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Abstract

Objective—To describe patterns of weight loss and regain and their effect on the pro-
inflammatory cytokines IL-6 and TNF-a, and anti-inflammatory cytokines adiponectin and 1L-10
during a 24-month weight loss trial.

Materials/Methods—~Participants were obese adults (N = 66) who lost and regained =10 Ibs
during a 24-month clinical trial of behavioral weight loss treatment. Measurements of cytokines
and weight were conducted at baseline, 6, 12, 18, and 24 months. Linear mixed modeling was
used to determine percent change in weight and cytokines from baseline.

Results—The sample was predominantly female (80.3%) and White (86.4%), with a mean age
of 48.4 + 7.3 years and mean BMI of 34.5 + 4.4 kg/m2. At baseline, men had higher waist
circumference, body weight, and energy intake, and lower percent body fat and adiponectin. The
largest decrease in weight was observed at 6 months with a mean 11% decrease (p < .0001). A
significant gender-by-weight change interaction on percent change in adiponectin was observed
[b(se) = 0.9 (0.2), p =.0003], with men having a larger increase in adiponectin with weight loss
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compared to women. There was a significant effect of weight gain over time with increases in IL-6
[b(se) = 0.9 (0.3), p =.001].

Conclusions—Overall, weight loss was significantly associated with improvements in
adiponectin and IL-6. Those improvements remained at 24 months, following weight regain. The
association between weight change and adiponectin was different between genders. Implementing
strategies that support sustained weight loss can help prevent a state of chronic systemic
inflammation and its associated adverse effects.
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INTRODUCTION

Weight maintenance after intentional weight loss is difficult to achieve [1-3]. Individuals
may develop a pattern of repeated weight loss and regain, which can lead to the
development of diabetes [4] and cardiovascular disease [5]. However, there are
inconsistencies in the literature regarding the effect of the cyclical pattern of weight loss and
regain on an individual’s health.

Adipose tissue is an active endocrine organ that produces and secretes pro-inflammatory
cytokines (e.g., IL-6 and TNF-a,) and anti-inflammatory cytokines (e.g., adiponectin and
IL-10). There is evidence that IL-6 and TNF-a are elevated in obese individuals and
decrease with weight loss [7, 8]. In contrast, adiponectin and IL-10 are diminished in obese
individuals and tend to increase with weight loss [9, 10]. Thus, obesity could be viewed as a
chronic inflammatory state, characterized by a dysregulation in pro- and anti-inflammatory
cytokines.

There is limited literature on long-term weight cycling and cytokine expression. The purpose
of our study was to describe the effect of weight cycling on multiple cytokines in a subset of
participants who lost and regained at least 10 Ibs during the 24-month SMART Trial, a
behavioral weight loss study. This prospective study examined the association between
changes in weight and changes in cytokines from baseline to 6, 12, 18, and 24 months. To
the best of our knowledge, this is the first such report.

SUBJECTS AND METHODS

Participant Characteristics

A sub-group of 66 SMART Trial (NCT00277771, [11]) participants who lost and regained
=10 Ibs at any time in the 24-month study were included in the analysis. Individuals were
included if they were 18-59 years of age and had a BMI between 27 and 43 kg/m?2. All
eligibility criteria were published elsewhere [11]. Participants provided written informed
consent; the study was approved by the University of Pittsburgh Institutional Review Board.
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A medical history form and a sociodemographic data questionnaire were completed at
baseline. Energy intake was measured in kilocalories per day (kcal/day) by two
unannounced 24-hour dietary recalls, conducted on one leisure day and one work day. A
blood sample was obtained for total adiponectin, IL-10, IL-6, and TNF-a at baseline, 6, 12,
18, and 24 months.

Anthropometric measurements—Height was measured with a wall-mounted
stadiometer and recorded in centimeters. Weight and percent body fat were measured
following an overnight fast using a Tanita Scale and Body Fat Analyzer (Tanita Corporation
of America, Inc., Arlington Heights, IL) while participants wore light clothing and stood
erect with bare feet on the scale’s footpads.

