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Abstract. Several epidemiologic studies reported that persons
with renal insufficiency might have increased cardiovascular
disease-related mortality rates in select populations. The association between renal insufficiency and increased cardiovascular disease-related and all-cause mortality rates during 16 yr of
follow-up monitoring was examined among participants who
were 30 to 74 yr of age at the baseline examinations in 1976 to
1980, with urinary protein dipstick measurements (n ⫽ 8786)
or serum creatinine levels of ⱕ3.0 mg/dl (n ⫽ 6354), from the
Second National Health and Nutrition Examination Survey
Mortality Study. GFR were estimated by adjusting serum creatinine levels for age, race, and gender, using the Modification
of Diet in Renal Disease formula. Cardiovascular diseaserelated mortality rates were 6.2, 17.9, and 37.2 deaths/1000
person-yr among subjects with urinary protein levels of ⬍30,
30 to 299, and ⱖ300 mg/dl and were 4.1, 8.6, and 20.5
deaths/1000 person-yr among participants with estimated GFR

of ⱖ90, 70 to 89, and ⬍70 ml/min, respectively. After adjustment for potential confounders, the relative hazards (and 95%
confidence intervals) for cardiovascular disease-related death
were 1.57 (0.99 to 2.48) and 1.77 (0.97 to 3.21) among subjects
with urinary protein levels of 30 to 299 and ⱖ300 mg/dl,
respectively, compared with ⬍30 mg/dl (P trend ⫽ 0.02). The
corresponding relative hazards for all-cause-related death were
1.64 (1.23 to 2.18) and 2.00 (1.13 to 3.55; P trend ⬍ 0.001).
Compared with subjects with estimated GFR of ⱖ90 ml/min,
those with estimated GFR of ⬍70 ml/min exhibited higher
relative risks of death from cardiovascular disease and all
causes [1.68 (1.33 to 2.13) and 1.51 (1.19 to 1.91), respectively]. This study indicates that, in a representative sample of the
United States general population, renal insufficiency is independently associated with increased cardiovascular diseaserelated and all-cause mortality rates.

Within age, race, and gender groups, mortality rates are 10 to
20 times higher among patients with end-stage renal disease,
compared with the general population, with ⬎50% of this
excess burden being attributable to cardiovascular disease (1).
Although dialysis therapy may produce metabolic and hemodynamic abnormalities that contribute to the high cardiovascular disease-related mortality rates noted for patients with endstage renal disease, both a history of cardiovascular disease and
an adverse cardiovascular disease risk profile are common
features at the initiation of dialysis therapy (2– 4). End-stage
renal disease usually develops during a long period, during
which renal insufficiency is present (5). Because overt cardiovascular disease and its risk factors are common findings at the
initiation of dialysis, it seems reasonable to expect that the
incidence of cardiovascular disease in the presence of renal
insufficiency before end-stage renal disease would be dispro-

portionately high (6). However, there are scant data from the
general population to support or refute this hypothesis.
We used data from the Second National Health and Nutrition
Examination Survey (NHANES II) and the NHANES II Mortality Study (a prospective study of a large representative
sample of the general population in the United States) to
investigate the risk of cardiovascular disease and the overall
mortality rates associated with decreased renal function.
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Materials and Methods
Study Population
Participants were selected by using a stratified, multistage, probability sampling design, with certain subpopulations being purposely
oversampled. As described elsewhere (7), interview and examination
data were collected for 14,407 NHANES II participants (age, 17 to 74
yr; response rate, 73%) between 1976 and 1980; of those, all 9250
participants of age 30 to 74 yr were included in the NHANES II
Mortality Study. The analyses described here were limited to black
subjects and white subjects, because of the small number of participants of other races (n ⫽ 153). Persons for whom any covariate
information was missing were excluded from this study (n ⫽ 28).
Additionally, participants with serum creatinine levels of ⱖ3.0 mg/dl
were excluded because of the high probability that they had end-stage
renal disease (n ⫽ 15). An additional 2989 participants were excluded
from the creatinine analyses, primarily because of the loss of serum
samples during shipping. Urinary protein measurements were not
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available for 305 otherwise eligible participants. After these exclusions, 8768 participants were included in the urinary protein analyses
and 6534 in the estimated GFR analyses.

