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Abstract

 

Background.

 

End-stage renal disease in
the United States creates a large burden for both indi-
viduals and society as a whole. Efforts to prevent the
condition require an understanding of modifiable risk
factors.

 

Methods.

 

We assessed the development of end-stage
renal disease through 1990 in 332,544 men, 35 to 57
years of age, who were screened between 1973 and
1975 for entry into the Multiple Risk Factor Intervention
Trial (MRFIT). We used data from the national registry for
treated end-stage renal disease of the Health Care Fi-
nancing Administration and from records on death from
renal disease from the National Death Index and the So-
cial Security Administration.

 

Results.

 

During an average of 16 years of follow-up,
814 subjects either died of end-stage renal disease or
were treated for that condition (15.6 cases per 100,000
person-years of observation). A strong, graded relation
between both systolic and diastolic blood pressure and
end-stage renal disease was identified, independent of
associations between the disease and age, race, income,
use of medication for diabetes mellitus, history of my-

ocardial infarction, serum cholesterol concentration, and
cigarette smoking. As compared with men with an
optimal level of blood pressure (systolic pressure 

 

�

 

120
mm Hg and diastolic pressure 

 

�

 

80 mm Hg), the relative
risk of end-stage renal disease for those with stage 4 hy-
pertension (systolic pressure 

 

�

 

210 mm Hg or diastolic
pressure 

 

�

 

120 mm Hg) was 22.1 (P

 

�

 

0.001). These rela-
tions were not due to end-stage renal disease that oc-
curred soon after screening and, in the 12,866 screened
men who entered the MRFIT study, were not changed by
taking into account the base-line serum creatinine con-
centration and urinary protein excretion. The estimated
risk of end-stage renal disease associated with eleva-
tions of systolic pressure was greater than that linked
with elevations of diastolic pressure when both variables
were considered together.

 

Conclusions.

 

Elevations of blood pressure are a strong
independent risk factor for end-stage renal disease; inter-
ventions to prevent the disease need to emphasize the
prevention and control of both high-normal and high blood
pressure. (N Engl J Med 1996;334:13-8.)
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I

 

N 1991, about 190,000 persons in the United States
either underwent dialysis or received a renal trans-

plant for end-stage renal disease.

 

1

 

 Hypertension was
judged to be the underlying cause of the condition in 29
percent of these patients, second only to diabetes mel-
litus (36 percent).

 

1

 

 A striking association between ma-
lignant hypertension and the development of renal dis-
ease has been recognized since the 19th century, but
the risk of renal failure associated with less severe hy-
pertension is less certain.

 

2

 

 Because of the relatively low
incidence of end-stage renal disease in the general pop-
ulation, prospective epidemiologic studies of blood pres-
sure and the disease have not been performed.

To determine the risks of renal failure associated
with a wide range of blood-pressure levels, we prospec-
tively studied 332,544 men screened for the Multiple
Risk Factor Intervention Trial (MRFIT) from 1973 to
1975. In this large cohort, followed for 16 years, 814
cases of end-stage renal disease were identified. Mortal-

ity data from the MRFIT study also gave us an oppor-
tunity to identify subjects in the cohort who died of end-
stage renal disease without having received dialysis or
a renal transplant.

 

M

 

ETHODS

 

MRFIT was a randomized, multicenter, primary-prevention trial
designed to study the effects on the incidence of coronary heart dis-
ease of an intervention program to control high blood pressure, lower
serum cholesterol concentrations, and reduce cigarette smoking.

 

3,4

 

 Be-
tween 1973 and 1975, 361,662 men from 35 to 57 years of age in 18
U.S. cities were screened for entry into the trial, of whom 12,866 even-
tually enrolled. Men with evidence of end-organ damage noted in a
medical history or physical examination or with a serum creatinine
concentration 

 

�

 

2.0 mg per deciliter (177 

 

m

 

mol per liter) were exclud-
ed from the trial. Of the group screened for MRFIT, 3 men already
being treated for end-stage renal disease at the time of screening and
29,115 men for whom information about systolic blood pressure or in-
come was not available were excluded from our study, leaving
332,544 men for our analysis. Details concerning the recruitment and
screening procedures in MRFIT have been published elsewhere.

