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Abstract

Objectives—Limited studies have assessed the relationship between longitudinal changes in
adiposity and changes in multiple adipokines over time. We examined changes in BMI, total body
and trunk fat associated with changes in 16 circulating adipokines in Mexican Americans at risk
for type 2 diabetes.

Methods—~Participants included 1,213 individuals with cross-sectional data and a subset of 368
individuals with follow-up measures (mean 4.6+1.5 years from baseline). Joint multivariate
associations between 3 adiposity measures and 16 adipokines were assessed by canonical
correlation analysis.

Results—Longitudinal increases in adiposity were most strongly associated with increasing
leptin, CRP and IL-1Ra, and decreasing adiponectin and SFRP5 over time. Participants with BMI
> 30 kg/m? at baseline had greater increases in leptin, CRP, IL-1Ra, and IL-6, and greater
decreases in adiponectin and SFRP5, associated with increasing adiposity over follow-up than
those with BMI <30 kg/m?2. Associations between adiposity and adipokines were most accounted
for by leptin; adjustment for leptin greatly reduced the magnitude of all associations between
adiposity and remaining adipokines.
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Conclusions—Increasing adiposity contributes to a worsening imbalance of pro- and anti-
inflammatory adipokines over time, in which leptin may have an important role as a key mediator
of metabolic disease risk in Mexican Americans.
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Introduction

Adipose tissue has long been recognized as an endocrine organ capable of synthesizing and
secreting a variety of hormones, collectively referred to as adipokines (1). Adipokines have
autocrine and paracrine effects on adipocytes and the surrounding stromal-vascular fraction,
in which they modulate adipogenesis, immune cell migration into adipose tissue, and
adipocyte metabolism and function (2). In circulation, adipokines also have an endocrine
role, regulating biological processes in various target organs and tissues, such as the brain,
liver, muscle, vasculature, heart and pancreatic p-cells (2).

Obesity is associated with increased adipose tissue mass and size (3). In response to positive
energy balance, pre-adipocytes differentiate into mature adipocytes, promoting hyperplastic
expansion of adipose tissue, and mature adipocytes increase in size, becoming hypertrophic
(4). Over time, weight gain due to high-fat diet and sedentary lifestyle results in adipose
tissue expansion accompanied by inflammation, fibrosis and altered adipokine profile that
ultimately lead to obesity-mediated metabolic dysfunction (5).

It is thought that altered secretion of adipokines in obesity is characterized by upregulation
of pro-inflammatory and downregulation of anti-inflammatory adipokines. However, much
of the evidence for these relationships is derived from analysis of only one or a small
number of adipokines, using cross-sectional designs (6, 7). Although longitudinal data from
relatively short-term intervention trials are available (8, 9, 10, 11, 12, 13, 14, 15), assessment
of long-term changes in adipokines related to changes in adiposity over time is more limited
(16, 17, 18), and nearly all longitudinal designs focused on only one or two specific
adipokines (8, 9, 10, 11, 12, 13, 14, 15, 18). Moreover, while some cohort studies have
examined the association between baseline adipokine levels and risk for type 2 diabetes
mellitus (T2DM) or cardiovascular disease (CVD) (19, 20, 21, 22), longitudinal analysis of
adipokine changes, particularly in racial/ethnic populations at risk for obesity-associated
metabolic disease, are lacking.

