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adjusted genetic correlation between eGFR and CIMT was 
from –0.20 to –0.28 (p  !  0.05), whereas there was no genetic 
correlation between ACR and CIMT.  Conclusion:  Kidney 
function is a surrogate marker of carotid atherosclerosis and 
further studies of the pleiotropic relationships between 
CIMT and eGFR are warranted. 

 Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Chronic kidney disease (CKD) is closely associated 
with cardiovascular disease (CVD). In a clinical setting 
CKD can be evaluated by the estimated glomerular filtra-
tion rate (eGFR) and by the assessment of albuminuria as 
the ratio of albumin to creatinine in urine (ACR)  [1] . Ca-
rotid intima-media thickness (CIMT) is positively associ-
ated with risk of CVD and is a sensitive, reproducible sur-
rogate to determine the presence of subclinical atheroscle-
rosis  [2] . In this regard, the relationships between eGFR or 
ACR and CIMT have been evaluated prior to the overt de-
velopment of CKD and CVD in order to better understand 
the underlying mechanisms linking the two conditions. 
However, the relationships between CIMT and eGFR or 
ACR are inconsistent between studies  [3–7] , probably due 
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 Abstract 

  Background:  The phenotypic and genetic relationships be-
tween carotid intima-media thickness (CIMT) and estimated 
glomerular filtration rate (eGFR) or urinary albumin-creati-
nine ratio (ACR) were evaluated in Korean twins and families. 
 Methods:  We recruited 688 participants (296 individual 
twins and 392 singletons, age 30–74 years) who were with-
out myocardial infarction and stroke among participants in 
the Healthy Twin Study. eGFR was calculated using the 
Chronic Kidney Disease Epidemiology Collaboration equa-
tion. CIMT was measured using B-mode carotid ultrasound. 
Covariates were sex, Framingham risk scores, alcohol use, ex-
ercise, BMI, high-sensitivity C-reactive protein and triglycer-
ides. Quantitative genetic and linear mixed analyses were 
performed.  Results:  In adjusted models there were associa-
tions between kidney function and CIMT with [beta] esti-
mates ranging from –0.022 to –0.032 between eGFR and 
CIMT, and from 0.042–0.060 between ACR and CIMT. The co-
variate-adjusted heritabilities for eGFR, ACR and composite 
CIMT were 0.75, 0.32 and 0.45, respectively (p  !  0.001). The 
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to differences in adjustment for cardiovascular (CV) risk 
factors and in the demographic and clinical characteris-
tics of study subjects with respect to sex, age, presence of 
diabetes, hypertension and chronic renal failure. There-
fore, further examinations of whether reduced eGFR and 
increased ACR are independently associated with CIMT 
after adjustment for probable CV risk factors may be war-
ranted. One study showed that Asians with low eGFR were 
at higher risk of stroke than other populations  [8] , sug-
gesting that population origin affects the relationship be-
tween eGFR and CVD and emphasizing the need for fur-
ther investigations of genetic or environmental factors 
that may affect these traits in Asian populations.

  The aim of the present study was to examine whether 
there are independent associations between eGFR, ACR 
and CIMT, and whether there are genetic and/or environ-
mental correlations between these traits in Korean twins 
and their family members after adjustment for a wide 
range of CV risk factors. Although both kidney function 
and CIMT measures are known to be under genetic con-
trol  [9–14] , to our knowledge the possible genetic correla-
tion between kidney function and CIMT has never been 
studied. 

  Methods 

 Study Sample 
 The current study included 688 individuals (244 males and 

444 females) from the Healthy Twin Study: 296 twins (238 indi-
vidual monozygotic twins and 58 individual dizygotic twins) and 
392 singletons from 196 families. The Healthy Twin Study has 
been part of the Korean Genomic Epidemiologic Study since 2005 
and the design and detailed methods of the study have been pub-
lished previously  [15] . The zygosity of each twin pair was tested 
by the Amp Fl STR Identifier Kit (PerkinElmer, Waltham, Mass., 
USA) using 16 short tandem repeat (STR) markers (15 autosomal 
STR markers and one sex-determining marker) in 67% of the par-
ticipating twin pairs. For the remaining 33%, a zygosity-deter-
mining questionnaire with validated accuracy  1 90% was applied 
 [16] . 

