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Abstract

Background: Low-fat and low-carbohydrate weight-loss diets can have a beneficial effect on longitudinal
measures of blood pressure and blood lipids. We aimed to assess longitudinal changes in blood pressure and
blood lipids in a population of premenopausal women. We hypothesized that results may differ by level of
adherence to the respective diet protocol and baseline presence of hypertension or hyperlipidemia.
Methods: Overweight or obese premenopausal women were randomized to a low-fat (n = 41) or low-carbo-
hydrate (n = 38) diet. As part of the 52-week Lifestyle Eating and Fitness (LEAF) intervention trial, we fit linear
mixed models to determine whether a change in outcome differed by treatment arm.
Results: Within-group trends in blood pressure and blood lipids did not differ ( p > 0.30). Across study arms,
there was a significant decrease in systolic blood pressure (SBP, 3 mm Hg, p = 0.01) over time, but diastolic
blood pressure (DBP) did not change significantly over the course of the study. Blood lipids (total cholesterol
[TC], low-density lipoproteins [LDL], and high-density lipoproteins [HDL]) all exhibited nonlinear trends over
time ( p < 0.01); each decreased initially but returned to levels comparable to baseline by study conclusion
( p > 0.20). We observed a decline in SBP among women who were hypertensive at baseline ( p < 0.01), but
hypercholesterolemia at baseline did not affect trends in blood lipids ( p > 0.40).
Conclusions: Our results support that dietary interventions may be efficacious for lowering blood pressure and
blood lipids among overweight or obese premenopausal women. However, a decrease in SBP was the only
favorable change that was sustained in this study population. These changes can be maintained over the course
of a 1-year intervention, yet changes in blood lipids may be less sustainable.

Introduction

Hypercholesterolemia and hypertension are estab-
lished risk factors for cardiovascular disease (CVD).1

Observational data indicate that a healthy diet and regular
physical activity are associated with attainment of optimal
levels of both blood lipids and blood pressure.2 Highly pro-
cessed diets of low nutrient density, as well as physical inac-
tivity, have been shown to contribute to overweight and
obesity, which are also important risk factors for CVD.3 In-
deed, the most recent diet and lifestyle recommendations from

the American Heart Association encourage a healthy diet,
body weight, optimal lipid and blood pressure levels, and
physical activity in order to lower risk for CVD.4

In the context of randomized controlled trial (RCT) data,
both hypertensive and prehypertensive participants showed
improvements in blood pressure and blood lipids with adop-
tion of the low-sodium and low-fat Dietary Approaches to Stop
Hypertension (DASH) diet.5–7 In addition, regular physical
activity has been shown to lower both systolic blood pressure
(SBP) and diastolic blood pressure (DBP) among hypertensive
and prehypertensive exercise-program participants.8 Extant
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data from RCTs comparing low-fat to low-carbohydrate diets
vary in the type of diet, such as very low carbohydrate9,10 or
Atkins,11 and composition of the study population, such as
nondiabetic11,12 men and women.9–12

A recent meta-analysis of RCTs comparing low-fat and
low-carbohydrate diets found that both types of diets de-
creased weight, yet the results favored low-carbohydrate di-
ets for more beneficial changes in total cholesterol (TC),
low-density lipoproteins (LDL), and high-density lipopro-
teins (HDL).13 An earlier meta-analysis of RCTs comparing
low-fat and low-carbohydrate diets concluded that TC and
LDL changed more favorably among participants assigned to
low-fat diets, yet participants in the low-carbohydrate arms of
the trials tended to experience more weight loss and more
healthy HDL values.14 These measures showed a greater
improvement in the first 6 months but not at 12 months.14

Differences in blood pressure were not observed between
participants enrolled in the low-fat and low-carbohydrate diet
arms of the 28 trials comprising the two meta-analyses.13,14

The overarching aim of the current study was to investigate
dietary interventions—in the context of increased physical
activity—that could prevent breast cancer in women. The
study population was chosen because little information was
known about breast cancer prevention in younger (premeno-
pausal) overweight women. In the context of this parent study,
we evaluated the effects of low-fat and low-carbohydrate
weight-loss diets on longitudinal measures of blood pressure
and blood lipids among overweight or obese premenopausal
women who were also advised to increase their level of phys-
ical activity. We hypothesized that we would observe favor-
able changes over time in blood pressure and blood lipids in
both diet groups but that results would differ by level of ad-
herence to the respective diet protocol and baseline presence of
hypertension or hyperlipidemia.