The present study examined the effects of longitudinal changes in multiple measures of
adiposity on changes in 16 adipokines over time, using multivariate analytical techniques
that leverage their underlying correlations, in a large Mexican-American cohort enriched
with individuals at high risk for T2DM. As intervention trial data is primarily based on
weight or body composition changes among individuals with obesity, we further assessed
whether the observed associations between long-term changes in adiposity and adipokine
profile varied by baseline obesity status.
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Subject recruitment

Assays

Participants of this study were from BetaGene, a family-based study of obesity, insulin
resistance, and p-cell dysfunction in Mexican Americans. Details regarding recruitment for
the initial cohort have been previously described (23). Briefly, probands qualified for
participation if they 1) were of Mexican ancestry (both parents and at least 3/4 of
grandparents Mexican or of Mexican descent, 2) had a confirmed diagnosis of gestational
diabetes mellitus (GDM) or normal glucose levels (no GDM) during a pregnancy within the
5 years of study enrollment, and 3) had no evidence of p-cell autoimmunity by glutamic acid
decarboxylase-65 testing. GDM and non-GDM probands were identified from the patient
populations of Los Angeles County/University of Southern California Medical Center,
Kaiser Permanente Southern California, and obstetrical/gynecological clinics at local
southern California hospitals, and were frequency matched on age, BMI, and parity. Family
members of probands were also invited to participate. Protocols for BetaGene were
approved by the Institutional Review Boards of each institution, and all participants
provided written informed consent prior to study enrollment.

Phenotyping for BetaGene was performed on two separate visits to the General Clinical
Research Center, and has also been previously described (23). Participants with fasting
glucose less than 126 mg/dL (< 7 mmol/l) obtained at the first visit were invited for a second
visit, which included a dual-energy x-ray absorptiometry (DXA) scan for body composition.
All GDM probands, their siblings and first cousins, and non-GDM probands (n=1,247; 72%
female; mean+SD age, 34.7 + 8.2 years) underwent the full phenotyping protocol.

A follow-up study was subsequently designed to recall 400 participants for assessment of
longitudinal changes in anthropometric and metabolic traits (24). Participants with a fasting
glucose level >7.0 mmol/L were ineligible for follow-up testing. A total of 390 indnividuals
(74% female; mean+SD age 39.5+8.4 years; mean+SD follow-up time, 4.6£1.5 years)
completed follow-up phenotyping. Due to follow-up study eligibility criteria, those who
returned for follow-up had slightly lower median fasting and 2-hour glucose levels than
those who did not participate (p=0.09 and p=0.04, respectively); no other significant
differences between these two groups were observed. We report results from 1,213 cross-
sectional and 368 recall study participants for whom complete adipokine data were
available.

Sixteen adipokines were measured in fasting plasma samples. Adiponectin, I1L-1p, IL-6,
leptin, lipocalin, MCP-1, resistin and TNF-a were assayed using two Millipore multiplex
kits with magnetic bead panels (Millipore, Billerica, MA). Assay sensitivity for adiponectin,
lipocalin and resistin is 11, 1.7, and 2.2 pg/mL, respectively. Intra- and inter-assay variation
are <10% and <15% respectively, and accuracy ranged 87-91% for all adipokines in the
panel. Sensitivities for leptin, IL-1p, IL-6, MCP-1 and TNF-a are 4.7, 0.5, 0.4, 1.1 and 0.1
pg/mL, respectively. Intra- and inter-assay variations are <15% and accuracy is >90% for all
adipokines in the panel. ELISA was used to measure CRP (Millipore, Billerica, MA), apelin,
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dipeptidyl peptidase-4 (DPP-1V), IL-18, visfatin (Ray Biotech, Norcross, GA), IL-1Ra
(AssayBiotech, Sunnyvale, CA), secreted frizzled protein 4 (SFRP4) and secreted frizzled
protein 5 (SFRP5) (USCN Life Science, Wuhan, China). Assay sensitivity for CRP, apelin,
DPP-1V, IL-18, visfatin, IL-1Ra, SFRP4 and SFRP5 is: 0.004 ng/mL, 29.1 pg/mL, 14.8
pg/mL, 0.5 pg/mL, 0.78 ng/mL, 23 pg/mL, 26.6 pg/mL and 0.60 ng/mL. Intra- and inter-
assay variations are <10% and <15%, respectively, for all adipokines. Accuracy was >95%
for most adipokines; accuracy for SFRP4 and SFRP5 ranged 85-95%.

