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SEx AND RACE DIFFERENCES
IN THE RELATIONSHIP BETWEEN OBESITY
AND C-REAcTIVE PROTEIN

C-reactive protein (CRP) is a risk factor for
cardiovascular disease and mortality; it

is known to be positively associated with
obesity but there is some evidence that this
association differs by race or sex. We used
nationally representative data of adults aged
>50 years to investigate sex and race modi-
fiers of the associations between obesity and
CRP in non-Hispanic White males (n=3,517)
and females (n=4,658), and non-Hispanic
Black males (n=464) and females (n=826).
Using multiple linear regression models with
the natural logarithm of CRP as the depen-
dent variable, we sequentially included body
mass index (BMI), a body shape index (ABSI),
and socioeconomic, health and health be-
havior covariates in the model. The associa-
tion between BMI and CRP was significantly
stronger in females than males. Obese White
females had mean CRP values slightly above
3 mg/liter (vs 2 for White males) and Black
females had mean CRP values >4 mg/liter (vs
3 for Black males). More than 50% of Black
females in the United States have obesity.
Continued research into racial and sex dif-
ferences in the relationship between obesity,
inflammation, and health risks may ultimately
lead to more personalized weight loss recom-
mendations. Ethn Dis. 2016;26(2):197-204;
doi:10.18865/ed.26.2.197
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INTRODUCTION

C-reactive protein (CRP) is a
marker of chronic inflammation
and a risk factor for cardiovascular
disease and mortality."” C-reactive
protein levels are known to vary
across demographic groups and
metabolic states.®® For example, it
is known that CRP increases with
age and is higher in those with ex-
cess adipose tissue.” Adipose tissue
contains most types of immune cells
making it important to immune cell
homeostasis.'” One pathway to in-
flammation related to obesity is the
inadequate storage of fat in subcuta-
neous adipose tissue. This leads to an
increase in visceral adipose tissue,'!
which furthers inflammation.'>"

Epidemiological studies have
found that, like CRP fat stor-
age varies demographic
13,15

across
groups. Males, for example, are
known to store a greater propor-
tion of fat in visceral tissue.'”” Ra-
cial and ethnic variations have also
been shown in regard to fat stor-
age.”” Non-Hispanic Blacks (here-
after, Black) adults, for example,
have been shown in numerous
epidemiological studies to store a
lower proportion of fat in visceral

tissue compared with non-Hispanic
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Whites (hereafter, White) adults.'®
One study that characterized fat
distribution via dual energy X-ray
and computed tomography showed
that Black men and women had
lower visceral fat than White men
and women controlling for age, to-
tal body fat, and other covariates."”

Consistent with these differences
in fat storage, there is evidence that
the relationship between obesity
and CRP varies across demographic
groups.® For example, numerous
observational studies have shown
a stronger positive association be-
tween BMIand CRP in females than
males. Findings have been inconsis-
tent with regard to race, however,
and a systematic review of BMI and
CRP concluded that further studies
comparing differences are needed.®
Of 51 cross-sectional studies in this
2013 review, just one included Af-
rican Americans (n=315) despite
African American women having
among the highest levels of obesity
in the world. That study found a
positive association between obe-
sity and CRP that remained af-
ter adjustments for sex and age.'

We used a large national sam-
ple of adults aged >50 years in the
United States to investigate sex and
race (ie, Black or White) as modifi-
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ers of the association between BMI
and CRP. Our models included
chronic disease and health covari-
ates as well as a new indicator of
fat distribution. A body shape in-
dex (ABSI) is a recently introduced
measure of adiposity that has been
presented as an indicator of adipose
tissue distribution.” In two sepa-
rate nationally representative data-

We hypothesized that
we would find a weaker
association between BMI
and CRP in demographic
groups that store a lower
proportion of fat in visceral
tissue (eg, women and Black
adults) in comparison to
groups that store more fat in

visceral tissue (eg, men and

White adults).

sets (one of the United States and
one of Great Britain), the ABSI has
been shown to be a better predic-
tor of mortality than BMI, waist
circumference, waist to hip ratio,
and waist to height ratio."”?* Such
information may improve under-
standing of sex and race differences
in the health consequences of obe-
sity and inflammation. This under-

standing could help to guide work
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that is needed to develop obesity
guidelines that are more specific
to group and individual risk. We
hypothesized that we would find a
weaker association between BMI
and CRP in demographic groups
that store a lower proportion of
fat in visceral tissue (eg, women
and Black adults) in comparison to
groups that store more fat in visceral
tissue (eg, men and White adults).

