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RACE/ETHNICITY-SPECIFIC ASSOCIATIONS
BETWEEN SMOKING, SERUM LEPTIN, AND
ABDOMINAL FAT: THE MuLti-ETHNIC
STUDY OF ATHEROSCLEROSIS

Objective: Smoking is a well-known cardio-
vascular risk factor associated with weight
loss. We aimed to evaluate the association
between smoking, serum leptin levels, and
abdominal fat.

Design: Cross-sectional

Setting: Data from examinations 2 or 3
(2002-2005) of the Multi-Ethnic Study of
Atherosclerosis (MESA)

Participants: 1,875 asymptomatic, commu-
nity-dwelling adults

Main Outcomes Measures: We used
multivariable linear regression models to
assess the race/ethnicity-specific associations
between smoking, serum log -leptin levels,
and computed tomography ascertained
abdominal fat. Results were adjusted for de-
mographic and relevant clinical covariates.

Results: Participants (mean age 64.5+9.6
years; 50.6% women; 42.2% former, 11.4%
current smokers) were White (40.1%), His-
panic (25.8%), African American (21.1%),
and Chinese (13.0%). Overall, median (25th
— 75th percentile) leptin levels were signifi-
cantly lower among current (11.14 ng/mL;
4.13 — 26.18) and former smokers (11.68
ng/mL; 4.72 — 27.57), as compared with
never smokers (15.61 ng/mL; 3.05 — 30.12)
(P<.001). The difference in median leptin
levels between current and never smok-

ers were significantly higher for Hispan-

ics (A9.64 ng/mL) and African Americans
(A8.81 ng/mL) than Whites (A2.10 ng/mL)
and Chinese (A4.70 ng/mL) (P<.001). After
adjustment for total abdominal fat, log -
leptin levels remained lower for former (-.14
[-.22 —-.07]) and current (-.17 [-.28 — -.05])
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INTRODUCTION

Smoking, a major prevent-

able cause of cardiovascular disease
(CVD) and death, is associated with
multiple derangements in cardio-
metabolic pathways.'” For example,
tobacco smoking is associated with
lower body weight,” but higher waist
circumference, suggesting a poten-
tial increase in the visceral fat.>*

Prior studies have suggested that

Michael J. Blaha, MD, MPH’

the metabolic changes in smoking
may be mediated by adipokines, such
as leptin, which is secreted from adi-
pose tissue.® Although prior studies
have demonstrated that higher leptin
levels are associated with insulin re-
sistance, atherosclerosis, and coro-
nary artery disease,”® results are con-
flicting on the association between
smoking and serum leptin, as a mark-
er of cardiometabolic health and in-
jury.”" These discrepant results may

smokers, compared with never smokers.
Results differed by race/ethnicity, with signif-
icantly lower log -leptin levels observed only
among current and former African Ameri-
cans and Hispanic smokers, compared with
their never smoker counterparts. (Ps for
interaction <.05)

Conclusions: Among smokers, leptin
levels significantly vary by race/ethnicity.
Former and current smoking are associ-
ated with lower leptin levels, although this
may be restricted to Hispanics and African
Americans. Ethn Dis. 2018;28(4):531-538;
doi:10.18865/ed.28.4.531.
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be explained by differences in adipo-
kine levels, particularly leptin, across
racial/ethnic  groups.'”""  Further-
more, the joint roles of abdominal
fat, as the source of adipokines, in
modifying or mediating the relation-
ship between smoking and leptin
levels are yet to be determined.

Prior studies included homog-

enous populations, were underpow-

Results from this
study may shed light
on the complicated
relationship between
racelethnicity, smoking,
and smoking cessation
on body composition,
cardiometabolic health,

and cardiovascular disease.

ered, or lacked accurate information
regarding abdominal fat composi-
tion to show the role of race/ethnic-
ity in the association between smok-
ing and leptin levels.”!®3¢ In our
present study, using a large subset of
individuals enrolled in Multi-Ethnic
Study of Atherosclerosis (MESA), we
aimed to assess the race/ethnicity-
specific associations between smok-
ing status (current, former, and nev-
er), leptin levels, and CT measures
of total abdominal fat. Results from

this study may shed light on the
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complicated relationship between
race/ethnicity, smoking, and smok-
ing cessation on body composition,
cardiometabolic health, and cardio-
vascular disease. These results may
inform clinical guidelines and to-
bacco regulatory agencies in under-
standing whether there are higher-
risk races/ethnicities, in whom the
association between smoking and
leptin — as a marker of cardiometa-
bolic health — is more pronounced.