 

5,6

 

Measurement

 

At screening for MRFIT, blood pressure was measured by trained
personnel according to a standardized protocol.

 

7

 

 Phases I and V of the
Korotkoff sounds were used to determine systolic and diastolic blood
pressure, respectively. Three readings were taken with a standard
mercury sphygmomanometer; the mean of the last two readings was
the blood-pressure measurement that we used in our analysis. In
MRFIT, the serum cholesterol concentration was measured once in
each participant at 1 of 14 laboratories that met standardization re-
quirements set by the Centers for Disease Control.

 

8

 

 A one-page ques-
tionnaire was administered to determine the number of cigarettes
smoked per day and to record demographic characteristics. Informa-
tion was also elicited concerning the following criteria for exclusion
from the trial: expected geographic relocation, previous hospitaliza-
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tion lasting more than two weeks due to heart attack (so termed), and
the current use of any medication for diabetes mellitus. For the pur-
poses of our analysis, we estimated subjects’ socioeconomic status, us-
ing the median family incomes for black and white heads of family for
each subject’s ZIP Code of residence.

 

Outcome

 

The principal outcome examined in this analysis was end-stage re-
nal disease due to any cause, defined by treatment for end-stage renal
disease or death due to renal failure. Treated cases of end-stage renal
disease were ascertained from the national registry of the Health
Care Financing Administration (HCFA). The Medicare End-Stage
Renal Disease Program was initiated on January 1, 1973, and contains
records for 93 percent of all persons in the United States who have
received treatment for the condition since that date.

 

9

 

 Patients enrolled
in the registry from 1973 through 1990 were identified as having been
screened for MRFIT through matching of Social Security numbers
and then by last names and dates of birth.

Data on death from renal failure were derived from the ongoing fol-
low-up of the MRFIT cohort. This information was compiled from the
National Death Index (1979 to 1990) and the Social Security Admin-
istration (1973 to 1990).

 

10

 

 Death certificates were collected and coded
by a trained nosologist using the

 

 International Classification of Diseases,
9th Revision, Clinical Modification 

 

(ICD-9-CM).

 

11

 

 Deaths were classified
as being due to renal failure if one of the ICD-9-CM codes listed in
Table 1 was given on the death certificate as the underlying cause. Hy-
pertensive end-stage renal disease was specifically examined as an out-
come in our study and was considered to be present in cases of either
entry into the HCFA registry, with an assigned underlying cause of hy-
pertensive renal disease, or death from hypertensive renal disease.

 

Statistical Analysis

 

The relation of blood pressure to end-stage renal disease was inves-
tigated with time-to-event methods, including Kaplan–Meier estima-
tion and proportional-hazards regression, stratified according to
MRFIT center, with age, race, income, use of medication for diabetes
mellitus, history of heart attack, serum cholesterol concentration, and
cigarette smoking as covariates.

 

12,13

 

 Time elapsed from screening for
MRFIT until either entry into the HCFA registry or death from renal

disease was examined as an outcome. The incidence of outcomes per
100,000 person-years of observation was calculated and adjusted for
age by the direct method on the basis of the age distribution of all men
screened. Because the analyses that considered treated end-stage renal
disease and death from renal disease as separate outcomes yielded sim-
ilar results, only those for the combined end point are presented here.

Blood pressure was categorized according to criteria for adults 18
years of age and older modified from the Fifth Joint National Com-
mittee Report on Detection, Evaluation, and Treatment of High Blood
Pressure.

