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Signal transducer and activator of transcription 3 (STAT3) protein has been linked to cardiovascular disease (CVD) through
multiple pathways in experimental and animal studies. STAT3 gene variation was examined as a predictor of incident CVD
in a subcohort of 529 incident white dialysis patients. Fifteen single-nucleotide polymorphisms of the STAT3 gene were
genotyped. Haplotypes were estimated using software PHASE 2.1, and associations with first CVD event were tested using
Cox proportional hazards analysis. Adjusted global tests of haplotype association with incident CVD and inflammation
markers were performed using permutated P value in R-package Haplo.score. An a priori specified additive genetic model was
assumed for haplotype analysis. Both genotypes (four single nucleotide polymorphisms with P < 0.001) and haplotypes (P ⴝ
0.002 overall) were associated with incident CVD. Two major haplotype blocks, blocks A and C, were identified. Compared
with common haplotype A-1, A-3 was associated with a hazard ratio (HR) of 0.70 (95% confidence interval [CI] 0.51 to 0.94) for
CVD events after adjustment for covariates including C-reactive protein (CRP) and interleukin 6. Compared with common
haplotype C-1, C-3 was associated with an adjusted HR of 2.12 (95% CI 1.25 to 3.57) for CVD events. Associations were
independent of inflammation markers, but IL-6 levels were 14% lower (geometric mean ratio 0.86; 95% CI 0.77 to 0.96) per copy
of haplotype A-3 compared with haplotype A-1 in block A after adjustment for CRP and other risk factors (P ⴝ 0.008).
Variation in the STAT3 gene is associated with the risk for CVD among white dialysis patients independent of serum IL-6 and
CRP levels.
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T

he protein signal transducer and activator of transcription 3 (STAT3) can both activate and repress transcription level of many genes through the Janus kinasesignal transducer and activator of transcription pathways (1). In
particular, laboratory studies have suggested that STAT3 can
affect cardiovascular disease (CVD) risk by modulating transcription of genes in several different pathways, leading to
various cardiovascular intermediate phenotypes. STAT3 has
been shown to be the most potent activator of acute-phase gene
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transcription among the family of STAT transcription factors
(2). It can either promote or inhibit inflammation through mediating effects of IL-6 or IL-10 (3–5), respectively. For example,
STAT3 mediates IL-6 effects on angiotensinogen gene expression, which plays a critical role in cardiovascular homeostasis
and has significant proinflammatory actions in the vascular
wall (6,7). STAT3 knockout mice have been shown to have an
increased production of proinflammatory cytokines (8) and
increased fibrosis and susceptibility to inflammation-induced
heart damage (9). In addition, STAT3 affects endothelial function through effects on endothelial production of nitric oxide
(10), intercellular adhesion molecule-1 (11), and chemokine
(12). STAT3 also has been shown to play protective roles in
myocardial adaptation to stress, such as ischemia injury (13–
15). The beneficial action of late ischemic preconditioning on
myocardial necrosis is mediated through STAT3 upregulation
of the inducible nitric oxide synthase protein and cyclooxygenase (16,17).
Although experimental and animal studies support the role
of STAT3 in CVD development, no human studies have examISSN: 1046-6673/1708-2285
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ined the association between STAT3 gene polymorphisms and
CVD risk. Results from laboratory studies may not be generalizable to humans. Dialysis patients are subject to multiple
proinflammatory stimuli, which can unmask underlying genetic susceptibilities. We therefore used data from the Choices
for Healthy Outcomes in Caring for ESRD (CHOICE) study to
examine whether polymorphisms of the STAT3 gene can predict CVD risk in white incident dialysis patients and whether
any observed associations are independent of inflammation
markers.

Materials and Methods
Study Design and Population
The CHOICE study is a multi-center, prospective study to investigate
treatment choices and outcomes of dialysis care among patients who
begin dialysis. Its rationale and design have been reported (18). Briefly,
the CHOICE study recruited 1041 incident dialysis patients from 81
Dialysis Clinic Inc. clinics between 1995 and 1998. Eligibility criteria for
CHOICE study included ability to provide informed consent for participation, age older than 17 yr, and ability to speak English or Spanish.
Patients were enrolled a median of 45 d from initiation of chronic
dialysis (98% within 4 mo); 54% of the cohort had diabetes at baseline,
and 51% of the cohort died by December 1, 2001. Because of a limited
sample size of black patients (n ⫽ 246) in the CHOICE cohort for
haplotype-based genetic analyses, our analysis is limited to white
CHOICE study participants with DNA samples (n ⫽ 529). All patients
provided informed consent. The Johns Hopkins University School of
Medicine Institutional Review Board and the review boards for the
clinical centers approved the protocol.

