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Abstract
Background. The incidence of venous thromboembolism
(VTE) is increased with severe kidney disease, but whether
less-severe chronic kidney disease (CKD) increases the
risk of VTE is less certain.
Methods. We studied this in a prospective cohort of 10
700 whites and African Americans, aged 53–75 years, at-
tending Visit 4 (1996–98) of the Atherosclerosis Risk in
Communities Study. Estimated glomerular filtration rate
(eGFR) values were estimated from prediction equations
based on serum creatinine (eGFRcreat) or cystatin C
(eGFRcys). Normal kidney function was defined as eGFR
≥90 ml/min/1.73 m2, mildly decreased kidney function as
eGFR between 60 and 89 ml/min/1.73 m2 and Stage 3 to 4
CKD as eGFR between 15 and 59 ml/min/1.73 m2. VTE
occurrence (n = 228) was ascertained over a median of
8.3 years.
Results. For eGFRcys, the age-, race- and sex-adjusted haz-
ard ratios of total VTE were 1.0, 1.40 and 1.94 (P trend =
0.003) for normal kidney function, mildly impaired kidney
function and Stage 3 to 4 CKD, respectively. These respec-

tive hazard ratios were moderately attenuated to 1.0, 1.26
and 1.60 (P trend = 0.04) with adjustment for hormone re-
placement therapy, diabetes and body mass index. Asso-
ciations between CKD based on eGFRcys and VTE were
slightly stronger for idiopathic VTE than for secondary
VTE. In contrast, CKD based on eGFRcreat was not asso-
ciated with total VTE occurrence.
Conclusions. Stage 3 to 4 CKD, based on eGFRcys but not
eGFRcreat, was associated with an approximately 1.6-fold
increased risk of VTE.

Keywords: chronic kidney disease; prospective study; pulmonary
embolism; venous thromboembolism

Introduction

The incidence of venous thromboembolism (VTE), com-
prising venous thrombosis and pulmonary embolism, is in-
creased in patients with end-stage renal disease (ESRD) or
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nephrotic syndrome, in those undergoing dialysis and in
those with a renal transplant [1–5]. Whether less-severe
forms of chronic kidney disease (CKD) increase the risk
of VTE is less certain. We recently reported in the Longi-
tudinal Investigation of Thromboembolism Etiology
(LITE) that, compared with normal kidney function, the
relative risk of VTE was 1.71 [95% confidence intervals
(95% CI) = 1.18–2.49] for adults with Stage 3 or 4
CKD based on an estimated glomerular filtration rate
(eGFR) derived from serum creatinine [6]. In contrast,
VTE was not related to CKD defined by eGFR derived
from cystatin C in a subset of older LITE subjects [6].
In a Dutch cohort, lower eGFR derived from creatinine
was also univariately associated with an increased risk of
VTE, but not after adjustment for age and sex [7].

The measurement of both creatinine and cystatin C in
the fourth Atherosclerosis Risk in Communities (ARIC)
Study examination offered an opportunity to re-examine
the association of CKD with VTE.

Materials and methods

In 1987–89, the ARIC Study recruited to a baseline examination a cohort
of 15 792 men and women aged 45–64 years, predominantly whites or
African Americans, from four US communities [8]. Participants were
re-examined in 1990–92 (93% response), 1993–95 (86%) and 1996–98
(80%). Participants in the ARIC Visit 4 examination served as the cohort
for the present analysis.

At ARIC Visit 4, body mass index (BMI) was assessed as weight (in
kilograms) in a scrub suit divided by height (in metres) squared. Use
of hormone replacement therapy (HRT) was recorded. Diabetes was de-
fined by fasting glucose ≥126 mg/dl, non-fasting glucose ≥200 mg/dl or
a physician’s diagnosis or treatment for diabetes. Aliquots of serum, plas-
ma and an untimed urine sample were stored at −70°C.

Serum creatinine was measured within a few weeks after ARIC Visit 4
using a modified kinetic Jaffé reaction. Approximately 4% of samples
were split and measured as blinded replicates on different dates to assess
repeatability. The reliability coefficient for blinded quality control repli-
cates of serum creatinine was 0.95 (439 blinded replicates). Creatinine
values were calibrated using regression to the Cleveland Clinic Laborato-
ry [9,10], and eGFR based on creatinine (eGFRcreat) was then calculated
using the equations recently developed by Levey et al. [11]. As a sensi-
tivity analysis, we also used eGFR based on the more familiar Modifica-
tion of Diet in Renal Disease (MDRD) Study four-variable equation [12];
results were somewhat weaker using the MDRD formula.