Data analysis

Cohort characteristics are described by median and corresponding 25t and 75t percentiles.
Measures of adiposity and adipokines were log-transformed to approximate univariate
normality for cross-sectional analyses. The rates of change in adiposity variables and
adipokines were computed as the difference between the log of the follow-up value and the
log of the baseline value divided by total follow-up time, and were approximately normally
distributed. Linear mixed-effects kinship models (LMKM)(25), which appropriately account
for relatedness due to family structure, were used to estimate cross-sectional univariate
associations between each adiposity phenotype and adipokine, adjusted for age and sex.
Similarly, LMKM were used to assess longitudinal association between the rate of change in
each adiposity phenotype and rate of change in each adipokine, adjusted for age, sex and
baseline body fat, for the subset of participants in the follow-up cohort. To evaluate the
strength of univariate association across all adipokines presented in Table 2, data were
standardized by dividing each individual value by the cohort standard deviation prior to the
LMKM analyses, yielding regression coefficients that are scale independent and directly
comparable. To determine whether univariate associations between rates of change in body
fat percentage and adipokines significantly varied by baseline obesity status (BMI =30
kg/m?2 vs. <30 kg/m?), we included a multiplicative interaction term for the product between
rate of change in body fat percent and baseline obesity in the LMKMs.

To assess the joint multivariate association between 3 adiposity measures and 16 adipokines,
we performed canonical correlation analysis (CCA). CCA is a multivariate analysis of cross-
correlations among two set of continuous variables, where each set contains multiple
variables that are themselves highly correlated. CCA identifies linear combinations of each
set that maximize the correlations between them; a loading coefficient is estimated for each
variable that represents its contribution to its specific set(26, 27). To properly account for
family structure, we performed CCA on the kinship-adjusted covariance of age-and sex-
adjusted cross-sectional phenotypes, and on age-, sex- and baseline body fat-adjusted rates
of change for longitudinal phenotypes. CCA was also repeated for the longitudinal cohort,
stratified by baseline obesity status. Given the large contribution of leptin to the adipokines
component that was observed in all models, we also examined the residual multivariate
association between adiposity traits and remaining adipokines by additionally adjusting
phenotypes for baseline leptin (cross-sectional analyses) or rate of change in leptin
(longitudinal analyses), and re-estimating the CCA models. All analyses were performed
using R v.3.3.0 (28).
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Among the participants of the baseline BetaGene cohort (n=1,213; 357 probands, 565
siblings, 291 first cousins), 72% were female, and median (IQR) age was 34.4 (10.3) years
(Table 1). Most (78%) were overweight or obese; median (IQR) BMI was 28.7 (7.3) kg/m?
and body fat percentage was 35.8 (11.9). Median level of CRP was indicative of moderate
cardiovascular disease risk, and 26% exceeded the threshold for high risk (29, 30), both of
which are consistent with CRP levels in the US adult population (30). Baseline
demographics and anthropometrics for participants of the follow-up study (n=368; 107
probands, 181 siblings, 80 first cousins) were generally similar to those of the initial cohort.

The covariate-adjusted correlations among 16 adipokines are provided in Table 2. Among
cross-sectional measures, leptin was moderately correlated with CRP (p=0.39), IL-1Ra
(p=0.30), MCP-1 (p=0.23), adiponectin (p=—0.23) and IL-6 (p=0.22), while adiponectin was
strongly correlated with SFRP5 (p=0.79) and weakly correlated with all other adipokines
except leptin. Longitudinal rate of change in leptin was modestly correlated with rates of
change in MCP-1 (p=0.26), IL-1Ra (p=0.25), but shared only weak or no correlation with
most other adipokine changes over time. The rate of change in adiponectin was most
strongly correlated with the rate of change in SFRP5 (p=0.56), and was not correlated with
rate of change in leptin (p=—0.04). Pairwise adipokine correlations were similar when
stratified by baseline obesity status, although correlations between cross-sectional leptin and
CRP, IL-1Ra, IL-6 and TNF-a were slightly stronger among participants with obesity
compared to without obesity (Table S1 and Table S2: right, upper section). Correlations
between longitudinal changes in leptin and CRP, IL-1Ra, IL-6, TNF-a, adiponectin and
SFRP5 were also appreciably stronger for individuals with obesity than without obesity
(Table S1 and Table S2: left, lower section).