Outcomes
The primary outcome was the first fatal or nonfatal atherosclerotic
CVD event, including myocardial infarction, cerebrovascular accident,
coronary artery bypass graft, percutaneous coronary angioplasty, peripheral artery bypass, nontraumatic amputation, abdominal aortic
aneurysm repair, or carotid endarterectomy after initiation of dialysis.
Multiple sources, including the Health Care Financing Administration,
providers, and patient reports, were used to identify the potential
events. Medical records were requested and reviewed preliminarily by
a study nurse or a physician. An end point review committee adjudicated events on the basis of criteria that were developed specifically for
the dialysis population. Because of a time lag in availability of administrative data, completed data for CVD events were available through
November 1, 2000. Serum high-sensitive C-reactive protein (hsCRP)
and IL-6 were measured at baseline using high-sensitivity ELISA with
an intra-assay coefficient of variation 8.9% and ultrasensitive ELISA
with an intra-assay coefficient of variation 7%, respectively.

Exposure Variables
Data on demographics and risk factors were collected by CHOICE
study questionnaire at baseline. Major confounding variables included
age; gender; smoking; baseline dialysis modality; body mass index; BP;
history of diabetes, CVD, and congestive heart failure; serum albumin,
total cholesterol, and HDL cholesterol. GFR at baseline was obtained
from the Medicaid and Medicare Medical Evidence report. Dialysis
modality at baseline was defined as the type of dialysis being used at
4 wk after enrollment in the study and was obtained from clinic
records. Peritoneal dialysis included all forms (continuous ambulatory
peritoneal dialysis, continuous cycling peritoneal dialysis, and intermittent cycling peritoneal dialysis). The Index of Coexistent Disease
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was calculated on the basis of assessment of medical records for physical impairment and coexisting disease severity. Scores on this index
range from 0 (no comorbid condition) to 3 (highest severity of comorbid
conditions). Baseline serum albumin, total cholesterol, and HDL cholesterol were assayed uniformly on all participants with standard methods using baseline specimen that was stored at ⫺80°C.

Single-Nucleotide Polymorphism Selection and Genotyping
Methods
Fifteen single-nucleotide polymorphisms (SNP) of the STAT3 gene
were selected on the basis of the following criteria: (1) SNP were
resequenced and validated by the National Heart, Lung, and Blood
Institute Program for Genomic Applications; (2) each SNP had a minor
allele frequency ⱖ5%; (3) the set of SNP covered major blocks in
Europeans identified by HapMap; and (4) the ABI TaqMan assay
(Applied Biosystems, Foster City, CA) was feasible. SNP were genotyped using the TaqMan system. Assay protocols are available upon
request. Water samples were included as negative controls to assess
potential cross-contamination between samples, and 47 blind replicates
were used to estimate assay reproducibility.
To assess for potential population stratification, we genotyped a
panel of 87 ancestry-informative SNP to measure admixture (19). The
degree of individual genetic admixture was estimated using a maximum-likelihood approach and characterized as percentage of European
ancestry (PEA) (20). PEA was categorized as a result of its highly
skewed distribution among white individuals.

Statistical Analyses
Baseline characteristics between patients with incident CVD events
and patients without CVD events were tested using t test or 2 tests as
appropriate. Values of hsCRP and IL-6 were log transformed because of
their skewed distributions. Allele and genotype frequencies for each
SNP were computed and tested for departures from Hardy-Weinberg
proportions. Both single SNP and haplotype analyses were performed.
For each single SNP, either a dominant or a recessive model was nested
within a co-dominant model, and the resulting likelihood ratio tests
between nested models were used to identify the best genetic model.
Haplotype block structure was identified among the 15 SNP according
to linkage disequilibrium structure using the confidence interval (CI)
method implemented in Haploview 3.2 (21). Using a Bayesian method
implemented in software PHASE 2.1 (22,23), each individual’s haplotypes (diplotypes) were estimated using all 15 SNP for analysis of
haplotypes across the entire gene or only the four SNP in block A and
the five SNP in block C for block-specific analysis. Because of the
uncertainty of estimated haplotype pairs from population data, PHASE
2.1 outputs several pairs of haplotype for each individual when there is
an uncertainty. Each pair is assigned a posterior probability of certainty. The pair with the highest probability for an individual was
called the “most likely pair” and was used (1) in Cox proportional
hazard models to assess hazard ratios of first CVD event since dialysis
for haplotypes and (2) in linear regression to examine haplotype associations with serum IL-6 and hsCRP levels. Linear regression models
were conducted with log-transformed hsCRP or IL-6 as the dependent
variable, and exponentiated coefficients were reported as ratios. Haplotypes with frequencies of ⬍5% were combined. Left truncation technique was used in Cox proportional hazard models to account for the
time lag between start of dialysis and time of study enrollment. Robust
variance was used in each model to account for possible within-clinic
correlations. An a priori specified additive genetic model was assumed
for haplotype modeling.
To test the robustness of results from survival analysis using the most
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likely pair estimates of haplotype and to account for multiple comparison, we conducted linear regression models and logistic regression
models for the association of haplotype with inflammation markers and
CVD, respectively, using Haplo.glm in R package Haplo.stats (24,25).
Adjusted global tests with permutation-derived P values implemented
in Haplo.score also were conducted. Haplo.glm accounts for haplotype
ambiguity by directly modeling an individual’s phenotype as a function of each estimated haplotype pair weighted by their estimated
probability.

