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ABSTRACT
Decreased kidney function, determined using a serum creatinine– based estimation of GFR, is associated with
a higher risk for mortality from cardiovascular disease. Equations incorporating cystatin C improve the
estimation of GFR, but whether this improves the prediction of risk for mortality is unknown. We measured
cystatin C on 6942 adult participants in the Third National Health and Nutrition Examination Survey Linked
Mortality File, including all participants who had high serum creatinine (⬎1.2 mg/dl for men; ⬎1.0 mg/dl for
women) or were older than 60 yr and 25% random sample of participants who were younger than 60 yr. We
estimated GFR using equations that included standardized serum creatinine, cystatin C, or both. Participant
data were linked to the National Death Index. A total of 1573 (22.7%) deaths (713 deaths from cardiovascular
disease) occurred during a median of 8 yr. Lower estimated GFR based on cystatin C was strongly associated
with higher risk for overall and cardiovascular mortality across the range of normal to moderately decreased
estimated GFR. Creatinine-based estimates of GFR resulted in weaker associations, with the association
between estimated GFR and all-cause mortality reversed at higher levels of estimated GFR. An equation
using both creatinine and cystatin C (in addition to age, race, and gender) resulted in weaker associations
than equations using only cystatin C (with or without age, race, and gender). In conclusion, despite better
performance in terms of estimating GFR, equations based on both cystatin C and creatinine do not predict
mortality as well as equations based on cystatin C alone.
J Am Soc Nephrol 20: 2214 –2222, 2009. doi: 10.1681/ASN.2008090980

Moderately decreased kidney function, as estimated from equations based on serum creatinine, is associated with an elevated risk for mortality, both in individuals with existing
cardiovascular disease (CVD) and in the general
population.1–3 Serum levels of creatinine, however, are affected by other factors in addition to
GFR, most importantly, variations in creatinine
generation as a result of differences in muscle
mass and turnover.4 Muscle wasting as a result of
chronic illness is associated with lower creatinine
generation, leading to an overestimation of GFR
in such individuals. Because these same individuals are at an elevated risk for mortality, this systematic bias would result in an underestimation
of the association between decreased GFR and
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ISSN : 1046-6673/2010-2214

mortality risk. This may be a particular problem
in the elderly because of their higher prevalence
of chronic illness and higher risk for mortality. In
addition, currently available GFR estimates based
on serum creatinine are less accurate at higher
levels of kidney function, probably reflecting a
greater proportional contribution of creatinine
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generation to variation in the serum creatinine level than at
lower levels of kidney function.5
Cystatin C is a marker of kidney function that is less sensitive to differences in muscle mass than is serum creatinine.4
Cystatin C predicted total and cardiovascular mortality risk
more strongly than creatinine-based estimates of GFR in prospective studies of older adults.6,7 Data on younger individuals
are lacking. Recent data allow GFR estimation from serum
cystatin C and showed that equations using both serum creatinine and cystatin C, in addition to age, race, and gender, are
more closely correlated with directly measured GFR among
individuals with chronic kidney disease (CKD) than equations
based on either marker alone.8 The associations with mortality
risk of eGFR based on serum creatinine, cystatin C, or the
combination of the two, however, has not been studied. As the
use of cystatin C as a marker of cardiovascular risk increases, it
is critical to understand how one should combine information
on serum creatinine with cystatin C for risk prediction. We
analyzed up to 13 yr of mortality follow-up on 6942 participants in the Third National Health and Nutrition Examination
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Survey (NHANES III) to assess the association of eGFR based
on equations using creatinine, cystatin C, or both markers with
the risk for all-cause and cardiovascular mortality in a representative sample of US adults.

RESULTS

Lower eGFR based on serum creatinine (eGFRcreat) was associated with older age, male gender, non-Hispanic white race/
ethnicity, diabetes, prevalent coronary heart disease, hypertension, use of antihypertensive medication, lower prevalence of
smoking, higher body mass index, higher LDL and lower HDL
cholesterol, higher triglycerides, and higher C-reactive protein
(CRP; Table 1). Serum cystatin C was strongly correlated with
serum creatinine (r ⫽ 0.67; P ⬍ 0.001). eGFRcreat was similarly associated with eGFR using cystatin C alone (r ⫽ 0.69; P ⬍
0.001) and eGFR estimated by cystatin C, age, race, and gender
(eGFRcys; r ⫽ 0.71; P ⬍ 0.001). Table 2 shows the proportion
of individuals in each eGFR category by eGFRcreat and each

Table 1. Participant characteristics, by age and eGFR: NHANES III
eGFR Based on Serum Creatinine, Age, Race, and Gender
(ml/min per 1.73 m2)