Cytokine measurements—TNF-a was measured by Luminex technology multiplex
ELISA (Linco Research, Inc.; St. Charles, MO). The minimum detectable level (MDL) was
0.14 pg/mL, with an assay range of 0.64-10,000 pg/mL. The intra- and inter-assay CVs
were 1.4-7.9% and <21%, respectively. Quantitative sandwich enzyme immunoassay
technique was used to measure I1L-6 (Quantiglo Human IL-6 Immunoassay; R&D Systems,
Minneapolis), with the MDL ranging from 0.05-0.35 pg/mL and an assay range of 0.48—
1,500 pg/mL. The intra- and inter-assay CVs were 3.0-5.8% and 6.3-9.6%, respectively.

IL-10 was measured by quantitative sandwich enzyme immunoassay technique (Quantikine
HS Human IL-10 Immunoassay; R&D Systems, Minneapolis). The MDL was <0.5 pg/mL,
with an assay range of 0-50 pg/mL. The intra- and inter-assay CVs were 6.6-8.5% and 8.1—
15.6%, respectively. Finally, the ELISA technique was used for the adiponectin assay
(Quantikine Human Adiponectin/Acrp30 Immunoassay; R&D Systems; Minneapolis), with
a MDL of 0.25 ng/mL and intra- and inter-assay CVs of 2.5-4.7% and 5.8-6.9%,
respectively All cytokine assays were performed at the Laboratory for Clinical Biochemistry
Research at the University of Vermont.

Data Analysis

Summary statistics were reported as mean (SD) and frequency count (%). All non-normal
weight and cytokine variables were log-transformed. Independent sample t-tests were used
to compare baseline means between women and men. Spearman correlations were used to
test the associations between baseline body weight and cytokines. Percent change from
baseline to 6, 12, 18 and 24 months were used in the analyses of weight and cytokines.
Percent change from baseline was calculated as [(follow-up — baseline)/ baseline) x 100].
Linear mixed modeling was applied to assess the effects of weight change since baseline on
change in cytokines from baseline, adjusting for time, age, race/ethnicity, gender, baseline
body weight, baseline energy intake, baseline cytokine concentration, percent change in
energy intake, and percent change in weight. To determine whether associations between
percent change in weight and percent change in cytokines varied by gender, an interaction
between gender and percent weight change was included in the models. In each cytokine
model, a random intercept was used for each participant, and an unstructured covariance
structure was assumed. P-values from the F-tests were reported. In all analyses, the
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Bonferroni approach was used to correct for multiple testing (four tests: adjusted p=.0125).
Analyses of the data were conducted using SAS version 9.2 (SAS Institute, Cary, NC) and
IBM SPSS Statistics version 21.0 (IBM Corporation, Armonk, NY).

RESULTS

Baseline characteristics for women and men are displayed in the Table. Participants’ mean
age was 48.4 years. Compared to women, men had significantly higher weight, waist
circumference, energy intake, and adiponectin, but significantly lower percent body fat.

Associations between baseline weight and baseline cytokines

Weight was significantly correlated with adiponectin (r = -.31, p=.01), IL-6 (r = .41, p=.
001), and TNF-a (r = .43, p<.0001), but there was no significant correlation between IL-10
and weight (r = .05, p=.68). There were significant correlations between cytokines,
including adiponectin and IL-6 (r = -.33, p=.01), adiponectin and TNF-a (r = -.31, p=.01),
and IL-6 and TNF-a (r = .25, p=.04). There were no significant associations between IL-10
and the other cytokines.

Description of percent change in weight and cytokines by time

Since only adiponectin and IL-6 had significant values, they are displayed in the Figure. The
largest decrease in weight was observed at 6 months (-11%, p<.0001), with evidence of
regain at 12, 18, and 24 months. Concurrent with baseline to 6-month weight loss,
adiponectin increased by 13.4% (p<.0001). From baseline to 12 months, adiponectin
significantly increased by 23.8% (p<.0001), while IL-6 significantly decreased from
baseline (-18.1%, p=.0003). Baseline to 18-month changes were significant only for
adiponectin (19.1%, p=.0001); at 24 months, adiponectin was significantly higher than at
baseline (9.9%, p=.004) but was lower than the 18-month values.

