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Abstract

Decrease in the level of high density lipoprotein cholesterol (HDLC) has been observed in women
who start dieting, but not in men. Patterns of HDLC change during intentional weight loss through
30-months of follow-up, and their association with changes in anthropometric measurements were
examined in obese women (N=112) and men (N=100). Missing HDLC values at 6-, 12-, 18-, and
30-month follow-up (N=16, 34, 55, and 50, respectively) due to drop-out were imputed by
multiple imputation. Mean ages and body mass indices (BMIs) of subjects at baseline were 47.2
years and 34.8 kg/m? for women, and 50.4 years and 35.0 kg/m? for men. On average, participants
lost weight steadily for 12 months, followed by slow regain. During the first six months, HDLC
decreased significantly in women (—4.1 mg/dl, P=0.0007), but not in men. Significant HDLC
increases were observed in both men and women from 6- to 12-month follow-up. HDLC changes
in women were positively associated with changes in hip circumference from baseline to 12-
month independent of changes in triglycerides, glucose and insulin. Rapid decrease of
predominantly subcutaneous fat in the femoral and gluteal area might be associated with HDLC
decrease in women during initial weight loss.
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INTRODUCTION

Low level of blood high density lipoprotein cholesterol (HDLC) is a major component of
atherogenic dyslipidemia (1). It is an independent predictor of cardiovascular disease (2),
and pre- and postmenopausal breast cancer (3,4). Although it has consistently been
associated with obesity in cross-sectional studies, findings remain inconsistent about
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whether weight loss within individuals leads to a sustained increase in HDLC or not (5).
One previous study observed an apparently contradictory decrease of blood HDLC level in
obese women after a 10-week weight loss program, which returned to pretreatment levels at
10 months follow-up (6). Another study with longer follow-up (18 months) revealed that
women, but not men, who had successfully lost weight and sustained the weight loss
experienced continuous increases in HDLC levels even though their weight had stayed the
same (7). These observations in women warranted further study with longer follow-up to
examine the course of HDLC change beyond 18 months in men and women separately and
to explore possible mechanisms underlying sex-specific pattern of HDLC change by
incorporating other biomarkers. Associations between changes in anthropometric variables
and HDLC should also be examined since each anthropometric variable may have specific
association with HDLC (8).

In this study, we followed obese men and women who were attempting weight loss for 30
months. We hypothesized that HDLC would initially decrease after weight loss in women
but not in men, and would increase after the initial loss in women. Since independent and
opposite associations of waist and hip circumference with HDLC have been observed in a
cross-sectional study of men and women (8), we also hypothesized that change in waist
circumference would be inversely associated with HDLC change whereas change in hip
circumference would be positively associated with HDLC change.

METHODSAND PROCEDURES
LIFE Study participants

The present analyses were done using data collected in a randomized trial (the Lose It For
Ever: LIFE Study) that was designed to compare two weight loss strategies. The details of
the trial have been described elsewhere (9). Briefly, the LIFE Study recruited obese men and
women aged 18 years or older with a body mass index (BMI) 30 to 39 kg/m? in 2004 and
2005. The upper BMI cut point was used because of concern about the ability of very obese
persons to comply with physical activity goals. The primary goal of the trial was to evaluate
the effectiveness of maintenance-tailored treatment (MTT) compared to standard behavioral
treatment (SBT) in maintaining lost weight long term. Content for the SBT group was
modeled after prior work of the investigators (10-12) and closely resembled that used in
many recent successful clinical trials, such as those by the Diabetes Prevention Program (13)
and the Look AHEAD Research Group (14). MTT received the same number of sessions as
SBT but the therapy in the MTT group emphasized variety in both format and content in
order to reduce habituation and boredom with the weight loss regimen. Intervention lasted
for 18 months for both groups. Subjects were excluded if they met the following criteria:
current use of weight-loss medications or participation in another organized weight loss
program; history or presence of cancer, cardiovascular disease, diabetes, chronic fatigue,
arthritis, or fibromyalgia; inability to walk at least 10 minutes without stopping; current
pharmacologic or behavioral treatment for a major psychological disorder; and current use
of a thyroid hormone. In addition, women were excluded if they were pregnant, < 6 months
postpartum, breastfeeding, or planning to become pregnant in the ensuing 30 months.
Participants were also required to participate in either study group. Of 994 individuals
screened for the trial, 781 were not included due to their body weight (N=564) and lack of
interest or other reasons (N=117), leaving 213 subjects included in the trial. We did not
exclude 25 participants who reported cholesterol lowering medication use at baseline since
neither HDLC level at baseline nor HCLC changing pattern over time differed by its use.
The study protocol was approved by the Institutional Review Board of the University of
Minnesota. Although the time pattern of weight change differed significantly between MTT
and SBT as previously reported (9), associations between changes in anthropometric
variables and HDLC were not significantly different by groups (interaction p>0.10 for all
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follow-up intervals (baseline to 6-month, 6- to 12-month, 12- to 18-month, and 18- to 30-
month). Therefore, the data were treated as an observational study, collapsing across
assigned treatment conditions for the present analyses.

