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Abstract

Background—Low-carbohydrate diets are popular for weight loss, but their cardiovascular
effects have not been well-studied, particularly in diverse populations.

Objective—To examine the effects of a low-carbohydrate diet compared with a low-fat diet on
body weight and cardiovascular risk factors.

Design—A randomized, parallel-group trial. (ClinicalTrials.gov: NCT00609271)
Setting—A large academic medical center.
Participants—148 men and women without clinical cardiovascular disease and diabetes.

Intervention—A low-carbohydrate (<40 g/d) or low-fat diet (<30% fat; <7% saturated fat). Both
groups received dietary counseling at regular intervals throughout the trial.
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Measurements—Data on weight, cardiovascular risk factors, and dietary composition were
collected at 0, 3, 6, and 12 months.

Results—Sixty participants (82%) in the low-fat group and 59 (79%) in the low-carbohydrate
group completed the intervention. At 12 months, participants on the low-carbohydrate diet had
greater decreases in weight (mean difference in change, —3.5 kg [95% CI, 5.6 to —1.4 kg]; P <
0.001), fat mass (mean difference in change, —1.5% [CI, —2.6% to —0.4%]; P = 0.011), ratio of
total to high-density lipoprotein (HDL) cholesterol (mean difference in change, —0.44 [CI, -0.71
to —0.16]; P = 0.002), and triglyceride level (mean difference in change, —0.16 mmol/L [-14.1
mg/dL] [CI, -0.31 to —-0.01 mmol/L {-27.4 to —0.8 mg/dL}]; P = 0.038) and greater increases in
HDL cholesterol level (mean difference in change, 0.18 mmol/L [7.0 mg/dL] [CI, 0.08 to 0.28
mmol/L {3.0 to 11.0 mg/dL}]; P< 0.001) than those on the low-fat diet.

Limitation—Lack of clinical cardiovascular disease end points.

Conclusion—The low-carbohydrate diet was more effective for weight loss and cardiovascular
risk factor reduction than the low-fat diet. Restricting carbohydrate may be an option for persons
seeking to lose weight and reduce cardiovascular risk factors.

Primary Funding Source—National Institutes of Health.

According to the latest estimates, more than one third of American adults have at least 1
form of cardiovascular disease (CVD) and one third of total deaths are due to CVD (1). The
annual cost of caring for Americans with CVD was an estimated $312.9 billion in 2009 and
is projected to increase to approximately $1.48 trillion by 2030 (1). Thus, CVD is one of the
most important public health challenges in the United States.

Low-carbohydrate diets have become a popular strategy for weight loss and weight
management in recent years; however, their cardiovascular effects are unknown. Prospective
cohort studies have produced conflicting results regarding the association between low-
carbohydrate dietary patterns and risk for CVD (2, 3). Few randomized, controlled trials
thus far have examined the effects of carbohydrate restriction on CVD risk factors in a
diverse population with a significant proportion of black persons. The few that have either
did not assess a typical low-carbohydrate diet or included severely obese participants, most
of whom had type 2 diabetes or the metabolic syndrome (4-6). Hence, we conducted a
randomized, parallel-group trial to examine the effects of a 12-month low-carbohydrate diet
compared with a low-fat diet (7-9) on body weight and CVD risk factors in a diverse
population with a substantial proportion of black persons with no clinical comorbid
conditions.

METHODS

Setting and Participants

Men and women aged 22 to 75 years with a body mass index of 30 to 45 kg/m? were
recruited from the general public by using mailing lists, fliers, work site and community
screenings, and television advertisements. Major exclusion criteria were self-reported
clinical CVD, type 2 diabetes, or kidney disease; use of prescription weight-loss
medications; surgery; and weight loss greater than 6.8 kg within 6 months of study entry. A
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total of 148 participants (mean age, 46.8 years; 88% female; 51% black) were included
(Table 1). We recruited, enrolled, and followed participants and collected data and
specimens from 2008 through 2011 at the Tulane University Health Sciences Center in New
Orleans, Louisiana. The study was approved by the institutional review board at Tulane
University, and each participant signed an approved consent form.

Study Design and Intervention

We used a computer-generated, blocked randomization, stratified by sex, to allocate
participants to 1 of the 2 diet groups. After randomization, 73 participants were assigned to
the low-fat group and 75 were assigned to the low-carbohydrate group. Participants assigned
to the low-carbohydrate diet were instructed to maintain an intake of digestible carbohydrate
(total carbohydrate minus total fiber) of less than 40 g/d. Those assigned to the low-fat diet
were instructed to maintain less than 30% of their daily energy intake from total fat (with
<7% from saturated fat) and 55% from carbohydrate, based on National Cholesterol
Education Program guidelines (7-9). Neither diet included a specific calorie or energy goal.
Participants in each group were asked to refrain from changing their physical activity levels
during the intervention. A handbook was given to participants that contained recipes, sample
menus for 1 week of food intake at various energy levels, food lists, shopping lists, meal
planners, and guides on counting macronutrients and reading nutrition labels. We also
provided 1 low-carbohydrate or low-fat meal replacement (bar or shake) per day to
participants in each group for the duration of the study.

Participants met with a dietitian in weekly individual counseling sessions for the first 4
weeks, followed by small group counseling sessions every other week for the next 5 months
(a total of 10 sessions) and monthly for the last 6 months of the intervention period.
Individual sessions generally lasted about 1 hour and included dietary instruction and
supportive counseling. Group counseling sessions were held separately for participants in
the low-fat and low-carbohydrate groups but followed a common behavioral curriculum.

Staff provided a single set of instructions that were not altered over the course of the study.
Participants in each diet group received the same information on dietary fiber
(recommended intake of 25 g/d) and types of dietary fats. These common instructions
included education on saturated, monounsaturated, and trans fats, with emphasis on the
benefits of monounsaturated fats and recommendations to limit or eliminate trans fats.

Data Collection

Two 24-hour dietary recalls were obtained from participants at baseline and 3, 6, and 12
months to characterize and monitor individual dietary intake of macronutrients. One recall
reflected consumption on a weekday, and the other reflected consumption on a weekend
day. All dietary recalls were obtained by a trained and certified staff member. We calculated
dietary nutrient intakes using the food composition tables of the Nutrition Data System for
Research (10). Five percent of the dietary recalls were recorded and reviewed for quality
control purposes.