Cystatin C was measured on Visit 4 serum in 2008 by a particle-en-
hanced immunonephelometric assay (N Latex Cystatin C, Dade Behring,
Inc., Deerfield, IL) with a BNII nephelometer (Dade Behring, Inc., Deer-
field, IL) [13,14]. The reliability coefficient for blinded quality control
replicates of cystatin C was 0.65 (421 blinded replicates), but after remov-
ing 10 replicate pair outliers (>3 SD), the reliability was 0.94 (n = 411).
We calibrated ARIC cystatin C to the Cleveland Clinic after a small
(n = 40) study found a relatively constant 16% difference (i.e. Cleveland
Clinic = 1.16 × ARIC). Then, we calculated eGFR by cystatin C (eGFRcys)
using the Chronic Kidney Disease Epidemiology Collaboration equation
[15]: eGFRcys (ml/min/1.73 m2) = 127.7 × cystatin C (mg/dl)−1.17 ×
age−0.13 × 0.91 (if female) × 1.06 (if black).

CKD was categorized, using eGFRcreat and eGFRcys separately, on the
basis of the National Kidney Foundation guidelines: eGFR ≥90 ml/min/
1.73 m2 for normal kidney function, eGFR between 60 and 89 ml/min/
1.73 m2 for mildly decreased kidney function and eGFR between 15 and
59 ml/min/1.73 m2 for Stage 3 to 4 CKD.

Urinary creatinine and albumin were measured in 2003–04. Albumin
was measured by a nephelometric method either on the Dade Behring
BN100 (Dade Behring, Inc., Deerfield, IL; assay sensitivity, 2.0 mg/L)
or Beckman Image Nephelometer (Beckman Coulter, Inc., Fullerton,
CA), and creatinine was measured by the Jaffé method. Albumin–creati-
nine ratio (ACR) was calculated, and total albuminuria was categorized as
the sum of microalbuminuria (ACR 30–299 mg/g) and macroalbuminuria

(ACR ≥300 mg/g) [10]. Blinded split samples (n = 516) analysed for re-
liability showed a correlation coefficient (r) for loge-transformed ACR of
r = 0.95.

Factor VIIIc and activated partial thromboplastin time (aPTT) were
VTE risk factors in ARIC [16, 17] but were not measured at Visit 4, so
the Visit 1 value was used. Factor V Leiden and the prothrombin
G20210A polymorphism were not measured in the whole ARIC cohort,
but rather only in a small subset and, therefore, not used in these analyses.

ARIC participants were followed up from Visit 4 (1996–98, n = 11
573) through 2005 to identify hospitalized VTE events. These were
validated by physician review using a standardized protocol and subca-
tegorized as idiopathic or secondary (occurring within 90 days of major
trauma, surgery, marked immobility, active cancer or chemotherapy)
[18]. A total of 263 VTE events were identified. Approximately one-
third of these had been included in our previous ARIC analysis [6],
which examined baseline (1987–89) eGFRcreat and VTE through 2001.
We did not exclude the overlapping VTE events from this report because
the 1996–98 eGFR measurements were made independently from the
1987–89 eGFR measurements and results were similar whether or not
they were excluded.

Our hypothesis was that CKD by eGFRcreat or eGFRcys in 1996–98
would be positively associated with VTE incidence. From the 11 573 par-
ticipants at Visit 4, we excluded 342 who had a prior history of VTE by
Visit 4 and 204 who were taking warfarin. We also excluded those with
missing exposure variables or with severe CKD (eGFR < 15 ml/min/1.73
m2): eGFRcreat (n = 120) and eGFRcys (n = 344). Excluded numbers were
not mutually exclusive. Our final analytic sample included 10 700 parti-
cipants, among whom there were 8317 whites, 2353 African Americans
and 30 others who were grouped with African Americans for this analysis.
Follow-up time ended when the participant had a VTE, died, was lost to
follow-up, or survived until 31 December 2005.