Anthropometric and laboratory examination

Participants had BMI, other anthropometric measures and HDLC assessed at baseline, 6-,
12-, 18- and 30-months during the study. BMI (kg/m?2) was calculated from weight (kg) and
height (cm) measured in light clothing, without shoes (Tanita BWB 800, Tanita corp.,
Arlington Heights, IL). Waist circumference (cm) was measured at a point equidistant from
the iliac crest and the twelfth rib, and hip circumference (cm) was measured at the level of
the greater trochartus with a steel measuring tape. Waist-to-hip ratio (WHR) was calculated
as a measure of central adiposity.

Fasting blood samples were drawn by a certified phlebotomist at each visit. The serum
samples were stored at minus 70 °C until study completion. At that time, high density
lipoprotein cholesterol level and triglycerides (TG) (mg/dl) were measured by Fairview
Diagnostics Laboratory using the Roche HDL-Cholesterol third generation direct method
and Trig/GB (glycerol-blanking) kit (Roche Diagnostics, Indianapolis, IN) on a Roche
Modular P Chemistry Analyzer. These methods are standardized against the designated
CDC reference method; and calibration of the assay is regularly monitored by the CDC/
NHLBI Lipid Standardization Program. The laboratory CV is 2.9 percent for HDLC and 2.0
% (low concentration) and 2.7% (high concentration) for TG. Glucose measurements were
also performed on the Roche Modular P Chemistry Analyzer using the Roche Hexokinase
Assay. Insulin level was measured by enzyme-linked immunosorbent assays (ELISA)
(Mercodia AB, Uppsala, Sweden).

Questionnaire-based assessment

Questionnaires were used at baseline to assess educational level, job and marital status,
cigarette smoking, medication use for heart disease, high blood pressure, and high
cholesterol, and previous participation in a formal dieting program.

Usual nutritional and alcohol intake of the participants in the previous six month at baseline
and at each successive visit were assessed using a 62-item Block Food Frequency
Questionnaire (FFQ) (15,16). We calculated daily total energy intake (kcal), alcohol intake
(9), and intakes of total fat, carbohydorates and sweets as percentages of total energy (%E).
The Paffenbarger Activity Questionnaire was used to estimate weekly energy expenditure
(keal) (17).

Statistical analyses

Of 213 participants in the trial, one without waist and hip circumference measurements,
dietary and physical activity assessment at baseline was excluded, leaving 212 subjects (112
women and 100 men) for the present analysis. Blood HDLC levels were obtained in 212,
196, 178, 157, and 162 individuals at 0, 6, 12, 18, and 30 months, respectively. Missing
values for HDLC as well as those for other repeated-measure variables due to drop out, were
imputed using Multiple imputation (18), a strategy which replaces each missing value with a
set of plausible values that represent the uncertainty about the right value to impute. Imputed
variables include anthropometric (BMI, and waist and hip circumferences) and behavioral
variables (nutritional and alcohol intake, and physical activity). Since the multiple
imputation procedure was carried out under the assumption that missing data were missing
at random, we performed completer analysis restricting to those with all HDLC
measurements (n=147) as a sensitivity analysis.
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Prior to the analyses, variables with skewed distributions (HDLC, TG, insulin, glucose, total
energy and alcohol intake, % energy from sweets, and weekly energy expenditure) were
logarithmically transformed to approximately normalize the distributions. For these
variables, geometric means are presented along with the 95% confidence intervals.
Anthropometric variables were divided by the standard deviation at baseline to be examined
for the associations with HDLC change.

Pattern and significance of HDLC (or TG) change over time was examined by random
coefficient model -- and both linear and quadratic slopes (i.e., month and month-squared),
adjusted for baseline levels of age (continuous), race (white, black, others), education
(graduate degree, college graduate, others), job (professional, clerical, blue collar/other job,
not employed), marital status (married, others), medical history (heart disease, hypertension,
high cholesterol), smoking status (never, past, current), previous participation in a formal
dieting program (yes, no) treatment assignment (MTT, SBT), and repeated-measured
glucose, insulin and TG (or HDLC). Similarly, pattern and significance of changes in
anthropometric variables (BMI, waist and hip circumference) were also examined in random
growth models allowing random intercept and slopes for month and month-squared.