Characteristic
n
Creatinine (mg/dl)
eGFR based on serum creatinine, age, race, and gender
(ml/min per 1.73 m2)
Cystatin C (mg/L)
eGFR based on cystatin C (ml/min per 1.73 m2)
eGFR based on cystatin C, age, race, and gender
(ml/min per 1.73 m2)
Age (yr)
Female (%)
Race (%)
non-Hispanic white
non-Hispanic black
Mexican American
other
Diabetes (%)
Prevalent CVD (%)
Hypertension category (%)
optimal
prehypertension
stage 1 hypertension
stage 2 hypertension
Antihypertensive medication (%)
Current smoking (%)
Body mass index (kg/m2)
LDL cholesterol (mg/dl)
HDL cholesterol (mg/dl)
Triglycerides (mg/dl)
CRP (mg/dl; %)
⬍0.22
0.22 to 0.99
ⱖ1.00
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>120

90 to 119

60 to 89

30 to 59

15 to 29

720
0.58
138.4

2081
0.73
102.9

3232
0.87
76.4

868
1.23
49.8

41
2.49
23.6

0.76
111.4
113.8

0.84
98.3
97.7

1.02
78.6
74.2

1.49
52.4
48.3

2.91
24.3
22.5

35.4
61.7

46.2
49.6

63.9
51.3

73.4
56.3

73.9
61.0

16.3
41.0
39.7
3.1
6.1
4.3

35.0
31.0
29.8
4.1
6.8
8.5

57.3
19.2
19.6
3.9
10.5
18.7

68.8
16.8
10.8
3.6
17.5
39.5

51.2
29.3
17.1
2.4
41.5
48.8

56.3
30.0
10.3
3.5
17.1
29.3
26.6
112.2
52.5
132.4

41.2
37.5
14.8
6.4
28.9
29.9
26.8
121.6
51.1
132.6

21.0
38.6
27.0
13.3
54.5
17.1
27.4
135.2
51.1
154.7

12.1
31.1
34.1
22.7
82.1
12.1
27.3
140.2
49.9
180.5

7.3
24.4
39.0
29.3
97.6
12.2
28.2
140.8
50.8
232.4

63.9
25.4
10.7

66.8
23.2
10.1

62.2
28.2
9.6

54.0
31.0
15.0

46.3
36.6
17.1
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Table 2. Proportion of participants in each category of eGFR: NHANES III
Parameter
Overall (column %)
eGFR based on cystatin C (ml/min per 1.73 m2)
ⱖ120
90 to 119
60 to 89
30 to 59
⬍30
eGFR based on cystatin C, age, race, and
gender (ml/min per 1.73 m2)
ⱖ120
90 to 119
60 to 89
30 to 59
⬍30
eGFR based on serum creatinine, cystatin C,
age, race, and gender (ml/min per 1.73 m2)
ⱖ120
90 to 119
60 to 89
30 to 59
⬍30

eGFR Based on Serum Creatinine, Age, Race, and Gender (ml/min per 1.73 m2)
>120

90 to 119

60 to 89

30 to 59

15 to 29

720 (10.4)

2081 (30.0)

3232 (46.6)

868 (12.5)

41 (0.6)

6942

226 (31.4)
387 (53.8)
99 (13.8)
8 (1.1)
0 (0.0)

244 (11.7)
1136 (54.6)
661 (31.8)
40 (1.9)
0 (0.0)

57 (1.8)
741 (22.9)
1968 (60.9)
460 (14.2)
6 (0.2)

2 (0.2)
21 (2.4)
232 (26.7)
539 (62.1)
74 (8.5)

0 (0.0)
0 (0.0)
1 (2.4)
6 (14.6)
34 (82.9)

539 (7.6)
2285 (32.9)
2961 (42.7)
1053 (15.2)
114 (1.6)

271 (37.6)
341 (47.4)
99 (13.8)
9 (1.3)
0 (0.0)

279 (13.4)
1057 (50.8)
674 (32.4)
71 (3.4)
0 (0.0)

54 (1.7)
531 (16.4)
1872 (57.9)
769 (23.8)
6 (0.2)

2 (0.2)
13 (1.5)
163 (18.8)
616 (71.0)
74 (8.5)

0 (0.0)
0 (0.0)
1 (2.4)
6 (14.6)
34 (82.9)

606 (8.7)
1942 (28.0)
2809 (40.5)
1471 (21.2)
114 (1.6)

549 (76.3)
169 (23.5)
2 (0.3)
0 (0.0)
0 (0.0)

265 (12.7)
1517 (72.9)
299 (14.4)
0 (0.0)
0 (0.0)

6 (0.2)
474 (14.7)
2474 (76.55)
272 (8.42)
6 (0.2)