Cox proportional hazards regression was used to model the association
between exposure variables and VTE incidence and to derive hazard ratios
and 95% CI. Covariates included previous VTE risk factors measured in
the whole ARIC cohort, measured at Visit 4 unless otherwise specified:
age (continuous), race (African American, white), sex/HRT (men, women
taking HRT, women not taking HRT), diabetes (yes, no), BMI (continu-
ous), Visit 1 Factor VIIIc and Visit 1 aPTT. Poisson regression models
were used to compute adjusted incidence rates and 95% CI.

Results

In this sample of 10 700 ARIC Visit 4 participants, aged
53–75 years, with no history of VTE and no current war-
farin use, the Pearson correlation between eGFRcys and
eGFRcreat (r = 0.46) and overlap of CKD categories was
moderate (Table 1). Based on eGFRcys, 29% of partici-
pants had normal kidney function, 59% had mildly de-
creased kidney function and 13% had Stage 3 or 4 CKD.
Based on eGFRcreat, these percentages were 40, 54 and
6%, respectively. A total of 72 of these participants subse-
quently developed ESRD, defined as starting dialysis, re-
ceiving a kidney transplant or dying from kidney failure.

Table 1. Number of subjects within glomerular filtration rate categories
based on creatinine (eGFRcreat) or cystatin C (eGFRcys), ARIC, 1996–98

eGFRcreat (ml/min/1.73 m2)

Total≥90 60–89 15–59

eGFRcys (ml/min/1.73 m2)
≥90 2074 999 15 3088
60–89 2049 4005 211 6265
15–59 150 765 432 1347
Total 4273 5769 658 10700

Weighted kappa = 0.35 (95% CI = 0.34, 0.37) for agreement between
eGFRcys and eGFRcreat categories.
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Approximately 70% of those developing ESRD had Stage
3 or 4 at ARIC Visit 4.

As shown in Table 2, lower eGFRcys was associated with
greater age, fewer men, more whites, less HRT use, greater
BMI, greater Factor VIII and shorter aPTT. There was no
trend in diabetes across the full spectrum of eGFRcys, but
diabetes prevalence was highest in those with Stage 3 or
4 CKD. Lower eGFRcreat (Table 2) was similarly associated
withmost of these risk factors but less clearlywith sex orBMI.

Over a median of 8.3 years of follow-up after ARIC Vis-
it 4228 incident VTE events occurred (81 idiopathic, 147
secondary), yielding a crude total VTE incidence of 2.7/
1000 person-years. The mean interval between eGFR as-
sessment and VTE events was 4.9 years. For eGFRcys

(Table 3), the age-, race- and sex-adjusted hazard ratios

of total VTE (Model 1) were 1.0, 1.40 and 1.94 (P trend =
0.003) for normal kidney function, mildly impaired kidney
function and Stage 3 to 4 CKD, respectively. These hazard
ratios were moderately attenuated to 1.0, 1.26 and 1.60 (P
trend = 0.04) with adjustment for HRT, diabetes and BMI
(Model 2); they became non-significant with adjustment
for baseline Factor VIII and aPTT (Model 3). When Stage
3 and Stage 4 were analysed separately (not shown in
Table 3), Model 2 VTE hazard ratios were 1.48 (95%
CI = 0.92, 2.37) for Stage 3 and 2.85 (95% CI = 1.21,
6.75) for Stage 4 CKD (Stage 4 n = 154, with six VTE
events). Four VTE events occurred among the 72 partici-
pants who had developed ESRD. Associations between
CKD and VTE were slightly stronger for idiopathic VTE
than for secondary VTE (Table 3). We also modelled

Table 2. Participant characteristics in relation to glomerular filtration rate based on cystatin C (eGFRcys) or creatinine (eGFRcreat), ARIC, 1996–98

Characteristic

eGFRcys (ml/min/1.73 m2)

P-trend≥90 (n = 3088) 60–89 (n = 6265) 15–59 (n = 1347)