A detailed medical history that included assessment of hypertension, diabetes, CVD,
medication use, and health behaviors (smoking habits, alcohol use, and physical activity)
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was obtained at the screening visit. We collected anthropometric measures, blood pressure,
and blood and urine samples at the screening visit, randomization, and each follow-up visit.
Body weight and height (without shoes) were measured to the nearest 0.1 kg and 0.1 cm,
respectively, using a single calibrated scale (Detecto, model 6855) and a wall-mounted
stadiometer. We measured body composition using whole-body bioelectrical impedance
analysis (RJL Systems) while the participant was in a supine position. We measured blood
pressure 3 times with a mercury sphygmomanometer using procedures recommended by the
American Heart Association (11). The systolic and diastolic blood pressures were recorded
as the first and fifth Korotkoff sounds, respectively. Blood samples were collected after the
participant had fasted for 12 hours. We assayed serum total cholesterol, high-density
lipoprotein (HDL) cholesterol, and triglyceride levels according to procedures recommended
by the National Heart, Lung, and Blood Institute and the Centers for Disease Control and
Prevention (12). Low-density lipoprotein (LDL) cholesterol level was calculated using the
Friedewald formula (13). We measured plasma glucose, serum creatinine, and high-
sensitivity C-reactive protein (CRP) levels using standard methods. We calculated physical
activity as the sum of hours of moderate to vigorous activities per week (walking, sports,
dance, and conditioning) multiplied by each activity’s individual metabolic equivalent value.
Urinary ketone levels were measured by dipstick at each behavioral session attended and
each clinic visit for data collection. A range of adverse effects was assessed using closed-
ended questions at each counseling session.

Statistical Analysis

The power assessment for the primary end point (body weight) was based on data abstracted
from trials similar to this one (4, 14-16). Assuming a 2-sided significance level of 0.05, we
needed 55 participants per group to provide 80% power to detect differences in weight
change of at least 3% (SD, 5%) between the groups. The sample size of 148 participants
allowed for a 25% dropout rate after randomization.

Data on baseline characteristics of study participants were expressed as means (SDs) or
numbers (percentages). Eleven participants (5 in the low-fat group and 6 in the low-
carbohydrate group) declined to have their body weight measured at randomization and
were not included in the analysis of our primary outcome. We used t tests or chi-square tests
to compare baseline characteristics between the groups. Dietary composition data were
expressed as means (SDs) and compared using t tests. We used a random-effects linear
model that was fitted to continuous outcomes (primary and secondary). Each random-effects
model consisted of a random intercept and a random slope to adjust for the within-
participant correlation among the observed longitudinal data. To examine the change in each
study end point, the model included an indicator variable for time (3, 6, and 12 months), diet
group, an interaction term for diet group by time, and baseline level of the corresponding
end point. In a post hoc analysis, we also examined the estimated 10-year risk for coronary
heart disease (CHD) by Framingham risk score between groups (17). To examine adverse
effects (binary outcomes) over time while accounting for the repeated measurements within
individuals, we used generalized estimating equations under the logistic regression model.
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The random-effects model allows the assumption of data missing at random (MAR). We
performed sensitivity analyses to assess the robustness of our conclusions and departures
from the MAR assumption. We used Markovchain Monte Carlo techniques to impute
missing values, including additional covariates (age, sex, race, marital status, education, and
employment status), in the model to make the MAR assumption more plausible (18). All P
values were 2-sided, and no adjustment was made for multiple comparisons. We used SAS,
version 9.2 (SAS Institute), for all analyses.

Role of the Funding Source

RESULTS

The study was funded by the National Center for Research Resources of the National
Institutes of Health. The funding source had no role in the design, conduct, analysis, or
reporting of the study.

Baseline Characteristics

Baseline characteristics of the trial participants are shown in Table 1. Demographic
characteristics and cardiovascular risk factors were similar between groups. The proportions
of participants completing assessments at months 3, 6, and 12 were 93.2%, 87.7%, and
82.2%, respectively, in the low-fat group and 92.0%, 82.7%, and 78.7%, respectively, in the
low-carbohydrate group (Figure 1).

Dietary Intake and Physical Activity

Dietary composition data for participants who remained on each diet and also provided 24-
hour recalls are summarized in Table 2. At baseline, reported dietary composition in the
low-fat group was similar to that in the low-carbohydrate group. During the follow-up
period, total energy intake was similar between groups. The intake of total carbohydrate was
significantly higher and intakes of protein and total, saturated, and monounsaturated fat (as
percentages of kilocalories) were significantly lower in the low-fat group at 12 months (P <
0.001 for these comparisons). Physical activity levels were similar throughout the study.

Body Weight and Composition and Waist Circumference

Weight loss from baseline values was greater in the low-carbohydrate group than in the low-
fat group at 3, 6, and 12 months (Table 3). The reduction in body weight was significantly
greater in the low-carbohydrate group (mean difference in change at 12 months, —3.5 kg
[95% CI, -5.6 to —1.4 kg]; P = 0.002). Compared with participants on the low-fat diet, those
on the low-carbohydrate diet had significantly greater proportional reductions in fat mass
(mean difference in change at 12 months, —=1.5% [CI, —2.6% to —0.4%]; P = 0.011) and
significantly greater proportional increases in lean mass (mean difference in change at 12
months, 1.7% [CI, 0.6% to 2.8%]; P = 0.003). Participants in both groups significantly
reduced their waist circumference. Changes in waist circumference were more favorable in
the low-carbohydrate group at 3 and 6 months but did not differ significantly from those in
the low-fat group at 12 months (Table 3; Figure 2; and Appendix Figure, available at
www.annals.org).
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Serum Lipid Levels

At 12 months, serum levels of total and LDL cholesterol had not significantly changed
among participants in either group. High-density lipoprotein cholesterol level increased
significantly more in the low-carbohydrate group than in the low-fat group (mean difference
in change at 12 months, 0.18 mmol/L [7.0 mg/dL] [CI, 0.08 to 0.28 mmol/L {3.0 to 11.0
mg/dL}]; P < 0.001). Ratios of total to HDL cholesterol decreased significantly only among
participants in the low-carbohydrate group, and the decreases were significantly greater than
those in the low-fat group (mean difference in change at 12 months, —0.44 [CI, —-0.71 to
-0.16]; P = 0.002). Serum levels of triglycerides also decreased significantly in both groups,
with greater decreases among participants in the low-carbohydrate group (mean difference
in change at 12 months, —0.16 mmol/L [-14.1 mg/dL] [CI, -0.31 to —0.01 mmol/L {-27.4
to —0.8 mg/dL}]; P = 0.038) (Table 3, Figure 2, and Appendix Figure).