In univariate analyses of cross-sectional phenotypes, we observed higher BMI significantly
associated with lower adiponectin (B=-0.33) and SFRP5 (B=-0.30), and higher apelin
(p=0.13), CRP (p=0.48), IL-18 (p=0.14), IL-1Ra (p=0.40), IL-6 (B=0.30), leptin (p=0.61),
lipocalin (p=0.10), MCP-1 (B=0.15), resistin (p=0.10), SFRP4 (p=0.30), and TNF-a
(p=0.13) (Table 3). No associations between BMI and DPP-IV, IL-1p or visfatin were
observed. Results were similar for DXA-measured total body fat percentage and trunk fat.
Of the 13 adipokines significantly associated with baseline adiposity, we observed
longitudinally increasing BMI significantly associated with rates of change in 7 adipokines:
decreasing adiponectin (B=-0.36) and SFRP5 ($=-0.37), and increasing CRP ($=0.29),
IL-1Ra (p=0.18), IL-6 (p=0.14), leptin ($=0.62), and SFRP4 (=0.10). Increasing body fat
percentage and trunk fat were similarly associated with these changes in adipokines over
time, although longitudinal increases in both total body and trunk fat were also significantly
or marginally associated with increasing apelin (B=0.13 and p=0.15, respectively), lipocalin
(B=0.14 and p=0.11, respectively), and visfatin (8=—0.12 and p=-0.09, respectively).

Multivariate analysis with CCA revealed that the observed cross-sectional univariate
associations were well captured by the top canonical variate, which explained 82.6% of the
shared variation between the 3 adiposity variables and 16 adipokines (canonical correlation
= 0.81, p<0.0001; Figure 1a). The top adiposity component was well represented by BMI,
total body fat and trunk fat (canonical loadings p=0.92 to 0.98), while the adipokine
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component was most represented by leptin (p=0.94), CRP (p=0.51), IL-1Ra (p=0.43),
adiponectin (p=-0.43), SFRP4 (p=0.34), IL-6 (p=0.31), and SFRP5 (p=-0.28). The joint
multivariate association between adiposity and adipokines was most accounted for by leptin,
followed by CRP, IL-1Ra, and adiponectin. Greater adiposity was most associated with
higher leptin, CRP, and IL-1Ra, and lower adiponectin.

Similarly, the top canonical variate of the longitudinal analysis explained 78.7% of the
shared variation between rates of change in adiposity and adipokines (canonical correlation
=0.71, p<0.0001; Figure 1b). The top adiposity component was well-captured by rates of
change in the 3 adiposity measures (p=0.81 to 0.97), and the adipokine component was most
represented by rates of change in leptin (p=0.79), adiponectin (p=-0.50), SFRP5 (p=-0.44),
CRP (p=0.43), and IL-1Ra (p=0.32). Multivariate association between changes in adiposity
and adipokines over time was most accounted for by changes in leptin, followed by
adiponectin, CRP, SFRP5 and IL-1Ra. Longitudinal increases in adiposity were associated
with increases in in leptin, CRP, and IL-1Ra, and decreases in adiponectin and SFRP5 over
time. Analysis of leptin-adjusted adipokines and adiposity measures confirmed the strong
contribution of leptin to the multivariate association between adipokines and adiposity. After
adjusting for leptin, the canonical correlation from CCA analysis in the cross-sectional and
longitudinal cohorts fell from 0.81 and 0.71 to 0.49 and 0.53, respectively.