Age, years (SD) 60.5 (5.1) 63.2 (5.6) 65.8 (5.4) <0.0001
Male, n (%) 1451 (47.0) 2732 (43.6) 530 (39.4) <0.0001
African Americans, n (%) 1198 (38.8) 988 (15.8) 197 (14.6) <0.0001
HRT use,a n (%) 567 (34.6) 882 (25.0) 155 (19.0) <0.0001
BMI, kg/m2 (SD) 27.7 (4.9) 28.9 (5.5) 30.1 (6.3) <0.0001
Diabetes, n (%) 566 (18.5) 884 (14.2) 293 (21.8) 0.7
Factor VIII,b % (SD) 124 (36) 127 (35) 140 (41) <0.0001
aPTT,b seconds (SD) 29.3 (2.9) 29.1 (3.0) 28.9 (3.1) 0.0005

eGFRcreat (ml/min/1.73 m2)

Characteristic ≥90 (n = 4273) 60–89 (n = 5769) 15–59 (n = 658) P-trend

Age, years (SD) 60.4 (5.2) 64.0 (5.4) 66.8 (5.2) <0.0001
Male, n (%) 1812 (42.4) 2607 (45.2) 294 (44.7) 0.01
African Americans, n (%) 1262 (29.5) 971 (16.8) 150 (22.8) <0.0001
HRT use,a n (%) 710 (28.9) 823 (26.0) 71 (19.5) <0.0001
BMI, kg/m2 (SD) 29.0 (6.0) 28.4 (5.1) 29.3 (5.3) 0.007
Diabetes, n (%) 777 (18.3) 801 (13.9) 165 (25.2) 0.29
Factor VIII,b % (SD) 126 (35) 128 (36) 139 (42) <0.0001
aPTT,b seconds (SD) 29.2 (3.1) 29.1 (2.9) 28.8 (2.9) 0.004

aWomen only.
b1987–89 value.

Table 3. Hazard ratio (95% CI) of VTE incidence in relation to glomerular filtration rate derived from cystatin C (eGFRcys), ARIC, 1996–2005

eGFRcys (ml/min/1.73 m2)

Endpoint ≥90 (n = 3088) 60–89 (n = 6265) 15–59 (n = 1347) P-trend

Total VTE N events 50 137 41
Model 1 1.00 1.40 (1.00, 1.98) 1.94 (1.25, 3.02) 0.003
Model 2 1.00 1.26 (0.89, 1.79) 1.60 (1.02, 2.51) 0.04
Model 3 1.00 1.22 (0.86, 1.73) 1.37 (0.86, 2.18) 0.18

Idiopathic VTE N events 14 53 14
Model 1 1.00 1.80 (0.97, 3.33) 2.09 (0.95, 4.59) 0.06
Model 2 1.00 1.71 (0.92, 3.20) 1.91 (0.86, 4.26) 0.10
Model 3 1.00 1.70 (0.89, 3.22) 1.69 (0.74, 3.87) 0.20

Secondary VTE N events 36 84 27
Model 1 1.00 1.25 (0.83, 1.89) 1.90 (1.12, 3.25) 0.02
Model 2 1.00 1.09 (0.72, 1.66) 1.48 (0.86, 2.57) 0.18
Model 3 1.00 1.05 (0.68, 1.60) 1.25 (0.71, 2.20) 0.46

Model 1, adjusted for age (continuous), sex and race; Model 2, adjusted for age (continuous), sex and HRT use (three-level categorical variable), race,
diabetes status and BMI (continuous); Model 3, adjusted for Model 2 plus Factor VIII (continuous) and aPTT (continuous).
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eGFRcys as a continuous variable; based on Model 2, the
hazard of VTE increased by 19% (95% CI = 2%, 38%)
per standard deviation decrement in eGFR (i.e. 19.9 ml/
min/1.73 m2).

CKD based on eGFRcreat groupings was not associated
with total VTE occurrence (Table 4). Only secondary VTE
showed any suggestion of association with eGFRcreat

groups. However, using eGFRcreat as a continuous variable
suggested that its association with VTE was not very much
weaker than for eGFRcys. Based on Model 2, the hazard of
VTE increased by 18% (95% CI = 3%, 34%) per standard
deviation decrement in eGFRcreat (i.e. 15.2 ml/min/1.73 m2).