0 (0.0)
0 (0.0)
110 (12.7)
684 (78.8)
74 (8.5)

0 (0.0)
0 (0.0)
0 (0.0)
5 (12.2)
36 (87.8)

820 (11.8)
2160 (31.1)
2885 (41.6)
961 (13.8)
116 (1.7)

cystatin C equation. Agreement between eGFRcreat and cystatin C alone was 56.2% ( ⫽ 0.35), and agreement between
eGFRcreat and eGFRcys was 55.5% ( ⫽ 0.36). Among individuals with an eGFRcreat between 30 and 119 ml/min per 1.73
m2, 15.9% were classified into a higher eGFR category by
eGFRcys than by eGFRcreat, and 25.8% were classified into a
lower eGFR category.
A total of 1573 (22.7%) participants died during a median
follow-up of 8.0 yr. A total of 713 (10.3%) participants died of
CVD. Receiver operating characteristic curves (Figure 1) show
that eGFRcys was most predictive of all-cause mortality, with
an area under the curve (AUC) of 0.803, compared with an
AUC of 0.715 for eGFRcreat and 0.781 for eGFRcreat⫹cys
(both P ⬍ 0.001). The curve for eGFR based on cystatin C
alone (not shown) was very similar to that for eGFRcys
(AUC ⫽ 0.792). Results were similar for cardiovascular mortality (Figure 1B).
Figure 2 shows the relationship between eGFR, analyzed as
a continuous variable, and all-cause (Figure 2A) and cardiovascular (Figure 2B) mortality. The relationship of decreasing
eGFRcys with higher risk was monotonic, whereas the relationship with eGFRcreat was U-shaped. The relationship between eGFRcreat⫹cys was between the two other curves and
exhibited a less pronounced U shape. The relationship with
eGFR based on cystatin C alone (data not shown) was very similar
to that of eGFRcys. All three curves were monotonic for cardiovascular mortality, with the steepest relationship again being with
eGFRcys and the least steep with eGFRcreat (Figure 2B).
In fully adjusted analyses, decreased eGFRcreat had the
weakest association with mortality (Table 3). The cystatin
C– based equation including age, race, and gender was only
2216
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Overall (Row %)

slightly more strongly associated than the equation based on
cystatin C alone. The equation based on both markers
(eGFRcreat⫹cys) was less strongly associated with mortality
than either cystatin C– based equation. Individuals with an elevated eGFRcreat (ⱖ120 ml/min per 1.73 m2) were at 36%
higher risk compared with those with a normal eGFRcreat (90
to 119 ml/min per 1.73 m2). No increased risk associated with
elevated eGFR, compared with normal eGFR, was observed for
either cystatin C– based estimate. A smaller increase (31%) was
observed for the combined equation (eGFRcreat⫹cys). These
patterns were similar for cardiovascular mortality, although
the associations were stronger for all estimates of GFR and no
increased risk at elevated eGFRcreat was observed.
Table 4 shows the adjusted incidence rate ratio for each
eGFRcreat category and eGFRcys category, compared with
an eGFRcreat and eGFRcys of 90 to 119 ml/min per 1.73 m2.
An eGFRcys ⬍60 ml/min per 1.73 m2 was associated with a
statistically significantly elevated risk for all-cause mortality
overall and at every eGFRcreat category. Lower eGFRcys
category was significantly associated (P ⬍ 0.04) with higher
all-cause and cardiovascular mortality risk for all but the
lowest (15 to 29 ml/min per 1.73 m2) eGFRcreat categories.
The only significant associations of eGFRcreat with risk
were in the eGFRcys category of 60 to 89 ml/min per 1.73
m2, in which lower eGFRcreat category was associated with
lower risk for all-cause (P ⫽ 0.002) and cardiovascular (P ⫽
0.005) mortality.
Below an eGFR of 60 ml/min per 1.73 m2, each 10-ml/
min per 1.73 m2 lower eGFR was associated with a 25 to 35%
higher adjusted incidence of all-cause mortality for all estimating equations (Table 5). This was slightly higher for
J Am Soc Nephrol 20: 2214 –2222, 2009
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eGFRcys

0.50

eGFRcreat+cys
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AUC
0.803
0.781
0.715

0.00
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Sensitivity

0.75

1.00

A
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1.00
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1.00

B

eGFRcys

0.50

eGFRcreat

eGFRcys
eGFRcreat+cys
eGFRcreat

AUC
0.808
0.790
0.731

0.00

0.25

Sensitivity

eGFRcreat+cys

0.00

0.25

0.50

0.75

1.00

1-Specificity

Figure 1. (A and B) Receiver operating characteristics for allcause (A) and cardiovascular (B) mortality for three GFR estimating equations. ‚, 60 ml/min per 1.73 m2; 䡺, 75 ml/min per 1.73
m2; 〫, 90 ml/min per 1.73 m2. All P ⬍ 0.001 versus eGFRcreat.