METHODS

Participants

Design and methods of MESA
have been described previously.”
Briefly, MESA comprises 6,814 men
and women of different races/eth-
nicities (White, Hispanic, African
American, and Chinese American)
enrolled from six different sites, all of
whom were free of clinical CVD. A
random subset of 1,875 participants,
with available data related to smok-
ing status, who underwent measure-
ment of adipokine levels and abdom-
inal CT scanning at examinations
2 or 3 (2002-2005) were included
in our present study. All protocols
were approved by the institutional
review board at participating institu-
tions and written informed consents
were obtained from all participants.

Measurement of Covariates

Participants self-reported smok-
ing exposure. The primary smok-
ing variable was smoking status
categorized as never, former, and
current smoking. Never smok-
ing was defined as lifetime use of

less than 100 cigarettes. Former

smokers had a previous history of
smoking but had not consumed
cigarettes within the last 30 days.

Stored fasting blood samples
were used to measure leptin, adi-
ponectin, and resistin levels by Bio-
Rad Luminex flow cytometry at the
MESA central laboratory. Mean co-
efficients of variation across control
samples were between 6.0-13.0%.'8

Anthropometric ~ components
were measured twice using stan-
dard protocols and the average was
recorded. BMI was derived from
weight (measured to the nearest
.5 Ib using a balance beam scale)
and height (measured to the near-
est .5 cm using a vertical ruler).
Wiaist circumference was measured
at the minimum abdominal cir-
cumference to the nearest .1 cm.

Electron-beam and multidetec-
tor CT scanners at Northwestern
University, University of California,
Columbia University, Wake Forest
University, and University of Min-
nesota field centers were used to
measure total abdominal, visceral,
and internal abdominal fat and lean
areas. Fat tissue was identified as be-
ing between -190 and -30 Houn-
sfield units (HU). Lean tissue was
identified as being between 0 and
100 HU. Densities outside of these
two ranges were labeled as undefined
tissue type. Six transverse cross-sec-
tional slices of data were assessed (2
at L2-3, 2 at L3—4, and 2 at L4-5).
Fat and lean measured were reported
in cm?. To calculate visceral fat and
lean areas, we calculated the sum of
visceral areas over all six available
slices. Fat and lean areas were indexed
to height (in meters). Inter-rater and
intra-rater reliabilities were .99 for
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Table 1. Characteristics of 1,875 participants in MESA who underwent abdominal CT scanning and were assessed for
biomarkers of inflammation in Exams 2 or 3, part 1

Study population, Smoking status p

Variable N=1,875 Never, n=871 Former, n=791 Current, n=213
Age 64.5 9.6 64.3 £9.8 66.0 £ 9.2 59.7 = 8.6 <.001
Male 927 (49.4) 332 (38.1) 475 (60.1) 120 (56.3) <.001
Race

White 752 (40.1) 301 (34.6) 361 (45.6) 90 (42.3)

Hispanics 484 (25.8) 236 (27.1) 191 (24.2) 57 (26.8) <.001

African American 395 (21.1) 164 (18.8) 175 (22.1) 56 (26.3)

Chinese American 244 (13.0) 170 (19.5) 4 (8.1) 0 (4.7)
Completed high school 1536 (82.0) 690 (79.2) 667 (84.5) 179 (84.0) .014
Income level > $40K 909 (50.6) 409 (48.8) 392 (51.7) 108 (53.7) 314
Having insurance 110 (5.9) 60 (6.9) 30(3.8) 0(9.4) .002
Sedentary and light activity® 2160. (1260, 3390) 2100 (1192.5,3210) 2160 (1320, 3360) 2940 (1470, 3960) <.001

Moderate-to-vigorous physical activity?
Pack-years of smoking®

Alcohol use

Systolic blood pressure, mm Hg

3570 (1837, 6390)

3352 (1800, 6285)

3780 (1845, 6700)

4050 (1860, 6892)  .109

22.5 = 32.0 0 20.0 = 24.7 31.7 £49.8 <.001
967 (51.6) 351 (40.3) 475 (60.0) 141 (66.2) <.001
124.1 £ 20.8 1244 = 21.3 124.7 = 20.1 120.3 = 21.1 .019

a. Met-min/wk m-su.

b. Excludes never smokers. Only former and current smokers were compared.
Column percentages were used. Continuous variables are described as mean + standard deviation or median (interquartile range). Categorical variables are described as
number (percentage). Number may not sum up to total due to missing observations. Percentages may not sum up to 100% due to rounding.