Eight percent of subjects had microalbuminuria or
macroalbuminuria based on a spot morning urine measure
of the ACR. Albuminuria was not associated with VTE
[Model 1 hazard ratio of 1.24 (95% CI = 0.80, 1.92)].
As a result, adjustment for albuminuria did not materially
change the findings for Tables 3 and 4. Despite relatively
few subjects with albuminuria, we provide in Table 5 the in
cidence rates of VTE stratified simultaneously by eGFRcys

and albuminuria. The VTE rate is lowest in participants

who had a normal eGFR and no albuminuria, but confi-
dence intervals overlap among most groups.

Discussion

In the prospective population-based ARIC Study, Stage 3
to 4 CKD defined by eGFRcys of 15–59 ml/min/1.73 m2

was associated with an approximately 1.6-fold signifi-
cantly increased risk of VTE, compared with normal kid-
ney function, after adjustment for age, race, sex, HRT,
diabetes and BMI. In contrast, CKD defined by eGFRcreat

groupings was not associated with VTE occurrence.
However, this discrepancy partly related to how CKD
was grouped by eGFRcreat compared with eGFRcys be-
cause, when treated as continuous variables, eGFRcys

and eGFRcreat had similar associations with VTE. The
agreement on CKD classification between eGFRcys and
eGFRcreat was not very high (kappa = 0.35; Table 1), with
eGFRcreat, as expected [11], classifying more subjects to
higher eGFR categories. This is similar to the kappa =
0.36 found in a recent study using data from the Third
National Health and Nutrition Examination Survey [19].
In general, eGFRcys is believed to be a more accurate
marker of kidney function than eGFRcreat [20]. Serum cre-
atinine is a by-product of muscle breakdown and is, there-
fore, affected by non-renal determinants, including dietary
meat intake and muscle mass. Cystatin C has an advan-
tage over serum creatinine as a marker of kidney function
because it is less affected by these factors [15,21,22].
Thus, the association between eGFRcys and VTE may bet-
ter reflect the true association between decreased kidney
function and VTE.

These findings contrast somewhat with early follow-up
of the LITE project, which comprises ARIC and the Car-
diovascular Health Study (CHS) [6]. In LITE, Stage 3 to
4 CKD based on eGFRcreat, using the MDRD equation
[12], was associated with 1.7-fold increased VTE risk. In
contrast, in CHS by itself, eGFRcys was not associated with
VTE [6]; however, statistical power was low for CHS alone.
Reasons for the discrepancy between the earlier LITE find-

Table 4. Hazard ratio (95% CI) of VTE incidence with glomerular filtration rate derived from creatinine (eGFRcreat), ARIC, 1996–2005

eGFRcreat (ml/min/1.73 m2)

P-trendEndpoint ≥90 (n = 4273) 60–89 (n = 5769) 15–59 (n = 658)

Total VTE N events 74 136 18
Model 1 1.00 1.22 (0.90, 1.64) 1.31 (0.77, 2.24) 0.18
Model 2 1.00 1.27 (0.94, 1.72) 1.32 (0.78, 2.26) 0.13
Model 3 1.00 1.22 (0.90, 1.65) 1.22 (0.71, 2.09) 0.25

Idiopathic VTE N events 28 47 6
Model 1 1.00 0.99 (0.60, 1.63) 0.97 (0.39, 2.43) 0.96
Model 2 1.00 1.01 (0.61, 1.65) 0.98 (0.39, 2.44) 0.99
Model 3 1.00 0.94 (0.57, 1.55) 0.87 (0.35, 2.18) 0.74

Secondary VTE N events 46 89 12
Model 1 1.00 1.36 (0.93, 1.98) 1.54 (0.80, 2.98) 0.09
Model 2 1.00 1.46 (1.00, 2.13) 1.57 (0.81, 3.03) 0.06
Model 3 1.00 1.42 (0.97, 2.08) 1.47 (0.76, 2.86) 0.09

Model 1, adjusted for age (continuous), sex and race; Model 2, adjusted for age (continuous), sex and HRT use (three-level categorical variable), race,
diabetes status and BMI (continuous); Model 3, adjusted for Model 2 plus Factor VIII (continuous) and aPTT (continuous).