  All the participants were between 30 and 74 years of age in or-
der to apply the age classification scheme of the Framingham Risk 
Scores (FRS)  [17].  None had previous myocardial infarction and 
all had undergone evaluations for CV risk factors and CIMT mea-
surement. Written informed consent was obtained from each par-
ticipant. All study procedures were approved by the institutional 
review boards of the participating institutions. 

  Clinical and Biochemical Measurements  
 A self-administered standard questionnaire was used to col-

lect information about demographic characteristics, alcohol con-
sumption, cigarette smoking, physical exercise of more than mod-
erate intensity, and medical history of hypertension and diabetes. 

  Blood pressure was measured using a manual sphygmoma-
nometer and BMI was calculated. All biochemical analyses were 
conducted in a central laboratory. Overnight fasting venous blood 
samples were drawn to measure plasma glucose, serum lipid pro-
file, high-sensitivity C-reactive protein and creatinine. An over-
night 12-hour urine sample was collected to measure urinary al-
bumin and creatinine. Serum and urinary creatinine were ana-
lyzed by Jaffe’s photometric method (Cobas Mira, Roche, Basel, 
Switzerland) and urinary albumin was assessed by a colorimetric 
method (Cobas Mira). eGFR was calculated using the Chronic 
Kidney Disease Epidemiology Collaboration equation  [18] . Uri-
nary ACR was calculated by dividing the urinary albumin con-
centration by the urinary creatinine concentration  [1] . The FRS 
for predicting coronary artery disease risk was determined by cal-
culating the score of the Framingham points assigned to each risk 
factor, such as age, low- and high-density lipoprotein cholesterol, 
blood pressure, cigarette smoking and diabetes mellitus  [17] .

  CIMT measurements were performed according to standard-
ized protocols during the end-diastolic phase between the P and 
Q wave of the electrocardiogram trace, using the automated IMT 
package and a high-resolution B-mode ultrasound (VIVID, Gen-
eral Electric, Horten, Norway or EKO7, Medison, Cypress, Calif., 
USA) equipped with a 7-MHz linear transducer. CIMT scans in-
cluded the far walls of three segments, defined as follows: 10–20 
mm proximal to the tip of the flow divider into the common ca-
rotid artery (CCA); the carotid bifurcation beginning at the tip of 
the flow divider and extending 10 mm proximal to the flow di-
vider tip (Bif), and the proximal 10 mm of the internal carotid 
artery (ICA). Composite CIMT was calculated as the mean of the 
values for the three carotid artery segments of both sides. We es-
timated the reliability of IMT measurement in 14 randomly cho-
sen participants whom IMT was repeatedly measured using the 
two different carotid ultrasound machines (VIVID and EKO7). 
The intraclass correlation coefficients for CCA, Bif and ICA were 
0.93, 0.86, and 0.90, respectively.

  Statistical Analysis 
 log transformations were applied to CIMT measurements to 

approximate normal distributions. Linear trends in the distribu-
tions of CIMT values and CV risk factors according to the tertile 
distributions of eGFR or ACR were evaluated using linear regres-
sion analysis or  �  2  tests. Relationships between kidney function 
and CIMT values were assessed using linear mixed models in 
which random effects (household and sibling effects) and fixed 
effects (sex, FRS, study site, alcohol consumption, exercise, BMI, 
triglycerides, high-sensitivity C-reactive protein, eGFR, and 
ACR) were considered. The linear trends of composite intima-
media thickening for subgroups divided by tertiles of eGFR (or 
ACR) and tertiles of the FRS after adjusting for other CV risk fac-
tors and ACR (or eGFR) were analyzed by linear mixed models. 
These analyses were performed using PASW Statistics 18 (Release 
18.0.0 July 30, 2009, SPSS Inc., Chicago, Ill., USA). 

