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Abstract
Background. Kidney disease is a risk factor for mortality
and cardiovascular disease in older adults, but the sepa-
rate and combined effects of albuminuria and cystatin
C, a novel marker of glomerular filtration, are not known.
Methods. We examined associations of these markers
with mortality and cardiovascular outcomes during a me-
dian follow-up of 8.3 years in 3291 older adults in the
Cardiovascular Health Study. Kidney disease was as-
sessed using urinary albumin/creatinine ratio (ACR), cy-
statin C and Modification of Diet in Renal Disease
estimated glomerular filtration rate (eGFR). We defined
subgroups based on presence of microalbuminuria (MA,
ACR > 30 mg/g) and categories of normal kidney function
(cystatin C < 1.0 mg/L and eGFR > 60 mL/min/1.73 m2);
preclinical kidney disease (cystatin C level > 1.0 mg/l but
eGFR > 60 mL/min/1.73 m2); and chronic kidney disease
(CKD) (eGFR < 60 mL/min/1.73 m2). Cox proportional
hazards models were used to examine associations be-
tween these six subgroups and all-cause or cardiovascular
mortality, myocardial infarction and heart failure.
Results. One thousand one hundred fifty (34.9%) had nor-
mal kidney function (12.2% with MA), 1518 (46.1%) had
preclinical kidney disease (17.9% with MA) and 622
(18.9%) had CKD (47% with MA). After adjustment, the
presence of either preclinical kidney disease or MAwas as-
sociated with an over 50% increase in mortality risk; the
presence of both was associated with a 2.4-fold mortality
risk. Those with CKD and MAwere at highest risk, with a
nearly 4-fold mortality risk.
Conclusion. Elevated cystatin C and albuminuria are com-
mon, identify different subsets of the older population, and
are independent, graded risk factors for cardiovascular dis-
ease and mortality.
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Introduction

Impaired glomerular filtration rate (eGFR < 60 ml/min/1.73
m2) or kidney damage evidenced by the presence of elevat-
ed levels of albumin in the urine affect 17% of US adults; in
older adults, these findings are more common, with >40%
of those over age 70 years having one or both markers of
chronic kidney disease [1]. Both micro- or macroalbumi-
nuria [2–6] and decreased GFR [7–12] have been associated
with increased rates of cardiovascular disease and mortality
[13]. Recent reports in select populations [6,14–17] have
evaluated the relations between creatinine-based eGFR
and albuminuriawith outcomes. Although each study found
that both impaired eGFR and albuminuria were associated
with risk of cardiovascular disease or mortality, the associ-
ation of eGFR with risk was limited, in the absence of mi-
croalbuminuria, to persons with stage 3 chronic kidney
disease (CKD) (eGFR < 60 ml/min/1.73 m2) [18].

Several studies have now demonstrated that cystatin C is
a more sensitive marker of early changes in kidney func-
tion, particularly in an older population [19,20], and has
more linear associations with mortality risk [21] than Mod-
ification of Diet in Renal Disease Study (MDRD) GFR es-
timates [22]. No previous studies, to our knowledge, have
compared associations between albuminuria, MDRD GFR
estimates and cystatin C with risk of cardiovascular events
and mortality in a large representative older cohort. We
therefore evaluated the relative contributions of cystatin
C, MDRD GFR estimates and albuminuria to cardiovascu-
lar disease and mortality risk in the Cardiovascular Health
Study (CHS), a prospective cohort of older US adults.

Subjects and Methods

Study population

The CHS is a cohort of adults aged 65 years and over at enrolment, re-
cruited from Medicare eligibility lists in four US communities (Forsyth
County, North Carolina; Sacramento County, California; Washington
County, Maryland; and Pittsburgh) [23]. This study, designed to examine
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subclinical and clinical risk factors and cardiovascular disease in older
adults, was initiated in 1989 with the recruitment of 5201 individuals;
during 1992–93, an additional 687 African-American participants were
recruited. Albuminuria was first measured using urine samples obtained
in 1996–97 (the seventh year of follow-up in the study), and serum sam-
ples for cystatin C and creatinine were available from the same visit. For
the purposes of this analysis, covariates measured at the 1996–97 visit
were considered the baseline for survival models. We included all 3291
individuals who participated in the 1996–97 visit and had measured urine
albumin and creatinine, and serum creatinine and cystatin C. For the anal-
ysis of incident heart failure (HF, defined below), we excluded those in-
dividuals who had prevalent HF at the seventh study visit, leaving a total
of 2992 individuals for analysis. For analysis of incident myocardial in-
farction (MI, defined below), we excluded individuals with a previously
diagnosed MI (2925 individuals in the analysis). Non-fatal outcomes were
analysed with censoring for death.