Associations between change in HDLC and changes in the anthropometric variables were
examined separately for each follow-up interval (baseline to 6-month, 6- to 12-month, 12- to
18-month, and 18- to 30-month) by a mixed effect model. In multivariate model 1, we
adjusted for baseline levels of age, race, education, job, marital status, medical history,
smoking status, previous participation of formal dieting program and treatment assignment
as well as longitudinal measurements on total energy and alcohol intake, % energy from fat,
carbohydorates, and sweet, and weekly energy expenditure (all continuous). In model 2, we
included variables in model 1 plus all the anthropometric variables simultaneously. In model
3, we further included repeated-measure TG, glucose and insulin.

To see whether the pattern of HDLC change is different by baseline HDLC level, we
performed an analysis stratified at the median of baseline HDLC in each sex (56 mg/dl in
women and 45 mg/dl in men).

All the analyses were conducted separately for men and women using SAS 9.2 for Windows
(19), and all reported P values are two-sided. PROC MI was used for Multiple imputation of
missing values. Random growth models and mixed models were carried out by PROC
MIXED. Summary estimates were derived by the combining the results of analyses carried
out on the five imputed datasets with PROC MIANALYZE.

The mean age of subjects was 47.2 years for women and 50.4 years for men (Table 1). More
than two-thirds of men and women reported attaining an education level of college
graduation or more and most were currently employed. About half the women (52.7 percent)
and 81 percent of men in the study were currently married. Approximately, 78.6 percent of
women and 31.0 percent of men had been in previous formal dieting programs. Prevalence
of current smoking in men and women was 8.9 percent and 2.0 percent, respectively.

Mean BMs at baseline were 34.8 kg/m2 in women and 35.0 kg/m? in men (Table 2, PFigure
1). On average, weight decreased significantly and reached a nadir at 12-months. Weight
increased thereafter in both men and women ( for month? <0.0001). Pattern and significance
of change in waist and hip circumference were similar to that of BMI in both men and
women. In women, however, WHR at 30-month follow-up had returned to the baseline
level, which possibly led to a non-significant linear term for women (P=0.052) but a
significant quadratic term (P=0.0007).
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Multivariate-adjusted self-reported total energy intake and fat and sweet intake decreased,
and carbohydorates intake increased significantly in both men and women from baseline to
6-month follow-up (data not shown in table). Multivariate-adjusted self-reported physical
activity significantly increased during the same period of time.

In women, multivariate-adjusted mean HDLC at 6-month follow-up was significantly lower
than at baseline (Figure 2, open diamond). At 12-, 18-, and 30-month follow-up, HDLC was
significantly higher than at 6-month follow-up. There were no significant differences
between 12-, 18- and 30-month HDLC values. Despite the initial decrease in analysis
models, only the term for a linear change over time was statistically significant. In men,
HDLC did not decrease nor increase during the first six months (Figure 2). HDLCs in men
at 12-, 18-, and 30-month follow-up were significantly higher than those at baseline or 6-
month follow-up. However, there was a significant decrease in HDLC from 18 to 30 month
follow-up in men (P=0.049). Accordingly, both positive linear and quadratic trends were
significant in men (both P<0.001). HDLC decreased from 63.7 mg/dl at baseline to 57.2 mg/
dl at 6-month in women with higher baseline HDLC (P=0.0006) and from 53.4 mg/dl to
51.9 mg/dl in women with lower baseline HDLC (P=0.11) (P for interaction=0.030). No
significant change was observed in men even with higher baseline HDLC (from 53.4 mg/dI
to 51.9 mg/dl, P=0.31). TG decreased from baseline to 6-month in both sexes (Figure 3). TG
regained thereafter in women.

In women, although change in hip circumference from baseline to 6-months was not
associated with decrease in HDLC in multivariate model 1, a significant positive association
was observed after simultaneous adjustment for BMI and waist circumference (model 2 in
Table 3, P=0.041). The significant association remained after further adjustment for TG,
glucose, and insulin (P=0.013). From 6- to 12-months increase in HDLC was inversely
associated with decrease in BMI and waist circumference. Although HDLC increased
overall from 6- to 12-months, decrease in hip circumference during the same period was
associated with reduction in HDLC in a model that simultaneously adjusted for changes in
BMI and waist circumference (P=0.049 in model 2 and P=0.031 in model 3). On average,
change in BMI or waist or hip circumference from 12- to 30-months was not associated with
HDLC change independent of TG, glucose, and insulin change during the same period.

