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Abstract

Childhood obesity predicts adult cardiovascular risk. We hypothesized that the association 

between childhood body mass index (BMI) and adult carotid intima-media thickness (CIMT) may 

be modified by levels of adiponectin, an adipocytokine that connects body fatness with 

cardiovascular risk. The study sample included 1,052 adults (71% white and 29% black, 57% 

female) aged 23.8 to 43.5 years who were previously examined as children in the Bogalusa Heart 

Study cohort, with an average follow-up period of 26.5 (range 14.1 to 29.6) years. Childhood 

BMI, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, and 

systolic blood pressure were standardized to age-specific z-scores. General linear models were 

used for data analyses. Childhood BMI (p = 0.034), low-density lipoprotein cholesterol (p <0.001), 

and systolic blood pressure (p = 0.005), along with adult adiponectin levels (p = 0.002) were 

associated with adult CIMT, adjusted for race, sex, adult age, and cigarette smoking. Further, adult 

adiponectin levels significantly modified the association between childhood BMI and adult CIMT 

(P for interaction = 0.0003) such that a significant association between childhood BMI and adult 

CIMT (p <0.0001) was only observed in those with adiponectin levels below the median. In 

conclusion, these results suggest that serum adiponectin levels modify the association between 

childhood obesity and adult atherosclerosis, which has implications for risk stratification and 

targeted intervention for obese children with low levels of adiponectin.
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Childhood obesity is predictive of adult atherosclerotic diseases.1–3 Carotid intima-media 

thickness (CIMT), measured noninvasively by ultrasound, is a surrogate marker of 

atherosclerosis and is predictive of future atherosclerotic events.4 Accumulating evidence 

indicates that the consequences of childhood obesity are heterogeneous.5–8 Previously we 

reported that overweight children without accompanying cardiometabolic abnormalities 

tended to have CIMT in adult life similar to that seen in normal weight children and lower 

than what is observed in overweight children with cardiometabolic risk factors.5 However, 

the underlying mechanisms for the observed heterogeneity remain uncertain. Adiponectin is 

an adipocytokine secreted by adipocytes,9,10 and its levels in the blood are inversely 

associated with obesity, inflammation, insulin resistance, and CIMT.11–13 Whether 

adiponectin levels underlie the observed heterogeneity in the association between childhood 

obesity and CIMT in adult life is unknown. In the current study, this question was examined 

in the longitudinal cohort of the Bogalusa Heart Study.

Methods

The Bogalusa Heart Study is a long-term investigation of the natural history of 

cardiovascular disease conducted in a black-white (65% whites and 35% blacks) community 

in Bogalusa, Louisiana, begun in 1973 by Dr. Gerald S. Berenson. Nine cross-sectional 

surveys of children and adolescents aged 4 to 19 years and 11 cross-sectional surveys of 

adults aged 20 to 52 years who were examined during childhood and remained accessible 

were conducted in Bogalusa, Louisiana between 1973 and 2010. Linking these cross-

sectional studies results in a longitudinal cohort with repeated measurements. Among the 

1,203 participants who had their last examination in 2010, 1,052 adults (747 whites and 305 

blacks; age range 23.8 to 43.5 years) had at least 1 examination in childhood and 1 in 

adulthood without missing values for any of the study variables. For those with more than 1 

examination during childhood, the earliest value was used. The average follow-up is 26.5 

years (range: 14.1 to 29.6 years).

All participants or their legal guardians in this study gave informed consent at each 

examination. Study protocols were approved by the Institutional Review Board of the Tulane 

University Health Science Center.

All surveys have followed the same standardized protocol since 1973. Study participants 

were instructed to fast for 12 hours before screening. Replicate measurements of weight and 

height were made, and the mean values were used to calculate body mass index (BMI, 

weight in kilograms divided by the square of height in meters).

Blood pressure levels were measured using a mercury sphygmomanometer on the right arm 

of participants in a relaxed, sitting position. Arm length and circumference were measured to 

ensure use of the proper cuff size. Blood pressure levels were reported as the mean of 6 

replicate readings. The measurements were conducted by 2 trained and randomly assigned 

observers.