All participants provided written informed consent; the institutional
review boards of the University of Washington and the affiliated clinical
centres approved the study.

Predictor variables: cystatin C, creatinine and urinary
albumin-to-creatinine ratios

Frozen sera stored at −70°C were used for measurement of cystatin C.
Cystatin C was measured using a particle-enhanced immunonephelo-
metric assay (N Latex Cystatin C, Dade Behring) with a nephelometre
(BNII, Dade Behring); this assay is stable through several freeze-thaw
cycles [24]. Creatinine was measured using a colorimetric method
(Ektachem 700, Eastman Kodak). The mean coefficient of variation
for monthly controls was 1.94 (range 1.16–3.60%). Serum creatinine
was indirectly calibrated to the National Health and Nutrition Exam-
ination III study as previously described [12,25]. We then used the
four-variable MDRD equation to estimate GFR [eGFR = 186.3 ×
(serum creatinine−1.154) × (age−0.203) × 1.212 (if black) × 0.742 (if
female)] [22].

We defined three categories of kidney function, based on previous
work [26]: (i) normal, the reference category (MDRD eGFR > 60 ml/
min/1.73 m2 and cystatin C < 1.0 mg/L); (ii) preclinical kidney disease
(MDRD eGFR > 60 ml/min/1.73 m2 and cystatin C > 1.0 mg/L); and
(iii) CKD (MDRD eGFR < 60 ml/min/1.73 m2). Although the National
Kidney Federation definition of CKD includes albuminuria as a defining
factor [27]; for this analysis, CKD refers only to the filtration aspect of
kidney function.

A random morning urine sample was available from each participant to
assess urine albumin and creatinine. Urinary albumin was measured by
rate nephelometry using the Array 360 CE Protein Analyzer (Beckman
Instruments, Fullerton, CA). Urinary creatinine was measured on a Kodak
Ektachem 700 Analyzer (Eastman Kodak Company, Rochester, NY). An
ACR was then calculated. We first categorized ACR into sex-specific
quintiles [28,29], and then dichotomized at the cutoff of 30 mg/g to define
levels of albuminuria consistent with microalbuminuria (MA) [27] or
greater. Those with levels >300 mg/g were included in the MA group;
we performed a sensitivity analysis excluding these individuals (n = 97).

Outcome variables: cardiovascular mortality, all-cause mortality,
congestive HF and MI

We analysed all events occurring from the Year 7 visit to end of available
follow-up (30 June 2005). The methods used to ascertain events in CHS
have been described previously [30,31]. In brief, all outcome events were
adjudicated by an expert panel, according to published definitions. For the
diagnosis of incident HF, a physician's diagnosis of HF was followed by
review of the participant's medical records. The CHS Cardiovascular
Events Committee determined the incidence of HF on the basis of diag-
nosis from a physician and consideration of symptoms, signs, chest radio-
graphic findings and treatment of HF. The algorithm for classifying an
incident MI included elements of chest pain, cardiac enzyme levels and
changes in the electrocardiogram. Cardiovascular mortality was defined
as death from coronary heart disease, HF, peripheral vascular disease or
cerebrovascular disease. Vital status was determined for all participants
through a combination of medical records, death certificates, obituary re-
view, household contacts and the Centers for Medicare and Medicaid Ser-
vices healthcare utilization database [30].

Covariates

We examined a number of covariates that might plausibly confound the
association between albuminuria, decreased kidney function and out-
comes. We included demographic variables (age, gender, race); cardiovas-
cular risk factors including body mass index; hypertension (history and use
of antihypertensive agents or an average of three seated blood pressure
measurements measured with a random zero sphygmomanometre >140/
90 mmHg); smoking; diabetes [use of insulin or an oral hypoglycaemic
agent or a fasting blood sugar >7 mmol/L (126 mg/dL)]; and total choles-
terol; subclinical markers of cardiovascular disease (C-reactive protein;
electrocardiographic evidence of left ventricular hypertrophy or atrial
fibrillation) and prevalent cardiovascular disease (transient ischaemic
attack, stroke, coronary artery disease, MI, HF).