Blood Pressure and CRP, Plasma Glucose, Insulin, and Serum Creatinine Levels

At 12 months, participants in the low-carbohydrate group had significantly greater decreases
in CRP level than those in the low-fat group (mean difference in change at 12 months, —15.2
nmol/L [CI, —27.6 to —1.9 nmol/L]; P = 0.024). Systolic and diastolic blood pressures did
not significantly decrease among participants in either group, and mean differences in
change between the groups were also not significant at 12 months. Plasma glucose levels
also did not significantly change in either group. Although serum levels of insulin and
creatinine decreased significantly in each group, the decreases did not differ significantly
between groups (Table 3).

10-Year Framingham CHD Risk Score

Participants in the low-carbohydrate group had significant decreases in estimated 10-year
risk for CHD at 6 and 12 months, whereas those in the low-fat group did not (Table 3 and
Appendix Figure). The reductions in estimated 10-year risk for CHD were significantly
greater in the low-carbohydrate group at 12 months (mean difference in change, -1.4% [CI,
-2.1% to —0.6%]; P < 0.001).

We examined differences among white and black participants and found that the results
were consistent with those of the overall population (Appendix Tables 1 and 2, available at
www.annals.org), except HDL cholesterol levels increased slightly with the low-fat diet
among black participants at 12 months. Small sample sizes precluded meaningful
assessments of other racial and ethnic groups individually.

Sensitivity Analyses

Results of sensitivity analyses using multiple imputation techniques to impute missing
values were consistent with those presented in our primary analyses. Specifically,
participants in the low-carbohydrate group lost significantly more weight than those in the
low-fat group (mean difference in change at 12 months, —3.6 kg [Cl, —=5.7 to —1.4 kg]; P =
0.001).
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Adverse Events

No serious adverse events were reported during the course of the study. The number of
participants who had symptoms, including constipation, fatigue, thirst, polyuria, diarrhea,
heartburn, gas, nausea, vomiting, appetite changes, or headache, did not differ significantly
between the low-carbohydrate and low-fat groups, except significantly more participants on
the low-fat diet reported headaches at 3 months (18 [25%] vs. 6 [8%] participants; P = 0.030
for between-group difference) (Appendix Table 3, available at www.annals.org).

DISCUSSION

Our study found that a low-carbohydrate diet induced greater weight loss and reductions in
cardiovascular risk factors at 12 months than a low-fat diet among black and white obese
adults who did not have diabetes, CVD, or kidney disease at baseline. Compared with a low-
fat diet, a low-carbohydrate diet resulted in greater improvements in body composition,
HDL cholesterol level, ratio of total to HDL cholesterol, triglyceride level, CRP level, and
estimated 10-year CHD risk. Because CVD is the most common cause of death in the
United States and obesity is a particularly prevalent risk factor, our study has important
clinical and public health implications. Findings from this trial may offer new evidence for
the recommendation of a low-carbohydrate diet to obese persons as an additional
nonpharmacologic approach for weight loss and reduction of CVD risk factors.

Previous studies have examined the effects of low-carbohydrate diets on CVD risk factors,
but most of these trials had small sample sizes or low completion rates, did not assess a
typical low-carbohydrate diet for weight loss, or did not include diverse populations (19—
24). In contrast, our study tested the effects of a typical low-carbohydrate dietary
intervention, with a high completion rate (approximately 80%) over 12 months of follow-up
and a substantial sample of black persons (a group under-represented in previous trials).
Although 2 trials have examined cardiovascular effects in samples with a majority of black
persons, they included only diabetic patients or those with severe obesity, most of whom
(83%) also had type 2 diabetes or the metabolic syndrome (4, 5). The POUNDS LOST
(Preventing Overweight Using Novel Dietary Strategies) study, which examined the effects
of 4 diets with different macronutrient compositions, included a substantial number of black
persons but did not test a typical low-carbohydrate diet. In that study, participants on the
low-carbohydrate diet (which was high in protein and fat) aimed for 35% of daily energy
intake from carbohydrate and achieved approximately 43%. Typical low-carbohydrate diets
for weight loss restrict carbohydrate to less than 20% of daily energy intake (6). Over the
course of 12 months, participants in the low-carbohydrate group in our study achieved an
average of 30% of daily energy from carbohydrate. Unlike some previous studies, our trial
included men and women who did not have diabetes and CVD at baseline and
comprehensively measured cardiovascular risk profiles.

Our results with regard to body weight are consistent with those of other trials (23, 24) and a
recent meta-analysis (25). The underlying mechanisms that may account for differences in
weight loss by diet are still not fully identified, but a recent study indicated that low-
carbohydrate diets may have a more favorable effect on resting energy expenditure and total
energy expenditure than low-fat diets (26). In addition, our findings suggest that the loss of
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fat mass accounts for most of the reduction in body weight on a low-carbohydrate diet,
which is consistent with other study findings (19, 21).

We found that a low-carbohydrate diet resulted in a significantly greater reduction in the
ratio of total to HDL cholesterol, which has been identified as a strong and independent
predictor of CHD (27). This finding is consistent with at least 1 previous study (23) but not
others that had small sample sizes or high rates of loss to follow-up (20, 21). The decreases
in HDL cholesterol and triglyceride levels that we observed were within the range reported
in previous weight-loss studies (25).

A major concern that has been frequently raised about low-carbohydrate diets is their
potential to elevate LDL cholesterol levels, an established risk factor for CVD (8, 28). In
contrast, a recent meta-analysis showed that both low-fat and low-carbohydrate diets
reduced LDL cholesterol levels, although the reduction was less for persons assigned to low-
carbohydrate diets (25). Our study also found reductions in LDL cholesterol level among
participants in both groups, with no significant difference between the groups.