 

14,15

 

 The categories were as follows: optimal: systolic blood
pressure 

 

�

 

120 and diastolic blood pressure 

 

�

 

80 mm Hg; normal, not
optimal: systolic 120 to 129 mm Hg and diastolic 

 

�

 

84 mm Hg or
diastolic 80 to 84 mm Hg and systolic 

 

�

 

130 mm Hg; high normal:
systolic 130 to 139 mm Hg and diastolic 

 

�

 

90 mm Hg or diastolic 85
to 89 mm Hg and systolic 

 

�

 

140 mm Hg; stage 1 hypertension: sys-
tolic 140 to 159 mm Hg and diastolic 

 

�

 

100 mm Hg or diastolic 90 to
99 mm Hg and systolic 

 

�

 

160 mm Hg; stage 2 hypertension: systolic
160 to 179 mm Hg and diastolic 

 

�

 

110 mm Hg or diastolic 100 to 109
mm Hg and systolic 

 

�

 

180 mm Hg; stage 3 hypertension: systolic
180 to 209 mm Hg and diastolic 

 

�

 

120 mm Hg or diastolic 110 to 119
mm Hg and systolic 

 

�

 

210 mm Hg; and stage 4 hypertension: systolic

 

�

 

210 mm Hg or diastolic 

 

�

 

120 mm Hg.
The comparative strength of the association of end-stage renal dis-

ease from any cause with systolic, as compared with diastolic, blood
pressure was also examined. The relation between blood pressure and
end-stage renal disease from any cause was also investigated in the
subgroup of screened men who actually entered the MRFIT study and
whose blood pressure therefore was deemed unlikely to be elevated as
a consequence of preexisting renal disease. The availability of serum
creatinine measurements and dipstick measurements of urinary pro-
tein excretion for these men at entry into MRFIT enabled us to ana-
lyze the relation of blood pressure to the incidence of end-stage renal
disease while taking into account renal function at base line.

 

R

 

ESULTS

 

The characteristics of the men in this analysis are
shown in Table 2. During the follow-up period (average
length, 16 years), 814 men either entered the Medicare
End-Stage Renal Disease Program or died of renal dis-
ease (Table 1). Of these, 649 entered the Medicare
treatment program between the time of their screening
for MRFIT and December 31, 1990, and 234 men died
of renal disease, 165 of whom did not receive long-term
dialysis or a transplant. The cumulative percentages of
men who either entered the registry or died of renal dis-
ease after 5, 10, and 15 years of follow-up were 0.02 per-
cent, 0.08 percent, and 0.22 percent, respectively.

Figure 1 shows the cumulative incidence during fol-
low-up of end-stage renal disease due to any cause,
according to the seven blood-pressure categories. The
crude differences in the rates for the blood-pressure cat-
egories were reduced somewhat by adjustment for age
and other covariates. The reduction occurred because all
the factors considered were associated with a significant-
ly increased risk of end-stage renal disease (P

 

�

 

0.001 for
each adjustment factor in the multivariate analysis) and,
except for cigarette smoking, were positively correlated
with blood pressure. The risk of end-stage renal disease
associated with higher blood pressure was strong, posi-
tive, and statistically significant in all subgroups defined
by age and other base-line covariates. However, the pos-
itive associations were weaker among older men, blacks,
and men with diabetes (data not shown).

The age-adjusted incidence of end-stage renal dis-
ease and the estimated relative risk (adjusted for seven

 

*Entry into the registry and death from end-stage renal disease are not mutually exclusive.

 

Table 1. Crude Rates of End-Stage Renal Disease in 332,544
Men Screened for MRFIT.

 

E

 

VENT

 

 

 

AND

 

 C

 

AUSE

 

 (ICD-9-CM C

 

ODE

 

)*
N

 

O

 

. 