MESA, Multi-Ethnic Study of Atherosclerosis; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol

all measures. Information regard-
ing settings, devices, and protocols
were explained in detail previously."”

Data Analysis

We report mean + standard de-
viation for normally distributed
and median (interquartile range) for
non-normally distributed baseline
data, stratified by smoking status.
We then compared absolute leptin
levels by smoking status across cate-
gories of race/ethnicity. Using multi-
variable linear regression, we assessed
the association between smoking
status and log -transformed fat and
lean abdominal areas. Models were
adjusted for sex, age, race/ethnicity,
education, sedentary lifestyle, cur-
rent alcohol use, triglyceride, total
cholesterol, low-density lipoprotein
cholesterol, high-density lipopro-
tein cholesterol, diabetes mellitus,

and lipid-lowering medications.

We used two multivariable lin-
ear regression models to evaluate
the potential independent associa-
tion between smoking status and
log-transformed leptin (log -leptin)
These

multivariable

included a baseline
(Model 1)

and another model that was fur-

levels.
model

ther adjusted for CT measures of
(Model 2).

Interaction terms between smok-

total abdominal fat

ing status and sex, age, race/ethnic-
ity in their associations with CT
measures and adipokine levels were
tested. In sensitivity analyses, we
further adjusted for other measures
of adiposity including BMI, waist
circumference, and dietary patterns
as well as inflammatory biomarkers
such as high-sensitivity C-reactive
protein (hsCRP) and tumor necrosis

factor alpha (TNF-alpha). We used

Stata 13 for all analyses. A two-sided
P <.05 was considered significant.

RESsuULTS

Baseline characteristics of the
1,875 MESA participants (mean age
64.5 + 9.6 years, 49.4% men, 42.2%
former, 11.4% current smokers) are
shown in Tables 1 and 2, stratified
according to smoking status. A total
of 1,875 participants were included
in our study, and 40.1% of partici-
pants were White, 25.8% Hispan-
ic, 21.1% African American, and
13.0% Chinese American. Current
smokers were younger (59.7 + 8.6)
than former (66.0 + 9.2) and never
smokers (64.3 + 9.8). The prevalence
of current smoking within groups
was highest among African Ameri-
cans (14.2%) and lowest among
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Table 2. Characteristics of 1,875 participants in MESA who underwent abdominal CT scanning and were assessed for
biomarkers of inflammation in Exams 2 or 3, part 2

Variable

Triglycerides, mg/dL

Total cholesterol, mg/dL

LDL-C, mg/dL

HDL-C, mg/dL

Body mass index, kg/m?

Waist circumference, cm

Height-indexed total abdominal fat, cm?/m
Height-indexed visceral fat, cm?m
Height-indexed total abdominal internal fat
area, cm?/m

Diabetes

Hypertension

Blood pressure medications

Statin use

Leptin, ng/mL

Adiponectin, micg/mL

Resistin, ng/mL

Study population,

Smoking status

N=1,875 Never , n=871 Former , n=791 Current, n=213
114, (78, 163) 116, (80, 164) 112, (75, 160) 116, (83.0-181) .089
190.3 = 35.1 193.3 = 34.6 187.7 = 34.6 187.7 = 37.9 .003
112.5 = 31.1 114.6 = 31.2 110.3 = 30.4 111.5 = 32.7 .017
51.6 = 15.2 52.4 = 14.6 51.6 = 15.7 48.2 = 15.6 .002
28.2 5.2 27.6 =49 28.8 =54 28.2 = 5.3 <.001
98.2 = 14.1 96.4 = 13.4 100.2 = 14.4 98.64+ 14.8 <.001
1290, (980, 1636) 1277, (994, 1603) 1351, (955, 1724) 1227, (950, 1612) 144
541, (358, 768) 495, (345.5, 709) 601, (394, 820) 523,(332,754) <.001
588, (413, 828) 555, (406, 767) 656, (439, 882) 538, (372, 777)  <.001
259 (13.8) 115 (13.2) 116 (14.7) 28 (13.1) .657
872 (46.9) 415 (48.1) 386 (49.2) 71 (33.5) <.001
783 (42.9) 365 (43.2) 352 (45.7) 66 (31.43) .001
1096 (16.1) 208 (24.6) 201 (26.1) 36 (17.4) .027
13.5, (5.7, 28.3) 15.6, (7.0, 30.1) 11.7,(4.7,27.6)  11.1,(41.3,26.2) <.001
17.4,(11.8,26.3)  18.0,(12.1,26.4) 17.3,(11.4,26.4)  15.4,(11.5,23.1)  .030
15.0, (11.9, 19.0) 14.7,(11.4, 18.6) 15.2,(12.2,19.4) 15.3,(12.6, 18.5) .068

Column percentages were used. Continuous variables are described as mean + standard deviation or median (interquartile range). Categorical variables are described as
number (percentage). Number may not sum up to total due to missing observations. Percentages may not sum up to 100% due to rounding.
MESA, Multi-Ethnic Study of Atherosclerosis; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

Chinese Americans (4.1%), with
that in Whites and Hispanics be-
ing 12.0% and 11.8%, respectively.