Results
Baseline Characteristics, Minor Allele Frequency, and
Haplotype Distribution
A total of 230 CVD cases occurred among 529 dialysis patients who were followed for 3 to 6 yr (median 2 yr). Table 1
presents the distributions of traditional and ESRD-related risk
factors for CVD. As expected, participants with incident CVD
after dialysis were more likely to be older and had greater
prevalence of CVD, congestive heart failure, and diabetes. Furthermore, these individuals had significantly lower serum cholesterol and albumin levels but higher levels of the inflammation markers serum hsCRP and IL-6. Treatment modality did
not differ between those with and without incident CVD. Almost all 529 self-reported white individuals in this study had at
least 88% European ancestry according to the 87 ancestryinformative markers that were typed (median PEA ⫽ 0.99;
interquartile range 0.97 to 0.99). Markers of genetic admixture
were not associated with CVD events.
A total of 15 SNP in STAT3, at an average spacing of 5.7 kb,
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were genotyped, including one synonymous coding SNP in the
nearby STAT5 gene (6-kb away), two in the 3⬘-untranslated
region, and 12 in introns. The kappa values of the 47 blind
replicates ranged from 0.88 to 1.00 (mean 0.96; SD 0.03). All
SNP were in Hardy-Weinberg equilibrium. Minor allele frequency and location of each SNP are reported in Table 2. Three
blocks were identified using the CI method; the second block
consisted of two SNP (Figure 1). There was a high degree of
linkage disequilibrium among the SNP. The mean pair-wise D⬘
was 0.86. Haplotype frequencies from all 15 SNP as well as the
first (block A) and the third (block C) blocks are shown by
incident CVD status in Table 3.

Single SNP, Inflammation Markers, and CVD
Figure 2 shows P values of hazard ratios (HR) of CVD for
each SNP after adjustment for other risk factors. Four SNP
(rs1135669, rs8081431, rs9912773, and rs17880815) were significantly associated with incident CVD, each with P ⬍ 0.001. For
15 comparisons, the Bonferroni-corrected critical P value is
0.003. However, no significant associations were found between any single SNP and serum level of IL-6 and hsCRP.

Haplotype, Inflammation Markers, and CVD
Using all 15 SNP, six major haplotypes were estimated. Similar to single SNP results, haplotypic variations in STAT3 were
significantly associated with CVD risk in this population. Table
3 shows a shortage of haplotype 3 among those with incident

Table 1. Baseline characteristics by whether patients had an incident CVD event in 529 white CHOICE study
participantsa
CVD
(n ⫽ 230)

Covariates

Age (yr; mean 关SD兴)
Female (%)
Smoking (%)
former smoker
current smoker
Baseline hemodialysis (%)
ICED comorbidity score (%)
level 0/1
level 2
level 3
Prevalent CVD (%)
Congestive heart failure (%)
Diabetes (%)
BMI (kg/m2; mean 关SD兴)
SBP (mmHg; mean 关SD兴)
Cholesterol (mg/dl; mean 关SD兴)
HDL cholesterol (mg/dl; mean 关SD兴)
Albumin (g/dl; mean 关SD兴)
IL-6 (pg/ml; median 关IQR兴)
CRP (mg/L; median 关IQR兴)

Non-CVD
(n ⫽ 299)

P

62.9 (12.0)
39.6

55.9 (15.3)
45.2

0.0001
0.20

55.2
13.5
76.5

44.8
17.2
74.9

0.07
0.67

21.3
42.2
36.5
67.4
62.2
64.4
26.6 (6.2)
150.8 (18.9)
185.4 (46.5)
41.0 (13.9)
3.55 (0.37)
5.35 (3.19 to 9.54)
4.71 (2.28 to 14.23)

40.9
33.2
25.8
34.6
36.6
44.3
26.7 (6.5)
147.1 (19.4)
193.7 (50.0)
41.5 (14.7)
3.68 (0.36)
3.81 (2.40 to 6.08)
3.48 (1.60 to 5.87)

0.0001
0.0001
0.0001
0.0001
0.80
0.04
0.05
0.70
0.0001
0.0001
0.0001

P values from t or 2 test. BMI, body mass index; CHOICE, Choices for Healthy Outcomes in Caring for ESRD; CRP, Creactive protein; CVD, cardiovascular disease; ICED, Index of Coexistent Disease; IQR, interquartile range; SBP, systolic BP.
a
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Table 2. Positions and MAF of the 15 SNP in 529 white CHOICE study participantsa
SNP

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

rs No.