 

OF

 

M

 

EN

 

R

 

ATE

 

 

 

PER

 

 100,000
P

 

ERSON

 

-Y

 

EARS

 

Entry into Medicare registry
Diabetes mellitus (250)
Hypertension (401, 403, 404)
Glomerulonephritis (580–583)
Congenital anomalies (753.1, 759.8)
Pyelonephritis (590)
Other or unknown
Total

149
173
159
50
13

105
649

2.93
3.40
3.13
0.98
0.26
2.07

12.77
Death from end-stage renal disease

Hypertensive renal disease (403, 404)
Diabetes mellitus with nephropathy (250.4)
Gouty nephropathy (274.1)
Nephrocalcinosis (275.4)
Nephritis, nephrotic syndrome, and nephrosis

(580–589)
Infection of the kidney (590)
Hydronephrosis (591)
Calculus of the kidney and ureter (592)
Other kidney disorders (593.3, 593.4, 593.5,

593.7, 593.8, 593.9)
Bladder-neck obstruction (596)
Hyperplasia of prostate (600)
Cystic kidney disease (753.1)
Total

31
0
0
2

153

12
1
0

25

0
2
8

234

0.61
0.00
0.00
0.04
3.01

0.24
0.02
0.00
0.49

0.00
0.04
0.16
4.60

Entry into registry or death from end-stage renal 
disease

814 16.01
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base-line factors) according to the seven blood-pressure
categories are shown in Table 3. The risk of end-stage
renal disease in men with hypertension, as compared
with men with optimal levels of blood pressure, in-
creased with each of the four successively more severe
stages of hypertension. Of the cases observed, 49 per-
cent were attributable to hypertension of stage 1 or
higher. Among men who survived the first 10 years af-
ter MRFIT screening without end-stage renal disease,
the relative risks of eventually having the condition in
men with hypertension as compared with men with op-
timal blood pressure were 2.8 (stage 1 hypertension),
5.0 (stage 2), 8.4 (stage 3), and 12.4 (stage 4).

The combined effects of various levels of systolic and
diastolic pressure on the age-adjusted incidence of end-
stage renal disease are shown in Figure 2. The differ-
ences in incidence attributable to differences in diastol-
ic blood pressure were far less marked than the steep
risk gradient apparent for systolic blood pressure. For
example, among the men in whom the diagnosis of
stage 1 hypertension was based on systolic blood pres-
sure (140 to 159 mm Hg), the rates of end-stage renal
disease for the four lower categories of diastolic blood
pressure were similar. In contrast, for the men whose
diagnosis of stage 1 hypertension was based on high di-
astolic blood pressure (90 to 99 mm Hg), the incidence
rates rose sharply from 9.8 to 16.4 per 100,000 person-
years, even across the three categories of systolic blood
pressure within the normotensive range. Overall, the
rates of end-stage renal disease were markedly higher
for men with hypertensive levels of both systolic and di-
astolic blood pressure.

To compare systolic blood pressure with diastolic
blood pressure in relation to the relative risk of end-
stage renal disease, we divided the ranges of these
blood-pressure variables into quintiles (Table 4). Risk
was not significantly increased in the next-to-lowest
quintile of either measure of blood pressure, as com-
pared with the lowest quintile. For the third, fourth,

and highest quintiles of both systolic and diastolic pres-
sure, however, the relative risk rose progressively. After
adjustment for age, race, serum cholesterol concentra-
tion, number of cigarettes smoked per day, use of med-
ication for diabetes mellitus, and previous myocardial
infarction, the relative risk of end-stage renal disease
associated with a base-line blood pressure higher by
1 SD (systolic, 15.8 mm Hg; diastolic, 10.5 mm Hg)
was similar for systolic pressure (1.7; 95 percent confi-
dence interval, 1.7 to 1.8) and diastolic pressure (1.7; 95
percent confidence interval, 1.6 to 1.8). However, when
systolic and diastolic pressure were considered together
in the same proportional-hazards model, with adjust-
ment for all other variables, a base-line systolic pres-
sure higher by 1 SD had more predictive power (rela-
tive risk, 1.6; 95 percent confidence interval, 1.5 to 1.7)
than a similar increase in diastolic pressure (relative risk,
1.2; 95 percent confidence interval, 1.1 to 1.2).

The patterns of risk associated with blood-pressure
levels were similar for hypertensive end-stage renal dis-
ease and for end-stage renal disease due to any cause;
193 men had hypertensive end-stage renal disease. After
adjustment for the covariates listed above, the relative
risk of end-stage renal disease attributed to hyperten-
sion that was associated with a blood pressure higher by
1 SD was 2.0 (95 percent confidence interval, 1.8 to 2.1)
for systolic blood pressure and 1.9 (95 percent confi-
dence interval, 1.8 to 2.2) for diastolic blood pressure.