Analytic methods

ACR was analysed on a logarithmic scale initially, since other studies
have shown linear associations of log-transformed ACR with adverse
health outcomes and no clear ‘normal’ threshold for ACR [3,5], then
divided into sex-specific quintiles, and finally dichotomized at the MA
cutoff. For creatinine-based eGFR, we used an MDRD GFR value of 60
ml/min/1.73 m2 to define CKD [27]. We analysed cystatin C as a con-
tinuous variable per standard deviation and by quintiles. Within each of
the three categories of kidney function, defined above, we dichotomized
based on MA, creating six categories for analysis. The distribution of
potential covariates by these six groups was compared. We examined
event rates per 100 person-years across ACR quintiles by kidney disease
category (normal, preclinical kidney disease and CKD). Associations of
ACR and cystatin C with all-cause and cardiovascular mortality and with
cardiovascular events were assessed using unadjusted and adjusted Cox
proportional hazards models. The proportional hazards assumption was
tested using standard residual-based techniques.

Covariates were selected as candidates for multivariate analysis
based on their potential to confound the associations between albumin-
uria, cystatin C and mortality. We created models based on biological
plausibility, including unadjusted models, followed by models adjusted
for demographic factors and subclinical and clinical risk factors for car-
diovascular disease. We adjusted the models of risk associated with al-
buminuria for cystatin C, and vice versa.

Interactions were evaluated between cystatin C and albuminuria as
well as between each of these and race. To determine whether ACR
and cystatin C increased the incidence of death in an additive fashion,
hazard ratios of mortality were calculated for each group, and the effect
modification between ACR and cystatin C was evaluated by using the
Rothman synergy index [32]. The synergy index is the ratio of the ob-
served effect of the joint exposure divided by the sum of the effects of
each factor acting separately:

Synergy index = ðRRACRð + Þ=IcysCð + Þ−1Þ=fðRRACRð−Þ=IcysCð + Þ−1Þ
+ ðRRACRð + Þ=IcysCð−Þ�1Þg

where RR indicates relative risk. A value of 1 indicates no interaction and
a value >1 indicates a positive interaction between the two variables.

Analyses were performed using S-Plus (release 8.0, Insightful Inc,
Seattle, WA) and SPSS statistical software (release 15.0.1.1, SPSS Inc,
Chicago, IL).

Results

Characteristics of study population

Of the original 5888 participants in CHS, 3291 (56%)
survived to the seventh study visit and had samples avail-
able for cystatin C, creatinine and ACR. Seven percent
had diabetes, and 41% had hypertension. The individuals
who did not survive had more prevalent cardiovascular
disease were older, and had higher cystatin C levels at
baseline.

The mean (SD) age of the group included in this study
was 78 (5) years at the 1996–97 CHS visit, and 16% were
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African-American. Those with preclinical kidney disease
or kidney disease were older and more likely to have hy-
pertension than those with normal kidney function, and
within each category of kidney function, the presence of
MA was associated with higher prevalence of diabetes
and cardiovascular disease (Table 1). The Spearman cor-
relation between ACR and cystatin C was 0.22 (P <
0.001). MA was present in 612 (18.6%) of the overall co-
hort. One thousand one hundred fifty-one individuals
(35.0%) had normal kidney function, of whom 12.2%
had MA; 1518 (46.1%) had preclinical kidney disease,
of whom 17.9% had MA, and 622 (18.9%) had overt
CKD, of whom 31.8% had MA. The group with both
CKD and MA had significantly higher mean cystatin C
levels than the group with CKD and no MA (1.95 mg/L
vs. 1.47 mg/L).

All-cause and cardiovascular mortality

Over a median of 8.28 years of follow-up for all-cause and
cardiovascular mortality, 1357/3291 (41%) of the cohort
died, with 510 (15.5%) from cardiovascular causes.

Mortality rates increased both with higher cystatin C
and with the presence of MA; within each cystatin C quin-
tile (Figure 1), an ~2-fold higher event rate was observed
in those with MA as compared to those without MA. The
same pattern of increasing mortality rates was observed
with ACR (Figure 2); within each quintile of ACR, de-
creased kidney function was incrementally associated with
higher risk of mortality as compared to normal kidney
function.