We also observed moderate reductions in blood pressure and plasma glucose, serum insulin,
and serum creatinine levels that did not differ significantly between groups. In our study,
participants on the low-carbohydrate diet had greater decreases in CRP levels than those on
the low-fat diet. Two previous studies that examined CRP levels found no difference
between the diets (19, 29); however, both had relatively small sample sizes and may have
been underpowered.

The Framingham risk score is a global index of CHD risk used in clinical settings (8, 17,
30). Although it was not a prespecified outcome in our study, we prospectively collected
data needed to calculate it. Brinkworth and colleagues (19) reported a nonsignificant
difference in Framingham risk score between a modified Atkins-style low-carbohydrate diet
and a low-fat diet among 118 participants with abdominal obesity and other metabolic
syndrome components. In contrast, in our study, participants randomly assigned to the low-
carbohydrate diet had greater decreases in 10-year CHD risk score than those assigned to the
low-fat diet; however, the overall level of risk was low in our sample (about 4% over 10
years at baseline). Thus, the clinical significance of this difference is not clear. These
different findings may be due to different population characteristics or completion rates
(roughly 80% in our study vs. 58% in Brinkworth and colleagues’ study) (19). Moreover,
these results should be interpreted with caution because of difficulty quantifying the exact
amount of uncertainty around an individual’s risk score.

Our conclusions are subject to limitations. First, self-reported dietary information may be
subject to memory and recall issues, and participants who complete the dietary recall may be
more likely to report adhering to the interventions. However, we collected these within 24
hours of consumption and used multiple 24-hour diet recalls to reflect weekday and
weekend eating patterns. Second, dietitians were not blinded to the study hypothesis. In
order to avoid potential differences in dietary counseling due to this, we used specific and
detailed scripts for all counseling sessions and trained staff to deliver the scripts without
deviation. Dietary sessions for both groups were intermittently observed for consistency by
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an independent registered dietitian consultant who was not a regular part of the study staff,
and all outcome assessors were blinded to the diet group assignment. Third, conclusions
from our study are limited by the lack of CVD clinical end points; however, we assessed
CVD risk factors extensively. Because of the number of tests performed in the primary
analyses, statistically significant results should be interpreted with caution, particularly P
values denoting significance levels between 0.01 and 0.05. Finally, although our findings
show what can be achieved, they may not be generalizable to more common situations
where intensive and repeated dietary counseling is not available.

Our study has several strengths. All data were collected by trained and certified staff using
rigorous quality control protocols. Also, the completion rate was approximately 80% in both
diet groups. In addition, this study had high rates of dietary adherence, as shown by 24-hour
recall and urinary ketone levels (31). The proportion of participants with detectable urinary
ketone levels was significantly higher in the low-carbohydrate group than in the low-fat
group at 3, 6, and 12 months (data not shown). Finally, our study included a substantial
proportion of black participants, a group underrepresented in previous trials.

In summary, this 12-month randomized, parallel-group trial showed that a low-carbohydrate
diet resulted in greater weight loss and reduction in cardiovascular risk factors than a low-fat
diet among obese black and white adults. Restricting carbohydrate may be an option for
persons who are seeking to lose weight and reduce cardiovascular risk factors and should be
studied further.
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Predicted Mean Differences in Changes in Cardiovascular Risk Factors From Baseline, by

Assigned Dietary Group: White Persons

Variable Predicted Mean Difference (95% CI)* P Valuel
Low-Fat Diet Low-Carbohydrate Mean Difference in
(n=73) Diet (n =75) Change
Body weight, kg
3mo -3.5(-4.8to -6.4 (-7.6 to -5.1) -2.8(-46t0-1.1) 0.002
-2.3)
6 mo -3.2(-4.7to -6.4 (-7.9t0 -4.9) -3.2(-5.3t0-1.0)  0.004
-1.7)
12 mo -2.6(-5.1to0 -6.5 (9.0 to -4.0) -39(-7.4t0-04) 0.032
-0.1)
Waist circumference, cm
3mo -2.7(-4.3t0 -6.1(=7.7 to -4.6) -35(-5.7t0-1.2)  0.004
-1.0)
6 mo -4.1(-5.8t0 -6.4 (-8.1t0 -4.7) -2.4(-4.8100.1) 0.053
-2.3)
12 mo -6.8 (9.6 to -7.0(-9.8t0 -4.3) -0.2 (-4.1t0 3.7) 0.91
-4.1)
Fat mass, %
3mo -0.3(-1.2to -1.4(-2.4t0-0.4) -1.1(-2.5t00.3) 0.119
0.7)
6 mo -0.2(-1.1to -1.5(-2.5t0 -0.6) -1.3(-2.6 t0 0.0) 0.050
0.7)
12 mo -0.10(-1.4to -1.8(-3.2t0 -0.4) -1.8(-3.8100.2) 0.083
1.4)
Lean mass, %
3mo 0.7 (-0.4to 1.7 (0.7 t0 2.8) 1.1 (-0.4t02.6) 0.156
1.7)
6 mo 0.2 (-0.7to 1.6 (0.6t02.7) 1.4 (-0.0t02.8) 0.052
1.2)
12 mo -0.6 (-1.9to 15(0.1t0 2.8) 2.1(0.1t0 4.0) 0.037
0.8)
Systolic blood pressure, mm Hg
3mo -2.0(-4.7to -6.2 (-8.9to -3.6) -42(-8.1t0-0.3) 0.034
0.6)
6 mo -2.8(-5.4t0 -4.4 (-7.0t0 -1.9) -1.6(-5.3t02.1) 0.39
-0.3)
12 mo -4.4(-79to0 -0.8 (-4.3102.7) 3.7(-1.3t0 8.6) 0.146
-1.0)
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Variable Predicted Mean Difference (95% CI)* P Valuel
Low-Fat Diet Low-Carbohydrate Mean Difference in
(n=73) Diet (n = 75) Change
LDL cholesterol level, mmol/L¥
3 mo 0.09 (-0.10 to -0.04 (-0.23t0 0.16) -0.13 (-0.40 to 0.34
0.28) 0.14)
6 mo 0.08 (-0.09 to -0.02 (-0.18 to 0.15) -0.09 (-0.32to 0.42
0.24) 0.14)
12 mo 0.04 (-0.20 to 0.03 (-0.22 t0 0.27) -0.02 (-0.37 to 0.91
0.29) 0.33)
HDL cholesterol level, mmol/L¥
3 mo -0.08 (-0.15 to 0.03 (-0.04 to 0.10) 0.11 (0.01t0 0.21) 0.031
-0.01)
6 mo -0.05 (-0.12 to 0.11 (0.05 to 0.18) 0.17 (0.08 to 0.26) <0.001
0.01)
12 mo -0.01 (-0.11to 0.27 (0.17 to 0.38) 0.28 (0.14 to 0.42) <0.001
0.09)
Total-HDL cholesterol ratio
3mo 0.3(0.1to -0.2(-0.4t00.1) -0.4(-0.7t0-0.1)  0.007
0.5)
6 mo 0.2(0.1to -0.3(-0.5t0 -0.1) -0.5(-0.8t0-0.2)  <0.001
0.4)
12 mo 0.1(-0.2to -0.5(-0.8t0 -0.2) -0.6(-1.1t0-0.1)  0.017
0.4)
Triglyceride level, mmol/L8
3 mo -0.02 (-0.23 to -0.29 (-0.50 to —0.08) -0.28 (-0.57 to 0.069
0.19) 0.02)
6 mo -0.06 (-0.24 to -0.31 (-0.49 to -0.13) -0.26 (-0.51 to 0.051
0.13) 0.00)
12 mo -0.13 (-0.33 to -0.34 (-0.55 to -0.14) -0.21 (-0.50 to 0.140
0.07) 0.07)
C-reactive protein level, nmol/L
3mo 5.7 (-5.7to -10.5(-21.9t0 1.9) -16.2 (-33.3t0 1.0) 0.062
18.1)
6 mo 3.8(-6.7to -8.6 (-19.0 to 1.0) -13.3(-27.6t0 1.9) 0.078
14.3)
12 mo -0.0(-17.1to -6.7 (-23.810 9.5) -6.7 (-29.5 to 0.57
16.2) 17.1)
10-y Framingham risk score, %
3 mo 09(-0.1to -0.6 (-1.5t00.4) -15(-29t0-0.1) 0.037
1.9)
6 mo 0.7 (-0.1to -0.8 (-1.5t0-0.1) -15(-25t0-04) 0.006
1.4)
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Variable Predicted Mean Difference (95% CI)* P Valuel
Low-Fat Diet Low-Carbohydrate Mean Difference in
(n=73) Diet (n = 75) Change
12 mo 0.4 (0.6 to -1.0 (2.0 to -0.0) -1.4 (-2.810 0.0) 0.053
1.4)