  Heritability, or the ratio of the additive variance component to 
the total trait variance, was estimated for eGFR, ACR, and IMT 
after adjusting for the covariates of sex, FRS, study site, alcohol 
consumption, exercise, BMI, triglycerides and high-sensitivity C-
reactive protein. To evaluate the presence of genetic and/or envi-
ronmental regulation common to kidney function and CIMT val-
ues, we conducted bivariate analyses in which phenotypic correla-
tions between the two traits in a single subject were partitioned 
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into genetic ( �   G ) and environmental correlations ( �   E ) with ad-
justment for the covariates. Significant deviation of  �   G  or  �   E  from 
zero was regarded as evidence of common sharing between the 
two traits in the same person. The Sequential Oligogenic Linkage 
Analysis Routines package (http://solar.sfbrgenetics.org; Version 
4.2.0) was used to fit the data to a variance components model.

  Results  

 Subjects with lower eGFR and higher ACR were more 
likely to be older, have greater carotid IMT, worse FRS, 
lipid profiles and higher fasting glucose levels. The prev-
alence of hypertension and BMI values tended to be high-
er and alcohol use was less prevalent among subjects with 
lower eGFR and higher ACR. The results of linear mixed 
analysis showed that decreased eGFR was independently 
associated with increased CIMT after adjusting for CV 
risk factors and ACR, and that the magnitudes of asso-
ciations were similar across the IMT at each segment of 
the carotid artery. Increased ACR also had independent 
associations with increased IMT at CCA and Bif after ad-
justing for CV risk factors and eGFR ( table 1 ). The com-
bined effect of kidney function and CV risk on CIMT is 

presented in  figure 1 . The composite IMT of the carotid 
artery decreased with increasing tertiles of eGFR in the 
third tertile of the FRS after adjusting for other CV risk 
factors and ACR (p = 0.01), while there were no signifi-
cant linear trends for tertiles of eGFR in the lower two 
tertiles of the FRS. There were no increasing trends in 
CIMT for tertiles of the ACR in each tertile of the FRS. 
The adjusted heritability of eGFR was more than twice 
the heritability of ACR (0.75  8  0.03, 0.32  8  0.06, p  !  

Table 1.  The associations of CIMT with eGFR and urinary ACR 
(n = 688)

CIMT

eGFR
10 ml/min/1.73 m2

�-estimate (95% CI)

A CR
50 mg/g
� -estimate (95% CI)

Composite
Crude –0.067 (–0.082, –0.052) 0.044 (0.026, 0.062)
Adjusted –0.031 (–0.045, –0.016) 0.027 (0.011, 0.042)

Common carotid artery
Crude –0.069 (–0.084, –0.054) 0.039 (0.021, 0.057)
Adjusted –0.032 (–0.047, –0.017) 0.024 (0.008, 0.039)

Carotid bifurcation
Crude –0.074 (–0.091, –0.056) 0.055 (0.033, 0.077)
Adjusted –0.031 (–0.049, –0.013) 0.034 (0.014, 0.053)

Internal carotid artery
Crude –0.051 (–0.066, –0.035) 0.018 (–0.001, 0.036)
Adjusted –0.022 (–0.038, –0.006) 0.009 (–0.008, 0.027)

Ass ociations were assessed by linear mixed models including 
random effects (household and sibling relation) and fixed effects. 
Crude results include covariates of study site and eGFR (or ACR). 
Adjusted results include covariates of sex, study site, BMI, alcohol 
use, exercise, high-sensitivity C-reactive protein, triglycerides, 
FRS, eGFR and ACR.