In continuous analyses, both cystatin C and ACR con-
ferred independent risks of both all-cause and cardiovascu-

Table 1. Baseline (1996–97) characteristics by microalbuminuria/kidney function categories

Normal &
no MA

Normal &
MA

Pre-KD &
no MA

Pre-KD &
MA

CKD &
no MA

CKD &
MA All

n 1011 140 1247 271 424 198 3291
Age 76 (4) 77 (5) 78 (5) 79 (5) 79 (5) 80 (6) 78 (5)
Gender (female) 667 (66%) 86 (61%) 707 (57%) 131 (48%) 278 (66%) 101 (51%) 1970 (60%)
Race (black) 203 (20%) 40 (29%) 159 (13%) 44 (16%) 56 (13%) 32 (16%) 534 (16%)
BMI (kg/m2) 26.3 (4.3) 26.0 (4.5) 27.3 (4.8) 26.8 (4.7) 27.4 (4.9) 27.1 (4.7) 26.9 (4.6)
Ever smoked 487 (49%) 80 (58%) 637 (52%) 159 (60%) 211 (51%) 112 (58%) 1686 (51%)
Diabetes 119 (12%) 42 (30%) 127 (10%) 92 (34%) 55 (13%) 49 (25%) 484 (15%)
Hypertension 400 (40%) 94 (67%) 572 (46%) 177 (66%) 242 (57%) 154 (78%) 1639 (50%)
Antihypertensives 449 (44%) 92 (66%) 692 (56%) 191 (71%) 304 (72%) 170 (86%) 1898 (58%)
Cholesterol
(mmol/L)

5.22 (0.93) 5.17 (1.03) 5.22 (1.03) 5.04 (1.06) 5.32 (1.03) 5.32 (1.24) 5.22 (1.02)

CRPa (mg/L) 1.96
(0.93, 4.25)

1.96
(0.84, 4.90)

2.52
(1.16, 5.10)

3.11
(1.53, 6.77)

2.54
(1.25, 5.62)

3.74
(1.82, 7.31)

1.96
(0.93, 4.25)

ECG AF 15 (2%) 10 (7%) 45 (4%) 31 (11%) 15 (4%) 16 (8%) 132 (4%)
ECG LVH 33 (3%) 12 (9%) 64 (5%) 34 (14%) 19 (5%) 24 (13%) 186 (6%)
Prevalent disease
Stroke 41 (4%) 7 (5%) 63 (5%) 27 (10%) 31 (7%) 31 (16%) 200 (6%)
MI 63 (6%) 11 (8%) 126 (10%) 54 (20%) 64 (15%) 48 (24%) 366 (11%)
CHF 33 (3%) 14 (10%) 97 (8%) 43 (16%) 54 (13%) 58 (29%) 299 (9%)

eGFR-MDRD 95 (19) 98 (20) 80 (15) 80 (15) 51 (8) 43 (14) 79 (23)
Cystatin C (mg/L) 0.88 (0.08) 0.90 (0.08) 1.16 (0.15) 1.23 (0.19) 1.47 (0.37) 1.95 (0.82) 1.16 (0.39)
ACRa (mg/g) 7 (4, 11) 55 (40, 103) 7 (4, 12) 72 (46, 154) 8 (5,14) 119 (62, 363) 7 (4, 11)

Data are presented as either mean or percentage, unless a [median (interquartile range)]; BMI = body mass index; CRP = C-reactive protein; ECG =
electrocardiogram; AF = atrial fibrillation; LVH = left ventricular hypertrophy; MI = myocardial infarction; CHF = congestive heart failure; ACR =
urine microalbumin/creatinine ratio.