Median
leptin levels were significantly lower
among former (11.68 [4.72, 27.57]
ng/mL) and current smokers (11.14

(Interquartile  range)

(4.13, 26.18] ng/ml) compared
with never smokers (15.61 [7.04,
30.12] ng/mL) (P<.001). Figure 1
illustrates leptin levels by smoking
status across racial/ethnic categories.
Leptin levels were not different by
smoking status among Whites (P=

.73). Among African Americans,
Hispanics, and Chinese Americans,
former and current smokers had sig-
nificantly lower leptin levels than
never smokers (P<.001). The differ-
ence in median leptin levels between
current and never smokers were

Table 3. The association between smoking and abdominal fat and lean areas, measured by abdominal CT scan among 1,875
participants in MESA. Beta-coefficients indicate absolute differences in fat and lean areas.

Measures of abdominal CT scan?

Fat area

Total abdominal

Visceral

Lean area
Total abdominal
Visceral

Smoking status

Current
Never, n=871 Former, n=791 P nu=rr2e1n3, P
Ref ~.02, (05 - .00) 066 0% 097 009
Ref -.03, (-.06 — .01) 138 -09, (15 - 001
L04)
Ref 04, (.02 - .05) <001 08, (.05 —.10) <001
Ref 07, (.04 - .10) <.001 17, (12— 21) <.001

a. Height-indexed values (fat/lean area divided by participant’s height) were used in both models. All measures were log-transformed due to their non-normal destitutions.
Linear regression models were adjusted for sex, age, race/ethnicity, education, sedentary lifestyle, current alcohol use, triglyceride, total cholesterol, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol, diabetes mellitus, and lipid-lowering medications.

MESA, Multi-Ethnic Study of Atherosclerosis.
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Figure 1. Leptin levels by smoking status across racial/ethnic categories of 1,875 participants in MESA
MESA, Multi-ethnic Study on Atherosclerosis

significantly higher for Hispanics
(A9.64 ng/mL) and African Ameri-
cans (A8.81 ng/ml) compared
with Whites (A2.10 ng/mL) and
Chinese (A4.70 ng/mL) (P<.001).

Multivariable linear regression
that,
with never smokers, current smok-

models  showed compared
ers had significantly lower fat, but
higher lean areas in total abdomi-
nal and visceral compartments
(P<.05). Former smokers also had
significantly higher lean areas in
total abdominal and visceral com-

(P<.001). (Table 3)
Table 4 shows results for the as-

partments

sociation between smoking status
and log-leptin, stratified by race/
ethnicity. Multivariable linear re-
gression models demonstrated that
compared with never smokers, for-
mer and current smokers had lower

log -leptin without (Model 1) and
with adjusting for CT measures
of abdominal fat (Model 2). Log -
leptin was not significantly differ-
ent by smoking status among White
and Chinese participants. Among
Hispanics, loge—leptin was consis-
tently lower among former smokers
than never smokers in both models
while among African Americans re-
sults were consistently significant
for current smokers (P<.05). There
were statistically significant interac-
tions between smoking status and
race with significantly lower log -
leptin levels observed among Af-
rican American current smokers
(P=.048) as well as Hispanic former
smokers (P=.025), compared with
their never smoker counterparts.

There were no changes in the
overall conclusions after adjusting

Ethnicity & Disease, Volume 28, Number 4, Autumn 2018

for other measures of abdominal fat
(BMI, and waist circumference, and
CT measures of visceral fat) and di-
etary patterns in Model 1, and after
adjusting for inflammatory markers
(hsCRP and TNF-alpha) in Model
2. Also race/ethnicity-specific re-
sults were not significant for the as-
sociation between other measures
of smoking behavior, such as pack-
years of smoking, number of ciga-
rettes smoke per day, and time since
smoking cessation, and leptin levels.

DiscussioN

We demonstrated that smokers
have significantly lower leptin levels,
with absolute values varying sub-
stantively by race/ethnicity. Where-
as smokers have lower abdominal
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Table 4. The association between smoking status and log_-transformed leptin levels (per standard deviation) among 1,875
participants in MESA. Beta-coefficients (absolute differences in leptin levels) are reported by race/ethnicity.