women (36%) than men (14%; P ⫽ 0.05 for interaction) for
eGFRcreat, but no other differences were found for any estimating equation. At an eGFR of 60 to 89 ml/min per 1.73 m2,
eGFRcreat was not associated with any change in risk, whereas
each 10-ml/min per 1.73 m2 lower GFR estimated by the cystatin
C– based equations were associated with 22 to 48% higher risk for
all gender, race, and age subgroups, with the exception of the
equation using cystatin C alone in those who were younger than
65 yr, although this estimate is based on only 108 deaths. No difference was found between those age ⬍65 and ⱖ65 yr using eGFR
based on cystatin C, age, race, and gender.

DISCUSSION

In this study of the general population of US adults, lower
eGFR based on cystatin C was strongly associated with higher
J Am Soc Nephrol 20: 2214 –2222, 2009

Figure 2. (A and B) Adjusted annual rate, by eGFR of all-cause
mortality (A) and cardiovascular mortality (B). Incidence rates were
adjusted to the incidence rate of a white woman with the lowest
risk category for categorical covariates (smoking status, diabetes
status, previous CVD, CRP category, and BP category) and the
overall mean values of continuous covariates (age, body mass
index, LDL and HDL cholesterol, and log triglycerides). Vertical
bars represent histogram of the mean of all three eGFRs.

risk for all-cause and cardiovascular mortality across the range
of eGFR, from normal to moderately decreased. Similar associations were observed across subgroups defined by age, race,
or gender. Creatinine-based estimates of GFR resulted in
weaker associations, with the association between eGFR and
all-cause mortality reversed at higher levels of eGFR. An equation using both creatinine and cystatin C, in addition to age,
race, and gender, resulted in weaker associations than equations using only cystatin C, with or without age, race, and gender.
These results are in general agreement with previous studies
showing that higher cystatin C predicts cardiovascular and allcause mortality in older adults. Among individuals aged ⱖ65
yr in the Cardiovascular Health Study, higher cystatin C was
associated with higher risk for cardiovascular events and mortality across the range of values.7 In contrast, only the lowest
quintile of serum creatinine– based eGFR was associated with
increased risk. Cystatin C levels ⬎1.0 mg/L also predicted carMethod of GFR Estimation Affects Risk Prediction
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Table 3. Adjusted incidence rate ratio (95% confidence interval) of cardiovascular and all-cause mortality, by category of
eGFR: NHANES IIIa
Parameter
All-cause mortality
eGFR based on:
creatinine, age,
race, and
gender
cystatin C
cystatin C, age,
race, and
gender
creatinine, cystatin
C, age, race,
and gender
Cardiovascular
mortality
eGFR based on:
creatinine, age,
race, and
gender
cystatin C
cystatin C, age,
race, and
gender
creatinine,
cystatin C, age,
race, and
gender

eGFR (ml/min per 1.73 m2)
>120

90 to 119

75 to 89

60 to 74

45 to 59

30 to 44

15 to 29

1.36
(1.01 to 1.82)

1.00
(Ref)

0.92
(0.78 to 1.08)

0.98
(0.83 to 1.16)

1.31
(1.09 to 1.56)

1.80
(1.46 to 2.24)

2.43
(1.67 to 3.53)

1.06
(0.67 to 1.68)
0.90
(0.54 to 1.50)

1.00
(Ref)
1.00
(Ref)

1.07
(0.88 to 1.30)
0.89
(0.71 to 1.11)

1.53
(1.27 to 1.84)
1.21
(0.98 to 1.51)

1.97
(1.62 to 2.41)
1.53
(1.22 to 1.92)

2.76
(2.21 to 3.45)
2.45
(1.93 to 3.13)

3.97
(2.93 to 5.39)
3.46
(2.56 to 4.68)

1.16
(0.78 to 1.73)

1.00
(Ref)

0.96
(0.80 to 1.15)

1.13
(0.94 to 1.36)

1.54
(1.26 to 1.87)

2.00
(1.61 to 2.50)

2.86
(2.03 to 4.03)

0.83
(0.44 to 1.56)

1.00
(Ref)

1.01
(0.78 to 1.31)

1.06
(082 to 1.37)

1.42
(1.08 to 1.87)

2.19
(1.61 to 2.99)

2.54
(1.46 to 4.41)

0.95
(0.38 to 2.38)
0.93
(0.33 to 2.63)

1.00
(Ref)
1.00
(Ref)