Baseline Measurements
Serum creatinine levels were measured by using a Jaffé reaction
Smac Technicon device (Western Laboratories, Oakland, CA). Ames
reagent strips were used to test for the presence of protein in urine
samples.
In addition to demographic information, a history of heart attacks
or strokes, recreational physical activity (much, moderate, or little or
no activity), the highest grade of education completed, and current
smoking status were assessed for each patient, on the basis of selfreported information. Two BP measurements were obtained by a
specially trained physician, using a mercury sphygmomanometer. In
addition, the body mass index and serum total cholesterol level were
measured. Diabetes mellitus was defined as a self-reported history of
the disorder or a fasting plasma glucose level of ⱖ126 mg/dl.

Mortality Assessments
Vital status as of December 31, 1992, was assessed for all
NHANES II participants who were 30 to 74 yr of age (n ⫽ 9250) at
the time of the baseline examinations, using the National Death Index
and the Social Security Administration Death Master File, as described elsewhere (8). The sensitivity and specificity of outcome
assessments using the National Death Index with the same variables
but different matching criteria have been estimated to be 87 to 97%
and 99% (9 –12), respectively, whereas the sensitivity of matching to
Social Security Administration data was only 70% (8). In addition to
death from all causes, the following cause-specific mortality definitions (death codes from the 9th version of the International Classification of Diseases) were used in our analyses: cardiovascular disease
(390 to 459), coronary disease (410 to 414), stroke (430 to 430.9, 436,
437.0, and 437.1), and congestive heart failure (428.0, 428.1, and
428.9).

Statistical Methods
Analyses of death from all causes, cardiovascular disease, heart
disease, congestive heart failure, or stroke were conducted separately
for estimated GFR and urinary protein levels, as measures of renal
function, and used population-sampling weights developed for the
NHANES II data set.
For analyses using dipstick urinary protein measurements, the
experiences of participants with urinary protein levels of 30 to 299
mg/dl and ⱖ300 mg/dl were compared with those of their counterparts with urinary protein levels of ⬍30 mg/dl. GFR was estimated by
using the abbreviated equation developed at the Cleveland Clinic
laboratory for the Modification of Diet in Renal Disease Study, as
follows: GFR ⫽ 186.3 ⫻ (serum creatinine level)⫺1.154 ⫻ age⫺0.203
⫻ (0.742 if female) ⫻ (1.21 if black) (13). GFR analyses were
performed after categorization of participants using distribution cutoffs, i.e., ⬎20th percentile (highest GFR), 5th to 20th percentile, or
⬍5th percentile (lowest GFR). Estimated GFR is calculated for ml/
min per 1.73 m2.
Incidence rates and relative hazards were calculated on the basis of
participant age rather than follow-up time (14). Because all-cause
mortality rates were disproportionately high after age 85 yr and few
participants contributed person-time experience in that age category,
all analyses were truncated at that age. Crude cumulative mortality
rates were calculated and cumulative mortality curves were plotted
according to estimated GFR and urinary protein levels. Because the
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calculation of cumulative mortality rates is sensitive to small sample
sizes, the assessment of cumulative mortality rates was limited to
participants who were 50 to 85 yr of age during the follow-up period.
Cox proportional-hazards regression analyses were used to determine
the adjusted relative risks (and 95% confidence intervals) of death
from all causes and the prespecified causes associated with estimated
GFR and urinary protein levels, after adjustment for nonmodifiable
factors (age, race, and gender) and additional adjustment for baseline
systolic BP, cholesterol levels, diabetes mellitus, a history of major
cardiovascular disease (myocardial infarction or stroke), body mass
index, education, and physical inactivity. Updated measurements for
potential confounders are not available for the NHANES II Mortality
Study.
The consistency of the associations was assessed by using subgroup analysis and tests for interaction for each of the outcomes.
Additionally, all analyses were replicated using elevated serum creatinine levels as the marker of renal function. These analyses were
performed after categorization of the participants using the following
gender-specific serum creatinine level distribution cutoffs: ⬍80th
percentile (lowest creatinine level), 80th to 95th percentile, or ⬎95th
percentile (highest creatinine level). All analyses were performed by
using Stata version 6.0 (15) and Coxreg (a program developed by the
National Cancer Institute for analysis of weighted time-to-event data).

Results
Baseline Characteristics
Of the 8786 participants with urinary protein measurements,
196 and 62 exhibited levels of 30 to 299 and ⱖ300 mg/dl,
respectively (Table 1). The 5 and 20% cutoffs for the estimated
GFR distribution were 70 and 90 ml/min, respectively (Table
1). Mean age, systolic and diastolic BP, cholesterol levels, and
body mass index all increased with progressively higher urinary protein levels and lower estimated GFR values. The
proportion of the sample with diabetes mellitus or a history of
cardiovascular disease was also higher with increasing urinary
protein levels and decreasing estimated GFR values (P trend ⬍
0.01). However, black subjects exhibited higher urinary protein
and estimated GFR levels.