p = 0.01
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  Fig. 1.  The composite CIMT among the subgroups divided by ter-
tiles of eGFR and the FRS (upper figure) or the subgroups divided 
by tertiles of ACR and the FRS (lower figure). The IMT decreased 
with increasing tertiles of eGFR in the third tertile of the FRS in 
the linear mixed models including random effects (household 
and sibling relation) and fixed effects (sex, study site, alcohol use, 
exercise, BMI, high-sensitivity C-reactive protein, triglycerides, 
ACR, and tertiles of eGFR; p = 0.01).   
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0.001, respectively). Among carotid segments, heritabili-
ty of IMT at the CCA was the highest (0.47  8  0.05, p  !  
0.001), followed by IMT at the ICA and Bif (0.45  8  0.05, 
0.36  8  0.06, p  !  0.001, respectively).  Table 2  shows that 
eGFR had phenotypic correlations with IMT at the CCA 
even after adjusting for covariates, and that the correla-
tions were explained by genetic cross-trait correlations 
between the two traits. By comparison, there were no ge-
netic or environmental correlations between ACR and 
CIMT after adjusting for covariates. 

  Discussion 

 In this Korean twin and family study, CIMT showed 
an inverse association with eGFR after adjusting for CV 
risk factors and ACR, and the linear trend between ter-
tiles of eGFR and CIMT was more likely to be distinct in 
the subgroup with higher CV risk. ACR was also posi-
tively associated with CIMT after adjusting for CV risk 
factors and eGFR, even though there were no significant 
linear trends between these traits among subgroups of 
the FRS. In bivariate genetic analysis, we found a cross-
trait genetic correlation between eGFR and CCA-IMT, 
while there was no genetic correlation between ACR and 
CIMT. The genetic or environmental cross-trait correla-
tions were consistent when the analyses were restricted 
for identical twins. Although reduced eGFR is an estab-
lished risk factor for CVD, studies focusing on the rela-

tionship between eGFR and atherosclerosis have pro-
duced inconsistent findings. The eGFR appeared to be 
associated with CIMT after adjusting for age and CV risk 
factors in postmenopausal women  [4] , hypertensive pa-
tients  [7] , and males with atherosclerotic disease  [19] . 
However, other studies in young and normotensive sub-
jects indicated that eGFR was not associated with CIMT 
 [3–6] . In the current study, we found that the linear as-
sociation between eGFR and CIMT was likely to be stron-
ger among individuals with higher CV risk. Considering 
previous and current findings, it is probable that the re-
lationship between eGFR and CIMT depends on indi-
vidual CV risk. Associations between urinary albumin 
excretion and CIMT have been replicated in studies of 
patients with diabetes  [20]  or hypertension and impaired 
glucose tolerance  [7] . However, community-based studies 
have shown inconsistent findings  [3, 6] . Age-adjusted al-
buminuria and CIMT were not associated in a study of 
Japanese women  [3] . In contrast, a study of Koreans 
showed an independent association between ACR and 
CIMT even after adjustment for covariates  [6] . The cur-
rent study considered a wide range of covariates and may 
provide strong evidence supporting the association be-
tween urinary albumin excretion and CIMT when our 
findings are combined with those of the previous Korean 
study  [6] .

  At present, the underlying pathway linking urinary al-
bumin excretion and GFR with CIMT remains uncer-
tain. One possible model is that kidney dysfunction leads 

Table 2.  The cross-trait correlations between eGFR, urinary ACR and CIMT in the Healthy Twin Study (n = 688)

 CIMT

 eGFR urinary ACR

 S pearman’s
 correlation

 �G (SE)  �E (SE) Spearman’s
correlation

 �G (SE)  �E (SE)

Composite crude –0.36* –0.08 (0.16) –0.56 (0.05)* 0.15*  0.03 (0.21)  0.20 (0.06)*
adjusteda –0.16* –0.23 (0.09)* –0.11 (0.08) 0.11*  0.22 (0.15)  0.05 (0.08)

Common carotid crude –0.35* –0.21 (0.13)* –0.52 (0.05)* 0.15* –0.04 (0.19)  0.22 (0.07)*
adjusteda –0.17* –0.28 (0.08)* –0.05 (0.08) 0.10*  0.12 (0.14)  0.09 (0.07)