1.21
(0.86 to 1.69)
1.13
(0.76 to 1.69)

1.83
(1.34 to 2.51)
1.49
(1.02 to 2.19)

2.73
(1.97 to 3.79)
2.13
(1.44 to 3.14)

3.56
(2.49 to 5.08)
3.56
(2.37 to 5.36)

5.47
(3.47 to 8.63)
4.40
(2.69 to 7.18)

1.18
(0.53 to 2.61)

1.00
(Ref)

1.16
(0.84 to 1.59)

1.48
(1.09 to 2.01)

2.01
(1.46 to 2.77)

2.83
(2.00 to 4.00)

3.94
(2.39 to 6.49)

a

Adjusted for age, gender, race/ethnicity, previous CVD, BP category, use of antihypertensive medication, diabetes status, smoking status, body mass index,
LDL and HDL cholesterol, log triglycerides, and CRP category.

diovascular events and mortality among participants with a
creatinine-based eGFR ⬎60 ml/min per 1.73 m2.9,10 The
Health, Aging and Body Composition (Health ABC) study
similarly found cystatin C to be more strongly associated than
creatinine with risk for mortality in the elderly.6 The results of
this study confirm these associations in the general population
and extend the findings to younger individuals and to subgroups defined by race and gender.
In contrast to previous studies that used only cystatin C
without adjustment for age, race, or gender, we also used the
recently derived CKD-EPI equation to estimate GFR (eGFRcys). The CKD-EPI equation has less bias, relative to directly
measured GFR, than cystatin C alone in older individuals,
black individuals, and women.8 Despite the improved estimation of GFR, there was only slight improvement in the overall
prediction of risk between GFR estimated with or without
these factors. The only substantial difference found between
risk associated with these two equations was that GFR estimated by the equation without age, race, and gender was associated with risk among older (age ⱖ65 yr) but not younger
individuals with an eGFR of 60 to 89 ml/min per 1.73 m2,
2218
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whereas the equation including age, race, and gender was similarly associated in both younger and older individuals. The
estimate of risk associated with GFR estimated from cystatin C
alone in younger participants, however, was based on only 108
deaths. This suggests that adjustment for age is important for
younger individuals but less so among older individuals. The
reasons for this seemingly differential cystatin C–GFR relationship in younger compared with older individuals are unknown. Using the CKD-EPI equation, a cystatin C value of 1.0
mg/L equates to an eGFR of 75, 68, 80, and 72 ml/min per 1.73
m2 in a 60-yr old white man, white woman, black man, and
black woman, respectively.
The equation using both creatinine and cystatin C, in
addition to age, race, and gender, further improves the accuracy of GFR estimation, compared with either cystatin C
equation, among individuals with CKD.8 It remains to be
seen whether the combined equation also results in more
accurate GFR estimation in the general population, as studied here. Because decreased GFR estimates from creatinine
and from cystatin C both are associated with greater mortality risk, one may expect that an equation using both
J Am Soc Nephrol 20: 2214 –2222, 2009
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Table 4. Adjusted incidence rate ratio (95% confidence interval) of all-cause and cardiovascular mortality, by category of
eGFR: NHANES IIIa
Parameter
All-cause mortality:
eGFR based on
cystatin C, age,
race, and gender
(ml/min per 1.73 m2)
ⱖ120
90 to 119
60 to 89

eGFR Based on Creatinine, Age, Race, and Gender (ml/min per 1.73 m2)
>120

90 to 119

60 to 89

30 to 59

15 to 29

Overall

0.48
(0.15 to 1.54)
1.32
(0.83 to 2.11)
1.89
(1.19 to 3.00)

1.38
(0.76 to 2.50)
1.00
(Ref)
1.05
(0.78 to 1.41)
1.73
(1.14 to 2.61)

0.36
(0.05 to 2.62)
0.76
(0.51 to 1.13)
0.94
(0.72 to 1.22)
1.46
(1.10 to 1.94)
2.38
(1.01 to 53.61)
0.94
(0.81 to 1.09)

b

b

b

b

1.01
(0.68 to 1.50)
1.76
(1.32 to 2.35)
3.33
(2.30 to 4.81)
1.42
(1.20 to 1.68)

b

2.90
(1.81 to 4.63)
2.39
(1.64 to 3.48)

0.93
(0.56 to 1.56)
1.00
(Ref)
1.03
(0.84 to 1.26)
1.68
(1.35 to 2.09)
3.25
(2.42 to 4.37)

30 to 59

b

⬍30

b

b

1.36
(1.02 to 1.83)