Urinary Protein Measurements
The 8768 NHANES II participants with baseline urinary
protein measurements contributed 115,688 person-yr of follow-up data (Table 2). Graded positive associations were noted
between higher baseline urinary protein levels and subsequent
death as a result of all causes, cardiovascular disease, coronary
disease, or congestive heart failure (Figure 1). After adjustment
for age, race, and gender and additional adjustment for systolic
BP, serum total cholesterol levels, body mass index, diabetes
mellitus, a history of cardiovascular disease, physical inactivity, and the level of education, greater baseline urinary protein
excretion was associated with increased mortality rates from all
causes, cardiovascular disease, and congestive heart failure
during the follow-up period (each P trend ⱕ 0.03) (Table 2). In
contrast, a higher baseline level of urinary protein excretion
was significantly associated with increased heart disease-related mortality rates after adjustment for age, race, and gender
but the relationship was not statistically significant after full
adjustment (P trend ⫽ 0.29). A total of 194 stroke-related

J Am Soc Nephrol 13: 745–753, 2002

Renal Insufficiency and Cardiovascular Disease

747

Table 1. Characteristics of the study population, according to baseline urinary protein and estimated GFR levelsa
Estimated GFRb

Urinary Protein Level

No. of participants
Age (yr)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Total cholesterol level (mg/dl)
Body mass index (kg/m2)
Male gender (%)
Black (%)
Diabetes mellitus (%)
History of cardiovascular
disease (%)
Current smoker (%)
Not physically active (%)
Completed high school (%)
a
b

None/Trace

30 to 299
mg/dl

⬎300
mg/dl

P
Trend

8528
49 ⫾ 0.3
129 ⫾ 0.6
80 ⫾ 0.5
223 ⫾ 1.1
25.9 ⫾ 0.7
46.9 ⫾ 0.5
9.3 ⫾ 1.1
4.9 ⫾ 0.2
6.0 ⫾ 0.2

196
52 ⫾ 1.2
140 ⫾ 2.1
88 ⫾ 1.6
231 ⫾ 4.9
26.8 ⫾ 0.4
54.2 ⫾ 4.2
25.2 ⫾ 3.7
14.1 ⫾ 0.3
13.1 ⫾ 3.1

62
54 ⫾ 2.7
152 ⫾ 4.3
88 ⫾ 1.9
242 ⫾ 12
29.3 ⫾ 1.6
52.8 ⫾ 8.1
30.7 ⫾ 8.8
35.4 ⫾ 6.7
15.8 ⫾ 5.6

⬍0.001
⬍0.001
⬍0.001
0.02
0.002
0.09
⬍0.001
⬍0.001
⬍0.001

35.7 ⫾ 0.7 43.8 ⫾ 3.7
38.9 ⫾ 0.8 57.2 ⫾ 5.6
63.7 ⫾ 1.1 44.6 ⫾ 3.2

⬍70
ml/min

70 to 89
ml/min

ⱖ90
ml/min

P
Trend

4959
1068
327
48 ⫾ 0.3
55 ⫾ 0.5
63 ⫾ 0.9
128 ⫾ 0.6 131 ⫾ 1.2 143 ⫾ 1.8
80 ⫾ 0.5
80 ⫾ 0.9
85 ⫾ 1.0
221 ⫾ 1.2 230 ⫾ 2.3 239 ⫾ 1.9
25.7 ⫾ 0.1 26.1 ⫾ 0.2 27.1 ⫾ 0.3
55.1 ⫾ 0.9 50.9 ⫾ 1.6 60.8 ⫾ 2.6
6.0 ⫾ 1.3 5.7 ⫾ 1.5 10.5 ⫾ 1.3
4.5 ⫾ 0.3 6.5 ⫾ 0.8 8.5 ⫾ 1.0
4.5 ⫾ 0.3 7.9 ⫾ 1.0 12.9 ⫾ 1.2

⬍0.001
⬍0.001
0.001
⬍0.001
⬍0.001
0.99
⬍0.001
0.006
0.001

47.6 ⫾ 9.1 ⬍0.001 36.9 ⫾ 0.8 30.9 ⫾ 2.1 20.2 ⫾ 2.8
51.0 ⫾ 7.8 ⬍0.001 39.2 ⫾ 1.1 34.7 ⫾ 1.8 46.7 ⫾ 2.8
43.4 ⫾ 7.5 ⬍0.001 64.9 ⫾ 1.4 60.5 ⫾ 1.9 54.1 ⫾ 2.6

