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Summary

Objective

A low-carbohydrate diet can reduce body weight and some cardiovascular disease risk
factors more than a low-fat diet, but differential adherence may play a role in these
effects.

Methods

Data were used from 148 adults who participated in a 12-month clinical trial examining
the effect of a low-carbohydrate diet (<4Ogd’1) and a low-fat diet (<30% fat and
<7% saturated fat) on weight and cardiovascular disease risk factors. We compared
attendance at counselling sessions, deviation from nutrient goals, urinary ketone
presence and composite scores representing the overall adherence based on the
distribution of these individual indicators between two interventions.

Results

Composite scores were similar between the two groups. A one-interquartile-range
increase in composite score representing better adherence to a low-carbohydrate diet
was associated with 2.2 kg or 2.3% greater weight loss, 1.1 greater reduction in percent
fat mass and 1.3 greater increase in proportion of lean mass. Indicators of adherence to a
low-fat diet were not associated with changes in weight, fat mass or lean mass.

Conclusions

Despite comparable adherence between groups, a low-carbohydrate diet was associated
with greater reductions in body weight and improvement in body composition, while a
low-fat diet was not associated with weight loss.

Keywords: Carbohydrates, nutrition, weight loss.

Introduction

Dietary modification is a cornerstone of strategies to
reduce obesity and prevent CVD (5-8). For weight loss,

Cardiovascular disease (CVD) is the leading cause of
death in the USA, accounting for over 30% of total deaths
each year (1). Obesity is an established risk factor for CVD.
The prevalence of obesity has increased dramatically until
recently and remains at a high level (2—4). According to the
latest estimates, 68.5% of American adults are either
overweight or obese (3).

Trial registration: clinicaltrials.gov Identifier: NCT00609271

24

low-carbohydrate diets remain popular alternatives to
conventional low-fat, high-carbohydrate diets. Relatively
few studies have compared dietary regimens of differing
macronutrient contents for weight loss over the course
of a year or longer (9—11), and of those that have, some
achieved lesser dietary differences between groups than
originally planned (12—15). Because of relatively small dif-
ferences in results between groups in previous ftrials, it
has been widely proposed that adherence, the extent to
which participants meet or maintain the programme
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goals, may be more important than macronutrient com-
position of diets for weight loss and improvement in
disease-related outcomes (16,17). Accordingly, it has been
advised that ‘the best approach is to counsel patients to
choose a dietary plan they find easiest to adhere to in
the long term’ (6,17,18).

However, the relationship between dietary adherence
and efficacy of diets with varying macronutrient compo-
sitions has not been well examined. The few previous
studies that examined this issue have focused on weight
loss, without assessing other aspects of dietary efficacy
(19,20), and often relied on a single measure of dietary
adherence (19). In order to further address this issue,
therefore, we compared multiple indicators representing
behavioural, nutritional and biochemical measures of
dietary adherence between a low-carbohydrate and a
low-fat dietary intervention and examined their relation-
ship with 12-month changes in body weight, body
composition and CVD risk factors.

Methods
Study population

The study population has been described in detail else-
where (21). In brief, adults with obesity 22—-75years of
age were recruited in the Greater New Orleans area.
Participants were excluded if they were using prescrip-
tion weight loss medications, had undergone or were
planning to undergo weight loss surgery, were pregnant
or breastfeeding, had been diagnosed with type 2 dia-
betes, CVD or chronic kidney disease, or were using
>2 anti-hypertensive or >2 lipid-lowering medications.
All participants provided written informed consent, and
all procedures were approved by the Institutional
Review Board of Tulane University Health Sciences
Center.

Intervention

This parallel trial was designed to examine the effects of a
low-carbohydrate diet as compared with a low-fat diet on
body weight, composition and CVD risk factors. A total of
148 participants were randomly assigned to follow either
a low-carbohydrate diet that restricted consumption of
digestible carbohydrate (total carbohydrate minus total
fibre) to <40gd ' or a low-fat diet that restricted total
fat consumption to <30% of daily energy and saturated
fat consumption to <7% of daily energy (22,23). Neither
diet included a specific calorie goal. There were a total
of 20 regular dietary counselling sessions including four
weekly individual sessions for the first month followed
by 10 group sessions every other week for 5months
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and six monthly group sessions thereafter. The format of
dietary counselling sessions was identical in each group.
During each counselling session, participants met with a
study dietitian, weighed themselves, provided a urine
specimen, received handouts including optional recipes
and discussed a specific topic or behaviour of nutrition.
Participants received the same behaviour curriculum on
the basics of dietary nutrients, including information on
dietary fibre, types of dietary fats and protein, and were
instructed on food choice, portion size control and
measurement of daily dietary intake in both groups
throughout the study. Participants were advised to main-
tain their baseline levels of physical activity, which was
assessed using validated measures at each follow-up
visit. For those who missed any regular counselling
session (individual or group), a make-up session was
scheduled at their earliest convenience.