Cumulative Distanceb

Polymorphismc

MAF (%)d

rs1135669
rs1053023
rs1053004
rs8081431
rs17881940
rs2293152
rs17881320
rs2306580
rs3869550
rs6503695
rs9912773
rs744166
rs957971
rs7211777
rs17880815

0
5879
6355
15143
16930
21792
25502
31943
33150
39796
50797
54464
60188
74338
80088

C/T
A/G
T/C
G/C
G/C
G/C
C/A
C/G
A/G
T/C
C/G
T/C
C/G
A/G
C/A

16.9
19.3
37.6
17.6
8.2
38.5
8.6
7.6
34.9
33.8
25.1
41.9
34.9
35.0
26.3

a

MAF, minor allele frequencies; SNP, single-nucleotide polymorphism.
Distance is expressed in base pairs from the first SNP relative to Genbank sequence.
c
Minor allele shown in second.
d
MAF were calculated on the basis of the 529 white CHOICE patients.
b

Figure 1. Positions and linkage disequilibrium structure of 15 single-nucleotide polymorphisms (SNP) in the signal transducer and
activator of transcription 3 (STAT3) gene. Values in squares represent pair-wise D⬘ values.

CVD (P ⫽ 0.002 for overall differences in haplotype distribution
between CVD and non-CVD). There were 48, 26, 10, 0, 2, and 3
homozygous pairs (diplotypes) for haplotypes 1 through 6,
respectively. Compared with haplotype 1, adjusted HR of CVD
were 1.10 (95% CI 0.88 to 1.39), 0.75 (95% CI 0.61 to 0.92), and

1.72 (95% CI 1.17 to 2.52) for haplotypes 2, 3, and 6, respectively. Adjusted risk for CVD was decreased from haplotype 6
through haplotypes 1 and 2 to haplotype 3. No significant
association was found between prevalent CVD and STAT3
haplotype variation. Compared with haplotype 1, adjusted
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Table 3. Haplotype frequency by whether patients had an incident CVD event since initiation of dialysis
Haplotype
Number

1
2
3
4
5
6
Other
A-1
A-2
A-3
A-other
C-1
C-2
C-3
C-4
C-other

Block A No.

All 15 SNP

Block C No.

A-1
A-1
A-3
A-2
A-1
A-2

CATG-GCCCAT-CTCAC
CATG-GCCAT-CTCAC
TGCC-GGCCGC-GCGGA
CACG-CGACGC-GCGGA
CATG-GGCCAC-CCCAC
CACG-GGCGGT-CCGGC

C-1
C-1
C-2
C-2
C-4
C-3

Block A
CATG
CACG
TGCC
Block C
CTCAC
GCGGA
CCGGC
CCCAC

Figure 2. P values of adjusted hazard ratios from Cox proportional model with single SNP. P values were obtained from the
best genetic model; models were adjusted for age; gender;
smoking; baseline dialysis modality; body mass index; systolic
BP; comorbidity score; baseline diabetes, CVD, and congestive
heart failure; and serum albumin, total cholesterol, HDL cholesterol, C-reactive protein, and IL-6 levels.

odds ratio (OR) of prevalent CVD was 1.32 (95% CI 0.65 to 2.65)
for haplotype 3 and 0.93 (95% CI 0.46 to 1.86) for haplotype 6.
To elucidate further the location of the association signal, we
constructed haplotypes within blocks A and C. Whereas haplotype A-3 was less common among those who developed CVD
events, haplotype C-3 was more common in those individuals
(Table 3). Table 4 summarizes results from multivariable Cox
proportional hazards regression analyses by blocks. After ad-