As shown in Table 1, ~40% of follow-up study participants had obesity at baseline. During
follow-up, 62% increased body fat (77%, 63% and 53% of those who were normal weight,
overweight, and obese at baseline, respectively). Over time, the median (IQR) rate of change
in body fat percentage for normal weight, overweight and participant with obesity was 0.34
(0.03, 0.66), 0.13 (=0.20, 0.47) and 0.07 (-0.42, 0.43) per year, respectively (p<0.001).
Trend for weight gain, overall and within each baseline weight status group, was similar to
that for increasing body fat over time. Given the large proportion of participants who had
obesity at the beginning of the study and the variation in changes in weight and body fat
observed by baseline BMI, we examined the univariate and multivariate association between
longitudinal changes in adipokines and adiposity, stratified by baseline obesity status.

Univariate association between rate of change in body fat percentage and rate of change in
CRP, IL-6, adiponectin and SFRP5, significantly varied by baseline obesity status (all
interaction p<0.035; Figure 2). Interaction between rate of change in body fat percentage
and obesity status were marginally associated with rate of change in leptin and IL-1Ra
(interaction p=0.10 and 0.12, respectively; Figure 2). Increases in leptin, CRP, IL-1Ra, and
IL-6 and decreases in adiponectin and SFRP5 associated with increasing body fat percentage
over time were greater for participants with obesity than without obesity at baseline. The
univariate longitudinal associations between each adiposity measure and each adipokine are
presented in Table S3 (participants with obesity) and Table 4 (participants without obesity).
Results of the multivariate CCA analysis also indicate that the joint associations between
changes in all adiposity measures and adipokines were substantially different for individuals
who had obesity (Figure 3a) compared to those who did not have obesity at baseline (Figure
3b). In both groups, the top adiposity component was well characterized by rates of change
in the 3 adiposity measures (obesity: p=0.90 to 1.0; no-obesity: p=0.81 to 0.95), although
slightly less so among no-obesity due to the greater variation in body composition changes
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in that group over time (median (IQR) rate of change in body fat percentage for no-obesity:
0.19 (-0.12, 0.55) per year). The first adipokine component among individuals with obesity
was most represented by rates of change in 7 adipokines: increasing leptin (p=0.88), CRP
(p=0.70), IL-1Ra (p=0.57), IL-6 (p=0.34) and apelin (p=0.30), and decreasing adiponectin
(p=—0.61) and SFRP5 (p=-0.37). However, the top adipokine component among subjects
without obesity was represented mainly by rates of change in only 3 adipokines: increasing
leptin (p=0.76) and decreasing SFRP5 (p=-0.44) and adiponectin (p=—0.31), with weak
contributions by all other adipokines (all p<0.12). As observed among all participants in the
cross-sectional and longitudinal samples, change in leptin most strongly contributed to the
multivariate association between rates of change in adipokines and adiposity; after
adjustment for leptin, canonical correlation from CCA in obesity and non-obesity groups fell
from 0.87 and 0.62 to 0.64 and 0.46, respectively.

In this large Mexican-American cohort of primarily overweight and obese individuals at risk
for T2DM, multivariate analyses of longitudinal changes in 3 adiposity measures and 16
circulating adipokines revealed that increases in adiposity were most strongly associated
with increasing leptin, followed by decreasing adiponectin and SFRP5, and increasing CRP
and IL- 1Ra over time. Leptin, CRP, IL-1Ra and adiponectin were also most strongly
associated with adiposity measures in the cross-sectional multivariate analysis. We also
observed that increasing adiposity in individuals with existing obesity was more strongly
associated with a multitude of increasing pro- and decreasing anti-inflammatory adipokines
than in those without obesity, supporting the notion that adipokine imbalance continues to
worsen with growing obesity over time. Furthermore, multivariate cross-sectional and
longitudinal associations between adipokines and adiposity were greatly attenuated after
adjustment for leptin, indicating an important role for leptin in the modulation of adipokines
and their changes over time in response to increasing obesity.