1.00
(Ref)

c

1.61
(0.55 to 4.70)
1.00
(Ref)
1.17
(0.70 to 1.97)
2.13
(1.09 to 4.14)

c

b

b

0.75
(0.37 to 1.52)
1.12
(0.70 to 1.79)
1.83
(1.12 to 3.00)

b

b

0.92
(0.46 to 1.84)
2.40
(1.47 to 3.93)
3.61
(1.96 to 6.63)
1.61
(1.25 to 2.08)

b

Overall
Cardiovascular mortality:
eGFR based on
cystatin C, age,
race, and gender
(ml/min per 1.73 m2)
ⱖ120
90 to 119
60 to 89

0.60
(0.18 to 2.02)
1.87
(0.82 to 4.26)

30 to 59

b

⬍30

b

b

b

0.84
(0.45 to 1.57)

1.00
(Ref)

1.03
(0.82 to 1.30)

Overall

b

b

3.74
(1.82 to 7.67)
2.50
(1.44 to 4.34)

0.97
(0.34 to 2.73)
1.00
(Ref)
1.29
(0.90 to 1.86)
2.39
(1.63 to 3.50)
4.15
(2.56 to 6.71)

a

Adjusted for age, gender, race/ethnicity, previous CVD, BP category, use of antihypertensive medication, diabetes status, smoking status, body mass index,
LDL and HDL cholesterol, log triglycerides, and CRP category.
b
n ⬍ 30.
c
No deaths.

markers would result in stronger associations than equations based on either single marker. We found, however,
that this equation resulted in weaker associations than the
equations based on cystatin C only. Once accounting for
eGFRcys category, mortality risk decreased with lower
eGFRcreat category. These data are consistent with the hypothesis that GFR estimates based on cystatin C are superior
to creatinine-based estimates in defining individuals who
have decreased kidney function and may be at increased risk
for cardiovascular complications and mortality. Substantial
evidence supports the hypothesis that GFR is inversely associated with mortality. Given this, we conclude that once GFR is
estimated by cystatin C, any improvement in estimating GFR by
including creatinine is outweighed by the association of higher
creatinine with higher muscle mass and, concomitantly, lower
J Am Soc Nephrol 20: 2214 –2222, 2009

risk. This was observed not only at elevated eGFR levels, where
one may expect lower creatinine levels to indicate chronic illness
and muscle wasting, but also among those with mildly decreased
kidney function (eGFR 60 to 89 ml/min per 1.73 m2).
The observed U-shaped association between higher creatinine-based eGFR and mortality risk may be due to the
overestimation of measured GFR in individuals with lower
muscle mass and therefore lower creatinine, such as those
with chronic illness or inflammation. This would have the
effect of misclassifying these individuals as having normal
or elevated kidney function, when in fact their true GFR is
low. Because cystatin C is thought to be less influenced by
muscle mass than is creatinine, this misclassification would
not be expected with cystatin C.11 This increased risk at
elevated eGFRcreat levels was observed for all-cause morMethod of GFR Estimation Affects Risk Prediction

2219

CLINICAL EPIDEMIOLOGY

www.jasn.org

Table 5. Adjusted incidence rate ratio for all-cause mortality per 10-ml/min per 1.73 m2 lower eGFR: NHANES III
Parameter
eGFR ⬍60 ml/min per 1.73 m2,
based on:
creatinine, age, race, and
gender
cystatin C
cystatin C, age, race, and
gender
creatinine, cystatin C, age,
race, and gender
eGFR 60 to 90 ml/min per
1.73 m2, based on:
creatinine, age, race, and
gender
cystatin C
cystatin C, age, race, and
gender
creatinine, cystatin C, age,
race, and gender
Parameter
eGFR ⬍60 ml/min per 1.73
m2, based on:
creatinine, age, race, and
gender
cystatin C
cystatin C, age, race,
and gender
creatinine, cystatin C,
age, race, and gender
eGFR 60 to 90 ml/min per
1.73 m2, based on:
creatinine, age, race, and
gender
cystatin C
cystatin C, age, race,
and gender
creatinine, cystatin C,
age, race, and gender

Female

Male

1.25
(1.31 to 1.37)
1.32
(1.23 to 1.42)
1.35
(1.27 to 1.44)
1.31
(1.21 to 1.42)

1.36
(1.19 to 1.56)
1.31
(1.18 to 1.45)
1.41
(1.29 to 1.54)
1.37
(1.23 to 1.52)

1.14
(0.99 to 1.32)
1.32
(1.19 to 1.46)
1.29
(1.17 to 1.42)
1.23
(1.10 to 1.39)

0.05

1.00
(0.91 to 1.09)
1.23
(1.11 to 1.35)
1.29
(1.16 to 1.44)
1.12
(1.02 to 1.23)