In men, there was an indication that declines in BMI were associated with increases in
HDLC (P=0.046 in model 1 and P=0.037 in model 2) in spite of no significant change in
HDLC during the first six months at the agreed significance level. BMI decrease from 6- to
12-months was significantly associated HDLC increase. However, the association of BMI
with HDLC was totally mediated by changes in other biomarkers (P=0.44 from baseline to
6-month and P=0.12 from 6- to 12-month in model 3).

Analysis limiting to subjects who had all the HDLC measurement did not materially change
the results.

DISCUSSION

The present confirmed previous observations that HDLC decreases during the first six
months of weight loss in women prior to an upturn thereafter. The decline was more
prominent and statistically significant only in women who had higher HDLC at baseline.
The achieved HDLC level remained higher than the 6-month level long-term, despite
moderate BMI rebound. In men, we have also confirmed that HDLC did not decrease nor
increase during the first six months of weight loss even though weight loss was substantial.
Increase in the level of HDLC was observed after six months in men and it remained high,
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but decreased significantly after 18 months, when significant weight regain was observed.
These changes were independent of concomitant changes in TG, glucose and insulin.

From baseline to 12-month follow-up when mean BMI, waist and hip circumference
continued to decrease, the changes in hip circumference were positively associated with
HDLC in women. This would be in line with a cross-sectional study that found an
independent positive association of hip circumference with HDLC (8). Although the finding
was accounted for the changes in insulin, glucose and TG, there are several possible
mechanisms. First, subcutaneous fat mass in the femoral or gluteal area, which is reflected in
hip circumference (20), is probably protective (21,22) against ectopic fat storage that leads
to insulin resistance, and alterations in lipids and glucose metabolisms. Second, decrease in
hip circumference may be related to muscle mass loss (20), which is also associated with
insufficiency of the insulin effect that would eventually lead to metabolic syndrome. Third,
it has been reported that subcutaneous fat loss was more pronounced in women than in men
during intentional weight loss (23). Thus, within-individual variation in hip circumference in
men might not have been enough to detect significant association with HDLC change.
Finally, it would also be possible that the subcutaneous fat actually lost in women was not
restricted to femoral or gluteal area directly measured as hip circumference but includes
other parts of the body such as trunk and breast, making the impact of subcutaneous fat loss
on HDLC level more obvious. Although it is possible that rapid decrease in subcutaneous fat
mass in women may be associated with temporal deterioration of lipid metabolism, whether
health risks exist or not in association with temporally decreased level of HDLC would need
detailed assessment of HDLC function and size (24,25).

As hypothesized (8,26,27), HDLC change was inversely associated with change in waist
circumference in women. Waist circumference is a measure of abdominal obesity and is
reportedly correlated with both visceral fat and abdominal subcutaneous fat (28,29). It also
has a weak correlation with abdominal lean tissue mass (20,26). Although it is less clear
whether abdominal subcutaneous fat has protective or deteriorative effect on HDLC level in
women (26-28,30), visceral fat has been associated consistently and strongly with low
HDLC level especially in women (26-28), a finding in line with ours. We also revealed that
waist circumference association with HDLC was totally mediated by TG, glucose and
insulin.

On the other hand in men, only BMI change had an independent association with HDLC
change which was totally mediated by changes in other biomarkers, suggesting that
measurements of waist and hip circumference may not provide significant information
above that obtained from BMI in the present sample. However, this does not mean that there
were no roles of waist or hip circumference in men since BMI and these anthropometric
measures were highly correlated (r=075 for waist and r=0.72 for hip circumference at
baseline, both P<0.0001) as well as the fact that analysis excluding BMI yielded significant
association between changes in HDLC and waist circumference (significant inverse
association from 6- to 12-month and 12- to 18-month follow-up). In light of the previous
finding that men in a weight loss program tended to lose more visceral fat and less
subcutaneous fat (23), weight (BMI) change could be a useful single measurement in such
settings.