Fig. 1. Mortality rates by quintiles of kidney function and microalbuminuria cystatin C quintiles: (1) <0.91 mg/L; (2) 0.92–1.02 mg/L; (3) 1.03–1.13
mg/L; (4) 1.14–1.32 mg/L; (5) >1.32 mg/L.
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lar mortality; with simultaneous adjustment, each log in-
crease in albuminuria or standard deviation increase in cy-
statin C was associated with ~20% increase in risk {for log
increase in albuminuria, hazard ratio (HR) 1.20 [95% con-
fidence interval (CI) 1.15, 1.25]; for standard deviation in-
crease in cystatin C, HR 1.18 (95% CI 1.14, 1.24)}. There
was an additive interaction between ACR and cystatin C
[Rothman synergy index 1.91 (1.30–2.51)]. After adjust-
ment for demographic factors, cardiovascular risk factors
and cystatin C level, increasing quintiles of albuminuria
conferred steadily increasing risk of all-cause and cardio-
vascular mortality, with the uppermost quintile having a
doubled risk of all-cause mortality and cardiovascular mor-
tality (Table 2). After similar adjustment for ACR and oth-
er factors, increasing quintiles of cystatin C also conferred
increasing risk of all-cause and cardiovascular mortality;
again, the uppermost quintile was associated with doubling

of risk for all-cause and cardiovascular mortality as com-
pared to the first quintile (Table 2).

Each group, as defined by the presence of MA or an ab-
normal category of kidney function, had increased risk of
cardiovascular and all-cause mortality compared to the
group with normal kidney function and no MA. Preclinical
kidney disease with MA and MAwith normal kidney func-
tion were each associated with an >50% increase in all-
cause and cardiovascular mortality, while the presence of
both was associated with a 2.4-fold mortality risk. Those
with CKD and MA were at the highest risk, with a nearly
4-fold increase in all-cause and cardiovascular mortality
(Figure 3).

There was no interaction of race with either MA or cy-
statin C (P = 0.913 and 0.233, respectively). A sensitivity
analysis excluding the subgroup with ACR >300 mg/g (97
individuals) did not alter the results.

Fig. 2. Mortality rates by ACR quintile and category of kidney disease.

Table 2. Association of categories of ACR and cystatin C with adjusted hazard ratios for mortality, MI or CHF

All-cause mortalitya
Cardiovascular

mortalitya MIa CHFa

Quintiles of ACR
(mg albumin/g creatinine)

<4.35 (w); <4.02 (m) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
4.36-6.78 (w); 4.03-6.86 (m) 1.17 (0.95, 1.43) 1.10 (0.75, 1.6) 0.97 (0.68, 1.39) 1.49 (1.09, 2.05)
6.79-11.24 (w); 6.87-12.77 (m) 1.36 (1.11, 1.66) 1.56 (1.10, 2.23) 0.83 (0.57, 1.20) 1.59 (1.16, 2.18)
11.25–23.19 (w); 12.78–35.71 (m) 1.56 (1.28, 1.90) 1.80 (1.25, 2.54) 1.18 (0.83, 1.68) 2.02 (1.49, 2.74)
>23.19 (w); >35.71 (m) 2.05 (1.67, 2.50) 2.45 (1.74, 3.46) 1.15 (0.79, 1.69) 2.57 (1.89, 3.51)
Quintiles of cystatin C (mg/L)
<0.92 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
0.92–1.02 1.10 (0.89, 1.36) 1.17 (0.80, 1.71) 1.19 (0.82, 1.75) 1.05 (0.78, 1.41)
1.03–1.13 1.35 (1.10, 1.65) 1.65 (1.16, 2.36) 1.26 (0.86, 1.85) 1.26 (0.94, 1.67)
1.14–1.32 1.58 (1.29, 1.93) 1.69 (1.18, 2.42) 1.45 (0.99, 2.11) 1.22 (0.91, 1.63)
>1.32 2.01 (1.64, 2.46) 2.24 (1.57, 3.19) 1.92 (1.30, 2.83) 1.62 (1.21, 2.17)

W = women; m = men; ACR = albumin/creatinine ratio; MA = albumin/creatinine ratio >30 mg/g
a

Adjusted for the other marker of kidney function (for
ACR models, adjustment is for cystatin C; for cystatin C models, adjustment is for ACR); age, gender, race, diabetes, systolic and diastolic blood
pressure, hypertension medications, body mass index, smoking, C-reactive protein, prevalent MI (except for analysis of MI), CHF (except for analysis
of CHF) and stroke.
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MI and HF

Two thousand nine hundred twenty-five individuals were
at risk for incident MI over a median of 8.24 years of fol-
low-up; there was a weak association between albuminuria
and MI, with each log increase in ACR associated with an
8% higher MI risk. Only the highest quintile of cystatin C
was significantly associated with incident MI in adjusted
analysis. Among the six subgroups, those with CKD were
at significantly increased risk of incident MI; 1.5-fold risk
for those with CKD but no MA, and a 2.5-fold risk for
those with both CKD and MA (Figure 4).

