artery disease in the
Multicenter Lifestyle Demonstration Project. Am
J Cardiol. 2003;91:1316-1322.
41. Ware JH. Interpreting incomplete data in studies
of diet and weight loss. N Engl J Med. 2003;348:2136-
2137.

I touch the future. I teach.
—Christa McAuliffe (1948-1986)

EFFECT OF 4 DIETS ON WEIGHT LOSS AND CARDIAC RISK FACTORS

©2005 American Medical Association. All rights reserved. (Reprinted) JAMA, January 5, 2005—Vol 293, No. 1 53

 by guest on February 12, 2012jama.ama-assn.orgDownloaded from 

http://jama.ama-assn.org/