There are several limitations in the present study. First, we have only obtained several
anthropometric measurements, making it impossible to classify fat from lean tissue or
subcutaneous from visceral fat. In order to understand precise physiological mechanisms
under the present findings, further studies with such measurements would be meaningful.
Second, it is known that HDLC is a class of lipoprotein particles with different sizes and
functions (24). Thus, we should be careful in interpreting our finding of significant HDLC
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decrease in women in the first six months so as not to directly judge it as hazardous until
detailed understanding of change in HDL size and function is available. Generalizability of
the present finding to nonobse population or extremely obese patients may be limited since
subjects were participants of voluntary weight loss program whose BMI ranged between 30
and 39. Furthermore, there were not enough subjects to carry out race-specific analysis.
Fourth, we did not obtain information on menopause. But supplemental analysis in women
stratified by 50 years of age did not show any remarkable differences by age-groups.
Finally, although we have used imputed datasets and did sensitivity analysis on completers,
about one-third of participants dropped out, leaving a possibility of potential bias in the
observed pattern of HDLC change or its association with anthropometrics. However, it
would be less likely that association between anthropometric variables and HDCL differ
physiologically by completer and non-completer.

Strengths of the present study include the use of an unusual dataset with both men and
women, well represented, carefully standardized and detailed assessment of anthropometric
and behavioral variables during the course of long follow-up, and clinically significant
weight losses. We have employed multiple imputation techniques for missing values to
maintain statistical power which is a novel statistical approach.

Implications of the present finding are potentially different roles of fat depots especially in
women, and needs for studies to find behavioral determinants of the respective changes in
the anthropometric variables (1). Analyses on the possible mediating biomarkers such as sex
hormone-binding globulin (SHBG), insulin, or adipocytokines, are also warranted to
understand mechanisms of sex difference in the pattern of HDLC change and the association
with anthropometrics (31,32). Since there may be differences in the associations between
pre and postmenopausal women, future studies stratifying by menopausal status are also
necessary.

In conclusion, HDLC did decrease during the first six months of weight loss in women, and
the decrease was associated with reduction in the hip circumference. In both men and
women, HDLC increased after 6-month follow-up, which was associated with waist
circumference decrease in women, and BMI decrease in men. Pathophysiological
significance of initial decrease in women is not known, but long-term weight loss and the
maintenance is important for cardiovascular health and cancer prevention.
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Figure 1.

Means of waist and hip circumferences and body mass index during 30-month follow-up
adjusted for age, race, education, job, marital status, medical history, smoking status,
previous participation of formal dieting program and treatment assignment, LIFE Study,
2004-2005 (n=212)

Open and solid square, circle, and triangle indicate waist circumference, hip circumference
and body mass index for women and men, respectively.
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Figure 2.

Means of high density lipoprotein cholesterol level during 30-month follow-up adjusted for
age, race, education, job, marital status, medical history, smoking status, previous
participation of formal dieting program treatment assignment, and serum levels of
triglycerides, glucose and insulin, LIFE Study, 2004—-2005 (n=212)

Open diamond indicates women and solid square, men.

*: Difference from Baseline is statistically significant by Tukey-Kramer adjustment (p<0.05)
t: Difference from 6-month follow-up is statistically significant by Tukey-Kramer
adjustment (p<0.05)

t: Difference from 18-month follow-up is statistically significant by Tukey-Kramer
adjustment (p<0.05)
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Figure 3.

Means of triglycerides level during 30-month follow-up adjusted for age, race, education,
job, marital status, medical history, smoking status, previous participation of formal dieting
program, treatment assignment, and serum levels of triglycerides, glucose and insulin, LIFE
Study, 2004-2005 (n=212)

Open diamond indicates women and solid square, men.

*: Difference from Baseline is statistically significant by Tukey-Kramer adjustment (p<0.05)
t: Difference from 6-month follow-up is statistically significant by Tukey-Kramer
adjustment (p<0.05)
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Baseline characteristics (Mean, SD and Percentage) of participants according to sex, LIFE Study, 2005

(N=212)
Women Men
(n=112) (n=100)

Age (y, mean (SD)) 47.2(10.1) 50.4 (10.7)
Race (%)

White 55.4 81.0

Black 321 14.0

Others 12.5 5.0
Education (%)

Graduate degree 33.0 31.0

College graduate 39.3 40.0

Others 21.7 29.0
Marital status (%)

Married 52.7 81.0

Others 473 19.0
Job (%)

Professional 57.1 59.0

Clerical 20.5 14.0

Blue collar/other job 10.7 18.0

Not employed 11.6 9.0
Formal dieting program

Ever (%) 78.6 31.0
Current medical history (%)

Heart disease 3.6 9.0

Hypertension 23.2 34.0

High cholesterol 7.1 22.0
Smoking status (%)

Never 65.2 57.0

Past 259 41.0

Current 8.9 2.0
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