Two thousand nine hundred ninety-two individuals
were at risk for incident HF over a median of 8.22 years
of follow-up. The risk pattern for HF was similar to that
seen with all-cause or cardiovascular mortality. Graded in-
creases in risk were seen with increasing quintiles of ACR
or cystatin C, with significantly increased risk by the sec-
ond quintile of ACR (Table 2). MA conferred an increased
risk of congestive HF (CHF) in those with preclinical kid-
ney disease or CKD (Figure 4).

Discussion

In this cohort of older adults, both ACR and impaired
GFR, as measured by elevated serum cystatin C, were in-
dependently associated with increased risk of all-cause and
cardiovascular mortality in older adults. Among persons
without CKD (eGFR > 60 ml/min/1.73 m2), MA and
pre-CKD identified different segments of the population
and were associated with increased mortality risk; together,

they were associated with more than 2-fold risk of death.
In addition, we observed a linear gradient in mortality risk
associated with albuminuria levels below the threshold
considered for MA. A weaker association was observed
between ACR and MI or CHF, particularly in those with
normal kidney function. The risks associated with im-
paired GFR and ACR remained significant after adjust-
ment for each other and numerous potential confounders
including diabetes, hypertension and prevalent cardiovas-
cular disease, and were not affected by race.

The reasons for the additive risks associated with the
presence of albuminuria or impaired GFR are not entirely
clear. The two measures are weakly correlated, and a sig-
nificant proportion of those with impaired GFR does not
have MA, and vice versa, as noted above [13]. The pattern
of independent mortality risk that we observed suggests
that these two clinical markers may operate through differ-
ent pathophysiologic mechanisms.

Albuminuria is indicative of damage to glomerular base-
ment membranes and may be reflective of vascular and en-
dothelial damage [33]; it has been linked with inflammation
and dysfunction of the coagulation system, possibly ex-
plaining its association with higher rates of cardiovascular
events and cardiovascular mortality [34,35]. Impaired
glomerular filtration rate leads to decreased clearance of
numerous potentially toxic endogenous and exogenous
by-products, and is also associated with higher levels of
systemic inflammation [25,36]. Inflammation is noted
with small changes in GFR, but other effects of impaired
GFR have been noted primarily at more advanced de-
grees of kidney dysfunction. Our results persisted despite

Fig. 3. Adjusted hazards for all-cause and cardiovascular mortality based on kidney function and microalbuminuria adjusted for age, gender, race,
diabetes, systolic and diastolic blood pressure, hypertension medications, body-mass index, smoking, CRP, prevalent myocardial infarction, congestive
heart failure and stroke.
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adjustment for measured comorbidities, but it is possible
that preclinical kidney disease is also a marker for more
severe or long-standing diseases such as hypertension, di-
abetes and dyslipidaemia.

Our study provides more detailed information about ear-
ly kidney dysfunction in older adults, more complete as-
sessment of outcomes and a more diverse cohort of older
adults than those seen in previous studies of albuminuria
and impaired eGFR. The recent studies using ACR and
creatinine-based eGFR noted additive relationships be-
tween decreased eGFR and albuminuria, but did not use
cystatin C, and either did not examine [14] or found equiv-
ocal or minimally increased risk [6,15] of mortality above
an estimated eGFR of 60 or 75 ml/min/1.73 m2. Although
the populations under study had slightly different demo-
graphic characteristics, both include a substantial propor-
tion of older adults and are, we believe, comparable. Our
study, by contrast, showed increased risk of mortality in
the subgroup with preclinical kidney disease independent
of albuminuria.

Our results were similar for CHF, with graded increases
in risk based on increasing levels of ACR and decreasing
kidney function. This pattern was attenuated for MI, and

MA and preclinical kidney disease had only a modest re-
lationship with this outcome. This is likely due to different
underlying mechanisms, but may also partially reflect a
lack of statistical power due to smaller numbers of events.