Materials and Methods

Study design and participants

The Lifestyle Eating and Fitness (LEAF) study was a 52-
week randomized intervention pilot trial of low-fat and low-
carbohydrate weight-loss diets. The primary aim of the LEAF
study was to investigate changes in body weight in each arm of
the trial, as dietary interventions to prevent breast cancer had
not yet been undertaken in younger (premenopausal) over-
weight women. The aim of this secondary analysis was to
investigate changes in blood pressure and blood lipids in both
diet groups. Women were recruited from physician offices in
Columbus, Ohio, and through media advertisements. Inter-
ested women called a designated phone number and spoke
to an Ohio State University (OSU) Comprehensive Cancer
Center staff member who was trained to provide general study
information and to screen eligible subjects. Women deemed
eligible following the screening were scheduled for an en-
rollment visit at which the study was explained in more detail
and informed consent was obtained. This study was approved
by the OSU Institutional Review Board.

Eligible participants were overweight and obese premen-
opausal women aged 30 or older with a body mass index
(BMI) in the overweight and obese range of 25–34 kg/m2.
Women were included if they had no prior diagnosis of
cancer (except nonmelanoma skin cancer); planned to live in
the Columbus, Ohio, area during the 18-month follow-up;

and obtained a letter of medical clearance from their primary
physician to participate. Women were considered ineligible
for the study if they were pregnant or planning to become
pregnant during the study period; were currently participating
in a weight-loss program, such as Weight Watchers; had
medical conditions that precluded dietary adherence; or
lacked management or control of existing medical problems.

Of the 82 eligible women who consented to participate in
the study, 3 withdrew prior to the baseline visit, resulting in a
sample size of 79 women. Forty-one women were ran-
domized to the low-fat diet and 38 to the low-carbohydrate
diet (Supplementary Fig. S1; Supplementary Data are avail-
able online at www.liebertpub.com/jwh). The randomization
strategy, based on BMI (kg/m2), ensured an equitable dis-
tribution of overweight and obese subjects to each diet.

Diet intervention

The low-fat diet recommended 20% of total calories from
fat, 20% from protein, and 60% from carbohydrates; the low-
carbohydrate diet, 40% of total calories from carbohydrates,
30% from protein, and 30% from fat. All women received
counseling regarding their respective calorie-restricted diet,
along with an individualized physical-activity prescription to
promote weight loss.

Registered dietitians (RDs) provided each participant with a
calorie goal based on the Harris-Benedict equation.15 The diet
education was based on the American Dietetic Association’s
Exchange System plan.16,17 Each participant met with an RD
at OSU’s General Clinical Research Center (GCRC) once per
week for the first month of the study, then every 3 weeks
through the fourth month of the study, and then every 6 weeks
through the remainder of the study, except for the scheduled
in-person clinic visits during weeks 34 and 52. The participants
met with the same RD throughout the study. If the participant
could not come to the GCRC, the counseling sessions were
conducted by phone. All women were asked to complete, and
bring to their next appointment, a 7-day diet record at the
beginning of each of 12 study months. Diet records were an-
alyzed by Food Processor software (ESHA Research, Salem,
OR), which established the level of adherence to the assigned
diet and helped direct individual nutrition counseling. Ad-
herence to the diet protocol was defined for each participant as
being within 20% of her caloric goal (80%–120% attainment)
for carbohydrates or fats, in keeping with the study arm, ac-
cording to her final diet record.

Physical-activity advice

Participants monitored their physical activity by wearing a
Digiwalker� pedometer (Yamax-Digiwalker, Warminster, PA)
and recording their total steps walked per day. Each participant
was advised to walk 10,000 steps per day, which roughly
equates to 3 miles of walking. Adherence to physical-activity
advice was defined for each participant as attaining 80% or more
of her goal of 10,000 steps per day. We averaged steps per day
over the course of the study to determine physical-activity ad-
herence.

Clinic measurements

Each participant was scheduled to complete five in-person
visits to the GCRC. The visits included screening, baseline,

676 FORAKER ET AL.



week 12, week 34, and week 52 (within 4 weeks of the
scheduled close-out date). Demographic and health behavior
data were assessed via baseline questionnaire; quality-of-life
factors were assessed at all visits. At each GCRC visit, a
blood draw and anthropometric measurements were com-
pleted. Anthropometric tests included blood pressure, body
weight, body composition, skinfold, and waist-to-hip ratio
measurements. Blood lipids (TC, LDL, and HDL), as well as
SBP and DBP, were measured at each in-person clinic visit.

Blood pressure was measured according to GCRC protocol.
The participant was seated with her legs uncrossed and her feet
flat on the floor. SBP and DBP were measured via sphygmo-
manometer and documented to the nearest 2 mm Hg. Fasting
TC was analyzed using Beckman Coulter LX20 (Indianapolis,
IN) instrumentation and the timed-endpoint method.