CVD

Non-CVD

32.6
19.8
9.6
7.0
5.4
7.2
18.5

31.1
17.7
14.6
7.2
8.0
5.7
15.7

63.3
19.1
13.9
3.7

60.4
18.4
18.9
2.3

59.6
22.4
10.2
5.4
2.4

55.4
27.3
7.4
8.4
1.7

justment for all haplotypes from both blocks as well as other
risk factors, compared with common haplotype A-1, A-3
showed a significant protective effect on CVD (P ⫽ 0.02). Compared with common haplotype C-1, C-3 showed a significant
harmful effect on CVD (P ⫽ 0.005). There were no significant
interactions between STAT3 haplotypes and baseline diabetes
or serum levels of IL-6 and CRP on CVD risk.
Median of the probability of the most likely pairs (diploid
genotypes) estimated from PHASE 2.1 was 0.99 (interquartile
range 0.89 to 1.00) for overall haplotypes and 1.00 (interquartile
range 1.00 to 1.00) for both block A and block B haplotypes. The
above Cox proportional hazard models were repeated using
only haplotypes with a probability of 1, and the results were
similar. All regression models were rerun adjusting for genetic
admixture, and no significant changes were observed.
The association between STAT3 gene variation and CVD risk
from Cox proportional models became somewhat stronger and
more significant after adjustment. Detailed analysis suggested
that this was not the result of a single confounder or influential
outliers but was a combination of multiple variables, with
baseline congestive heart failure being one of the more important. In addition, adjusting for baseline GFR did not change the
observed associations. To test further the robustness of the
survival analyses using estimated haplotypes, we estimated OR
for CVD associated with each haplotype using a two-step iteration process that simultaneously imputes haplotypes and estimates their association with CVD implemented in Haplo.glm.
The resulting OR were similar to their corresponding HR (Table
4). Moreover, permutation-derived P values of global tests from
Haplo.score were 0.02 for haplotypes from all 15 SNP, 0.02 for
block A haplotypes, and 0.01 for block C haplotypes. These
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Table 4. HR and OR for incident CVD by haplotypes in each block from Cox proportional hazards models and
logistic regression models in Haplo.glm, respectivelya
HR (95% CI)

OR (95% CI)

Haplotype

Block A
A-1
A-2
A-3
A-other
Block C
C-1
C-2
C-3
C-4
C-other

Model 1

Model 2

Model 1

Model 2

1.00
0.86 (0.54 to 1.35)
0.80 (0.52 to 1.23)
1.26 (0.61 to 2.61)

1.00
0.78 (0.48 to 1.25)
0.70 (0.51 to 0.94)b
1.06 (0.50 to 2.27)

1.00
1.16 (0.76 to 1.79)
0.60 (0.39 to 0.92)b
1.86 (0.72 to 4.84)

1.00
1.07 (0.69 to 1.67)
0.53 (0.34 to 0.83)c
1.68 (0.62 to 4.59)

1.00
0.89
2.06
0.80
1.89

1.00
0.91
2.12
0.75
1.59

1.00
0.67
2.16
0.63
1.69

1.00
0.64
1.96
0.62
1.62

(0.53
(1.28
(0.54
(1.17

to
to
to
to

1.51)
3.32)c
1.20)
3.07)

(0.64
(1.25
(0.48
(0.89

to
to
to
to

1.30)
3.57)c
1.16)
2.86)

(0.47
(1.20
(0.34
(0.50

to
to
to
to

0.98)b
3.91)c
1.16)
5.71)

(0.43
(1.05
(0.33
(0.46

to
to
to
to

0.94)b
3.66)b
1.18)
5.66)

a

Model 1 was adjusted for all haplotypes; age; gender; smoking; baseline dialysis modality; BMI; SBP; comorbidity score;
diabetes, baseline CVD, and congestive heart failure; and serum albumin, total cholesterol, HDL cholesterol. Model 2 was
adjusted for model 1 plus IL-6 and CRP. For Cox regression models, haplotypes from both blocks were included; for logistic
regression models, haplotypes from one block were included. CI, confidence interval; HR, hazard ratio; OR, odds ratio.
b
P ⬍ 0.05.
c
P ⬍ 0.01.
associations remained significant even after adjustment for inflammation markers (Table 4, model 2). Associations from single SNP analyses were in the same direction as those from
haplotype analyses.
Compared with haplotypes 1 and A-1, haplotypes 3 and A-3
were associated with 8% lower (geometric mean ratio 0.92; 95%
CI 0.79 to 1.06) and 14% lower (geometric mean ratio 0.86; 95%
CI 0.77 to 0.96), respectively, IL-6 levels after adjustment for
hsCRP and other covariates that were used in model 1 of Table
4 in a linear regression model that used the most likely pairs of
haplotype for each patient. A linear model in Haplo.glm
showed similar results. The HR for incident CVD was 1.22 (95%
CI 1.11 to 1.34) per doubling of IL-6 and 1.24 (95% CI 1.14 to
1.35) per doubling of hsCRP level after adjustment for all haplotypes and other risk factors. These HR were similar to those
obtained from models without adjustment for haplotypes. Variations in STAT3 were not associated with hsCRP levels. The
observed association between inflammation markers and
STAT3 gene variation remained after adjustment for baseline
use of lipid-lowering medication and angiotensin-converting
enzyme inhibitors.

Haplotype and Mortality
A total of 281 deaths occurred during 1427 person-yr of
follow-up. Haplotype 6, consisting of A-2 and C-3, was the only
haplotype that was significantly associated with all-cause mortality (HR 1.54; 95% CI 1.14 to 2.08; P ⫽ 0.005).