We noted that those with both MA and CKD were at
markedly increased risk of deleterious outcomes in our
study, with a nearly 4-fold risk of all-cause mortality even
after adjustment for other comorbidities. This group also
had the highest rates of incident CHF and MI. This empha-
sizes the importance of assessing MA in older adults with
CKD, and vice-versa, to improve risk estimation and to tar-
get interventions to this extremely high-risk group.

These findings support the concept that kidney disease
should be defined using albuminuria and impaired GFR as
separate markers, since they contribute separately to car-
diovascular risk. Since these markers are elevated in differ-
ent segments of the population, screening strategies should
be tailored based on age and likelihood of having these ab-
normalities [13].

Our results support the use of cystatin C as an indepen-
dent risk marker in older adults. The subgroup in our study
with preclinical kidney disease and no MA had a 50% in-
creased risk of all-cause mortality in follow-up. This group

Fig. 4. Adjusted hazards for incident myocardial infarction and congestive heart failure based on kidney function and albuminuria adjusted for age,
gender, race, diabetes, systolic and diastolic blood pressure, hypertension medications, body-mass index, smoking, CRP, prevalent myocardial infarction
(for CHF only), congestive heart failure (for MI only) and stroke.
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had an average MDRD eGFR of 80 ml/min/1.73 m2, a
range which has not previously been associated with in-
creased risk in the absence of proteinuria.

As noted, incorporation of cystatin C in addition to mi-
croalbuminuria allows the detection of a substantial num-
ber of older adults at increased risk of cardiovascular
events (69% of individuals had either a cystatin C >1
mg/L, MA or both). We acknowledge that it remains to
be determined whether these individuals have kidney dis-
ease per se. Ultimately, rather than labelling 69% of older
adults with a disease, we should focus our efforts on un-
derstanding why the remaining 31% are at comparatively
low risk.

The limitations of our study include the presence of only
one sample of urine for ACR estimation; this level is
known to vary considerably on a day-to-day basis. Howev-
er, random fluctuations in ACR would have tended to bias
our results to the null. Additionally, our estimates of kid-
ney function are limited in that we do not have actual GFR
measurements and so cannot comment on discrepancies
between cystatin C or creatinine measurements and true
GFR. Because urine samples were only collected at the
seventh study visit, our study is subject to some degree
of survivor bias; however, since the individuals who did
not survive to the seventh study visit were sicker and
had lower eGFR at baseline, we suspect that survivor bias
would attenuate our findings.

In conclusion, we found independent risks of all-cause
and cardiovascular mortality as well as incident CHF asso-
ciated with both albuminuria and impaired kidney func-
tion as measured by cystatin C. Added risk was seen in
those with abnormal cystatin C levels even in those with-
out albuminuria. Abnormal cystatin C and albuminuria
identify different segments of the population, and have
useful, independent roles in providing prognostic informa-
tion about future cardiovascular disease and mortality risk
in older adults.
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Abstract
Background. Previous reports of chronic kidney disease
(CKD) prevalence in Thailand varied from 4.3% to
13.8%. However, there were methodological concerns
with these reports in terms of generalization and the accu-
racy of estimation. This study was, therefore, conducted to
determine CKD prevalence and its risk factors in Thai
adult populations.
Methods. The population-based Thai Screening and Early
Evaluation of Kidney Disease (SEEK) study was con-
ducted with cross-sectional stratified-cluster sampling. Se-
rum creatinine was analysed using the modified Jaffe
method and then standardized with isotope dilution mass
spectrometry.

Results. The study included 3,459 subjects were included
in the study. The mean age was 45.2 years (SE = 0.8), and
54.5% were female. Six hundred and twenty-six subjects
were identified as having CKD, which evidenced an over-
all CKD prevalence of 17.5% [95% confidence interval
(95% CI) = 14.6–20.4%]. The CKD prevalence of Stages
I, II, III and IV were 3.3% (95% CI = 2.5%, 4.1%), 5.6%
(95% CI = 4.2%, 7.0%), 7.5% (95% CI = 6.2%, 8.8%) and
1.1% (95% CI = 0.7%, 1.5%), respectively. The preva-
lence of CKD was higher in Bangkok, the Northern
and Northeastern regions than in the Central and South-
ern regions. Seven factors (i.e. age, gender, diabetes, hy-
pertension, hyperuricaemia, history of kidney stones and
the use of traditional medicines) were associated with
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