Since its discovery more than 20 years ago (31), leptin has been shown to be an important
regulator of food intake and energy expenditure. Early hypotheses suggested that leptin
deficiency was associated with obesity, although subsequent studies demonstrated that the
majority of individuals with obesity had markedly increased plasma leptin concentrations,
reflecting adipose tissue expansion (32, 33). It was later demonstrated that excess circulating
leptin results in resistance to its action (33, 34), and upregulation of the pro-inflammatory
cytokines CRP, TNF-a,, and 1L-6 (35, 36), which in turn downregulate expression of anti-
inflammatory adiponectin (37). Indeed, our results support the hypothesis that obesity
fosters a pro-inflammatory state, characterized by increased leptin, CRP and I1L-6 and
decreased adiponectin. Interestingly, although IL-1Ra is an IL-1 antagonist with anti-
inflammatory features, we observed increased IL-1Ra with increasing adiposity. We also
observed positive cross-sectional and longitudinal correlations between leptin and IL-1Ra
(0=0.30 and 0.25, respectively). Both findings are supported by a prior gastric bypass study
in which investigators proposed that higher IL-1Ra levels in patients with obesity contribute
to leptin resistance, thereby reinforcing a vicious cycle of progressive obesity and resistance
to leptin (11).
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In addition, we found SFRP5, a more recently identified adipokine with anti-inflammatory
properties (38), to be negatively associated with adiposity at a magnitude similar to
adiponectin in both cross-sectional and longitudinal analyses. Consistent with these findings,
the two small, short-term diet/lifestyle intervention studies that have examined changes in
SFRP5 in humans reported increases in SFRP5 associated with weight loss, increasing
adiponectin, and decreasing leptin:adiponectin ratio (14, 15). However, neither study
examined additional adipokines for assessment of their pattern of changes over time. Our
findings indicate that SFRP5 shares a moderate to strong correlation with adiponectin
(0=0.79 and 0.56 for cross- sectional and longitudinal, respectively), and modest negative
correlation with leptin, SFRP4, IL- 1Ra, IL-6 and CRP (cross-sectional and longitudinal p=
-0.15 to —0.24). Although the precise mechanism underlying decreasing SFRP5 with
increasing obesity over time remains to be elucidated, it has been shown that SFRP5 is an
inhibitor of Wnt5a, a molecule expressed in adipose tissue with an important role in
inflammatory macrophage activation and signaling (38). SFRP1, another secreted frizzled-
related protein inhibitor of Wnt5a, has been shown to increase adiponectin and reduce IL-6
and MCP-1 expression in adipocytes (39). Further investigation is needed to determine the
specific role of SFRP5 in modulating pro- and anti-inflammatory adipokine imbalance in the
presence of obesity and rising leptin levels.

While our study provides important insight into the long-term changes in multiple pro- and
anti-inflammatory adipokines that result from changes in adiposity over time, and indicates a
key role for leptin in this process, there are adipokines and cytokines that were not measured
and therefore not accounted for in this analysis. As such, it is possible that other meaningful
adipokine changes are not represented. Likewise, DEXA provides a direct measure of
overall and region-specific body fat (ie. trunk, limbs, head), but not of omental and
subcutaneous fat, which precluded our assessment of adipokine relationships with these
specific compartments. Although our study is based on a large cohort of Mexican Americans
at risk for T2DM, enabling analysis of both cross-sectional and longitudinal associations,
our follow-up subset was modest in size. As such, we may have been able to detect cross-
sectional relationships but had limited power for detecting longitudinal associations with the
same adipokine(s) in univariate analyses. Nevertheless, as many of the adipokines interact in
complex pathways, analysis of only individual adiposity-adipokine relationships does not
provide insight into their relative importance or interpretation. We applied CCA to capture
the underlying multivariate correlation among adipokines and adiposity in order to better
understand their joint relationships. This approach led us to the observation that across a
wide array of adipokines, longitudinal changes in leptin most strongly account for the
relationship between changes in adiposity and adipokine levels, irrespective of baseline
obesity status.