Serum lipoprotein cholesterols and triglycerides were analyzed using the Hitachi 902 

Automatic Analyzer (Roche Diagnostics, Indianapolis, IN) which employs a combination of 
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heparin-calcium precipitation and agar-agarose gel electrophoresis procedures. The 

laboratory utilized is monitored for precision and accuracy by the Lipid Standardization and 

Surveillance Program of the Centers for Disease Control and Prevention, Atlanta, Georgia. 

Serum adiponectin levels were measured using a commercial radioimmunoassay kit (Linco 

Research, St Charles, Missouri). On the basis of blind duplicate determinations on ~10% of 

the study samples, the intraclass correlation coefficient of reliability was 0.93 for serum 

adiponectin levels.

Ultrasound examinations were performed using a Toshiba Sonolayer SSH160A (Toshiba 

Medical, Tokyo, Japan), a 7.5 MHz liner array transducer on participants in the supine 

position with their head slightly extended and turned in the opposite direction of the carotid 

artery being studied. Images were recorded at the common carotid, carotid bulb 

(bifurcation), and internal carotid arteries bilaterally according to previously developed 

protocols for the Atherosclerosis Risk in Communities Study. Images were recorded on S-

VHS tapes and read by certified readers from the Division of Vascular Ultrasound Research, 

Wake Forest University School of Medicine using a semiautomatic ultrasound image 

processing program developed by the California Institute of Technology Jet Propulsion 

Laboratory (Pasadena, California) according to standardized protocols. The mean of the 

maximum readings of 3 right and 3 left far walls for common, bulb, and internal segments 

was used to estimate CIMT.

Data analyses were performed using SAS, version 9.4 (SAS Institute, Inc., Cary, North 

Carolina). General linear models were used to estimate the difference in continuous 

variables between whites and blacks and between males and females after adjusting for age. 

The differences in categorical variables were tested by means of a chi-square test.

CIMT, triglyceride levels, and adiponectin levels were log-transformed to approximate a 

normal distribution. The association between childhood risk factors and adult CIMT were 

examined by using general linear models, adjusting for race, sex, adult age, smoking status, 

and adult adiponectin levels. Childhood BMI, low-density lipoprotein cholesterol (LDL-C), 

high-density lipoprotein cholesterol (HDL-C), triglycerides, and systolic blood pressure 

(SBP) were standardized to age-specified z-scores. The modification effect of adiponectin 

levels on the relationship between childhood BMI and adulthood CIMT was examined by 

including the interaction term between childhood BMI and adult adiponectin levels (at or 

above the median vs below the median that was adjusted for age, race, gender, and BMI). To 

illustrate the interaction effect, we depicted adult CIMT (least square means) by quartile of 

childhood BMI in the group with high and low adiponectin levels (above and below the 

median), separately, adjusted for the same covariates. To minimize the influence of different 

follow-up times in the total sample (14.1 to 29.6 years), we performed sensitivity analysis by 

including follow-up time as an additional covariate.

Results

In childhood, black girls had higher levels of HDL-C than white girls, and white girls had 

higher levels of LDL-C than white boys; white girls had higher levels of triglycerides than 

white boys and black girls (Table 1). In adulthood, white women had lower BMI than black 
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women; men had higher levels of LDL-C, SBP, diastolic blood pressure, and triglycerides, 

and lower levels of HDL-C (only in whites) and adiponectin than women; blacks tended to 

have lower levels of LDL-C, triglycerides, and adiponectin, and higher levels of HDL-C and 

blood pressure than whites (Table 1). The mean CIMT measurements were larger for blacks 

compared with whites and for men compared with women (Table 1).