METHODS

We investigated cross-sectional as-
sociations between obesity and CRP
using nationally representative data.

Study Sample

The Health and Retirement Sur-
vey (HRS) is an ongoing nationally
representative study of US adults
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aged >50 years.”’ The sample is
constructed from a multi-stage na-
tional area probability sample with
an oversample of Black adults. Data
are collected by home interview.
For the analyses reported here, we
selected HRS respondents who were
aged >50 years at the 2006 or 2008
interview. The 2006 and 2008 in-
terviews included, for the first time,
the opportunity to provide blood
for measurement of biomarkers,
including CRP. One-half of the
2006 sample was randomly pre-
selected. One half of respondents
in the preselected sample were in-
vited to provide blood and saliva
specimens in 2006 and the other
one half of the preselected sample
were invited to do so in 2008. For
the analyses, we excluded those

missing BMI (n=789), who had
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sample weights of 0 (n=752), were
below normal BMI (n=82), His-
panic (n=951), other races (n=217)
or were missing any of the covari-
ates (n=138). Final sample size was
9,465. Sampling weights were used
in all analyses. The institutional re-
view board of Indiana University-
Purdue University Indianapolis
approved the work reported here.

Analyses were completed in 2014.

Measures

C-reactive protein was deter-
mined from assays of dried blood
spot. Because values based on dried
blood spot vary by assay, we used
the National Health and Nutri-
tion Examination Survey equiva-
lent assay. BMI was computed from
height and weight, which were
measured at the home interviews.
We created normal (18.5-24.9),
overweight (25-29.9), obese I (30-
34.9), and obese II or III (35 or
over) BMI classes. Waist circum-
ference, measured at the height of
the participant’s navel, was also ob-
tained at the home interviews. The
ABSI was computed from BMI and
waist circumference using the for-
mula published by Krakauer and
Krakauer.”” In Table 1, we provide
the ABSI value without adjustment.
For analyses, due to the small scale
of the ABSI values, we multiplied
them by 100 so that the regression
coeflicient of the ABSI is on the
similar order of magnitude to those
for other covariates. Variables cre-
ated from survey questions were:
age; sex; race; years of education;
household income; household net
worth; perceived health; number of
chronic conditions (arthritis, dia-



betes, hypertension, heart disease
[heart attack, coronary heart dis-
ease, congestive heart failure, an-
gina, other], lung disease, cancer
other than skin, and stroke); smok-
ing status (never, former, current);
and activity level (sedentary, regular
moderate activity, and regular vig-
orous activity). Perceived health was
phrased as “In general, would you
say your health is (excellent, very

The

stem to the chronic condition ques-

good, good, fair, or poor)?”

tions was “Has your doctor ever
These

HRS measures were selected as co-

told you that you have...?”

variates to adjust for demographic,
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economic, chronic disease, and
health and health behavior differ-
ences in sex and race groups that
may contribute to inflammation.”

Analyses

Descriptive statistics were re-
ported using mean and standard
deviation for normally distrib-
uted continuous variables, median
and interquartile range for non-
normally distributed continuous
variables, and percent for categori-

cal variables among White male,

Black male, White female, and
Black female subgroups. Racial
differences in covariates among

males and females were compared
using regression analysis for con-
tinuous variables and Pearson chi-
square test for categorical variables.

To estimate modifying effects of
sex and race, we first compared BMI
and CRP associations across the
four sex-by-race subgroups. Second,
we introduced ABSI into the model
to assess the role fat distribution
may play in the modifying effects
of sex and race. Finally, we tested
whether sex and race persist as mod-
ifiers of the BMI and CRP associa-
tion with demographic, socioeco-
nomic, chronic disease, health, and
health behavior factors controlled.