Smoking . Hispanic Afrigan Chinﬁese

status Overall, N=1,875 P White, n=752 P n=484 ! P American, P American, P
n=395 n=244

Ei\ée% Ref Ref Ref Ref Ref

Former,

n=791

Model 12 -.013, (-.20--.05) .001 -.05,(-.16 -.05) .354 -.24,(-.38--.10) .001 -.07,(-.24-.08) .374 -.24,(-.50-.02) .065

Model 2° -.08, (-.16 —-.01) .033 .00, (-.11-.12) .927 -.21,(-.38--.05) .013 -.10, (-.27 -.06) .259 -.15,(-.38-.08) .220

Current,

n=213

Model 12 -.22,(-.33--.11) <.001 -.10, (-.28 -.07) .232 -.31,(-.53-.09) .005 -.39,(-.57--.12) .003 .10, (-.37-.57) .668

Model 2° =13, (.25 --.01) .028 -.04,(-.22-.14) .639 -.20, (-.47-.08) .167 -.34,(-.58--.11) .004 .21,(-.21-.63) .326

a. Model 1 is adjusted for sex, age, race/ethnicity, education, sedentary lifestyle, current alcohol use, triglyceride, body mass index, total cholesterol, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol, diabetes mellitus, and lipid-lowering medications.
b. Model 2 is adjusted for Model 1 covariates plus CT measures of total abdominal fat.

MESA, Multi-Ethnic Study of Atherosclerosis.

fat compared with never smokers,
multivariable-adjusted leptin levels
are lower in smokers vs never smok-
ers accounting for various measures
of body fat, including CT-measured
abdominal fat, BMI, and waist cir-
cumference. However, we found
marked race/ethnicity dimorphism
in our results, with smoking associ-
ated with lower adjusted leptin levels
in African Americans and Hispanics.

Prior studies in different popu-
lations have reported that smoking

is associated with lower,20?3

un-
changed,? or higher ** leptin levels.
For example, one small study com-
prising 236 Middle Eastern healthy
participants, showed that smoking
was associated with lower leptin
levels.'” Another study among 708
Japanese men reported that leptin
levels were not affected by cigarette
smoking.” Yet, another study in-
cluding African and Australian par-
ticipants suggested that smoking was
associated with higher leptin levels.?
Our results support the hypothesis

536

that there are race-specific meta-
bolic changes linked to smoking.

Our findings have clinical and re-
search implications for smokers and
those who have recently quit smok-
ing with regard to body composition,

We found marked race/
ethnicity dimorphism in
our results, with smoking

associated with lower
adjusted leptin levels in

African Americans and

Hispanics.

metabolism, and adipocyte mediated
inflammation. Leptin, as a marker of
cardiometabolic health and disease,
may be useful to identify higher-risk
smokers, who may benefit from pre-

ventive measures. As higher leptin
is suggested to be associated with
CVD,”® lower leptin levels in smok-
ers vs non-smokers among African
Americans and Hispanic suggest that
other mechanisms play the predomi-
nant role for smoking-related car-
diometabolic injury in these groups.
On the contrary, White smokers had
similar serum leptin levels compared
with non-smokers (despite having
lower total and visceral body fat) that
may signify higher cardiometabolic
risk from relative increase in leptin
among former and current smokers
in this group. White ever-smokers in
particular may retain disordered me-
tabolism and may benefit from strat-
egies to reduce inflammation. How-
ever, additional larger studies are
needed to evaluate and confirm the
leptin-driven CVD risk across racial/
ethnic groups by smoking status.

The strengths of our study are
the multi-ethnic/racial cohort and
adjustment for various measures of
body fat in our comprehensive anal-

Ethnicity & Disease, Volume 28, Number 4, Autumn 2018



yses. Limitations of this study were
the cross-sectional and observational
design, possible residual confound-
ing, and lack of enough power for
Chinese Americans to detect statisti-
cally significant results. Additionally,
in this study, measure of smoking
status was based on self-report data
rather than urinary cotinine lev-
els. However, previous reports have
shown that discordance between
self-report data and urinary cotinine
measures is only 1.2% in MESA.”

CONCLUSION

Our results have clinical and reg-
ulatory implications and help with
understanding the complex metabol-
ic changes among smokers. Future
prospective studies should closely
consider the race/ethnicity-specific
interplay of other demographic, life-
style, and clinical characteristics in
the association of smoking and adi-
pokines in order to better understand
metabolic health effects of smoking.
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