Data collection

As previously described, a detailed medical history includ-
ing medication use and health behaviours was obtained at
baseline by trained staff (21). Body composition was mea-
sured using bioelectrical impedance analysis (Quantum Il
analyzer, RLJ Systems, Clinton, MI, USA) at randomiza-
tion and each follow-up visit. Body weight, blood
pressure, serum lipids, plasma glucose, serum insulin
and high-sensitivity C-reactive protein were measured at
baseline and at each follow-up visit using standardized
methods (21). Two 24-h dietary recalls, one on a week
day and the other on a weekend day, were obtained from
each participant by a certified study dietitian at 0, 3, 6 and
12 months. Nutrient intakes were calculated using the
food composition tables included in the Nutrition Data
System for Research software (24). Five percent of the
dietary recalls were recorded and reviewed by indepen-
dent trained staff for the purposes of quality control.
Physical activity was assessed by a validated question-
naire (International Physical Activity Questionnaire) and
was calculated as the sum of hours per week of moderate
to vigorous activities (walking, sports, dance and condi-
tioning) multiplied by the activity’s individual metabolic
equivalent value (25). Urinary ketones were measured by
dipstick at each dietary counselling session and each
follow-up visit. In total, urinary ketones were assessed
10 times in first 3months, 8 times in the following
3 months and 8 times in the last 6 months. Ketones were
assessed using Multistix (Siemens Healthcare Diagnostics)
urinary dipsticks and analysed quantitatively on the
ordinal scale using a Clintek Status+ Analyzer (Siemens
Healthcare Diagnostics) in the following categories:
none, trace (>0-5mgdL™"), small (>5-40mgdL""),
moderate (>40-80mgdL ") and large (>80 mgdL ™).
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Statistical analysis

Attendance at dietary counselling sessions was a behav-
ioural indicator of adherence. We calculated the percent-
age of attendance at individual, biweekly group and
monthly group sessions, and also percentage of sessions
attended by 3, 6 and 12 months. Agreement between the
macronutrient goal of the assigned diet and a partici-
pant’s macronutrient intake was calculated from dietary
recalls. In the low-carbohydrate diet group, we calculated
scores for deviation from daily carbohydrate goal using
the equation (carbohydrate intake in gram — 40g)/
409*100%. In the low-fat diet group, we calculated
scores for deviation from daily total and saturated fat
goals as a percentage of energy using the equation
(intake of total fat in %kcal —30% kcal)/30% kcal *100%
and (intake of saturated fat in %kcal — 7% kcal)/7%
kcal*100%, respectively. The presence of urinary
ketones was considered a biochemical indicator and
was used to assess the adherence to a low-carbohydrate
diet. Participants who had trace, small, moderate or large
ketones detected were categorized as ketone positive,
while the rest were categorized as ketone negative. For
each participant, we calculated percent of ketone positive
urine specimens collected by 3, 6 and 12 months.

A composite score of adherence was created based on
indicators at 3, 6 and 12 months among those without
missing data in any of indicators (at 12 months, N =54
low fat and N =58 low carbohydrate). Based on the whole
sample, participants were divided into quintiles for each
indicator, and a point value was assigned for each
stratum. Participants received 5 points in the highest
quintile, 4 points in the next stratum and so on down to
participants in the lowest quintile who received 1 point.
For the low-carbohydrate diet, the composite adher-
ence score was calculated as (points of attendance
score +points of deviation score of total fat+points of
deviation score of saturated fat +[6 — points of deviation
score of digestible carbohydrates]+points of ketone
score)/25*100%. For the low-fat diet, the composite
adherence score was calculated as (points of attendance
score +[6 — points of deviation score of total fat]+[6 —
points of deviation score of saturated fat]+points of
deviation score of digestible carb +[6 — points of ketone
score])/25* 100%.