Table 1. Natural logarithm c-reactive protein (logeCRP), body mass index (BMI), sociodemographic, health, illness, and
behavior values among White males and females and Black males and females, 2006 and 2008 Health and Retirement Study

Sample size
Age (SD)
Years of education, mean (SD)
Household income, median (00) (SD)
Household net worth, median (000) (SD)
Smoking, %

Never smoked

Formerly smoked

Currently smoke
Activity level, %

Sedentary

Some physical activity

Vigorous physical activity
Perceived health, %

Excellent

Very good

Good

Fair

Poor
Number of chronic illnesses, mean (SD)
CRP, mean (SD)
logeCRP, mean (SD)

A body shape index (ABSI),
mean (SD)

Body mass index (BMI), mean (SD)
Normal BMI, 18.5<25.0, %
Overweight BMI, 25.0<30.0, %
Obese class | BMI, 30.0<35.0, %
Obese class Il & 1l BMI, 235.0, %

White Males Black Males White Females Black Females
n=3,533 n=466 n=4,680 n=838
65.6 (10.2) 63.7 (8.0) 67.0(10.2) 64.6 (7.5)
13.6 (2.8) 11.9 (3.1) 13.1(2.4) 12.0 (2.4)
6.1 (14.9) 3.7 (5.7) 4.3(11.2) 2.03.2)
1.3 (14.0) .1(4.7) 1.0 (7.9) .0 (1.5)
32 30 52 50
56 51 36 35
12 19 12 15
13 13 19 27
57 62 61 60
30 25 20 13
12 7 12 4
34 26 35 21
32 30 32 34
16 28 16 31
6 10 5 10
1.8 (1.4) 1.8 (1.2) 1.8 (1.3) 2.3 (1.1)
3.59 (7.96) 4.78 (8.30) 4.36 (7.72) 6.83 (8.30)
.53 (1.24) .78 (1.11) .78 (1.16) 1.18 (1.02)
.084 (0) .083 (0) .081 (.01) .081 (.01)
29.4 (5.3) 29.4 (4.8) 29.1 (6.3) 32.2(5.6)
19 22 30 15
42 38 34 26
26 27 21 28
13 13 15 31
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Specifically, three multiple linear
regression models were used to test
the association of BMI class with
CRP in sex-by-race groups after se-
quentially adjusting for covariates.
Each model included main effects
for sex, race, and BMI as well as the
interaction of the terms. The first
model included only age at data
collection as a covariate, the second
also included ABSI, while the third
model also included years of educa-
tion, household income, household
net worth, perceived health, num-
ber of chronic conditions, smok-
ing status, and activity level. From
each model, parameter estimates,
standard errors and p-values were
obtained for each of the covariates.
Due to the positive skewness of the
CRP levels, the natural logarithm of

CRP (logeCRP) was used as the de-
pendent variable in all models. The
exponentiated regression coefficient
of an independent variable repre-
sents the ratio of the expected geo-
metric mean CRP level when the
independent variable increases by
one unit. The adjusted mean levels
of logeCRP were calculated for each
sex, race and BMI combination and
the geometric mean of CRP was
computed by exponentiating each
estimate. The geometric means were
plotted for a visual representation
of the BMI class association with
CRP by sex and race after adjust-
ing for covariates. The overall as-
sociation of BMI class as well as
comparisons of the association of
BMI class with logeCRP across
race and sex groups were estimated

Model 1

Model 2

Model 3

Exponentiated Log(CRP)

——o6—— Black Female
— —+ — Black Male
— X — White Female
—A — White Male

Figure 1. Multivariable adjusted (geometric) mean c-reactive protein by body
mass index class for Black females, Black males, White males, and White females,

2006 and 2008 Health and Retirement Study
Model 1 included age; Model 2 included age and ABSI; Model 3 included age, ABSI, demographic variables,

chronic disease, health, and health behavior covariates.
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by constructing appropriate con-
trasts from the models. All analyses
were performed using the SAS 9.4
survey procedures that considered
the sample weights and the multi-
stage sample design of the HRS.