HDL = high-density lipoprotein; LDL = low-density lipoprotein.
*From random-effects models that included diet, time, and diet-by-time interaction term.
TFor the between-group difference at each time point.
iTo convert to mg/dL, divide by 0.0259.
§To convert to mg/dL, divide by 0.0113.
Appendix Table 2

Predicted Mean Differences in Changes in Cardiovascular Risk Factors From Baseline, by

Assigned Dietary Group: Black Persons

Variable Predicted Mean Difference (95% CI)* P Valuel
Low-Fat Diet Low-Carbohydrate Mean Difference in
(n=73) Diet (n = 75) Change
Body weight, kg
3mo -1.8(-3.1to -5.2 (-6.4 to -4.0) -3.3(-5.1t0-1.6) <0.001
-0.6)
6 mo -1.6 (-2.9to -4.9 (-6.2to -3.6) -3.3(-5.2t0-1.5) <0.001
-0.2)
12 mo -11(-3.1to -4.4 (-6.3t0 -2.5) -3.3(-6.1t0 -0.5) 0.019
0.9)
Waist circumference, cm
3mo -4.3(-6.0to -5.0 (6.6 to -3.4) -0.6 (-3.0t01.7) 0.59
=2.7)
6 mo -4.1(-5.9t0 -5.5(-7.2t0 -3.8) -14(-39t01.1) 0.27
-2.4)
12 mo -3.7(-6.3t0 -6.6 (-9.1t0 -4.1) -2.9(-6.5t00.8) 0.119
-1.1)
Fat mass, %
3mo -0.2(-1.0to -0.9 (-1.6t0 -0.1) -0.7 (-1.8t0 0.4) 0.193
0.6)
6 mo 0.1(-0.6to -0.8 (-1.5t0-0.1) -1.0(-2.0t0 0.0) 0.060
0.9)
12 mo 0.7 (-0.3to -0.8(-1.7t00.2) -15(-29t0-0.1) 0.037
1.8)
Lean mass, %
3 mo 0.2 (-0.6to 1.5(0.7t0 2.3) 1.3(0.2t02.4) 0.026
1.0)
6 mo 0.0 (-0.7to 1.4(0.7t02.1) 1.4(0.3t02.4) 0.013
0.8)
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Variable Predicted Mean Difference (95% CI)* P Valuel
Low-Fat Diet Low-Carbohydrate Mean Difference in
(n=73) Diet (n =75) Change
12 mo -0.3(-1.3to 1.2(0.2t02.1) 15(0.1t02.9) 0.039
0.7)
Systolic blood pressure, mm Hg
3mo -2.8(-5.2t0 -2.6 (-4.9t0 -0.3) 0.1(-3.3t0 3.6) 0.93
-0.3)
6 mo -15(-3.7to -1.7 (-3.8t00.5) -0.2 (-3.3t03.0) 0.91
0.8)
12 mo 1.1(-2.2to 0.3(-3.0t0 3.5) -0.9 (-5.51t0 3.8) 0.71
4.4)
LDL cholesterol level, mmol/L¥
3mo -0.01 (-0.16 to 0.04 (-0.11 t0 0.19) 0.04 (-0.18 to 0.72
0.16) 0.26)
6 mo -0.05(-0.19t0  -0.03 (-0.16 to 0.11) 0.02 (-0.17 to 0.83
0.09) 0.21)
12 mo -0.13(-0.35t0  -0.15 (-0.36 to 0.06) -0.02 (-0.32 to 0.91
0.08) 0.28)
HDL cholesterol level, mmol/L¥
3 mo 0.01 (-0.08 to 0.04 (-0.05 to 0.12) 0.02 (-0.10 to 0.69
0.10) 0.15)
6 mo 0.02 (-0.03 to 0.10 (0.02t0 0.17) 0.05 (-0.06 to 0.37
0.12) 0.16)
12 mo 0.11 (0.01 to 0.21(0.11t0 0.32) 0.10 (-0.05 to 0.190
0.22) 0.26)
Overall - - - 0.98
Total-HDL cholesterol ratio
3mo -0.0(-0.2to -0.1(-0.3t00.1) -0.1(-0.4t00.3) 0.70
0.2)
6 mo -0.1(-0.3to -0.2 (0.4 to -0.0) -0.1(-0.4t00.1) 0.34
0.1)
12 mo -0.2 (0.4 to -0.5(-0.7 to -0.2) -0.3(-0.6t00.1) 0.112
0.1)
Triglyceride level, mmol/L8
3 mo 0.10(-0.01to  -0.14 (-0.25 to -0.03) -0.24 (-0.40 to 0.003
0.22) -0.08)
6 mo 0.07 (-0.03to  -0.13 (-0.23 to -0.04) -0.20 (-0.34 to 0.004
0.17) -0.07)
12 mo -0.00 (-0.12to0  -0.13 (-0.25 to -0.01) -0.13 (-0.30 to 0.137
0.12) 0.04)