The primary outcomes of interest to assess dietary
efficacy included changes in body weight, composition
and CVD risk factors at 12 months. Generalized linear
regression analysis was used to model the association
between dietary adherence indicators and efficacy of
each diet separately. Possible interaction by race was
examined. Sensitivity analyses were performed to test
whether these results changed after accounting for

make-up sessions or after controlling for baseline body
mass index, fat mass or lean mass. To account for the
potential impact of missing data, another sensitivity
analysis was performed substituting a low composite
score (median in the lowest quintile) of adherence in place
of missing data. All P-values were two-sided, and statisti-
cal significance was defined as P < 0.05. SAS (version 9.3;
SAS Institute Inc, Cary, NC, USA) was used for all
analyses.

Results
Clinical trial characteristics

We randomized 148 individuals to a low-fat (N =73) diet
or a low-carbohydrate (N=75) diet. The mean age of
participants was 47 (standard deviation [SD]: 10)years;
89% were women, and 51% were African—American. At
3, 6 and 12 months, in the low-carbohydrate group, 69,
59 and 59 participants completed the examinations.
Corresponding numbers for the low-fat group were 66,
57 and 60 participants, respectively.

Adherence indicators by diet group

Overall, participants assigned to the low-carbohydrate
diet attended an average of 56.7% (SD: 21.7%) of
counselling sessions, and those assigned to the low-fat
diet attended 52.3% (SD: 21.1%) of counselling sessions.
There was no significant difference in the attendance at
counselling sessions between the low-carbohydrate and
low-fat groups throughout the study (Table 1). In the
low-carbohydrate group, 73.9%, 59.7% and 44.8% of
individuals met the carbohydrate goals at 3, 6 and
12 months, while those who consumed more than the
carbohydrate goal had mean deviations of 145%
(representing a carbohydrate intake of approximately
98gd "),104% (82gd ") and 198% (119gd "), respec-
tively (Figure 1). In the low-fat group, 59.4% and 42.2%
of individuals met total and saturated fat goals at
3 months, 64.8% and 33.3% did at 6 months and 55.6%
and 27.8% did at 12 months, respectively. Those who
consumed more than the goal had mean deviations of
19.1% (representing an intake of about 35.7% of daily
energy from total fat) and 40.6% (9.8% saturated fat) at
3months,17.4% (35.2% total fat) and 39.8% (9.8%
saturated fat) at 6 months and 23.3% (37.0% total fat)
and 46.2% (10.2% saturated fat) at 12 months, respec-
tively (Figure 1). On average, participants in the low-
carbohydrate group had significantly lower intake of
digestible carbohydrates but significantly higher intakes
of total fat and saturated fat, compared with those in the
low-fat group (All P<0.001) (Supporting Information
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Table 1 Indicators of dietary attendance by intervention group [mean (standard deviation)]
Low-carbohydrate diet Low-fat diet P-value*
Percent attendance at dietary sessions
By session
Individual 96.7 (11.9) 98.3 (6.4) 0.30
Biweekly group 55.1 (27.7) 50.4 (29.1) 0.32
Monthly group 32.8 (31.1) 24.7 (28.5) 0.10
By time
3 months 80.8 (17.2) 80.7 (16.8) 0.95
6 months 67.0 (20.6) 64.1 (21.0) 0.40
12 months 56.7 (21.7) 52.3 (21.1) 0.21
Percent ketone positive
3 months 31 (28) (12) <0.001
6 months 27 (26) 8 (10) <0.001
12 months 25 (22) 8 (8) <0.001
Composite adherence score’
3 months 51.8 (11.4) 49.3 (12.2) 0.23
6 months 53.1 (11.2) 51.4 (12.2) 0.46
12 months 55.9 (13.6) 54.1 (12.9) 0.48

*All P-values for comparisons were from Student’s t-test.

TComposite adherence score was based on attendance at dietary session, deviation from macronutrient goals and ketone presence.

Table 1). Participants who followed a low-carbohydrate
diet tended to have higher levels of ketones at 3, 6 and
12 months compared with baseline (Figure 2). P-values
for comparison with baseline were 0.007, 0.17 and 0.04
at 3, 6 and 12months, respectively. Throughout the
study, the low-carbohydrate group had higher cumula-
tive percentages of ketones detected in urine, compared
with the low-fat group at 3, 6 and 12months (at
12 months, 25% [SD: 22%] low-carb vs. 8% [SD: 8%]
low-fat; P < 0.001; Table 1). There was no significant dif-
ference in composite adherence score between groups
(Table 1).