Statistical analyses

Longitudinal measures of blood pressure and blood lipids
were analyzed using linear mixed models. In studies with
incomplete follow-up (such as LEAF), mixed models provide
unbiased estimates of treatment effects under the assumption
of missing at random (MAR).18 In the first step of the model-
building process, we evaluated the functional form of time for
each outcome of interest (TC, LDL, HDL, SBP, and DBP).
We compared linear, quadratic, and cubic trends and selected
the model with the smallest Bayesian Information Criterion.

The final model included the following fixed effects: diet,
the appropriate polynomial terms for time, and diet-by-time
interactions. The models for SBP and DBP contained a ran-
dom intercept and linear time slope. Random time slopes
could not be estimated for the blood lipids data, owing to the
fewer number of measurements per subject; instead, we as-
sumed a power correlation structure for the residual errors,
which allowed within-subject correlations to depend on dis-
tance in time: TYPE = SP (POW) in REPEATED statement
of PROC MIXED (SAS Institute, Cary, NC).

In separate mixed models, we examined the effects of a
baseline presence of hypertension or hyperlipidemia, along
with adherence to diet protocols on the longitudinal trends.
We used the Kenward-Rogers method19 to calculate degrees
of freedom for all hypothesis tests and included all mea-
surements obtained by week 56 of the study in the analysis to

allow for flexibility in the timing of the final follow-up and
study close-out. We performed all analyses using SAS ver-
sion 9.2 (SAS Institute, Cary, NC).

Results

The LEAF study participants were 75% white (n = 54) and
had an average age of 41.4 years and an average BMI of
30.3 kg/m2 (Table 1). At baseline, only 11% of the women
(n = 8) were hypertensive (blood pressure ‡ 140/90 mm Hg,
Table 1), and 10% had high cholesterol (TC ‡ 200 mg/dL,
Table 1). Despite low adherence to diet in each group (data
not shown: 22% for low-fat diet, 29% for low-carbohydrate
diet, p = 0.47), more than half of the participants were ad-
herent to the prescribed physical-activity level (66% among
women assigned to the low-fat diet and 61% among women
assigned to the low-carbohydrate diet, for an average ad-
herence rate of 63%).

Trends in each outcome (SBP, DBP, TC, LDL, and HDL)
did not differ by treatment group ( p-value for each outcome
> 0.30, Table 2). Across study arms, there was a significant
linear decrease in SBP of 3 mm Hg ( p = 0.01) over time, but
DBP ( p = 0.67) did not change significantly over the course
of the study (0.3 mm Hg, Table 2). In contrast, there were
quadratic trends in TC, HDL, and LDL during the study
( ptime

2 < 0.01 for each model, Table 2).
Figure 1 shows that TC initially decreased but rebounded

at approximately 30 weeks. A similar trend was observed for
LDL (Fig. 2) and HDL (Fig. 3). Figure 4 shows the change in
body weight over the same time period and demonstrates a
common inflection point with Figures 1–3 around 30 weeks.
We did not observe a statistically significant change in TC
( p = 0.45), HDL ( p = 0.25), or LDL ( p = 0.68) from baseline
to study close.

Owing to the similarity in trends across treatment groups,
we pooled the data across groups in examining the effects of
adherence to diet or physical activity, baseline hyperten-
sion, and baseline hypercholesterolemia. Trends in each
outcome did not differ significantly by dietary or physical-
activity adherence ( p-values > 0.25). Given the low adher-
ence to the respective diets, we likely did not have sufficient
power to detect a difference. However, we likely did have
enough power to detect a difference by physical-activity

Table 1. Baseline Characteristics (Mean [Standard Deviation]) of Lifestyle Eating

and Fitness Study Participants (n = 79)

Overall Low-fat diet (n = 41) Low-carbohydrate diet (n = 38)