0.006
0.10
0.12

Values are mean/percentage ⫾ SEM.
Cutoffs represent the 5th and 20th percentiles of the GFR distributions.

deaths were noted during follow-up monitoring; however, only
two and four stroke-related deaths occurred among patients
with urinary protein excretion levels of 30 to 299 and ⱖ300
mg/dl, respectively. Although urinary protein excretion of
ⱖ300 mg/dl was associated with increased age-, race-, and
gender-adjusted relative hazard (and 95% confidence interval)
for stroke-related death [4.37 (1.11 to 17.1)], the association
was decreased and was not statistically significant after full
adjustment [1.80 (0.40 to 8.17)].
The presence of urinary protein (ⱖ30 mg/dl) at the baseline
examination was statistically significantly associated with an
increased risk of death from all causes for each of the subgroups identified in Table 3, except for black subjects and
subjects with histories of cardiovascular disease. With the
exception of subjects with histories of cardiovascular disease,
participants with baseline urinary protein levels of ⱖ30 mg/dl
exhibited a higher risk of subsequent cardiovascular diseaserelated death; however, the 95% confidence interval included
the null value for each of the subgroups except white subjects,
female subjects, nonsmokers, and subjects without a history of
cardiovascular disease (Table 3). The relative risk of coronary
disease-related death was also greater for persons with baseline
urinary protein levels of ⱖ30 mg/dl in all subgroups except
subjects with histories of cardiovascular disease; however, the
95% confidence intervals included the null values for all of the
subgroups except persons with diabetes mellitus and subjects
with no history of cardiovascular disease. The relative risks of
death from all causes, cardiovascular disease, or coronary
disease associated with baseline urinary protein levels of ⱖ30
mg/dl were significantly lower among subjects with histories
of cardiovascular disease, compared with those without (each
P interaction ⬍ 0.02).

Estimated GFR
The 6453 NHANES II participants with baseline serum
creatinine measurements contributed 84,025 person-yr of follow-up data to the estimated GFR analysis. Additionally, 1240
subjects died during the 12- to 16-yr follow-up period (797
died as a result of cardiovascular disease) (Table 4). After
adjustment for age, race, and gender, all-cause mortality rates,
cardiovascular disease-related mortality rates, and other causespecific outcome rates were similar for subjects with estimated
GFR of ⱖ90 ml/min and 70 to 89 ml/min but were higher for
subjects with estimated GFR of ⬍70 ml/min (Figure 2 and
Table 4). Even after additional adjustment for systolic BP,
serum total cholesterol levels, body mass index, diabetes mellitus, a history of cardiovascular disease, physical inactivity,
and the level of education, patients with estimated GFR of ⬍70
ml/min were at increased risk of all-cause-related, cardiovascular disease-related, and coronary disease-related death, compared with participants with estimated GFR of ⱖ90 ml/min.
The corresponding relative hazards for congestive coronary
failure-related death were ⬎1, but the confidence limits included the null values. There were only 26 and 12 strokerelated deaths among patients with estimated GFR of 70 to 89
ml/min and ⬍70 ml/min, respectively, and no statistically
significant association with estimated GFR was noted (data not
shown). Additionally, results obtained using serum creatinine
levels were markedly similar to the associations detected using
estimated GFR (data not shown).
Within all subgroups, subjects with estimated GFR of ⬍70
ml/min were at increased risk of death from all causes, cardiovascular disease, or coronary disease, compared with participants with estimated GFR of ⱖ90 ml/min (Table 5). However,
for all-cause-related death, the 95% confidence intervals in-
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Table 2. Mortality rates for and relative hazards of death resulting from cardiovascular disease and all causes, according to
urinary protein category
Urinary Protein Level
Overall

Person-years at risk
All causes
no. of patients
no. of deaths/1000 person-yr
age-, race-, and gender-adjusted
relative hazard
multivariate adjusted relative hazardb
Cardiovascular disease
no. of patients
no. of deaths/1000 person-yr
age-, race-, and gender-adjusted
relative hazard
multivariate adjusted relative hazardb
Coronary disease
no. of patients
no. of deaths/1000 person-yr
age-, race-, and gender-adjusted
relative hazard
multivariate adjusted relative hazardb
Congestive heart failure
no. of patients
no. of deaths/1000 person-yr
age-, race-, and gender-adjusted
relative hazard
multivariate adjusted relative hazardb