Table 5. Age-, race- and sex-adjusted incidence rates per 1000 person-
years (IR/1000 p-y) and 95% CI of total VTE in relation to categories
of albuminuria and glomerular filtration rate derived from cystatin C
(eGFRcys), ARIC, 1996–2005

Albuminuria

eGFRcys (ml/min/1.73 m2)

≥90 60–89 15–59c

No Total, n 2899 5847 1097
VTE, n 43 127 35
IR/1000 p-y 1.73 2.65 3.80
95% CI 1.27, 2.36 2.21, 3.16 2.69, 5.37

Yes Total, n 189a 418b 250
VTE, n 7 10 6
IR/1000 p-y 4.14 2.64 2.79
95% CI 1.95, 8.80 1.41, 4.94 1.24, 6.26

aCorresponds approximately to Stage 1 CKD.
bCorresponds approximately to Stage 2 CKD.
cCorresponds to Stage 3 and 4 CKD.
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ings and the current ARIC findings for eGFRcreat categories
of CKD are unclear. The cohorts are ageing and become
less population-based as dropouts occur due to death and
attrition. The laboratories measuring creatinine at baseline
and ARIC Visit 4 were also different. There may also be an
unknown confounding factor that explains the discrepancy.
In both the prior report [6] and the present report, there was
at least some evidence that CKD increases VTE risk, based
on a continuous expression of eGFRcreat.

The only other prospective, population-based study on
this topic involved aDutch cohort oversampled for albumin-
uria [7]; it found a univariate inverse association between
eGFRcreat and VTE incidence that was not independent
of age and sex. However, the Dutch study had only 129
VTE events and, therefore, had limited statistical power,
as its age- and sex-adjusted hazard ratio for CKD of 1.63
(95% CI = 0.79–3.35) was comparable to the ARIC Study.
Taken as a whole, existing data suggest a relatively weak
60% increased risk of VTE in Stage 3 to 4 CKD patients.

A comparison of Models 1 and 2 in Table 3 suggests
that VTE and CKD are at least partially connected through
risk factors in common, such as ethnicity, obesity, diabetes
and secondary causes of VTE. Nevertheless, the fact that
Model 3 adjustment for Factor VIII and aPTT attenuated
the CKD and VTE association suggests that coagulation
abnormalities in CKD [23,24] may partly account for the
increased VTE risk of CKD patients.

The Dutch study [7] found a strong positive association
between albuminuria and incident VTE, with albuminuria
measured by two 24-h urine samples or by a spot urine
sample. In contrast, the ARIC Study found no association
between VTE and the ACR in a spot urine sample. A rel-
atively low prevalence of albuminuria may have limited
our power to detect any association with VTE, but further
research is warranted.

Other drawbacks of this study warrant consideration.
First, although the ARIC Study is relatively large (n =
228 VTE events), statistical power was low for subgroup
analyses and for detecting modest hazard ratios. Second,
we employed only single measures of renal function; mea-
surement error in the classification of CKD, deterioration
of cystatin C samples stored at −70 °C for 10 years or
changes in CKD status during follow-up would tend to
obscure associations with VTE. Third, we had a very lim-
ited set of thrombotic risk factors for VTE in the full
ARIC cohort and Factor VIII and aPTT were measured
at an ARIC visit 9 years earlier. Nevertheless, those
thrombotic markers were related to eGFR, so adjustment
for their potential confounding effects seemed worthwhile
even if suboptimal. Fourth, as with all epidemiologic stud-
ies of VTE, only clinically detected events were included.
Finally, since the study population was aged 53–75 years,
our results, strictly speaking, can be generalized only to
these ages.

Conclusion

In summary, we found Stage 3 to 4 CKD, based on
eGFRcys but not eGFRcreat, to be associated with an ap-
proximately 1.6-fold increased risk of VTE.

Acknowledgments. This study was funded by the National Heart, Lung,
and Blood Institute grant R01 HL59367 (LITE), National Institute of
Diabetes and Digestive and Kidney Diseases grant R01 DK076770 and
contracts N01-HC-55015, N01-HC-55016, N01-HC-55018, N01-HC-
55019, N01-HC-55020, N01-HC-55021 and N01-HC-55022 (ARIC).
The authors thank the staff and participants of the ARIC study for their
important contributions over many years.

Conflict of interest statement. None declared.