Adherence indicators in relation to diet efficacy

In the low-carbohydrate group, attendance at more
dietary sessions, less deviation from carbohydrate goals
and presence of urinary ketones at 6 and 12 months were
consistently associated with greater reductions in body
weight and percent fat mass and increase in percent lean
mass (Table 2). Similarly, a one-interquartile-range in-
crease in higher composite score reflecting adherence
to a low-carbohydrate diet was associated with more
weight loss (#=-2.2kg or 2.3%, P=0.01), loss of fat
mass (f=-1.1%, P=0.008) and preservation of lean
mass (=1.3%, P=0.003). No consistent association
was observed between indicators of adherence to a
low-carbohydrate diet and changes in blood pressure,
lipids, glucose or C-reactive protein at 12months
(Supporting Information Table 2). No associations be-
tween indicators of adherence and dietary efficacy were

© 2016 The Authors

identified in the low-fat group (Supporting Information
Tables 3 and 4).

No significant interaction by race was detected in the
associations of the composite adherence score with
12-month changes in body weight, composition or any
CVD risk factor in either diet group (all P-values for
interaction were >0.50). The results regarding the behav-
ioural indicator were consistent after accounting for
make-up sessions in the analysis. The results were similar
after replacing a low score with missing data on adher-
ence. Further adjusting for body mass index, percent fat
mass or lean mass at baseline did not change the results
(data not shown).

Discussion

While it has been proposed that diets of various macronu-
trient compositions have similar efficacy for weight loss
and CVD risk reduction and that the primary determinant
of a diet’s efficacy is individual adherence to dietary goals
(16), the present study findings suggest that this may not
entirely be the case. We observed similar measures of
adherence to assigned diets in both the low-carbohydrate
and low-fat groups throughout the trial, suggesting that
differential adherence is unlikely to explain the difference
in dietary efficacy between groups (21). More importantly,
these findings indicate that greater adherence to a low-
fat, high-carbohydrate diet was not associated with
greater weight loss or improvement in CVD risk factors.
Diets that restrict intakes of total and saturated fat have
been part of strategies for the prevention of obesity and
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Figure 1 Deviation from macronutrient goal by follow-up visit. (a—c) Carbohydrate goal at 3, 6 and 12 months, respectively, in the low-carbohy-
drate group; (d—f) total fat goal at 3, 6 and 12 months, respectively, in the low-fat group; and (g—i) saturated fat goal at 3, 6 and 12 months,

respectively, in the low-fat group.
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Figure 2 Categories of urinary ketone levels at 0, 3, 6 and 12 months
in persons who followed a low-carbohydrate diet. Ketone levels
tended to be higher compared with baseline. P-values for compari-
son (Fisher's exact test): 0.007 at 3 months, 0.17 at 6 months and
0.04 at 12 months.

CVD (8,22,23,26). Since 1970s, the average level of fat
intake as a percentage of daily energy intake has de-
creased from 37% and levelled off at approximately
33%, while the mean level of carbohydrate intake has
correspondingly increased in the American adult popula-
tion, from 42% to 48% for men and from 45% to 51%
for women (27,28). According to the data from the
Women’s Health Initiative, low-fat dietary intervention
was not associated with lower risk of clinical CVD events
over 8years of follow-up, despite the achievement of
dietary goals and clear separation between groups (29).
Our finding that closer adherence to the low-fat diet was
not associated with greater reductions in CVD risk factors
over 12 months is consistent with those of the Women'’s
Health Initiative, which also observed only modest effects
on CVD risk factors after a substantially longer period of
time (29).

Adherence has been conceptualized as a multi-
dimensional construct, and no single measure of
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Table 2 Regression coefficients (P-values) for the association between adherence to diet and changes in body weight and body composition in

the low-carbohydrate diet group

A Body weight (kg)

A Fat mass (%) A Lean mass (%)

Percent attendance at dietary counselling

By session
Individual 0.15 (0.22)
Biweekly group —0.08 (0.03)
Monthly group —0.08 (0.01)
By time
3 months —0.08 (0.21)
6 months —0.11 (0.04)
12 months —0.12 (0.01)
Mean of discrepancy of carbohydrate goal
3 months 5.1 (0.002)
6 months 4.0 (0.02)
12 months 5.0 (<0.001)
Percent ketones positive
3 months —12.0 (<0.001)
6 months —14.5 (<0.001)
12 months —15.4 (<0.001)
Composite score*
3 months -1.5(0.22)
6 months —2.0 (0.04)
12 months —2.2 (0.01)