0.98
(0.86 to 1.11)
1.25
(1.08 to 1.45)
1.24
(1.04 to 1.49)
1.13
(0.98 to 1.30)

1.01
(0.89 to 1.14)
1.22
(1.07 to 1.40)
1.35
(1.18 to 1.56)
1.13
(0.99 to 1.28)

0.54

Black

Nonblack

1.24
(1.00 to 1.53)
1.22
(1.02 to 1.46)
1.31
(1.10 to 1.56)
1.28
(1.07 to 1.53)

1.24
(1.11 to 1.38)
1.32
(1.22 to 1.44)
1.34
(1.25 to 1.44)
1.30
(1.19 to 1.42)

1.01
(0.79 to 1.28)
1.29
(1.04 to 1.60)
1.48
(1.19 to 1.84)
1.11
(0.88 to 1.40)

0.99
(0.90 to 1.09)
1.22
(1.09 to 1.36)
1.23
(1.09 to 1.40)
1.13
(1.01 to 1.25)

tality but not cardiovascular mortality, suggesting that the
conditions associated with decreased creatinine are related
only to noncardiovascular causes of death.
In summary, we found that decreased GFR estimated by cystatin C was independently and continuously associated with allcause and cardiovascular mortality in the general population of
the United States. Despite better performance in terms of estimating GFR, using equations based on both cystatin C and creatinine
performed less well for predicting mortality. It remains to be seen
whether the more precise estimation of GFR with the combined
equation will lead to better prediction of outcomes that may be
2220

P
(Interaction)

Overall
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P
(Interaction)

0.83
0.62
0.91
0.62

0.61
0.91
0.78
0.31

Age <65

Age >65

1.26
(0.88 to 1.81)
1.30
(0.98 to 1.71)
1.47
(1.12 to 1.93)
1.43
(1.04 to 1.97)

1.25
(1.12 to 1.38)
1.32
(1.22 to 1.43)
1.34
(1.25 to 1.43)
1.30
(1.20 to 1.41)

0.97
(0.76 to 1.25)
1.01
(0.80 to 1.29)
1.30
(1.04 to 1.64)
1.21
(0.94 to 1.56)

1.00
(0.91 to 1.10)
1.27
(1.14 to 1.42)
1.29
(1.13 to 1.46)
1.11
(1.00 to 1.23)

0.77
0.13
0.13

0.78
0.80
0.99
P
(Interaction)

0.41
0.92
0.08
0.22

0.63
0.04
0.36
0.80

more closely associated with GFR, such as CKD progression, kidney failure, and acute kidney injury.

CONCISE METHODS
Study Sample

This study uses data on participants aged ⱖ18 yr in the NHANES III.
Baseline data collection was conducted during 1988 through 1994 by
the National Center for Health Statistics of the Centers for Disease
Control and Prevention. Mortality follow-up was conducted by linkJ Am Soc Nephrol 20: 2214 –2222, 2009
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age to National Death Index (NDI) records. The NHANES III used a
complex, multistage clustering sampling design and provides crosssectional, nationally representative data on the health and nutritional
status of the civilian, noninstitutionalized US population.12,13 NonHispanic black, Mexican American, and elderly individuals were deliberately oversampled, allowing calculation of more precise estimates
of the distribution of variables in these groups. The NDI records provided data on the date of death and underlying and multiple causes of
death.
Cystatin C was measured in a subsample of 7596 NHANES III
participants with nonmissing serum creatinine data. Included in this
study sample are all participants who were older than 60 yr, a 25%
random sample of all participants who were 12 to 59 yr, and all participants with high serum creatinine (⬎1.2 mg/dl in men; ⬎1.0 mg/dl
in women).14

CLINICAL EPIDEMIOLOGY

death was coded according to the International Statistical Classification of Diseases, Injuries, and Causes of Death, Ninth Revision (ICD-9)
for deaths occurring between 1988 and 1998 and according to the
International Statistical Classification of Diseases, Injuries, and Causes
of Death, 10th Revision (ICD-10) for deaths occurring between 1999
and 2000.20,21 Underlying causes of death were grouped by National
Center for Health Statistics for each coding system, and all deaths
from 1988 through 1998 coded under ICD-9 guidelines were recoded
into comparable groups on the basis of the ICD-10 underlying cause
of death.22 For this analysis, cardiovascular disease mortality included
deaths coded as due to hypertensive disease (I10 through I13), ischemic heart disease (I20 through I25), arrhythmia (I44 through I49),
heart failure (I50), cerebrovascular disease (I60 through I69), or atherosclerosis or other diseases of the arteries (I70 through I78).