References

1. Mahmoodi BK, ten Kate MK, Waanders F et al. High absolute risks
and predictors of venous and arterial thromboembolic events in pa-
tients with nephrotic syndrome: results from a large retrospective co-
hort study. Circulation 2008; 117: 224–230

2. Stein PD, Henry JW. Prevalence of acute pulmonary embolism
among patients in a general hospital and at autopsy. Chest 1995;
108: 978–981

3. Tveit DP, Hypolite IO, Hshieh P et al. Chronic dialysis patients
have high risk for pulmonary embolism. Am J Kidney Dis 2002;
39: 1011–1017

4. Abbott KC, Cruess DF, Agodoa LY, Sawyers ES, Tveit DP. Early re-
nal insufficiency and late venous thromboembolism after renal trans-
plantation in the United States. Am J Kidney Dis 2004; 43: 120–130

5. Kayali F, Najjar R, Aswad F, Matta F, Stein PD. Venous thromboem-
bolism in patients hospitalized with nephrotic syndrome. Am J Med
2008; 121: 226–230

6. Wattanakit K, Cushman M, Stehman-Breen C, Heckbert SR, Folsom
AR. Chronic kidney disease increases risk for venous thromboembo-
lism. J Am Soc Nephrol 2008; 19: 135–140

7. Mahmoodi BK, Gansevoort RT, Veeger NJ et al for the Prevention of
Renal and Vascular End-stage Disease (PREVEND) Study Group.
Microalbuminuria and risk of venous thromboembolism. JAMA
2009; 301: 1790–1797

8. The ARIC Investigators. The Atherosclerosis Risk in Communities
(ARIC) Study: design and objectives. Am J Epidemiol 1989; 129:
687–702

9. Coresh J, Astor BC, McQuillan G et al. Calibration and random var-
iation of the serum creatinine assay as critical elements of using equa-
tions to estimate glomerular filtration rate. Am J Kidney Dis 2002;
39: 920–929

10. Manjunath G, Tighiouart H, Ibrahim H et al. Level of kidney func-
tion as a risk factor for atherosclerotic cardiovascular outcomes in the
community. J Am Coll Cardiol 2003; 41: 47–55

11. Levey AS, Stevens LA, Schmid CH et al. A new equation to estimate
glomerular filtration rate. Ann Intern Med 2009; 150: 604–612

12. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more
accurate method to estimate glomerular filtration rate from serum cre-
atinine: a new prediction equation. Modification of Diet in Renal Dis-
ease Study Group. Ann Intern Med 1999; 130: 461–470

13. Issitt C, Sneeringer MR, Cervelli DR, Gorman RT, Scott MG. Refer-
ence intervals for plasma cystatin C in healthy volunteers and renal
patients, as measured by the Dade Behring BN II System, and corre-
lation with creatinine. Clin Chem 2001; 47: 2031–2033

14. Erlandsen EJ, Randers E, Kristensen JH. Evaluation of the Dade
Behring Latex Cystatin C assay on the Dade Behring Nephelometer
II System. Scand J Clin Lab Invest 1999; 59: 1–8

15. Stevens LA, Coresh J, Schmid CH et al. Estimating GFR using serum
cystatin C alone and in combination with serum creatinine: a pooled
analysis of 3, 418 individuals with CKD. Am J Kidney Dis 2008; 51:
395–406

16. Tsai AW, Cushman M, Rosamond WD et al. Coagulation factors, in-
flammation markers, and venous thromboembolism: the Longitudinal
Investigation of Thromboembolism Etiology (LITE). Am J Med
2002; 113: 636–642

17. Zakai NA, Ohira T, White R, Folsom AR, Cushman M. Activated
partial thromboplastin time and risk of future venous thromboembo-
lism. Am J Med 2008; 121: 231–238

3300 A.R. Folsom et al.



18. Cushman M, Tsai AW, White RH et al. Deep vein thrombosis and
pulmonary embolism in two cohorts: the Longitudinal Investigation
of Thromboembolism Etiology. Am J Med 2004; 117: 19–25

19. Astor BC, Levey AS, Stevens LA, Van Lente F, Selvin E, Coresh J.
Method of glomerular filtration rate estimation affects prediction of
mortality risk. J Am Soc Nephrol 2009; 20: 2214–2222

20. Herget-Rosenthal S, Trabold S, Pietruck F, Holtmann M, Philipp T,
Kribben A. Cystatin C: efficacy as screening test for reduced glomer-
ular filtration rate. Am J Nephrol 2000; 20: 97–102