RESULTS

Descriptive statistics are shown
in Table 1 for the four race by sex
groups. Black males were young-
est followed by Black females,
White males, and, finally, White
females. White males and females
had more years of education, in-
come, and net worth than Black
males and females. Slightly more
Black males and females smoked
currently. Black males and females
more often rated their health as fair
or poor compared with White males
and females and Black females had
a greater number of chronic condi-
tions than the other three groups.

BMI, ABSI, and CRP values for
the four subgroups are also shown
in Table 1. Mean BMI was con-
siderably higher among Black fe-
males in comparison to the other
three groups; 59% of Black females
were obese (class I or greater) com-
pared with 36% of White females,
40% of Black males, and 39% of
White males. Mean ABSI, how-
ever, was quite similar across the
four subgroups and just slight-
ly higher among males (.084 vs
.081). Mean CRP was
among Black females at 6.8 and

greatest

lowest among White males at 3.6.
LogeCRP for these two groups
was 1.18 and .53, respectively.

Age-adjusted geometric mean
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Table 2. Parameter estimates and standard errors (SE) for covariates of Models® 1, 2, and 3 regressed on natural logarithm
c-reactive protein (logeCRP), 2006 and 2008 Health and Retirement Study

Age

ABSI (x100)

Years of education
Household income (00)
Household net worth (000)

Never smoked
(reference category)

Formerly Smoked

Currently smoke

Some physical activity (reference category)
Sedentary

Vigorous physical activity

Perceived health very good (reference category)

Perceived health excellent
Perceived health good
Perceived health fair
Perceived health poor
Number of chronic illnesses

Model 1 Model 2 Model 3

Est. SE P Est. SE P Est. SE P
.01 .00 <.01 0 0 .39 0 0 .93
27 .02 <.01 .19 .02 <.01
-.02 .01 <.01

0 0 .69

0 0 .67
.09 .03 <.01
.40 .04 <.01

.09 .04 .02

-.05 .03 14

-.09 .04 .04

.04 .03 21
.16 .05 <.01
.36 .07 <.01

.02 .01 .08

a. Models 1, 2, and 3 each included main effects and interaction terms for each race by sex group and BMI class.

CRP levels for each BMI class are
shown in Model 1 of Figure 1 sepa-
rately for the four subgroups. Rela-
tive to normal weight BMI, having
an overweight or obese BMI was
associated with a higher CRP value
(P<.001). Females experienced a
stronger positive association be-
tween BMI class and CRP than did
males (P<.001). In contrast, there
was no significant difference in the
association between age-adjusted
CRP and BMI class between Black
and White respondents. Models 2
and 3 of Figure 1 show CRP means
adjusted for covariates. Model 2 ad-
justs for age and ABSI and model
3 adjusts for age, ABSI, socioeco-
nomic, health, behavior, and illness.
These covariates had little effect on
sex differences in adjusted geomet-
ric mean CRP. A significant sex ef-
fect remained (P=.002 in model

2; P=.010 in model 3). As can be
seen in Model 3, multivariable ad-
justed mean CRP exceeded 3.0 for
females in obese class I and 5.0 for
those in obese class II or higher.

Table 2 shows the parameter es-
timates for the covariates adjusted
in the multiple linear regression
models. As shown in Model 1, age
had strong positive associations
with logeCRP. In Model 2, ABSI
had a highly significant positive as-
sociation with logeCRP. ABSI did
not, however, reduce the association
between BMI and logeCRP nor did
it significantly alter the parameter
estimates for the association of
BMI with logeCRP (not shown).

Model 3 of Table 2 included
socioeconomic  covariates along
with perceived health, number of
chronic illnesses, physical activity

level, and smoking status. Among

newly added covariates, fewer years
of education, current and former
smokers compared to non-smok-
ers, fair or poor perceived health
compared to very good health, and
sedentary activity level compared
to some physical activity were asso-
ciated with a higher CRP. Neither
the variable of income/net worth
nor chronic illnesses reached sta-
tistical significance in this model.