Age, years 41.4 (5.3) 40.9 (5.1) 41.9 (5.4)
Nonwhite race (n, %) 25 (32) 12 (29) 13 (34)
BMI, kg/m2 30.3 (2.8) 30.5 (2.9) 30.1 (2.6)
SBPa, mm Hg 121.8 (13.0) 122.4 (14.7) 121.3 (11.0)
DBPa, mm Hg 74.5 (8.9) 75.1 (9.0) 74.0 (8.7)
Hypertensiona (n, %) 8 (11) 6 (15) 2 (6)
LDL, mg/dL 123.1 (30.8) 126.6 (32.3) 119.4 (29.1)
HDL, mg/dL 53.0 (13.8) 51.2 (11.3) 54.9 (15.9)
TC, mg/dL 194.2 (34.7) 197.5 (35.8) 190.5 (33.7)
Hypercholesterolemiab (n, %) 10 (13) 6 (15) 4 (11)

an = 40 for low-fat diet; n = 36 for low-carbohydrate diet.
bn = 40 for low-fat diet (invalid triglycerides level).
BMI, body mass index; DBP, diastolic blood pressure; HDL, high-density lipoproteins; LDL, low-density lipoproteins; SBP, systolic

blood pressure; TC, total cholesterol.
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adherence. Hypertension at baseline did not affect the trend
in DBP ( p = 0.17) but did affect SBP trends ( p < 0.01);
hypertensive women (11%) experienced a decline in SBP
(slope = - 0.35 mm Hg/week, p < 0.01), but normotensive
women did not (slope = - 0.03 mm Hg/week, p = 0.20).
Hypercholesterolemia (n = 10) at baseline did not signifi-
cantly affect changes in blood lipid values across time
( p > 0.4 for TC, LDL, and HDL).

Discussion

We aimed to assess longitudinal changes in blood pressure
and blood lipids in a population of premenopausal women. In
this secondary analysis, we hypothesized that results might
differ by level of adherence to the respective diet protocol and
baseline presence of hypertension or hyperlipidemia. At the

time of this study, no data existed on the effect of type of diet
on breast cancer prevention among premenopausal women.
In this 52-week randomized intervention trial of low-fat and
low-carbohydrate weight-loss diets, a reduction in SBP was
seen in both study arms. This finding is consistent with an-
other 1-year RCT, which reported no differences between
diet groups in blood pressure or cholesterol.10 In our study,
levels of blood lipids decreased during the first half of the trial
and mirrored both the reduction and subsequent rebound in
body weight in the second half of the trial. A similar yet
shorter-term (6-month) RCT demonstrated an improvement
in blood pressure and cholesterol levels from baseline to
follow-up regardless of dietary arm.9 However, a longer-term
(2-year) trial provided evidence of the weight-rebound ef-
fect at 1 year, and there were no statistically significant

FIG. 1. Trend over time in mean total cholesterol (mg/dL)
by study arm.

Table 2. Mixed-Model Means of Outcome Measures

Baseline Week 34 Week 52

Outcome Diet Mean SE Mean SE Mean SE

SBP (mm Hg) Low fat 124.7 1.8 122.0 1.6 120.5 1.7
Low carbohydrate 120.8 1.9 119.5 1.7 118.8 1.8
Overalla 122.7 1.3 120.7 1.2 119.6 1.3

DBP (mm Hg) Low fat 74.8 1.2 74.1 1.2 73.7 1.3
Low carbohydrate 72.7 1.3 73.0 1.3 73.2 1.4
Overall 73.8 0.9 73.6 0.9 73.5 1.0

TC (mg/dL) Low fat 197.5 5.2 180.4 5.7 191.0 8.0
Low carbohydrate 190.5 5.4 172.7 6.0 188.5 7.8
Overalla 194.0 3.8 176.6 4.1 189.8 5.6

HDL (mg/dL) Low fat 51.2 2.1 47.7 2.2 49.1 3.0
Low carbohydrate 54.9 2.2 48.5 2.3 51.5 3.0
Overalla 53.0 1.5 48.1 1.6 50.7 2.1

LDL (mg/dL) Low fat 126.5 4.7 118.0 5.1 126.9 7.3
Low carbohydrate 119.4 4.9 110.9 5.3 123.2 7.1
Overalla 123.0 3.4 114.5 3.7 125.1 5.1

Overall estimates of means are averages across the two diets. Estimates for TC and LDL assume a quadratic trend in time. All other
estimates assume a linear trend in time.

aChanged significantly during the study period ( p £ 0.01).
SE, standard error.

FIG. 2. Trend over time in mean low-density lipoproteins
(LDL) (mg/dL) by study arm.
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differences between groups in blood pressure or cholesterol
at any time point.12

We hypothesized that favorable changes would be seen in
blood lipids and blood cholesterol values over the 52-week
dietary intervention trial. Over time, we observed a decrease
in SBP but not DBP in both arms of the trial. A lack of effect
by diet type is supported by meta-analyses comprising 28
trials comparing the effect of low-fat and low-carbohydrate
dietary interventions, with no differences in blood pressure
levels seen over a follow-up of at least 6 months.13,14

Meanwhile, being hypertensive at baseline led to a larger
decline in SBP. This finding is consistent with the DASH trial, in
which larger decreases in both SBP and DBP were seen among
persons who were hypertensive at baseline (11 mm Hg and
6 mm Hg, respectively) compared to those with normal blood
pressure at baseline (6 mm Hg and 3 mm Hg, respectively).20

The small improvements in SBP that we observed in the LEAF
population are consistent with those observed in the DASH
trial.20 Since these women were close to normotensive at base-
line, it is important to note that large changes in SBP may have
had the adverse clinical effect of making them hypotensive.