Discussion
In our cohort, STAT3 gene variation was associated with
CVD risk in white dialysis patients. Three major blocks were
identified in 529 white dialysis patients. Compared with common haplotypes A-1 and C-1, respectively, block A haplotype

A-3 marks decreased CVD risk and block C haplotype C-3
marks increased CVD risk. Furthermore, associations between
STAT3 variation and CVD risk could not be explained by the
association of STAT3 variation with serum IL-6 levels, suggesting alternative pathways through which STAT3 may influence
CVD risk.
To our knowledge, this is the first study to examine the
associations between STAT3 polymorphisms and CVD risk in
humans. The rich information from the CHOICE study enabled
us to examine the independent association between STAT3
gene variation and CVD risk adjusting for traditional and
ESRD-related CVD risk factors. The use of incident dialysis
patients minimized bias that is caused by the use of prevalent
cases. All 15 SNP were genotyped and validated, and together
they cover major haplotype blocks of the gene; therefore, these
SNP adequately represent major haplotype variation in STAT3.
We used a combination of single SNP and haplotype-based
methods to investigate the association of variation in STAT3
with CVD risk.
Studies on animal or human tissues have shown several
biologic pathways through which STAT3 affects CVD development. STAT3 has been shown to regulate both proinflammatory and anti-inflammatory processes through targeting
the promoter regions of IL-6 and IL-10 genes (3–5), respectively. Negative feedback exists among STAT3, IL-6, and
IL-10 through a family of inhibitor proteins that are referred
to as suppressor of cytokine signaling (1). Our study showed
that block A of the STAT3 gene is associated with IL-6 level.
However, the association between the STAT3 gene and inflammatory markers may be affected by the anti-inflammatory effects of STAT3.
In addition to influencing CVD risk by regulating inflamma-
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tion, STAT3 may affect CVD risk through its action on vascular
endothelial function (10 –12), angiotensinogen gene expression
(6,7), regulation of the inducible nitric oxide synthase protein
and cyclooxygenase (16,17), and myocardial adaptation to
stress (13–15). Associations between STAT3 and CVD remained
after adjustment for inflammatory markers, suggesting that
STAT3 affects CVD risk through pathways other than inflammation.
Because STAT3 protein cannot be measured except at the
cellular level, we are unable to test whether the observed association is through transcription and expression of the STAT3
gene. However, many studies have shown in vitro that mutation of the STAT3 gene is associated with STAT3 transcription
and expression. For example, mutations of the STAT3 promoter
in murine myeloid leukemic cells were associated with STAT3
mRNA changes (26). Study further suggested that minimal
mutations in the murine STAT3 gene alone may alter dramatically the ratio of STAT3␣ to STAT3␤ mRNA in cells (27).
Murine cardiac myocytes that were transfected with wild-type
or mutated-type STAT3 cDNA were associated with the
amount of STAT3 protein (28). A mutation of the STAT3 gene
in human macrophages was associated with the amount of
STAT3 protein (4).
The findings that there was no or an opposite association
between STAT3 haplotype and prevalent CVD may be due to
survival bias in this cohort. For example, compared with haplotype 1, patients with haplotype 6 are at higher risk for CVD
and therefore have higher risk for death. This would result in
lower frequency of haplotype 6 among individuals who had
prevalent CVD and survived to be included in our study, which
would lead to an attenuated or even reversed association between haplotype 6 and prevalent CVD. However, in a prospective study of incident CVD, such as CHOICE, this survival bias
would be minimized because we have captured all deaths as a
result of CVD in our study. Our findings are unlikely due to
population stratification, because adjusting for genetic admixture did not change our findings. The survival analysis did not
take into account haplotype ambiguity, which can magnify
statistical significance. However, the logistic regression implemented in Haplo.glm accounted for the haplotype ambiguity
by weighting the probability of each haplotype, although it was
not able to utilize fully the time-to-event data of CHOICE.
Therefore, we performed both analyses and found consistent
results. In addition, accounting for multiple comparisons in
both single SNP analysis and the haplotype analysis did not
alter the results.
Our study has several limitations. Because of the relatively
small number of black CHOICE participants and the large
number of haplotypes estimated in STAT3, our analysis was
limited to only white CHOICE participants. Although allele
frequencies of the 15 SNP were similar as reported by other
sources, including HapMap, Perlegen, and National Heart,
Lung, and Blood Institute Program for Genomic Applications,
findings from this study require replication in other large cohorts, including other races. The observed associations may be
due to unmeasured confounders. The lack of association between STAT3 gene variations and hsCRP levels may be the
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result of misclassification because of nongenetic influences.
Serum hsCRP was measured only at one point, and this problem may be compounded by the high intraindividual variation
of serum CRP in the dialysis population (29). In addition, we
did not investigate less common SNP in this gene (minor allele
frequency ⬍5%).

Conclusion
We provide evidence for association between STAT3 polymorphisms and serum IL-6 level and incident CVD risk in
white dialysis patients. The associations between STAT3 and
CVD were independent of inflammatory markers. These findings need replication and further characterization of the STAT3
gene to identify causal variation that may code for an alternative pathway, not mediated by inflammation, between STAT3
and CVD.