Significant childhood predictors of adult CIMT included BMI, LDL-C, and SBP; 

adiponectin levels in adulthood were also significantly associated with adult CIMT (Table 

2). Significant interaction between childhood BMI and adult adiponectin levels on adult 

CIMT was identified. The association between childhood BMI and adult CIMT was only 

significant in the low adiponectin group (p <0.0001), but not in the high adiponectin group 

(p = 0.671; Figure 1). The results were similar after additional adjustment for duration of 

follow-up time.

Discussion

The current study demonstrated that childhood BMI was predictive of subclinical 

atherosclerosis in adulthood, and lower adulthood adiponectin levels were associated with 

increased CIMT. Further, adulthood adiponectin levels modified the association between 

childhood obesity and CIMT, suggesting that only in the presence of low levels of adult 

adiponectin was childhood BMI associated with adult CIMT.

As expected, childhood BMI, LDL-C, and SBP were all significantly associated with adult 

CIMT. These findings are consistent with earlier observations by us and others,1,3 and 

emphasize the importance of childhood risk factors for the development of atherosclerosis 

from childhood to adulthood.

A novel finding of the current study is that adult adiponectin levels modified the association 

between childhood BMI and adult CIMT. We have shown that the association between 

childhood overweight/obesity and adulthood CIMT is heterogeneous.5 Childhood 

overweight without elevated levels of LDL-C, triglycerides, blood pressure, and subdued 

levels of HDL-C did not have increased CIMT compared with those who had normal weight 

during childhood regardless of cardiometabolic profiles.5 However, the underlying 

mechanisms for the observed heterogeneity remain largely unexplored. Findings in the 

current study suggest that adiponectin levels may be an important intermediary for the 

observed heterogeneity between childhood overweight/obesity and adult CIMT. A recent 

study by Saarikoski et al. showed that childhood adiponectin levels were inversely 

associated with adult CIMT, consistent with a protective effect for higher adiponectin levels; 

however, the study did not examine the interaction between childhood BMI and adiponectin 

levels on adult CIMT.14

Adiponectin is an adipocytokine that plays a central role in the development of insulin 

resistance and inflammation.15,16 Adiponectin has an anti-inflammatory effect through 

actions on monocytes, natural killer cells and T and B lymphocytes, NF-κB, and interaction 

with tumor necrosis factor-alpha.17 It also inhibits macrophage-to-foam cell transformation 

and the proliferation of vascular smooth muscle cells.18 Through increased insulin resistance 

Du et al. Page 4

Am J Cardiol. Author manuscript; available in PMC 2019 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and inflammation, low adiponectin levels may promote development of endothelial 

dysfunction and thus increased endothelial damage in the vascular system. The current study 

provides novel evidence that adiponectin appears to play an important role in 

cardiometabolic health associated with obesity.

An accumulating body of evidence suggests that not all obesity is associated with 

cardiometabolic abnormality.5,19,20 Obesity without accompanying cardiometabolic 

abnormalities has been termed as “metabolically health obesity.” However, contributing 

factors for the metabolically health obesity phenotype are not very clear. Our study is 

consistent with previous observations that adiponectin and macrophage infiltration in the 

adipose tissue determines the cardiometabolic health associated with obesity.21,22 Many 

other factors, such as genetic profile, may play a role in obesity-related cardiometabolic 

disorders.23,24 Further studies are needed to explore additional contributing factors for 

obesity-associated cardiometabolic health consequences, which should have implications for 

prevention and treatment of obesity.

In conclusion, the current study demonstrates that childhood risk factors, including BMI, 

LDL-C, and SBP, are predictive of adult CIMT, underscoring the importance of addressing 

childhood cardiometabolic risk factors. Further, it suggests that adiponectin levels modify 

the association between childhood BMI and adult CIMT, indicating a potentially important 

role for adiponectin in the development of atherosclerosis from childhood to adulthood. 

Additional studies are needed to explore other contributing factors for the cardiometabolic 

health consequences of obesity.
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Figure 1. 
Adult carotid intima-media thickness (CIMT) in high adiponectin level group (open mark 

with dashed trend line) and in low adiponectin level group (closed mark with solid trend 

line) by childhood BMI quartile. Error bars show 95% confidence interval. p Values were 

adjusted for adult age, race, gender, cigarette smoking, and adiponectin levels.