21. Vupputuri S, Fox CS, Coresh J, Woodward M, Muntner P. Differential
estimation of CKD using creatinine- versus cystatin C-based estimat-
ing equations by category of body mass index. Am J Kidney Dis
2009; 53: 993–1001

22. Dharnidharka VR, Kwon C, Stevens G. Serum cystatin C is superior
to serum creatinine as a marker of kidney function: a meta-analysis.
Am J Kidney Dis 2002; 40: 221–226

23. Bash LD, Erlinger TP, Coresh J, Marsh-Manzi J, Folsom AR, Astor
BC. Inflammation, hemostasis, and the risk of kidney function de-
cline in the Atherosclerosis Risk in Communities (ARIC) Study.
Am J Kidney Dis 2009; 53: 596–605

24. Wattanakit K, Cushman M. Chronic kidney disease and venous
thromboembolism: epidemiology and mechanisms. Curr Opin Pulm
Med 2009; 15: 408–412

Received for publication: 11.9.09; Accepted in revised form: 9.3.10

Nephrol Dial Transplant (2010) 25: 3301–3307
doi: 10.1093/ndt/gfq188
Advance Access publication 15 April 2010

Alcohol consumption and kidney function decline in the elderly

Alcohol and Kidney Disease

Vandana Menon1, Ronit Katz2, Kenneth Mukamal3, Bryan Kestenbaum4, Ian H. de Boer4,
David S. Siscovick5, Mark J. Sarnak1 and Michael G. Shlipak6

1Division of Nephrology, Tufts Medical Center, Boston, MA, USA, 2Collaborative Health Studies Coordinating Center, Department of
Biostatistics, University of Washington, Seattle, WA, USA, 3Division of General Medicine and Primary Care, Beth Israel Deaconess
Medical Center, Boston, MA, USA, 4Division of Nephrology, 5Departments of Medicine and Epidemiology, University of
Washington, Seattle, WA, USA, 6San Francisco VA Medical Center and University of California, San Francisco, CA, USA

Correspondence and offprint requests to: Vandana Menon, E-mail: vmenon@tuftsmedicalcenter.org

Abstract
Background. Alcohol consumption appears to be protec-
tive for cardiovascular disease; however, its relationship
with kidney disease is unclear.
Methods. This prospective cohort study included 4343
subjects from the Cardiovascular Health Study, a longitu-
dinal, community-based cohort of persons aged ≥65 from
four US communities. We used previously defined catego-
ries based on weekly alcohol consumption: none, former,
<1 drink, 1–6 drinks, 7–13 drinks and ≥14 drinks. Cystatin
C was measured at baseline, year 3 and year 7; eligible
subjects had at least two measures. Estimated GFRcys

was calculated from cystatin C. The primary outcome
was rapid kidney function as an annual estimated GFR
(eGFRcys) loss >3 mL/min/1.73 m2/year.
Results. Eight percent of the cohort reported former alco-
hol use and 52% reported current alcohol consumption.
During a mean follow-up of 5.6 years, 1075 (25%) parti-
cipants had rapid kidney function decline. In adjusted lo-
gistic regression models, there was no association between
alcohol use and kidney function decline (odds ratio, 95%
confidence interval: none = reference; former = 1.18,
0.89–1.56; <1 drink = 1.20, 0.99–1.47; 1–6 = 1.18,
0.95–1.45; 7–13 = 1.10, 0.80–1.53; >14 = 0.89, 0.61–

1.13). Results were similar with kidney function decline
as a continuous outcome.
Conclusions. Our results suggest that moderate alcohol
consumption has neither adverse nor beneficial effects
on kidney function. Although clinicians will need to con-
sider the potential deleterious effects associated with alco-
hol consumption, there does not appear to be a basis for
recommending that older adults discontinue or initiate
light to moderate alcohol consumption to protect against
kidney disease.

Keywords: alcohol; kidney disease; outcomes; progression

Introduction

Cardiovascular disease (CVD) and chronic kidney disease
(CKD) share pathophysiologic features, and several CVD
risk factors are also risk factors for progression of CKD.
While alcohol consumption appears to be protective for
CVD, the relationship with kidney disease is complex. Al-
cohol may lead to kidney disease by directly damaging the
kidney [1] or by elevating blood pressure [2]. Conversely,
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