In conclusion, our findings suggest that increasing adiposity contributes to a growing
imbalance in pro- and anti-inflammatory adipokines over time, in which leptin may have a
particularly important role. Further investigation is necessary to better understand the extent
to which these adipokines, with leptin as a key driver, directly and/or indirectly influence
insulin sensitivity and p-cell function, thereby mediating metabolic disease risk in Mexican
Americans.
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What’s known on This Subject?

. Higher pro-inflammatory and lower anti-inflammatory adipokines have been
shown to be associated with obesity, but these data are often limited to cross-
sectional relationships, and/or only one or a small number of measured
adipokines.

What does this Study Add?

. This study examines the joint multivariate association between longitudinal
changes in 16 circulating adipokines and changes in adiposity over time in
Mexican Americans at high risk for type 2 diabetes.

. Our findings suggest that 1) longitudinal increases in adiposity were most
strongly associated with increasing leptin, CRP and IL-1Ra, and decreasing
adiponectin and SFRP5 over time, 2) these associations were stronger for
participants with obesity than without obesity at baseline, and 3) these
associations were most accounted for by changes in leptin.
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Figure 1.
Helioplot of the top canonical correlations demonstrating the joint multivariate association

between adipokines (left) and adiposity (right), for cross-sectional (a) and longitudinal (b)
cohorts. The plot represents the canonical loadings, which are analogus to the linear
correlation coefficients between adipokines (left) and the first canonical variate, and
adiposity and the first canonical variate (right). The length of each bar represents the
strength of these correlations ranging from 1 (outer circle) to —1 (inner circle). Filled bars
represent positive and open bars represent negative correlations. Plot (a) indicates that cross-
sectional BMI, percent body fat and trunk fat are all strongly positively correlated with the
first canonical variate, and that CRP, IL-1Ra, IL-6, leptin and SFRP4 are strongly positively
correlated while adiponectin and SFRP5 are strongly negatively correlated with the first
canonical variate. Plot (b) indicates that longitudinal changes in BMI, percent body fat and
trunk fat are all strongly positively correlated with the first canonical variate, and that CRP,
IL-1Ra, and leptin are strongly positively correlated while adiponectin and SFRP5 are
strongly negatively correlated with the first canonical variate.
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Scaled adjusted rate of change in CRP

Scaled adjusted rate of change in leptin
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1
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Scaled adjusted rate of change in IL-1Ra

Scaled adjusted rate of change in SFRP5
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P-value = 0.104

Scaled adjused rate of change in body fat %

P-value = 0.029

T
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-2 -1 Q 1 2 3

Scaled adjused rate of change in body fat %

Rate of change in adipokines (y-axis) associated with rate of change in body fat percentage
(x-axis), adjusted for age, sex, and kinship. Solid regression line indicates participants who
were obese at baseline (BMI =30 kg/m?2). Dashed regression line indicate non-obese
participants (BMI <30 kg/m?). P-value shown represents the interaction p-value testing for a
difference in slope between obese and non-obese participants.
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Figure 3.
Helioplot of the top canonical correlations demonstrating the joint multivariate association

between rates of change in adipokines (left) and rates of change in adiposity (right),
stratified by baseline obesity status: obese (a) and non-obese (b). The plot represents the
canonical loadings, which are analogus to the linear correlation coefficients between
adipokines (left) and the first canonical variate, and adiposity and the first canonical variate
(right). The length of each bar represents the strength of these correlations ranging from 1
(outer circle) to -1 (inner circle). Filled bars represent positive and open bars represent
negative correlations. Plot (a) indicates that cross- sectional BMI, percent body fat and trunk
fat are all strongly positively correlated with the first canonical variate, and that CRP,
IL-1Ra, IL-6, and leptin are strongly positively correlated while adiponectin and SFRP5 are
strongly negatively correlated with the first canonical variate. Plot (b) indicates that
longitudinal changes in BMI, percent body fat and trunk fat are all strongly positively
correlated with the first canonical variate, and that leptin is strongly positively correlated
while adiponectin and SFRP5 are strongly negatively correlated with the first canonical
variate.
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Cohort Characteristics?