Carotid bifurcation crude –0.31* –0.09 (0.16) –0.50 (0.06)* 0.13*  0.09 (0.21)  0.19 (0.07)*
adjusteda –0.14* –0.20 (0.10)* –0.09 (0.08) 0.12*  0.23 (0.16)  0.05 (0.07)

Internal carotid crude –0.25* –0.02 (0.13) –0.47 (0.06)* 0.09*  0.15 (0.16)  0.08 (0.07)
adjusteda –0.10* –0.08 (0.09) –0.15 (0.08)* 0.03  0.08 (0.09) –0.15 (0.08)*

*  p < 0.05. �G = Correlation explained by genetic share; �E = correlation explained by nongenetic share. Adjusted results include 
covariates of sex, study site, BMI, alcohol use, exercise, high-sensitivity C-reactive protein, triglycerides and the FRS.
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to increased deposition of minerals and glycation prod-
ucts, which in turn cause arterial remodeling  [21] . Pro-
atherogenic abnormal lipid metabolism, inflammation, 
disturbances in mineral metabolism and perturbations 
of macrophages may play roles in atherogenesis  [22] . 
However, atherosclerosis in individuals with CV risk fac-
tors may affect kidney function. Because of the cross-sec-
tional design of the current study we were unable to ver-
ify whether the decrease in eGFR or the increase in uri-
nary albumin excretion preceded the increase in CIMT 
or followed it. eGFR and ACR have been found to be sig-
nificantly heritable in family studies of patients with dia-
betes or hypertension  [11, 12, 23] . The current study con-
firmed that kidney function and CIMT are also highly 
heritable in a Korean sample. The heritability of eGFR in 
the current study was similar to that reported in Euro-
pean subjects with type 2 diabetes mellitus (0.74)  [12] , but 
much greater than that reported by the Framingham 
Heart Study (0.33)  [9] , the Vietnam Era Twin Registry 
(about 0.50)  [13] , African-American siblings with hyper-
tension (0.26) and European-American siblings with hy-
pertension (0.36)  [23] . The heritability of ACR estimated 
in the current study was similar to the range reported by 
other studies  [10–12, 23] . The heritability of IMT at the 
CCA segment in our study was comparable to estimates 
drawn from other populations  [14, 24] , whereas the heri-
tability of IMT at the ICA segment differed from those of 
other studies, in part due to lower reproducibility related 
to technically low accessibility  [14] . 

  Despite the significant heritability of kidney function 
and CIMT, evidence supporting a genetic association be-
tween CIMT and kidney function was found between 
eGFR and CIMT. This implied the possibility of genetic 
pleiotropic action between decreased eGFR and a thick-
ening of CIMT. To our knowledge, there are no compa-
rable previous findings and further studies to replicate 
the current results are warranted. There were some po-

tential limitations in the current study. Although radio-
labeled markers such as chromium-51-labeled ethylene-
diaminetetraacetic acid or nonradioactive contrast me-
dia such as iothalamate are ideal methods for determin-
ing GFR  [25] , eGFR was calculated using the Chronic 
Kidney Disease Epidemiology Collaboration equation, 
which might have limited precision, even though it is 
considered to be more accurate than the Modification of 
Diet in Renal Disease Study equation  [18] . We were un-
able to fully consider the possibility that ACR might be 
influenced by conditions such as systemic inflammation 
and microvascular damage  [26] . Moreover, the validity of 
CIMT measurements may have influenced our results. 
However, considering that biases related to measure-
ments are likely to be random and that the estimations of 
reliability between CIMT measurements by two different 
ultrasounds were acceptable, measurement error is un-
likely to have affected our study results. 

  In conclusion, decreased eGFR and increased ACR 
were significantly associated with CIMT and there was a 
common genetic correlation between eGFR and CIMT in 
our Korean twin sample. These findings suggest that 
eGFR and ACR are potential surrogate markers of carot-
id atherosclerosis and that further studies are warranted 
to identify the genetic variants that are shared between 
CIMT and eGFR.
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