P Trend

None/Trace

30 to 299 mg/dl

ⱖ300 mg/dl

115,688

112,925

2248

516

1876
10.9

1759
10.4
1.0a

80
26.6
2.20 (1.75 to 2.77)

37
50.5
3.46 (1.95 to 6.15)

⬍0.001

1.0a

1.64 (1.23 to 2.18)

2.00 (1.13 to 3.55)

⬍0.001

1133
6.2
1.0a

54
17.9
2.38 (1.59 to 3.56)

28
37.2
3.89 (2.30 to 6.58)

⬍0.001

1.0a

1.57 (0.99 to 2.48)

1.77 (0.97 to 3.21)

0.02

554
3.0
1.0a

27
8.8
2.48 (1.47 to 4.18)

13
14.5
3.17 (1.53 to 6.60)

⬍0.001

1.0a

1.47 (0.79 to 2.75)

1.23 (0.55 to 2.71)

0.29

248
1.2
1.0a

16
4.9
3.72 (2.07 to 6.69)

4
5.2
3.08 (0.96 to 9.95)

0.001

1.0a

2.28 (1.32 to 3.94)

1.33 (0.43 to 4.06)

0.03

1215
6.6

594
3.1

268
1.3

a

Reference category.
Adjusted for age, race, gender, systolic BP, total cholesterol level, body mass index, diabetes mellitus, history of myocardial infarction
or stroke, current cigarette smoking, physical inactivity, and education level.
b

Figure 1. Cumulative mortality curves for 8786 Second National Health and Nutrition Examination Survey (NHANES II) Mortality Study
participants, on the basis of urinary protein category (no/trace, 30 to 299 mg/dl, or ⱖ300 mg/dl), for death resulting from all causes,
cardiovascular disease, coronary disease, or congestive heart failure.

cluded the null values for black subjects and subjects with
histories of cardiovascular disease. For cardiovascular diseaserelated death, the confidence interval included the null value

for black subjects. For coronary disease-related death, the
confidence intervals included the null values for current smokers and subjects with chronic cardiovascular disease. The rel-

Adjusted for age, race, gender, systolic BP, total cholesterol level, body mass index, diabetes mellitus, history of myocardial infarction or stroke, current cigarette smoking,
physical inactivity, and education level.

Coronary disease

Cardiovascular disease

a

1.03
(0.56 to 1.88)
0.88
(0.46 to 1.66)
0.90
(0.38 to 2.16)
2.07
(1.62 to 2.65)
2.15
(1.34 to 3.44)
1.95
(1.02 to 3.72)
1.79
(1.24 to 2.59)
1.64
(1.02 to 2.66)
1.45
(0.68 to 3.11)
2.31
(1.46 to 3.65)
1.95
(0.98 to 3.89)
2.79
(1.14 to 6.84)
1.61
(1.16 to 2.22)
1.55
(0.93 to 2.58)
1.13
(0.51 to 2.51)
1.61
(1.14 to 2.28)
1.49
(0.89 to 2.48)
1.40
(0.72 to 2.69)
2.17
(1.43 to 3.30)
2.23
(1.41 to 3.53)
1.95
(0.99 to 3.85)
1.85
(1.29 to 2.66)
1.74
(1.04 to 2.93)
1.34
(0.75 to 2.38)
1.36
(0.83 to 2.24)
1.18
(0.64 to 2.16)
1.86
(0.50 to 6.95)
All causes

Female
White
Black

1.65
(1.09 to 2.50)
1.57
(0.80 to 3.08)
1.37
(0.66 to 2.85)

Yes

Renal Insufficiency and Cardiovascular Disease

No
Yes
No
Yes
Male

No

History of Cardiovascular
Disease
Current Smoking
Diabetes Mellitus
Gender
Race

Relative Hazarda

Table 3. Adjusted relative hazard of death resulting from all causes, cardiovascular disease, and coronary disease for participants with overt (ⱖ30 mg/dl) versus no/
trace urinary protein at baseline examinations
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ative hazards of coronary disease-related death associated with
estimated GFR of ⬍70 ml/min were higher for black subjects,
compared with white subjects (P interaction ⱕ 0.001). Although differences in the relative hazards of all-cause-, cardiovascular disease-, and coronary disease-related death were
observed between subjects with and without diabetes mellitus,
tests for interaction did not indicate statistical significance (P
interaction ⫽ 0.16, 0.20, and 0.07, respectively).