 

Men Who Entered the MRFIT Study

 

Too few cases of end-stage renal disease (a total of
35) occurred among the 12,866 men who entered
MRFIT to permit classification in the seven blood-pres-
sure categories. Therefore, for these men, blood pres-
sure was entered as a continuous variable in the multi-
variate model. Among men who entered MRFIT, a
systolic blood pressure higher by 1 SD was associated
with a doubling of the risk of end-stage renal disease
(P

 

�

 

0.001); for those not in the trial the risk increased
by a factor of 1.8 (P

 

�

 

0.001). The results for diastolic

 

*Plus–minus values are means 

 

�

 

SD.

†To convert values for serum cholesterol to millimoles per li-
ter, multiply by 0.026.

 

Table 2. Age, Race, Income, and Risk Fac-
tors in 332,544 Men Screened for MRFIT.

 

*

 

C

 

HARACTERISTIC

 

 

 

AT

 

 S

 

CREENING

 

V

 

ALUE

 

Age (yr) 46

 

�

 

6

Race (%)
White
Black
Other

90.4
6.1
3.5

Family income 

 

�

 

$25,000 (%) 58.4

Cigarette smoker (%)
Cigarettes/day 

36.0
26

 

�

 

13

History of heart attack (%) 1.5

Medication for diabetes mellitus (%) 1.5

Blood pressure (mm Hg)
Systolic
Diastolic

130.0

 

�

 

15.8
83.7

 

�

 

10.5

Serum cholesterol (mg/dl)† 214

 

�

 

39

 

Figure 1. Cumulative Incidence of End-Stage Renal Disease
Due to Any Cause, According to Blood-Pressure Category in

332,544 Men Screened for MRFIT.
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blood pressure were similar. For men who entered
MRFIT, a diastolic blood pressure higher by 1 SD was
associated with a 2.5-fold increase in the risk of end-
stage renal disease (P

 

�

 

0.001); for men not in the trial,
the risk was increased 1.7-fold (P

 

�

 

0.001). When the
serum creatinine concentration and urinary protein ex-
cretion at entry into the trial were included as covari-
ates in multivariate models, the relative risks of end-
stage renal disease associated with a blood pressure
higher by 1 SD did not change (for systolic blood pres-
sure: 2.0; 95 percent confidence interval, 1.5 to 2.7; for
diastolic pressure: 2.5; 95 percent confidence interval,
1.4 to 4.3). Moreover, when the analysis was confined to
the 7817 men who entered MRFIT with a serum creat-
inine concentration of less than 1.2 mg per deciliter
(106 

 

m

 

mol per liter) and a urinary protein excretion of
less than 1

 

�

 

, among whom end-stage renal disease de-
veloped in 19, estimates of relative risk associated with
a blood pressure higher by 1 SD (for systolic blood
pressure: 1.8; 95 percent confidence interval, 1.2 to 2.7;
for diastolic pressure: 1.7; 95 percent confidence inter-
val, 0.8 to 3.4) were not significantly different from
those for the total MRFIT cohort of 12,866 men.

 

D

 

ISCUSSION

 

Our study extends knowledge of the link between
blood pressure and renal disease in several ways. Higher
blood pressure, as measured carefully on a single occa-
sion, was a strong independent risk factor for end-stage
renal disease. The increase in risk associated with higher
blood pressure was graded and continuous throughout
the distribution of blood-pressure readings above the op-
timal level. Our results demonstrate the validity of using
the Joint National Committee’s categories in the predic-

tion of end-stage renal disease. Risk estimates were grad-
ed for both systolic and diastolic blood pressure consid-
ered separately, but systolic pressure was the stronger
predictor of subsequent disease when both variables
were considered together. These relations, including the
pattern of interactions with age and diabetes mellitus,
are very similar to those between coronary heart disease
or stroke and blood pressure.