Du et al. Page 8

Am J Cardiol. Author manuscript; available in PMC 2019 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Du et al. Page 9

Ta
b

le
 1

C
ha

ra
ct

er
is

tic
s 

of
 s

tu
dy

 p
ar

tic
ip

an
ts

 b
y 

ra
ce

 a
nd

 s
ex

V
ar

ia
bl

e
W

hi
te

B
la

ck
p 

fo
r 

R
ac

e 
D

if
fe

re
nc

e

M
al

es
 (

N
 =

 3
38

)
F

em
al

es
 (

N
 =

 4
09

)
M

al
es

 (
N

 =
 1

17
)

F
em

al
es

 (
N

 =
 1

88
)

M
al

es
 (

N
 =

 4
55

)
F

em
al

es
 (

N
 =

 5
97

)

C
hi

ld
ho

od
 (

4–
18

 y
ea

rs
)

A
ge

 (
ye

ar
s)

10
.0

 ±
 3

.3
9.

9 
±

 3
.4

9.
8 

±
 3

.0
9.

5 
±

 2
.9

0.
49

9
0.

18
5

B
M

I 
(k

g/
m

2 )
17

.6
 ±

 3
.2

17
.8

 ±
 3

.7
17

.6
 ±

 3
.7

17
.6

 ±
 3

.9
0.

69
4

0.
49

4

L
D

L
 c

ho
le

st
er

ol
 (

m
g/

dL
)

88
.2

 ±
 2

4.
2

91
.9

 ±
 2

5.
2*

89
.9

 ±
 2

8.
3

92
.9

 ±
 2

3.
9

0.
97

4
0.

94
7

H
D

L
 c

ho
le

st
er

ol
 (

m
g/

dL
)

65
.1

 ±
 2

1.
5

62
.5

 ±
 2

1.
1

68
.0

 ±
 2

0.
6

70
.1

 ±
 2

0.
3

0.
14

3
<

0.
00

1

T
ri

gl
yc

er
id

es
 (

m
g/

dL
)

70
.0

 ±
 4

0.
1

77
.4

 ±
 3

7.
5*

*
64

.2
 ±

 2
8.

8
61

.4
 ±

 2
2.

3
0.

15
8

<
0.

00
1

Sy
st

ol
ic

 B
P 

(m
m

H
g)

10
0.

8 
±

 9
.8

99
.5

 ±
 1

0.
1

99
.6

 ±
 1

2.
2

98
.4

 ±
 1

0.
3

0.
22

6
0.

32
7

D
ia

st
ol

ic
 B

P 
(m

m
H

g)
61

.7
 ±

 8
.2

61
.9

 ±
 8

.6
62

.3
 ±

 8
.6

60
.9

 ±
 9

.1
0.

24
8

0.
64

0

A
du

lth
oo

d 
(1

9–
52

 y
ea

rs
)

A
ge

 (
ye

ar
s)

36
.6

 ±
 4

.4
36

.4
 ±

 4
.3

36
.8

 ±
 4

.3
35

.6
 ±

 4
.9

*
0.

72
1

0.
03

6

N
um

be
r 

of
 S

m
ok

er
s

99
 (

29
.3

%
)

11
4 

(2
7.

9%
)

41
 (

35
.0

%
)

54
 (

28
.7

%
)

0.
24

5
0.

83
0

B
M

I 
(k

g/
m

2 )
28

.9
 ±

 5
.5

28
.2

 ±
 7

.1
29

.2
 ±

 6
.9

30
.9

 ±
 8

.1
0.

62
7

<
0.

00
1

L
D

L
 c

ho
le

st
er

ol
 (

m
g/

dL
)

12
9.

9 
±

 3
4.

5
12

4.
1 

±
 3

2.
6*

12
4.

4 
±

 4
1.