Discussion
The results of this study indicate that the risks of death
resulting from cardiovascular disease and all causes were
higher for persons with renal insufficiency during 16 yr of
follow-up monitoring of the NHANES II study cohort. These
associations were consistently identified for white subjects,
male subjects, female subjects, nonsmokers, smokers, subjects
with diabetes mellitus, subjects without diabetes mellitus, and
subjects without a history of cardiovascular disease.
The increased risks of death resulting from cardiovascular
disease and from all causes detected in this study were not as
high as those noted in studies of patients with end-stage renal
disease (6,16) but are worrisome, for several reasons. First, the
results suggest that the risks of death resulting from cardiovascular disease and from all causes may increase progressively
from the onset of renal dysfunction through end-stage renal
disease. Second, although the prevalence of end-stage renal
disease in the United States is relatively low (16), the prevalence of renal insufficiency is quite high (17,18). According to
recent studies, there are ⬎5 million persons in the United
States with renal insufficiency. Therefore, renal insufficiency
may result in a greater burden of cardiovascular disease in the
population than does end-stage renal disease (6). Finally, compared with the population with end-stage renal disease, the
population with renal insufficiency is more difficult to identify
and monitor (19). Therefore, targeted prevention of cardiovascular disease in this population is more challenging.
The results of this study indicate that decreases in estimated
GFR and proteinuria are predictors of cardiovascular disease
that are independent of many potential confounders, including
increases in BP and serum cholesterol levels, that might be
caused by hemodynamic and biochemical alterations during
the early stages of renal insufficiency. Although the mechanisms linking renal insufficiency to excess cardiovascular disease risk require further study, the public health implications of
our results seem indisputable. Early detection and treatment of
renal insufficiency may reduce the societal burden of cardiovascular disease.
Scant epidemiologic information exists on cardiovascular
disease-related morbidity and mortality rates among patients
with renal insufficiency (6,20). In the Framingham study,
increased serum creatinine levels were associated with a 31%
increase in the mortality rate for men but were not associated
with the cardiovascular disease incidence or mortality rate
among women (21). Additionally, in the Framingham study,
elevated serum creatinine levels were not associated with cardiovascular disease incidences among men or women. Our
study noted different results, and the reasons for such differ-
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Table 4. Mortality rates for and relative hazards of death resulting from cardiovascular disease and all causes, according to
serum creatinine level
GFRa
Overall

Person years at risk
All causes
no. of patients
no. of deaths/1000 person-yr
age-, race-, and genderadjusted relative hazard
multivariate adjusted relative
hazardc
Cardiovascular disease
no. of patients
no. of deaths/1000 person-yr
age-, race-, and genderadjusted relative hazard
multivariate adjusted relative
hazardc
Coronary disease
no. of patients
no. of deaths/1000 person-yr
age-, race-, and genderadjusted relative hazard
multivariate adjusted relative
hazardc
Congestive heart failure
no. of patients
no. of deaths/1000 person-yr
age-, race-, and genderadjusted relative hazard
multivariate adjusted relative
hazardc

P Trend

ⱖ90 ml/min

70 to 89 ml/min

⬍70 ml/min

84,025

65,101

14,134

4791

1240
9.7

797
8.3
1.0b

269
13.7
0.91 (0.79 to 1.06)

174
27.5
1.51 (1.21 to 1.87)

0.055

1.0b

0.96 (0.81 to 1.15)

1.51 (1.19 to 1.91)

0.001

481
4.6
1.0b

182
8.6
0.91 (0.75 to 1.11)

134
20.5
1.75 (1.39 to 2.20)

0.003

1.0b

0.96 (0.79 to 1.17)

1.68 (1.33 to 2.13)

0.001

222
2.0
1.0b

91
4.4
1.00 (0.73 to 1.37)

77
11.4
1.86 (1.39 to 2.49)

⬍0.001

1.0b

1.01 (0.74 to 1.38)

1.68 (1.23 to 2.30)

⬍0.001

96
0.9
1.0b

40
2.0
0.97 (0.59 to 1.58)

24
3.3
1.19 (0.60 to 2.35)

0.69

1.0b

0.98 (0.59 to 1.60)

1.12 (0.57 to 2.17)