 

15-17

 

 Older age, lower in-
come, higher serum cholesterol con-
centrations, cigarette smoking, diabe-
tes mellitus, a history of hypertension,
and black race were also associated
with an increased risk of end-stage
renal disease.

Accelerated and malignant hyper-
tension have long been known to be
linked with an increased risk of re-
nal failure, and clinical trials study-
ing patients with this diagnosis have
demonstrated that antihypertensive-
drug therapy prolongs survival and
slows the progression of renal dis-
ease.

 

18-21

 

 The risk of renal failure
associated with less severe hyper-
tension has been investigated only
recently.

 

2

 

 In an analysis of 26 geo-
graphic areas in Maryland, the inci-
dence of hypertensive end-stage re-
nal disease correlated closely with
the prevalence of hypertension, es-
pecially severe hypertension.

 

22

 

 Dur-
ing a 15-year follow-up of 11,912 hy-

 

*Blood pressure was categorized as follows: optimal: systolic 

 

�

 

120 mm Hg and diastolic 

 

�

 

80 mm Hg; normal, not op-
timal: systolic 120 to 129

 

 

 

mm Hg and diastolic 

 

�

 

84 mm Hg or diastolic 80 to 84 mm Hg and systolic 

 

�

 

130 mm Hg; high
normal: systolic 130 to 139 mm Hg and diastolic 

 

�

 

90 mm Hg or diastolic 85 to 89 mm Hg and systolic

 

 �

 

140 mm Hg;
stage 1 hypertension: systolic 140 to 159 mm Hg and diastolic 

 

�

 

100 mm Hg or diastolic 90 to 99 mm Hg and systolic

 

 �

 

160
mm Hg; stage 2 hypertension: systolic 160 to 179 mm Hg and diastolic 

 

�

 

110 mm Hg or diastolic 100 to 109 mm Hg and
systolic 

 

�

 

180 mm Hg; stage 3 hypertension: systolic 180 to 209 mm Hg and diastolic

 

 �

 

120 mm Hg or diastolic 110 to 119
mm Hg and systolic 

 

�

 

210 mm Hg; and stage 4 hypertension: systolic 

 

�

 

210 mm Hg or diastolic 

 

�

 

120 mm Hg.

†Adjusted by the direct method for the age distribution of all men screened.

‡Relative risks, with men with optimal blood pressure as the reference category, were estimated with use of a propor-
tional-hazards regression model, with stratification according to clinic and adjustment for age, race, income, serum choles-
terol concentration, number of cigarettes smoked per day, use of medication for diabetes mellitus, and previous myocardial
infarction. CI denotes confidence interval.

§P

 

�

 

0.001.

 

Table 3. Base-Line Blood Pressure and the Incidence of End-Stage Renal Disease
Due to Any Cause in 332,544 Men Screened for MRFIT.

 

B

 

LOOD
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ATEGORY
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-S

 

TAGE

 

 R

 

ENAL

 

D

 

ISEASE
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GE

 

-A

 

DJUSTED

 

R

 

ATE

 

 

 

PER

 

 100,000
P

 

ERSON

 

-Y

 

EARS

 

†

A

 

DJUSTED

 

R

 

ELATIVE

 

 R

 

ISK

 

(95% CI)‡

 

Optimal 61,089 51 5.3 1.0

Normal but not optimal 81,621 86 6.6 1.2 (0.8–1.7)

High normal 73,798 134 11.1 1.9 (1.4–2.7)§

Hypertension
Stage 1 (mild)
Stage 2 (moderate)
Stage 3 (severe)
Stage 4 (very severe)

85,684
23,459
5,464
1,429

275
158
73
37

21.0
43.6
96.1

187.1

3.1 (2.3–4.3)§
6.0 (4.3–8.4)§

11.2 (7.7–16.2)§
22.1 (14.2–34.3)§

Total 332,544 814 15.6 —

 

Figure 2. Age-Adjusted Rate of End-Stage Renal Disease Due
to Any Cause per 100,000 Person-Years, According to Systolic
and Diastolic Blood Pressure in 332,544 Men Screened for

MRFIT.
Data on men with stage 3 and stage 4 hypertension were com-

bined because of their small number.
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pertensive male veterans, systolic blood pressure before
treatment was a stronger predictor of end-stage renal
disease than was diastolic pressure.