Table 1

Baseline Cohort
n=1,213

Follow-up Subgroup
n=368

Female (%)

Age, years
Anthropometrics

BMI [kg/m2]

Normal weight (%)

Overweight (%)

Obese (%)

Body Fat Percentage

Trunk Fat [kg]
Adipokines

Adiponectin [ug/mL]

Apelin [ng/mL]

CRP [ng/mL]

DPP-1V [pg/mL]

IL-18 [pg/mL]

IL-1B [pg/mL]
IL-1Ra [pg/mL]

IL-6 [pg/mL]
Leptin [ng/mL]
Lipocalin [ng/mL]
MCP-1 [pg/mL]
Resistin [ng/mL]
SFRP4 [ng/mL]
SFRP5 [ng/mL]

TNF-a [pg/mL]
Visfatin [ng/mL]

874 (72.1)
34.4(29.2, 39.5)

28.7 (25.4, 32.7)

261 (21.5)

459 (37.8)

493 (40.6)
35.8 (28.6, 40.5)

12.9(9.7, 17.1)

10.4 (7.2, 16.8)
1.1(0.7,1.7)

1.4 (0.6, 3.2)

264.9 (210.3, 339.9)

177.4(67.7, 301.2)

0.6 (0.5, 0.9)
11.5 (6.9, 18.5)

29(1.7,5.1)

14.1 (6.6, 24.9)
63.2 (52.4, 76.6)

107.6 (84.6, 132.7)

18.0 (14.3, 23.6)

76.1 (54.2, 107.7)

14.6 (9.3, 22.5)

2.9 (2.1, 4.0)
13.8 (10.6, 17.9)

Baseline

Change per year

272 (73.5)
34.7 (29.3, 40.4)

28.7 (25.2, 32.8)

84 (22.7)

136 (36.8)

150 (40.5)
36.2 (28.5, 40.3)

12.7 (9.8, 17.0)

9.2 (6.2, 14.5)
0.9 (0.5, 1.4)

1.3 (0.6, 3.4)

294.6 (222.5, 374.6)

126.6 (15.7, 301.2)

0.7 (0.6, 1.0)
12.7(7.7,19.2)

3.0(18,53)

14.0 (6.7, 26.0)
62.1 (50.7, 76.7)

110.7 (89.9, 138.6)

19.4 (15.0, 27.4)

90.5 (61.9, 126.1)

13.9 (8.4,20.9)

3.3(25,45)
15.7 (12.1, 22.5)

0.2(-0.1,0.4) 0

0.1(-0.2,0.5)

0.2 (-0.1, 0.5)2

0.0 (-0.5,0.4)
-0.1(-0.1, 0.0)0
0.0 (-0.1,0.2)2
-40(-15.6,5.5)Y

0.0 (-27.2,9.9)0
0.0 (0.0, 0.0)

-0.2(-1.1,0.7)0

0.1(-0.2,0.4)0
0.1(-0.7,0.9)

-2.5(-5.7,02)0
3.0(-2.3,83)0
-0.2 (-0.8,0.5)0
2.3(-0.9,6.1)%

0.4 (-0.2,1.3)0
0.0 (0.2, 0.1)
0.1 (-1.0,1.7)

a . . .
values shown are median (25th, 75th percentile), unless otherwise noted

bsignificant at p<0.05 by Wilcoxon signed rank Test
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