The associations between percent change in weight and percent changes in cytokines

The associations between percent change in weight and in cytokines reveal that, controlling
for covariates, a significant interaction between gender and percent change in weight on
percent change in adiponectin over time was detected [b (se) = 0.9 (0.2), p = .0003], with
men having a higher percent increase in adiponectin with weight loss, compared to women
with the same amount of weight loss. For example, if men had an overall weight loss of
20%, they increased their adiponectin concentration by about 20%; however, women with
the same amount of weight loss only increased their adiponectin concentration by about
10%. The opposite was true for weight regain; compared to women, men had greater
decreases in adiponectin with the same amount of weight regain. Change in weight was
significantly associated with change in IL-6 [b (se) = 0.9 (0.3), p = .001], and marginally
associated with change in I1L-10 [b (se) = 0.3 (0.2), p = .07]. There was no significant
association between weight changes and TNF-a changes [b (se) = -0.1 (0.1), p = .22].
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DISCUSSION

We observed improvements in cytokines after weight loss, and despite participants regaining
most of their lost weight by 24 months, improvements in cytokines persisted. Moreover, we
demonstrated that decreases in weight predicted an increase in adiponectin and a decrease in
IL-6. We also showed that the association between weight change and change in adiponectin
was different for men and women. Although there were significant associations between
weight and adiponectin, IL-6, TNF-a at baseline, only adiponectin was significantly
associated with weight loss, and an 11% weight loss led to a significant increase in
adiponectin. Because adiponectin is exclusively released from adipose tissue, it may be
more sensitive to the hypertrophic changes in adipocytes. Conversely, IL-6, TNF-a, and
IL-10 originate from a variety of sources, which can affect serum expression of cytokines
during weight changes. Although the weight-loss associated increases in adiponectin have
been well-described [12-16], there are inconsistencies regarding changes in the other
cytokines with weight loss. Sofer et al. found IL-6 significantly decreased at 6 months of
weight loss treatment but did not find any significant changes in TNF-a [17]. In contrast,
Pakiz et al. found that TNF-a significantly decreased with weight loss with no significant
changes in IL-6 [18]. Methodological differences among these studies may have contributed
to the variability of the results.

We observed continued improvements in cytokines from the 6-month point, demonstrating
that the improved cytokine concentration occurring with weight loss can be sustained
despite weight regain. This suggests a delayed effect of weight regain on cytokine
concentration. At 24 months, adiponectin declined and IL-6 increased from the point of
greatest weight loss, suggesting that regain attenuates the effects of weight loss on some
cytokines. Our findings that improvements in cytokines persist despite weight regain support
similar findings reported by others [12, 19]. However, Erez et al. found a positive
association between adiponectin and weight loss but no significant association between
adiponectin and weight regain [16].

Baseline correlation did not reveal significant associations between IL-10 and adiposity
measures or other cytokines. There is evidence that IL-10 is reduced in obese states [20].
However, the evidence on I1L-10 and weight change is limited, making this association
unclear. We noticed that men had greater increases in adiponectin with weight loss than
women, despite both groups having the same amount of weight loss. We also noticed that
men had greater decreases in adiponectin with regain than women, despite both groups
having the same amount of regain. This suggests that weight loss studies should target men,
as they may have great health benefits from weight loss.