 

23

 

 The results of our
study are consistent with observational studies of blood
pressure in patients with mild-to-moderate impairment
of renal function.

 

24-30

 

 Observational studies and clinical
trials involving patients with established renal insuffi-
ciency have also demonstrated that lowering blood
pressure preserves renal function.

 

31-36

The most important barrier to studying the relation
of blood pressure to end-stage renal disease is the low
incidence of end-stage disease. The large size of the
MRFIT screening cohort and the 15-to-17-year follow-
up period produced a large number of cases for study.
The availability of comprehensive data on death from
renal disease and treatment for end-stage disease means
that differences in the incidence of the disease accord-
ing to blood-pressure levels are unlikely to be due to
systematic differences either in the assessment of out-
come or in the subjects’ access to care. Likewise, our
use of end-stage renal disease due to any cause as the
primary outcome precludes the possibility of misclassi-
fying the causes of the condition.37,38 

Our study, however, has several limitations. No wom-
en were included. Blood pressure was measured on only
one occasion, resulting in an underestimation of the
strength of the association of end-stage renal disease
with blood pressure.39 A more precise measure — for
example, an average of blood-pressure readings from
several visits made over a longer period — would yield
greater differences in the incidence of end-stage renal
disease associated with higher blood pressure. We also
collected no information on antihypertensive therapy.
Misclassification of a treated hypertensive person as
normotensive or less severely hypertensive would also
tend to weaken the estimated risk associated with high-
er blood pressure. Most of the men were studied before
the widespread use of angiotensin-converting–enzyme
inhibitors, a class of antihypertensive drugs that may
offer special renal protection.

An additional limitation of our study is that renal

function was not assessed at base
line except in the subgroup of men
who entered the MRFIT trial. Thus,
for the majority of men screened, we
do not know whether renal insuffi-
ciency was already present in those
in whom end-stage renal disease lat-
er developed. The similar relation in
the two groups — all men screened
for MRFIT and those who actually
entered that study — between blood
pressure and end-stage renal disease
due to any cause; the independence
of that relation from base-line se-
rum creatinine concentrations and
urinary protein excretion in the men
entering the MRFIT trial; and the

persistence of the relation after 10 years of follow-up in
the group of all screened men argue against viewing
preexisting renal disease as an important contributor to
the observed associations. However, the early increase
in the incidence of end-stage renal disease in men with
the highest blood pressures (Fig. 1) may reflect preex-
isting renal disease in this subgroup. The lack of infor-
mation on renal function, both at base line and during
follow-up, does mean, however, that we cannot say de-
finitively whether the strong association between blood
pressure and the incidence of end-stage renal disease
was due to the initiation of renal disease or to the ac-
celerated progression of preexisting disease.

The costs of end-stage renal disease to the individual
and to society make the identification of modifiable risk
factors for the condition an important public health pri-
ority. Interventions to prevent end-stage renal disease
need to emphasize the prevention and control of high
blood pressure. The importance of the primary preven-
tion of hypertension, by slowing or stopping the in-
crease in blood pressure from youth to middle age, has
received widespread recognition as one means of ad-
dressing the epidemic of cardiovascular disease40,41; pri-
mary prevention also has the potential to prevent a
large proportion of cases of end-stage renal disease. In
addition, the need to prevent end-stage renal disease
dictates continued efforts to achieve the early identifica-
tion of persons with hypertension and to provide them
with effective antihypertensive therapy.

We are indebted to Dr. Paul Eggers and Dr. Marshall McBean of
the Health Care Financing Administration for their assistance in the
study and to Ms. Barbara Pawloski for editorial help.
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