0.82

797
5.8

390
2.7

160
1.1

a

Cutoffs correspond to the 5th and 20th percentiles of the estimated GFR distribution for the United States population.
Reference category.
c
Adjusted for age, race, gender, systolic BP, total cholesterol level, body mass index, diabetes mellitus, history of myocardial infarction
or stroke, current cigarette smoking, physical inactivity, and education level.
b

ences must be considered. First, results from the Framingham
study may not be generalizable to the United States population.
For example, the Framingham cohort was older than our study
cohort and included almost entirely Caucasian subjects. However, the differences might have arisen because of different
outcome measures in the two studies; the Framingham study
was able to investigate all incident events, whereas our study
was limited to fatal events. In prospective follow-up monitoring of the Hypertension Detection and Follow-Up Program
clinical trial participants, the presence of hypercreatinemia in
baseline examinations was associated with higher cardiovascular disease-, coronary disease-, stroke-, renal disease-, and
all-cause-related mortality rates (22). Microalbuminuria and
proteinuria have also been associated with death resulting from
cardiovascular disease or all causes among patients with diabetes mellitus and during prospective follow-up monitoring of

clinical trial participants (23,24). For example, higher urinary
protein levels were associated with higher cardiovascular disease- and heart disease-related mortality rates among the
12,866 men participating in the Multiple Risk Factor Intervention Trial (23). A recent report by the Heart Outcomes Prevention Evaluation study group noted that all levels of urinary
protein excretion were associated with increased risks of cardiovascular events during 4.5 yr of follow-up monitoring of
patients enrolled in a clinical trial (25). Because only limited
population-based data are available on the relationship between
renal insufficiency and cardiovascular disease, the National
Kidney Foundation has attached a high priority to research in
this area (20).
A limitation of this study is that the outcomes were based on
mortality rates rather than disease incidences. A more comprehensive assessment of the risks associated with renal insuffi-
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Figure 2. Cumulative mortality curves for 6354 NHANES II Mortality Study participants, with estimated GFR of ⬍70 ml/min, 70 to 89 ml/min,
or ⱖ90 ml/min, for death resulting from all causes, cardiovascular disease, coronary disease, or congestive heart failure.

ciency could have been performed with data on nonfatal cardiovascular disease events. In addition, passive follow-up
methods were used to assess mortality rates. It has been suggested that there may have been an undercount of deaths
among black subjects in the NHANES II Mortality Study. Such
misclassification, if present, would have resulted in underestimation of the association between decreased GFR and proteinuria and cardiovascular disease-related death.
Only 197 and 62 of the 9250 NHANES II participants
exhibited baseline urinary protein levels of 30 to 299 and ⱖ300
mg/dl, respectively. The relatively small number of subjects
with baseline urinary protein levels of ⱖ30 mg/dl may have led
to instability in risk estimates for the association between
urinary protein excretion and subsequent death, which could
account for the borderline associations noted for the subgroups.
Only 44 NHANES II participants (including 24 participants for
whom serum creatinine measurements were available) died
with a mention of renal disease on their death certificates,
precluding meaningful analysis of this outcome. Only one
dipstick measurement of urinary protein was available for this
analysis. Dipstick measurements of urinary protein excretion
are not considered as accurate as measurements from 24-h
urine collections; however, 24-h urine collections are rarely
feasible in large cohort studies. Any misclassification would
most likely have been random, resulting in underestimation of
the elevated risk associated with the presence of urinary protein
excretion. Additionally, GFR estimated from serum creatinine
levels may not be as accurate a measure of renal function as
actual GFR measurements. More accurate measurements of
GFR could be obtained by using [125I]iothalamate, but such a
test is not considered feasible for a cohort of ⬎14,000 participants recruited from the general population. However, estimation of renal function on the basis of serum creatinine levels
and other characteristics has long been performed, and the
equation we used was developed and validated with very large
populations. Finally, baseline serum creatinine measurements