The only study similar to ours was conducted by Lien et al. who described changes
following a 6-month behavioral weight loss intervention followed by weight regain [19].
They did not observe a significant change in adiponectin levels concurrent with the weight
loss, nor did they observe any significant changes in IL-6 during weight loss or regain.
However, they observed an increase in adiponectin from baseline to post-weight regain, also
showing the sustained improvement in adiponectin despite weight regain [19].
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Bluher et al. examined cytokines in participants enrolled in a study of Mediterranean diet vs.
low carbohydrate diet [12] and demonstrated an increase in adiponectin with weight loss;
however, there was a continued increase in adiponectin levels at 24 months. There are
several differences between Bluher et al.’s and the current study. First, Bluher et al. included
participants with type 2 diabetes, those with varying weight change patterns (e.g.
maintained, lost or regained weight), and did not restrict energy intake whereas our study
recommended a restricted calorie and 25% fat eating plan. Additionally, women represented
14% of their sample while 80% of our participants were women. Lastly, Bluher et al. used a
trend analysis that precluded them from determining whether the association between weight
change and change in cytokines was statistically significant [12]. It is possible that failing to
control for part of the sample that maintained their weight may have contributed to the
observed increase in adiponectin at 24 months in Bluher et al.’s study. Limiting the sample
to only participants who lost and regained weight precludes the occurrence of bias that may
occur when including individuals who maintained the weight loss.

Regarding study limitations, we did not have a control group with which to compare our
results. Although we found significant associations between changes in weight and changes
in cytokines, we cannot make any causal inference. We included healthy individuals within
specific ages and BMls, thus our results cannot be generalized to dissimilar populations. Our
study also has several strengths. We studied a unique population of individuals who lost and
regained =10 Ibs and also incorporated a longitudinal study design with data collected at five
time points over two years. In summary, changes in weight were associated with changes in
adiponectin and 1L-6. The improvement in these cytokines persisted even with nearly total
weight regain, suggesting that weight loss can have protective effects despite weight regain.
Because the majority of individuals who lose weight experience weight regain, it is
important to develop strategies to prevent regain to reduce the duration of exposure to an
inflammatory state, thus reducing the risk of developing chronic diseases such as diabetes
and atherosclerosis.
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BMI body mass index
kg kilograms
kg/m? kilograms per square meters
Ibs pounds
cm centimeters
IL-6 interleukin-6
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IL-10 interleukin-10

TNF-a tumor necrosis factor-alpha

SMART Self-Monitoring And Recording using Technology

mg/dL milligrams per deciliter

pg/mL micrograms per milliliter

pg/mL picograms per milliliter

MDL minimum detectable level

SD standard deviation

SE standard error

kcal/day kilocalories per day
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Figure.
Description of percent change in weight, adiponectin, and IL-6 over time (N=66)

Least squares means

*p<.05 at for adiponectin at 6, 12, 18, and 24 months; for IL-6 at 12 months; and for weight
at 6, 12, 18 and 24 months

p-values from F-tests in model with time only

Metabolism. Author manuscript; available in PMC 2014 December 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Ambeba et al.

Table
Baseline characteristics of the participants

Characteristic Women (n=53) Men (n=13) Total (N=66)
Age (years) 47.6 (7.3) 51.5(7.2) 48.4 (7.4)
Weight (kg)* 92.8 (13.7) 1119 (143)  96.5(15.7)
BMI (kg/m?) 34.3 (4.3) 35.4 (4.6) 345 (4.4)
Waist (cm)” 105.1(12.3) 1193 (11.4)  107.9 (13.3)
Energy intake (kcal/day)* 2029 (480) 2781 (696) 2177 (604)
Body Fat Composition (%)* 44.0 (4.5) 33.9 (5.3) 420 (6.1)
Adiponectin (ug/mL)* 18.2 (9.5) 11.6 (5.2) 16.9 (9.2)
IL-10 (pg/mL) 8.8 (4.3) 8.7 (3.6) 8.8 (4.1)
IL-6 (pg/mL) 2.5(1.4) 2.8 (1.7) 2.6 (1.5)
TNF-a (pg/mL) 5.0 (4.8) 5.5(1.7) 5.1 (4.3)

Mean (SD)

Page 10

kg=kilograms; kg/m2=kilograms per square meters; cm=centimeters; kcal/day=kilocalories per day; MET-h/wk=metabolic equivalent of task-
hours per week; pg/mL=micrograms per deciliter; pg/mL=picograms per deciliter

*
p<.05 women vs. men from t-tests
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