DiscussioN

We found a considerably stron-
ger positive association between
BMI class and CRP among females,
both Black and White. As noted ear-
lier, a systematic review found the
association between BMI and CRP
was stronger among females than
males.® The stronger association
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among females was consistent across
cultures and race among available
epidemiological studies. Available
studies did not include a sample of
African American men and women,
which the study reported here now
provides. The reasons for a stron-
ger relationship between BMI and
CRP in females are still unknown
but the review offered three possible
biological reasons: 1) metabolic ac-
tivity of adipose tissue may differ by
sex; 2) females have higher levels of

We found a considerably
stronger positive
association between BMI
class and CRP among
females, both Black and
White.

leptin; and 3) body fat is higher and
distributed differently in females.
As a preliminary investigation of
the latter hypothesis, we adjusted
for ABSI, a new measure of central
adiposity. ABSI as measured did not
eliminate sex differences in the re-
lationship between BMI and CRP
in our analyses. In fact, both ABSI
and BMI had significant positive
independent associations with CRP.

A stronger association between
obesity and CRP among women
is of concern for several reasons.
First, a recent large pooled analysis
showed that adults in the top quin-
tile of CRP had a hazard ratio well
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above 2.0 for all-cause mortality
and approaching 3.0 for cardiovas-
cular disease mortality and the haz-
ard ratios were largely consistent by
sex.” Second, Lakoski et al found
a CRP value of 3 mg/liter or great-
er was associated with increased
mortality risk among obese White
adults and Black adults.” Finally,
other authors have concluded that
a single CRP value of >3 mg/L is
associated with 2-fold
greater all-cause mortality risk.*
We found obese White females to

have an adjusted mean CRP value

robustly

slightly above 3 mg/L and obese
Black females to have an adjusted
value slightly above 4 mg/L. Among
White and Black males, mean CRP
approached 3 mg/L only among
those in BMI class II or higher.
At obese class II or higher, White
females had mean CRP values > 4
mg/L and Black females had mean
CRP values > 5 mg/L. The majority
of Black females in the United States
have class II or higher obesity.”

A recent and large prospective
cohort study of Black adults with a
socioeconomically matched White
sample found obesity as measured
by BMI was associated with mortal-
ity in middle and older-aged White
but not Black adults.”” Lakoski et
al found a similar result; an obese
BMI was associated with higher
mortality in middle and older aged
Whites but not Blacks.””> And, in
a recent analysis of BMI class and
10-year mortality in older Nigeri-
ans and African Americans, we did
not find class I or II BMI to con-
fer any mortality risk above normal
BMI class. Adjusting for baseline
disease and biomarkers including

Ethnicity & Disease, Volume 26, Number 2, Spring 2016

CRP did not affect the findings.”
Combined with evidence of higher
SAT compared to VAT in Black vs
White adults,” these findings sug-
gest the possibility of lower BMI
risk among Black compared with
White adults.”> However, our cur-
rent analyses do not support this
conclusion as we did not find a
statistically significant race differ-
ence in the association between
BMI and CRP. Moreover, param-
eter estimates of the association
between BMI and CRP were little
affected by adjustments for socio-
economic factors or comorbid-
ity in any of the four subgroups.

There are important limitations
to our report. The work reported
here is based on data representative
of United States adults aged >50
years in 2006 or 2008 but the analy-
ses are all cross-sectional. Moreover,
our characterization of race is based
on self-reported identity. Evidence
indicates that, for predicting car-
diovascular risk, self-identified race
produces results similar to biogeo-
graphic ancestry but a higher BMI
is associated with West African an-
cestry.” 'The dataset used in these
analyses lacked important meta-
bolic indicators, such as insulin and
lipids, which hindered our ability
to further explore the positive asso-

ciation between BMI and CRP or
sex differences in that relationship.

CONCLUSION

Recent epidemiological evidence
of substantially elevated CRP values
among middle and older aged Black
obese women, yet limited mortality



risk from elevated BMI, warrants
more investigation. This paradox
may be an opportunity to improve
understanding and guidelines for
obesity. Evidence now supports that
adipose tissue function is as im-
portant as amount.”® Future stud-
ies comparing multiethnic samples
might investigate the association of
metabolic indicators and markers of
fat with longer-term cardiovascu-
lar disease and mortality outcomes.
Such investigations may shed new
light on the association between
obesity and risk, which may ul-
timately lead to more personal-
ized obesity guidelines and weight

management  recommendations.
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