Acknowledgments
The CHOICE Study is supported by grant RO1-HL-62985 from the
National Heart, Lung, and Blood Institute; grant RO1-DK-59616 from
the National Institute of Diabetes and Digestive and Kidney Diseases;
grant R01-HS-08365 from the Agency for Healthcare Research and
Quality; and a Baxter Healthcare Corporation extramural grant. This
study was supported in part by federal funds from the National Cancer
Institute, The National Institutes of Health, under contract NO1-CO12400. J.C. is supported in part as an American Heart Association
established investigator (01-4019-7N).
We thank the patients, staff, laboratory, and physicians who participated in the CHOICE Study at Dialysis Clinic, Inc., and Johns Hopkins
University and the Cardiovascular Endpoint Committee. Current members: Bernard G. Jaar, MD, MPH; Yongmei Liu, MD, PhD; Joseph A.
Eustace, MD, MHS; Richard M. Ugarte, MD; Melanie H. Katzman, MD,
MHS; and J. Craig Longenecker, MD, PhD. Former members of the
committee: Michael Klag, MD, MPH; Neil R. Powe, MD, MPH, MBA;
Michael J. Choi, MD; Renuka Sothinathan, MD, MHS; and Caroline
Fox, MD, MPH. Cardiovascular event adjudicators: Nancy E. Fink,
MPH; and Laura C. Plantinga, ScM.

References
1. Aaronson DS, Horvath CM: A road map for those who
don’t know JAK-STAT. Science 296: 1653–1655, 2002
2. May P, Schniertshauer U, Gerhartz C, Horn F, Heinrich PC:
Signal transducer and activator of transcription STAT3
plays a major role in gp130-mediated acute phase protein
gene activation. Acta Biochim Pol 50: 595– 601, 2003
3. Niemand C, Nimmesgern A, Haan S, Fischer P, Schaper F,
Rossaint R, Heinrich PC, Muller-Newen G: Activation of
STAT3 by IL-6 and IL-10 in primary human macrophages
is differentially modulated by suppressor of cytokine signaling 3. J Immunol 170: 3263–3272, 2003
4. Williams L, Bradley L, Smith A, Foxwell B: Signal transducer and activator of transcription 3 is the dominant
mediator of the anti-inflammatory effects of IL-10 in human macrophages. J Immunol 172: 567–576, 2004
5. Pfitzner E, Kliem S, Baus D, Litterst CM: The role of STATs
in inflammation and inflammatory diseases. Curr Pharm
Des 10: 2839 –2850, 2004
6. Brasier AR, Recinos A 3rd, Eledrisi MS: Vascular inflam-

2292

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

Journal of the American Society of Nephrology

mation and the renin-angiotensin system. Arterioscler
Thromb Vasc Biol 22: 1257–1266, 2002
Ray S, Sherman CT, Lu M, Brasier AR: Angiotensinogen
gene expression is dependent on signal transducer and
activator of transcription 3-mediated p300/cAMP response
element binding protein-binding protein coactivator recruitment and histone acetyltransferase activity. Mol Endocrinol 16: 824 – 836, 2002
Kano A, Wolfgang MJ, Gao Q, Jacoby J, Chai GX, Hansen
W, Iwamoto Y, Pober JS, Flavell RA, Fu XY: Endothelial
cells require STAT3 for protection against endotoxininduced inflammation. J Exp Med 198: 1517–1525, 2003
Jacoby JJ, Kalinowski A, Liu MG, Zhang SS, Gao Q, Chai
GX, Ji L, Iwamoto Y, Li E, Schneider M, Russell KS, Fu XY:
Cardiomyocyte-restricted knockout of STAT3 results in
higher sensitivity to inflammation, cardiac fibrosis, and
heart failure with advanced age. Proc Natl Acad Sci U S A
100: 12929 –12934, 2003
Huang A, Zhang YY, Chen K, Hatakeyama K, Keaney JF Jr:
Cytokine-stimulated GTP cyclohydrolase i expression in
endothelial cells requires coordinated activation of nuclear
factor-kappaB and Stat1/Stat3. Circ Res 96:164 –171, 2005
Yang XP, Irani K, Mattagajasingh S, Dipaula A, Khanday F,
Ozaki M, Fox-Talbot K, Baldwin WM 3rd, Becker LC:
Signal transducer and activator of transcription 3alpha and
specificity protein 1 interact to upregulate intercellular adhesion molecule-1 in ischemic-reperfused myocardium
and vascular endothelium. Arterioscler Thromb Vasc Biol 25:
1395–1400, 2005
Hirano T, Ishihara K, Hibi M: Roles of STAT3 in mediating
the cell growth, differentiation and survival signals relayed
through the IL-6 family of cytokine receptors. Oncogene 19:
2548 –2556, 2000
Bolli R, Dawn B, Xuan YT: Role of the JAK-STAT pathway
in protection against myocardial ischemia/reperfusion injury. Trends Cardiovasc Med 13: 72–79, 2003
Hattori R, Maulik N, Otani H, Zhu L, Cordis G, Engelman
RM, Siddiqui MA, Das DK: Role of STAT3 in ischemic
preconditioning. J Mol Cell Cardiol 33: 1929 –1936, 2001
Hilfiker-Kleiner D, Hilfiker A, Fuchs M, Kaminski K,
Schaefer A, Schieffer B, Hillmer A, Schmiedl A, Ding Z,
Podewski E, Podewski E, Poli V, Schneider MD, Schulz R,
Park JK, Wollert KC, Drexler H: Signal transducer and
activator of transcription 3 is required for myocardial capillary growth, control of interstitial matrix deposition, and
heart protection from ischemic injury. Circ Res 95: 187–195,
2004
Dawn B, Xuan YT, Guo Y, Rezazadeh A, Stein AB, Hunt G,
Wu WJ, Tan W, Bolli R: IL-6 plays an obligatory role in late
preconditioning via JAK-STAT signaling and upregulation
of iNOS and COX-2. Cardiovasc Res 64: 61–71, 2004
Xuan YT, Guo Y, Han H, Zhu Y, Bolli R: An essential role