were unavailable for 28% of the cohort. All-cause mortality
rates were 27% higher for subjects with missing serum creatinine levels; however, that finding may be explained by the
facts that those participants were older (on average), persons
with creatinine levels of ⱖ3.0 mg/dl were excluded from our
analyses, and such subjects exhibit higher mortality rates.
Additionally, in sensitivity analyses, the results remained virtually unchanged regardless of which estimated GFR were
assigned to persons with missing values (data not shown).
The associations between decreased GFR and death were
similar among persons with or without a history of cardiovascular disease at the time of baseline examinations; however, an
interaction was present between urinary protein excretion of
ⱖ30 mg/dl and a history of cardiovascular disease for death
resulting from all causes, cardiovascular disease, or heart disease. There are several potential explanations for this interaction. It might have resulted from the small number of
NHANES II participants with histories of cardiovascular disease (n ⫽ 779) who were included in this analysis or the small
percentage of participants with urinary protein excretion (n ⫽
49). In contrast, the relative hazard from all-cause, cardiovascular disease and coronary disease-related mortality rates associated with a urinary protein excretion ⱖ30 mg/dl may
actually be different for persons with and without chronic
cardiovascular disease. The risk of death is already high among
subjects with histories of cardiovascular disease. More than
50% (n ⫽ 391) of the NHANES II participants with histories
of cardiovascular disease in their baseline interviews died
during the follow-up period. The risk of death may not be
further increased among persons with urinary protein
excretion.
Despite these limitations, our study is one of the largest
longest studies of the relationship between renal insufficiency
and subsequent cardiovascular disease and is based on prospective follow-up monitoring of a representative sample of the
general adult population of the United States. Previous studies

Adjusted for age, race, gender, systolic BP, total cholesterol level, body mass index, diabetes mellitus, history of myocardial infarction or stroke, current cigarette smoking,
physical inactivity, and education level.

Coronary disease

Cardiovascular disease
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a

1.51
1.46
1.54
1.39
2.41
1.38
1.84
1.49
1.54
(1.19 to 1.91) (1.05 to 2.04) (1.22 to 1.94) (1.08 to 1.79) (1.21 to 4.79) (1.06 to 1.79) (1.15 to 2.95) (1.15 to 1.92) (0.98 to 2.41)
1.68
1.73
1.71
1.52
2.69
1.52
2.16
1.69
1.54
(1.28 to 2.19) (1.19 to 2.52) (1.25 to 2.32) (1.13 to 2.03) (1.30 to 5.56) (1.13 to 2.04) (1.28 to 3.63) (1.24 to 2.32) (1.01 to 2.35)
1.56
2.11
1.71
1.45
5.10
1.67
1.70
1.67
1.68
(1.13 to 2.15) (1.28 to 3.48) (1.14 to 2.56) (1.02 to 2.07) (2.24 to 11.6) (1.19 to 2.32) (0.89 to 3.24) (1.10 to 2.51) (0.90 to 3.14)

Female
White
Black

1.68
(0.88 to 3.21)
1.53
(0.65 to 3.63)
6.82
(2.37 to 19.7)
All causes

Yes
No
Yes
No
Yes
No
Male

Diabetes Mellitus
Gender
Race

Relative Hazarda

Current Smoking

History of Cardiovascular
Disease

Journal of the American Society of Nephrology

Table 5. Adjusted relative hazard of death resulting from all causes, cardiovascular disease, and coronary disease for participants with estimated GFR of ⬍70 ml/
min versus ⱖ90 ml/min
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focused on select groups of patients, usually those enrolled in
clinical trials. The associations we detected were consistently
identified regardless of whether renal insufficiency was assessed by means of baseline measurements of estimated GFR
or dipstick assessments of urinary protein excretion. Previous
studies focused on one or the other of these two measures but
not both. Additionally, data on an extensive number of covariates were available for the NHANES II participants, permitting
assessment of the independence of the observed relationship
between renal insufficiency and subsequent death.
Although strong associations between end-stage renal disease and cardiovascular disease incidences and mortality rates
were previously identified (16), the hemodynamic and metabolic changes caused by renal dysfunction (26) are difficult to
account for in the analysis of cardiovascular disease among
patients with chronic renal failure (27). Our investigation excluded subjects with advanced renal dysfunction (serum creatinine levels of ⱖ3.0 mg/dl). Therefore, our results are less
likely to have been confounded by changes in BP, total cholesterol levels, or other unmeasured factors resulting from the
metabolic effects of advanced renal disease (28).
In conclusion, cardiovascular disease-related and all-cause
mortality rates were higher among the United States population
with estimated GFR of ⬍70 ml/min. Additionally, a graded
relationship was observed between higher urinary protein levels and increased risks of subsequent cardiovascular diseaserelated or all-cause-related death. These results are especially
important because the analysis used a nationally representative
cohort to address the National Kidney Foundation research
recommendations for determination of the risks of cardiovascular disease and death among subjects with renal insufficiency
and early renal disease. This study supports the additional
research recommendations made by the National Kidney Foundation, including determination of the prevalence, incidence,
and pathogenesis of cardiovascular disease among the population with renal insufficiency (14).
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