6
11

4.
1 

±
 3

0.
3*

0.
16

1
<

0.
00

1

H
D

L
 c

ho
le

st
er

ol
 (

m
g/

dL
)

41
.2

 ±
 1

2.
1

50
.6

 ±
 1

3.
0*

*
49

.4
 ±

 1
5.

9
52

.2
 ±

 1
3.

5
<

0.
00

1
0.

09
2

T
ri

gl
yc

er
id

es
 (

m
g/

dL
)

16
4.

5 
±

 1
29

.8
12

2.
0 

±
 7

0.
1*

*
12

9.
0 

±
 1

08
.0

88
.8

 ±
 4

0.
4*

*
<

0.
00

1
<

0.
00

1

Sy
st

ol
ic

 B
P 

(m
m

H
g)

11
8.

0 
±

 1
0.

9
11

1.
0 

±
 1

1.
1*

*
12

8.
5 

±
 1

6.
5

11
9.

0 
±

 1
6.

0*
*

<
0.

00
1

<
0.

00
1

D
ia

st
ol

ic
 B

P 
(m

m
H

g)
80

.2
 ±

 7
.8

75
.1

 ±
 8

.3
**

86
.8

 ±
 1

2.
3

79
.7

 ±
 1

1.
2*

*
<

0.
00

1
<

0.
00

1

A
di

po
ne

ct
in

 (
µg

/m
l)

7.
5 

±
 3

.6
10

.4
 ±

 4
.6

**
6.

9 
±

 5
.6

8.
4 

±
 4

.4
**

0.
00

3
<

0.
00

1

C
ar

ot
id

 I
M

T
(m

m
)

0.
86

 ±
 0

.1
8

0.
76

 ±
 0

.1
2*

*
0.

90
 ±

 0
.2

1
0.

80
 ±

 0
.1

6*
*

0.
00

6
<

0.
00

1

M
ea

n 
±

 S
D

 is
 p

re
se

nt
ed

 u
nl

es
s 

ot
he

rw
is

e 
st

at
ed

.

p 
V

al
ue

s 
fo

r 
co

nt
in

uo
us

 v
ar

ia
bl

es
 w

er
e 

ad
ju

st
ed

 f
or

 a
ge

.

Se
x 

di
ff

er
en

ce
:

* p 
<

 0
.0

5;

**
p 

<
 0

.0
1.

Am J Cardiol. Author manuscript; available in PMC 2019 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Du et al. Page 10
B

M
I 

=
 b

od
y 

m
as

s 
in

de
x;

 L
D

L
 =

 lo
w

 d
en

si
ty

 li
po

pr
ot

ei
n;

 H
D

L
 =

 h
ig

h 
de

ns
ity

 li
po

pr
ot

ei
n;

 B
P 

=
 b

lo
od

 p
re

ss
ur

e;
 I

M
T

 =
 in

tim
a-

m
ed

ia
 th

ic
kn

es
s.

Am J Cardiol. Author manuscript; available in PMC 2019 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Du et al. Page 11

Table 2

Regression of adult carotid intima-media thickness (log-transformed) on childhood risk factor variables (n = 

1052; follow up time: 26.5 years)

Variable β SE p

Adult age (year) 0.013 0.001 <0.0001

Black race 0.044 0.011 0.0001

Female sex −0.091 0.011 <0.0001

Adult Smoking (yes) 0.040 0.011 0.0003

Childhood BMI 0.011 0.005 0.034

Childhood LDL cholesterol 0.024 0.006 <0.0001

Childhood HDL cholesterol 0.001 0.005 0.864

Childhood triglycerides −0.006 0.006 0.292

Childhood systolic BP 0.015 0.005 0.005

Adiponectin (log-transformed) −0.033 0.011 0.002

Childhood risk factor variables were standardized to age-specific Z-scores.

β = regression coefficient; SE = standard error; BMI = body mass index; LDL = low density lipoprotein; HDL = high density lipoprotein; BP = 
blood pressure; IMT = intima-media thickness.
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