Statistical Analysis
Measurements
Standardized questionnaires were administered in the home, followed by a physical examination and serum collection at a mobile
examination center, as described previously.12 Race was self-reported
and categorized as non-Hispanic white, non-Hispanic black, Mexican
American, or other. A participant was considered to have diabetes
when he or she reported ever having been told by a doctor that he or
she had diabetes or “sugar diabetes” at a time other than during pregnancy or he or she was taking insulin or a “diabetes pill” at the time of
the questionnaire. Use of antihypertensive medication and previous
CVD were defined by self-report. Previous CVD was considered positive when the participant reported ever having been told that he or
she had a heart attack, heart failure, or stroke or had undergone a
procedure for any of these conditions.
Serum creatinine was measured by the modified kinetic method of
Jaffe using a Roche Hitachi 737 analyzer and calibrated to standardized creatinine.15 Cystatin C was measured by a particle-enhanced
immunonephelometric assay (N Latex Cystatin C; Dade Behring,
Somerville, NJ) with a nephelometer (BNII; Dade Behring).16,17
eGFRcreat was calculated by the abbreviated Modification of Diet in
Renal Disease (MDRD) Study equation, reexpressed for standardized
creatinine: eGFRcreat ⫽ 175 ⫻ (serum creatinine in mg/dl)⫺1.154⫻
(age in years)⫺0.203⫻ (0.742 if female) ⫻ (1.21 if black).18 eGFRcys
was calculated by the CKD-EPI equation: eGFR ⫽ 127.7 ⫻ (cystatin C
in mg/L)⫺1.17⫻ (age in years)⫺0.13⫻ (0.91 if female) ⫻ (1.06 if
black).8 In addition, GFR was estimated using cystatin C alone:
eGFR ⫽ by 76.7 ⫻ (cystatin C in mg/L)⫺1.19. eGFRcreat⫹cys was
calculated as follows: eGFRcreat⫹cys ⫽ 177.6 ⫻ (serum creatinine in
mg/dl)⫺0.65⫻ (cystatin C in mg/L)⫺0.57⫻ (age in years)⫺0.20⫻ (0.82
if female) ⫻ (1.11 if black). eGFR is reported in ml/min per 1.73 m2
body surface area. CRP was measured by latex-enhanced nephelometry (Dade Behring).

Linkage and Causes of Death
Linkage of NHANES III and NDI records through December 31,
2000, was performed by probabilistic matching, using up to 12 identifying data items.19 A selected sample of death certificates was reviewed manually to validate the process. The underlying cause of
J Am Soc Nephrol 20: 2214 –2222, 2009

eGFR was analyzed both as a continuous measure and divided into
five categories (severely decreased: 15 to 29; moderately decreased: 30
to 59; mildly decreased: 60 to 89; normal: 90 to 119; and elevated:
ⱖ120 ml/min per 1.73 m2).23 Participants with a creatinine-based
eGFR ⬍15 ml/min per 1.73 m2 (n ⫽ 18) were excluded from all
analyses. Individuals with a physiologically implausibly high eGFR
were assigned a maximum of 200 ml/min per 1.73 m2 (n ⫽ 16 using
creatinine). Systolic (SBP) and diastolic (DBP) BP were collapsed into
a joint categorical variable (normal: SBP ⬍120 and DBP ⬍80; prehypertension: SBP 120 to 139 or DBP 80 to 89; stage 1 hypertension: SBP
140 to 159 or DBP 90 to 99; stage 2 hypertension SBP ⱖ160 or DBP
ⱖ100).24 CRP was categorized as undetectable by the assay (⬍0.22
mg/dl), minimal (0.22 to 0.99 mg/dl), or elevated (ⱖ1.0 mg/dl). Triglyceride levels were log-transformed because of a skewed distribution. Individuals who were missing data on any variable of interest
also were excluded (n ⫽ 184).
Continuous and categorical variables were compared between
eGFR categories using t tests and 2 tests, respectively. Linear or logistic regression, as appropriate, was used to evaluate trends across
decreasing eGFR categories. Associations of eGFR with mortality were
examined using multivariable Poisson regression models, which
yielded similar results to Cox proportional hazards regression. Analyses were repeated after stratification by age (⬍65 or ⱖ65 yr), gender,
and race/ethnicity. Third-order polynomial models were used to examine the shape of the association between eGFR and mortality. The
adjusted incidence rates were calculated for a white female with the
lowest risk category for categorical covariates (smoking status, diabetes status, previous CVD, CRP category, and BP category) and the
overall mean values of continuous covariates (age, body mass index,
LDL and HDL cholesterol, and log triglycerides). Receiver operating
characteristic curves were drawn and the AUC was calculated for each
equation. Results are presented separately for all-cause and cardiovascular mortality. Analyses were performed using Stata software (StataCorp, College Station, TX).25
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