J Am Soc Nephrol 17: 2285–2292, 2006

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

of the JAK-STAT pathway in ischemic preconditioning.
Proc Natl Acad Sci U S A 98: 9050 –9055, 2001
Powe NR, Klag MJ, Sadler JH, Anderson GF, Bass EB,
Briggs WA, Fink NE, Levey AS, Levin NW, Meyer KB,
Rubin HR, Wu AW: Choices for healthy outcomes in caring for end stage renal disease. Semin Dial 9: 9 –11, 1996
Smith MW, Patterson N, Lautenberger JA, Truelove AL,
McDonald GJ, Waliszewska A, Kessing BD, Malasky MJ,
Scafe C, Le E, De Jager PL, Mignault AA, Yi Z, De The G,
Essex M, Sankale JL, Moore JH, Poku K, Phair JP, Goedert
JJ, Vlahov D, Williams SM, Tishkoff SA, Winkler CA, De La
Vega FM, Woodage T, Sninsky JJ, Hafler DA, Altshuler D,
Gilbert DA, O’Brien SJ, Reich D: A high-density admixture
map for disease gene discovery in African Americans. Am J
Hum Genet 74: 1001–1013, 2004
Patterson N, Hattangadi N, Lane B, Lohmueller KE, Hafler
DA, Oksenberg JR, Hauser SL, Smith MW, O’Brien SJ,
Altshuler D, Daly MJ, Reich D: Methods for high-density
admixture mapping of disease genes. Am J Hum Genet 74:
979 –1000, 2004
Barrett JC, Fry B, Maller J, Daly MJ: Haploview: Analysis
and visualization of LD and haplotype maps. Bioinformatics
21: 263–265, 2005
Stephens M, Smith NJ, Donnelly P: A new statistical
method for haplotype reconstruction from population
data. Am J Hum Genet 68: 978 –989, 2001
Stephens M, Donnelly P: A comparison of bayesian methods for haplotype reconstruction from population genotype data. Am J Hum Genet 73: 1162–1169, 2003
Lake SL, Lyon H, Tantisira K, Silverman EK, Weiss ST,
Laird NM, Schaid DJ: Estimation and tests of haplotypeenvironment interaction when linkage phase is ambiguous. Hum Hered 55: 56 – 65, 2003
Schaid DJ, Rowland CM, Tines DE, Jacobson RM, Poland
GA: Score tests for association between traits and haplotypes when linkage phase is ambiguous. Am J Hum Genet
70: 425– 434, 2002
Ichiba M, Nakajima K, Yamanaka Y, Kiuchi N, Hirano T:
Autoregulation of the Stat3 gene through cooperation with
a cAMP-responsive element-binding protein. J Biol Chem
273: 6132– 6138, 1998
Shao H, Quintero AJ, Tweardy DJ: Identification and characterization of cis elements in the STAT3 gene regulating
STAT3 alpha and STAT3 beta messenger RNA splicing.
Blood 98: 3853–3856, 2001
Kunisada K, Tone E, Fujio Y, Matsui H, Yamauchi-Takihara
K, Kishimoto T: Activation of gp130 transduces hypertrophic
signals via STAT3 in cardiac myocytes. Circulation 98: 346 –
352, 1998
Kaysen GA, Dubin JA, Muller HG, Rosales LM, Levin NW:
The acute-phase response varies with time and predicts
serum albumin levels in hemodialysis patients. The HEMO
Study Group. Kidney Int 58: 346 –352, 2000