0.01 (0.89) —0.02 (0.68)
—0.04 (0.03) 0.04 (0.01)
~0.04 (0.005) 0.04 (0.003)
—0.05 (0.07) 0.06 (0.04)
—0.05 (0.03) 0.06 (0.01)
~0.06 (0.007) 0.07 (0.003)
1.5 (0.07) ~1.5 (0.06)
1.7 (0.03) ~1.6 (0.05)
1.5 (0.01) ~1.5 (0.02)
—5.1 (0.001) 5.1 (<0.001)
—6.4 (<0.001) 6.5 (<0.001)
—6.8 (0.001) 7.0 (<0.001)
~1.1 (0.07) 1.1 (0.04)
—0.9 (0.04) 1.1 (0.01)
~1.1 (0.008) 1.3 (0.003)

*A one-interquartile-range increase in composite adherence score, based on attendance at dietary session, deviation from macronutrient goals

and ketone presence.

adherence has been deemed optimal (30). Attendance at
counselling sessions has been widely used as an objec-
tive measure of behavioural adherence; however, it is
not specific in conceptualizing dietary adherence be-
cause it is determined by many psychological and socio-
economic factors (31). Deviation from macronutrient
goals as a measure of adherence is heavily dependent
on self-reported dietary recalls. The presence of urinary
ketones is a widely used biochemical indicator to assess
adherence to low-carbohydrate diets; however, produc-
tion of urinary ketones can be inconsistent at levels of
carbohydrate intake tested in our study (32). A factor
analysis using data from a weight loss trial identified two
independent adherence factors clustering in the behav-
ioural and nutritional realms and suggested the impor-
tance of integrating multiple components to describe the
adherence construct more completely (31). In this study,
we attempted to comprehensively describe adherence
using multiple indicators. The associations we identified
with primary outcomes were consistent across indicators
of adherence in each within-group analysis of our study.

Although adherence to prescribed diets that are aimed
at reducing obesity and attenuating CVD seems to be
important, few studies have systematically measured
adherence to a low-carbohydrate diet and examined its
relationship with the success of the diet. One study
examined dietary adherence as reflected by deviation

© 2016 The Authors

from nutrient goals among premenopausal women
(mostly White) who were assigned to either a prescribed
commercial low-carb diet, which included <20 g carbohy-
drate per day for first 2 months and <50 g carbohydrate
per day thereafter, or a very low-fat diet, which included
<10% of total fat (19). In that study, at 12 months, partici-
pants in the most adherent tertile had significantly
greater reduction in body weight than those in the least
adherent tertile in the low-carbohydrate group but not
in the low-fat group (19). Williamson and his colleagues
assessed adherence to four weight loss diets with
varying macronutrient compositions in the POUNDS
LOST study; however, none of those diets was represen-
tative of a typical low-carbohydrate diet (33). Our study
extends previous findings by testing multiple indicators
for adherence to a typical low-carbohydrate diet and a
conventional low-fat diet, in a population with a substan-
tial proportion of African—Americans, and further exam-
ined their relationship with changes in body composition
and CVD risk factors.

Strengths of this study include a high completion rate,
long duration, analysis of a relatively large, diverse
population and multiple indicators of adherence to the
assigned dietary regimens. Despite these strengths,
some limitations are important to acknowledge. The
assessment of nutritional adherence, as reflected by
deviation from the nutrient goals, was based on multiple
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self-reported 24-h dietary recalls. This measurement may
not represent the usual diet of the participant and thus
may result in misclassification of usual intake of nutrients
at the individual level. This measurement error is likely to
be non-differential. Urinary ketone sticks cannot assess
ketone forms other than acetoacetate; however, urinary
ketone assessment has been applied in various large
dietary clinical trials for weight loss (13—15,34). Because
this is the first study to include a comprehensive list of
adherence indicators, our composite adherence score
has not yet been validated in other clinical trials. Given
the number of tests performed in our primary analyses,
statistically significant results should be interpreted with
caution, particularly for those with P-values close to
0.05. International Physical Activity Questionnaire is
designed for population-based studies rather than clinical
trials. Finally, there is no validated biochemical indicator
for adherence to low-fat diets.

Our findings do not support the conclusion that all
weight loss diets are equally effective and that individuals
should choose a diet based on the ease of adherence.
Given the profusion of low-fat and reduced-fat food
products in the US marketplace, adherence to a low-fat
diet may be substantially easier than adherence to other
dietary patterns; however, the results of our study
suggest that important differences in efficacy do exist
between diets. In the real practice, if a low-carbohydrate
diet is not tolerated or feasible for an individual, a low-
fat diet should not be recommended as an alternative. In
conclusion, despite similar adherence between low-
carbohydrate and low-fat diets, a low-carbohydrate diet
resulted in greater weight loss and improvement in body
composition at 12months. In contrast, a low-fat diet
was not associated with greater weight loss in this study.
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