C-reactive protein level, nmol/L

Ann Intern Med. Author manuscript; available in PMC 2015 September 02.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Bazzano et al.

Page 15

Variable Predicted Mean Difference (95% CI)* P Valuel
Low-Fat Diet Low-Carbohydrate Mean Difference in
(n=73) Diet (n =75) Change
3mo 1.9 (-124to 1.9(-11.4t015.2) -0.0 (-19.0to 0.99
16.2) 19.0)
6 mo 6.7 (-4.8t0 -1.0 (-10.5t0 9.5) -6.7(-21.9t08.6) 0.36
17.1)
12 mo 16.2 (4.810 -4.8(-15.21t05.7) -21.0 (-36.2to 0.010
26.7) -4.8)
10-y Framingham risk score, %
3mo 0.0 (-0.6 to -0.3(-0.8100.2) -0.3(-1.1t00.5) 0.44
0.6)
6 mo 0.1(-0.3to0 -0.5(-0.9t0 -0.1) 0.6 (-1.2t0 0.0) 0.050
0.6)
12 mo 0.3(-0.3to0 -0.8 (-1.4 t0o -0.2) 1.2(-2.0t0-0.3)  0.009
1.0)

HDL = high-density lipoprotein; LDL = low-density lipoprotein.

*
From random-effects models that included diet, time, and diet-by-time interaction term.

TFor the between-group difference at each time point.
iTo convert to mg/dL, divide by 0.0259.
§To convert to mg/dL, divide by 0.0113.

Appendix Table 3

Symptoms Reported by Participants

Symptom Participants (95% CI), n P Value™
Low-Fat Diet (n=73) Low-Carbohydrate Diet (n = 75)
Constipation
3mo 13 (7-24) 19 (11-30) 0.38
6 mo 19 (11-31) 18 (10-29) 0.84
12 mo 17 (9-28) 11 (5-22) 0.40
Fatigue
3mo 9 (4-19) 17 (10-28) 0.156
6 mo 22 (13-33) 18 (10-29) 0.57
12 mo 16 (8-27) 15 (8-26) 0.91
Headache
3mo 18 (11-30) 6 (2-15) 0.030
6 mo 16 (8-27) 12 (6-23) 0.57
12 mo 22 (13-34) 11 (5-21) 0.110
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Symptom Participants (95% CI), n P Value™
Low-Fat Diet (n =73) Low-Carbohydrate Diet (n = 75)
Thirst
3 mo 6 (2-15) 14 (8-25) 0.125
6 mo 9 (4-20) 12 (6-23) 0.65
12 mo 10 (5-20) 12 (6-23) 0.81
Polyuria
3mo 8 (3-17) 3 (1-10) 0.23
6 mo 5(1-15) 4(1-12) 0.76
12 mo 4 (1-14) 2 (0-10) 0.39
Diarrhea
3mo 5(2-14) 4 (1-13) 0.94
6 mo 5 (2-15) 5 (2-15) 0.99
12 mo 3(1-13) 1(0-13) 0.60
Heartburn
3mo 12 (6-23) 7 (3-16) 0.40
6 mo 11 (5-22) 6 (2-17) 0.38
12 mo 18 (10-31) 9 (4-19) 0.141
Gas
3mo 15 (9-26) 19 (11-30) 0.59
6 mo 22 (13-35) 17 (10-29) 0.51
12 mo 23 (14-35) 16 (9-27) 0.32
Nausea®
3mo 2 4 _
6 mo 2 0 -
12 mo 3 0 -
VomitingT
3 mo 0 1 -
6 mo 0 0 -
12 mo 0 0 -
Decreased appetiteJr
3mo 1 3 -
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Symptom Participants (95% ClI), n

Low-Fat Diet (n =73) Low-Carbohydrate Diet (n = 75)
6 mo 2 0

P Value™

12 mo 2 1

*

For the between-group difference at each time point.

TCI could not be calculated because of the small number of events.
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| Completed prescreening (n = 962) ‘

4)1 Excluded by prescreening (n = 458)

¥
| Not excluded by prescreening (m = 504) ‘

| Missed in-clinic screening visit
1 (n =249)

Y
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Lost interest (n = 37)

Y

4
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v

Low-fat diet (n = 73) J | Low-carbohydrate diet (n = 75)
¥ L4
Assessed at 3 mo (n = 68) Assessed at 3 mo (n = 69)
Remained on diet but not assessed (n = 0) Remained on diet but not assessed (n = 1)
Discontinued study (n = 5) Discontinued study (n = 5)
Time constraints: 1 Time constraints: 1
Life stressors: 1 Dissatisfied with program: 1
Pregnancy: 1 Life stressors: 1
No reason: 2 Pregnancy: 2
¥ v
Assessed at 6 mo (n = 64) Assessed at 6 mo (n = 62)
Remained on diet but not assessed (n = 0) Remained on diet but not assessed (n = 0)
Discontinued study (n = 4) Discontinued study (n = 7)
Time constraints: 2 Time constraints: 5
Life stressors: 1 Life stressors: 1
Dissatisfied with program: 1 No reason: 1
¥ A
Assessed at 12 mo (n = 60) Assessed at 12 mo (n = 59)
Discontinued study (n = 4) Discontinued study (n = 3)
Time constraints: 3 Dissatisfied with program: 1
No reason: 1 No reason: 2
¥ v
Entered data analysis (n = 73)* ] I Entered data analysis (n = 75)*

Figure 1. Study flow diagram
* Five participants in the low-fat group and 6 in the low-carbohydrate group had no data on

body weight at randomization.
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Figure 2. Predicted mean changes in body weight, fat mass, total-HDL cholesterol ratio, and

triglyceride level in the low-fat and low-carbohydrate diet

groups

Results are from random-effects models and are expressed as means, with error bars

representing 95% ClIs. To convert triglyceride values to
high-density lipoprotein.
* P < 0.05 for between-group difference.

mg/dL, divide by 0.0113. HDL =

Ann Intern Med. Author manuscript; available in PMC 2015 September 02.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Bazzano et al.