Favorable changes in TC were not observed in either study
arm when comparing baseline to study close-out. TC initially
decreased but then returned to near-baseline levels by the end
of the trial. This pattern was consistent with weight loss in
this study. However, our findings are not supported by extant
literature, which indicates that favorable changes in TC are
more often seen among participants assigned to low-fat diets
compared to low-carbohydrate diets.21

A decrease in HDL was observed among participants in
both arms of the trial, which is a finding consistent with
another study of weight-loss diets,21 and may not be sur-
prising given the modest level of adherence (63%) to physical
activity in our study. We hypothesized that HDL would re-
main the same or increase, particularly with physical-activity
advice; however, some evidence suggests that exercise typ-
ically induces a modest elevation of HDL among women,
and the intensity of exercise is an important factor, which was
not measured in this study.22,23 Importantly, we were not able
to separate the effects of the diet versus that of increased
physical activity. During the study-design process, LEAF
investigators acknowledged that both weight loss and main-
tenance of weight loss require physical activity in addition to
changes in diet. Thus, both dietary interventions comprised a
physical-activity component.

This study assessed the effect of long-term dietary in-
terventions on changes in blood pressure and blood lipids.
Strengths of this study included repeat measurements of TC,
LDL, HDL, SBP, and DBP at five in-person clinic visits, and
monthly 7-day diet records from which to assess adherence.
Although the characteristics of our study population indi-
cated that the study participants were, on average, in good
cardiovascular health, our study included women who were
hypertensive, hyperlipidemic, and diabetic at baseline. As a
result, our findings may be more generalizable to over-
weight and obese premenopausal women, as these medical
conditions are common exclusion criteria for other RCTs
comparing low-fat to low-carbohydrate diets.11,12 However,
as a result of our small sample size, we were unable to
consider all factors (study arm, dietary adherence, physical-
activity adherence, and presence of hypertension or hyper-
lipidemia at baseline) simultaneously in order to assess
changes over time in blood pressure and blood lipids in this
study population. Key limitations of studies of behavior
change are the low percentage of screened participants who
ultimately enroll in the study, along with low adherence
rates. These factors influence the study’s real-world appli-
cations to lifestyle coaching and generalizability to clinical
outcomes. We do not believe that these considerations are
unique to this population of overweight and obese pre-
menopausal women.

It should be noted that the LEAF study was powered to
detect differences between diet arms in terms of weight loss,
the primary outcome of the study. Although we may not have
had enough subjects to address the effects of between-subject
variability on power, we did have rich longitudinal data on
each subject, which minimized the effects of within-subject
variability on power.

A limitation of defining diet adherence solely via attainment
of a participant’s caloric goal is that it does not take into ac-
count whether the participant was adherent to the low-fat or the
low-carbohydrate composition of the diet. An additional lim-
itation of these data is that 34% of the women enrolled in the

FIG. 3. Trend over time in mean high-density lipoproteins
(HDL) (mg/dL) by study arm.

FIG. 4. Trend over time in mean body weight (kg) by
study arm.
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low-fat dietary arm and 50% of the women enrolled in the low-
carbohydrate dietary arm did not complete the last study visit.
Although this rate of attrition affected the precision of our
study estimates, losses to follow-up in long-term dietary trials
are common. This speaks to the need for further investigation
into diet approaches that are easier to implement and adhere to.
It should be noted that there was no difference in the propor-
tion of women who completed the last study visit according
to study arm. In a recent meta-analysis of low-fat and low-
carbohydrate dietary interventions lasting 6 months or longer,
half of the eligible trials had attrition rates of more than 30%.13

Conclusions

Our results support that dietary interventions are effica-
cious for lowering blood pressure and blood lipids. Specifi-
cally, favorable changes in SBP were seen across study arms,
although decreases in TC and LDL were limited to the first
half of follow-up. We recommend that future investigations
pay careful attention to issues of adherence in terms of caloric
goal, macronutrients, and dietary pattern, as it will be critical
to distinguish whether adherence to caloric restriction for the
improvement of CVD risk factors is more important than type
of diet consumed.
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