Table 1

Baseline Characteristics of Trial Participants

Characteristic

Low-Fat Diet (n = 73)

Low-Carbohydrate Diet (n = 75)

Mean age (SD), y

47.8 (10.4)

45.8 (9.9)

Female, n (%) 65 (89) 66 (88)
Race/ethnicity, n (%)

White 33 (45) 34 (45)

Black 36 (49) 40 (53)

Asian 0(0) 1(1)

Hispanic 3(4) 0(0)

Other 1(1) 0 (0)
Mean body weight (SD), kg* 97.9 (13.5) 96.3 (12.7)
Mean body composition (SD), %

Fat mass 40 (10) 40 (10)

Lean mass 60 (10) 60 (10)
Mean body mass index (SD), kg/m? 35.6 (4.5) 35.2(3.8)
Mean waist circumference (SD), cm 111.0 (10.7) 108.4 (9.3)
Mean systolic blood pressure (SD), mm Hg 124.9 (13.8) 120.3 (12.8)
Mean diastolic blood pressure (SD), mm Hg 79.4 (8.3) 77.5(9.0)
Mean total cholesterol level (SD)

mmol/L 5.3(1.1) 5.1(1.1)

mg/dL 204.3 (40.7) 198.8 (42.2)
Mean LDL cholesterol level (SD)

mmol/L 3.2(1.0) 3.2(0.9)

mg/dL 122.7 (38.6) 122.5 (34.6)
Mean HDL cholesterol level (SD)

mmol/L 1.5(0.3) 1.4(0.3)

mg/dL 56.5 (12.8) 53.8 (13.3)
Mean total-HDL cholesterol ratio (SD) 3.8(1.0) 3.8(1.0)
Mean triglyceride level (SD)

mmol/L 1.4(0.9) 1.3(0.6)

mg/dL 125.5 (81.3) 112.6 (54.1)
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Characteristic

Low-Fat Diet (n =73) Low-Carbohydrate Diet (n = 75)

Mean plasma glucose level (SD)

mmol/L 5.2(0.5) 5.2 (0.6)

mg/dL 93.4(9.2) 94.5 (10.9)
Mean serum insulin level (SD), pmol/L 105.6 (54.9) 102.8 (63.9)
Mean serum creatinine level (SD)

umol/L 97.2 (17.7) 88.4 (17.7)

mg/dL 1.1(0.2) 1.0(0.2)
Mean C-reactive protein level (SD), nmol/L 46.7 (48.6) 46.7 (40.0)
Antihypertensive medication use, n (%) 24 (32.9) 21 (28.0)
Lipid-lowering medication use, n (%) 9(12.3) 12 (16.0)
Mean physical activity level (SD), MET-hiwkT ~ 19.6 (35.5) 16.3 (26.0)
Mean 10-y Framingham risk score (SD), % 4.2 (3.3) 39(3.1)

HDL = high-density lipoprotein; LDL = low-density lipoprotein; MET = metabolic equivalent.

*
Eleven participants had no data on body weight at randomization.

Page 24

TCalculated as the sum of hours per week of moderate to vigorous activities (walking, sports, dance, and conditioning) multiplied by the activity’s

individual MET value.
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Table 3

Page 27

Predicted Mean Differences in Changes in Cardiovascular Risk Factors From Baseline, by Assigned Dietary

Group
Variable Predicted Mean Difference (95% CI)* P Valuel
Low-Fat Diet (n =73) I7_50)W—Carbohydrate Diet (n = Mean Difference in Change
Body weight, kg
3mo -2.6(-3.41t0-17) -5.7 (6.5 t0 -4.9) -3.1(-4.3t0-1.9) <0.001
6mo -2.3(-3.3t0-1.3) -5.6 (-6.5 to —4.6) -32(-4.6t0-1.9) <0.001
12 mo -1.8(-3.3t0-0.3) -5.3(-6.8t0 -3.8) -35(-5.6t0-1.4) 0.002
Waist circumference, cm
3mo -35(-4.6t0-2.4) -5.5(-6.6 to -4.4) -2.0(-3.6t0-0.5) 0.012
6mo -4.0 (-5.2t0 -2.8) -5.9 (-7.1t0 -4.7) -1.9 (-3.6t0 -0.3) 0.024
12 mo -5.0 (-6.8t0 -3.2) -6.7 (-8.5t0 -4.9) -1.7 (-4.210 0.9) 0.197
Lean mass, %
3mo 0.4 (-0.2t0 1.1) 1.6 (1.0t0 2.2) 1.2 (0.3 10 2.0) 0.010
6 mo 0.2 (-0.4100.7) 1.5(0.9t02.1) 1.3(0.5t02.2) 0.002
12 mo -0.4 (-1.2t0 0.4) 1.3 (0.5 t0 2.0) 1.7 (0.6 to 2.8) 0.003
Fat mass, %
3mo -0.3(-0.9t0 0.3) -1.1(-1.7 t0 -0.5) -0.8 (-1.6t0 0.1) 0.066
6 mo -0.1 (-0.6t0 0.5) -1.1 (-1.7 to -0.6) -1.0 (-1.8t0 -0.3) 0.011
12 mo 0.3(-0.5t01.1) -1.2 (-2.0t0 -0.4) -15(-2.6 10 -0.4) 0.011
Total cholesterol level, mmol/L¥
3mo 0.03(-0.10t00.16)  -0.09 (-0.21 to 0.04) -0.12 (~0.30 to 0.06) 0.20
6 mo 0.03(-0.09t00.15)  -0.04 (0.16 t0 0.07) -0.07 (-0.23 t0 0.09) 0.38
12 mo 0.03 (-0.13 t0 0.18) 0.05 (-0.11 to 0.20) 0.02 (-0.20 to 0.24) 0.86
LDL cholesterol level, mmol/L¥
3mo 0.05 (-0.06 to 0.18) -0.02 (-0.14 to 0.10) -0.07 (-0.24 to 0.10) 0.40
6 mo 0.02 (-0.08t00.13)  -0.04 (~0.15 to 0.06) -0.06 (~0.21 to 0.09) 0.42
12 mo -0.05(-0.20t00.11)  -0.08 (-0.24 to 0.08) -0.04 (~0.26 t0 0.19) 0.74
HDL cholesterol level, mmol/L¥
3mo -0.03 (-0.09 to 0.02) 0.03 (-0.02 to 0.09) 0.06 (-0.01 to 0.14) 0.106
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Variable Predicted Mean Difference (95% CI)”* P Valuel
Low-Fat Diet (n=73) Low-Carbohydrate Diet (n = Mean Difference in Change
75)

6 mo -0.00 (-0.05 to 0.05) 0.10 (0.05 to 0.15) 0.10 (0.03 t0 0.17) 0.004

12 mo 0.06 (—0.01 to 0.13) 0.24 (0.17 t0 0.31) 0.18 (0.08 to 0.28) <0.001
Total-HDL cholesterol ratio

3mo 0.13 (-0.02 to 0.29) -0.13 (-0.28 t0 0.03) -0.26 (-0.48 to —0.04) 0.020

6 mo 0.07 (-0.06 to 0.21) -0.25 (-0.38 to —0.11) -0.32 (-0.51 to -0.13) 0.001

12 mo -0.05 (-0.24 t0 0.14) -0.49 (-0.68 to —0.29) -0.44 (-0.71 to —0.16) 0.002
Triglyceride level, mmol/L8

3mo 0.03 (-0.08 to 0.14) -0.21 (-0.32t0 -0.11) -0.25 (-0.40 to —0.09) 0.002

6 mo -0.01 (-0.10 to 0.09) -0.22 (-0.31 to -0.13) -0.22 (-0.35 to —0.08) 0.002

12 mo -0.07 (-0.18 to 0.04) -0.23 (-0.34 t0 -0.12) -0.16 (-0.31 to -0.01) 0.038
Systolic blood pressure, mm Hg

3mo -2.6 (-4.31t0-0.9) -4.2 (-5.9t0 -2.5) -1.6 (-4.0t0 0.9) 0.20

6 mo -2.2 (-3.8t0 -0.6) -2.9 (-4.51t0 -1.3) -0.7 (-3.0t0 1.7) 0.54

12 mo -1.3(-3.6t0 1.0) -0.2(-2.6t02.1) 1.2 (-2.2t0 4.6) 0.52
Diastolic blood pressure, mm Hg

3mo -0.9 (-2.1t00.4) -2.3(-35t0-1.1) -1.4 (-3.2t00.4) 0.112

6 mo -0.5(-1.7 t0 0.6) -1.7 (-2.8t0 -0.5) -1.1(-2.81t00.6) 0.177

12 mo 0.2(-1.5t01.9) -0.5(-2.2t0 1.3) -0.6 (-3.1t0 1.9) 0.61
Plasma glucose level, mmoI/L//

3mo -0.10 (-0.21 to 0.01) -0.05 (-0.16 to 0.05) 0.04 (-0.11t0 0.19) 0.52

6 mo -0.10 (-0.20 to 0.01) 0.03 (-0.13t0 0.07) 0.07 (-0.08 to 0.21) 0.32

12 mo -0.10 (-0.22 to 0.03) 0.02 (-0.11t0 0.14) 0.12 (-0.09 to 0.32) 0.21
Serum insulin level, pmol/L

3mo -18.8 (-29.9 to -7.0) -25.0 (-36.1 to —13.9) -7.0(-22.2108.3) 0.42

6 mo -20.8(-30.6to -11.1) -21.5(-31.3t0-11.8) -1.4(-13.9t0 11.8) 0.90

12 mo -243(-36.1t0-13.2) —13.9 (-25.7 to -2.8) 10.4 (-10.4 to 31.3) 0.20
C-reactive protein level, nmol/L

3mo 5.7 (-2.910 13.3) -4.8 (-13.3t0 3.8) -10.5(-21.9t0 1.9) 0.099

6 mo 6.7 (-1.0t0 13.3) -4.8 (-12.4t0 1.9) -11.4(-21.9t0 -1.9) 0.019
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Variable Predicted Mean Difference (95% CI)”* P Valuel
Low-Fat Diet (n=73) Low-Carbohydrate Diet (n = Mean Difference in Change
75)
12 mo 8.6 (-1.0t0 18.1) -6.7 (-16.2 t0 2.9) -15.2 (-27.6 to -1.9) 0.024
Serum creatinine level, pmol/LT
3mo 1.8(-1.7t05.2) -0.1(-3.4103.3) -1.8 (-6.6 10 2.9) 0.45
6 mo -1.7(-4.7t0 1.3) -3.1(-6.1t0 -0.2) -1.5(-5.7t0 2.5) 0.49
12 mo -8.5(-12.3to —4.6) -9.2 (-13.1t0 -5.4) -0.7 (-6.2t0 4.7) 0.79
10-y Framingham risk score, %
3mo 0.4 (-0.1t0 0.9) -0.5(-1.0t0 0.0) -0.9 (-1.6t0 -0.2) 0.019
6 mo 0.4 (0.0t0 0.8) -0.7 (-1.0t0 -0.3) -1.0 (-1.6 to —0.5) <0.001
12 mo 0.4 (-0.2t0 0.9) -1.0 (-1.6 to -0.5) -1.4 (-2.1t0 -0.6) <0.001

HDL = high-density lipoprotein; LDL = low-density lipoprotein.

*
From random-effects models that included diet, time, and diet-by-time interaction term.

TFor the between-group difference at each time point.
iTo convert to mg/dL, divide by 0.0259.
§To convert to mg/dL, divide by 0.0113.
//To convert to mg/dL, divide by 0.0555.

ﬂTo convert to mg/dL, divide by 88.4.
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