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ABSTRACT: In 14 (8 men and 6 women) of the 8,641 original examinees in the
Tecumseh Study, renal failure (RF) was found to have developed during an
eight-year period. The proportion rose significantly with age. At the initial
examination (one to eight years before the onset of RF), no subject subsequently
uremic had a history of acute glomerulonephritis or chronic renal disease nor was
frankly azotemic, although in 4 there was a suggestion of early disease. Six of the 12
subjects (50 per cent) over age 45 who later became uremic gave a history
compatible with urinary-tract infection (UTI), compared with 380 (22 per cent) of
the remaining 1,746 examinees in this age range. Conversely, in 6 of 386 persons
(1.6 per cent) with a history of UTI, renal failure developed, in contrast to 6 of
1,372 persons (0.4 per cent) without such a history. Common disorders noted at the
initial examination one to eight years before RF were congestive heart failure (9
cases), loss of hearing (7 cases), coronary heart disease (5 cases), hyperuricosemia (5
cases), and hyperglycemia (5 cases). This study shows that most persons in whom
renal failure develops are elderly and have pre-existing vascular disease; in about a
quarter of them, the findings at the time of the initial examination indicate early
renal disease. Although these data point to a relationship between UTI and RF in
some cases, in most patients with a history of UTI, renal failure does not develop.

The epidemiology of chronic renal failure
and the prior characteristics of persons in
whom it occurs are not well known (1). In
recent studies of chronic renal disease, several
authors examine the prevalence and sequelae of
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bacteriuria, yet the manner and frequency by
which this finding contributes to renal failure
remain controversial (2-10). The relationship
between acute glomerulonephritis and chronic
renal disease also is not clear (11, 12). The
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majority of uremic patients give no history of
either pre-existent glomerulonephritis (acute or
chronic) or pyelonephritis, though recent path-
ologic and death certificate studies suggest that
these represent the causes of most fatal renal
disease (13-18).

The longitudinal study of health and disease
in the total community of Tecumseh, Michi-
gan, provides a unique opportunity to identify
clinical conditions and physiologic variables
which may represent precursors of renal fail-
ure. In 14 of the 8,641 persons examined at
the start of this study, renal failure was found
to have developed during an eight-year period
(1959-1967). This report will describe the
characteristics of these 14 patients at the time
of their initial examinations and at the time of
overt renal failure one to eight years later.

METHODS

During the initial (1959-1960) round of the
Tecumseh Community Health Study, 8,641
persons of all ages (88 per cent of all residents)
were interviewed and examined (19-21).
Trained interviewers, in obtaining primary
medical histories, asked each participant,
“Have you ever had any trouble with your
kidneys or bladder, such as infections or a
kidney stone?” A parent, usually the mother,
answered for children under 16 years of age.
Positive answers were explored by the inter-
viewer according to a prescribed schedule and
amplified by the examing physician in order to
identify urinary-tract infections, calculi, acute
nephritis, and chronic renal disease. All men 20
years of age or older were asked about
“prostate trouble” and nocturia; married
women who reported pregnancies were asked
about associated “kidney trouble.” Responses,
physical findings, and diagnoses were recorded
and reviewed; the diagnoses were required to
meet definite criteria established by the senior
staff of the Tecumseh Community Health
Study (Table 1). Systolic and diastolic blood
pressure, serum cholesterol, serum uric acid,
and blood glucose values (usually one hour
after ingestion of 100 grams of glucose in
water) were measured according to previously
described techniques (21-25). Age and specific
sex quintiles for these physiologic variables
were calculated.

All death certificates for participants in the
initial examination were reviewed through
November 1967 (about eight years after the
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midpoint of the initial examination period);
hospital records of those reported to have died
with uremia or renal failure, chronic renal
disease, glomerulonephritis, or pyelonephritis
were studied systematically.

Twelve subjects were accepted on the basis
of a serum urea nitrogen (SUN) level over 75
mg/100 ml.; 2 others who had been certified as
having died in a state of failure without a
recorded SUN or serum creatinine value were
accepted on the basis of a compatible clinical
course supported in each case by autopsy
findings demonstrating significant chronic renal
disease.

From the time of the initial examination,
serum specimens had been retained and
promptly frozen. In January 1969, aliquots of
these specimens for 13 of the 14 subjects with
subsequent renal failure were thawed. Serum
urea nitrogen and creatinine concentrations
were determined by a modified Marsh-
Fingerhut-Miller method and a modified Folin-
Wu method, respectively (26, 27).

RESULTS

Among the population examined, the distri-
bution of those who experienced renal failure
within eight years is shown in Table 2, by sex
and age at the time of the initial examination.
The 8 men and 6 women in whom renal failure
developed satisfied the criteria stated previ-
ously. In 8 (1.7 per cent) of the 471 examinees
65 years of age or older, kidney failure
developed within the eight-year period, com-
pared with 6 (0.8 per cent) of 8,170 examinees
under age 65. Thus, renal failure was not
associated with sex, but a marked trend toward
older age was apparent.

Clinical and laboratory findings from the
initial examination were analyzed for each of
the 14 subjects in whom renal failure de-
veloped in the period of observation. At initial
examination, none of the subsequently uremic
subjects of this study had given histories of
either prior or present acute glomerulonephritis
nor of chronic renal disease. Only 3 subjects
were initially found to have albuminuria; of
these, 1 had occasional casts and 1 had
microscopic hematuria.

The distributions of urea nitrogen and
creatinine determinations from sera obtained at
the initial examination are shown in Table 3.
None of the 13 specimens was found to be
significantly abnormal, although 4 (including
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TABLE 2
Distribution of Subjects with Subsequent Renal Failure, by Sex and Age at Initial Examination
(Tecumseh, Mich., 1959-1960)

Males Females Both sexes
Age Group
(yrs.) Ng* Ng g ** % Ng Nrr % Ng Nrr %
0-19 2,000 0 0.0 1,954 0 0.0 3,954 0 0.0
20-44 1,376 1 0.1 1,662 1 0.1 2,928 2 0.1
45-64 655 3 0.5 633 1 0.2 1,288 4 0.3
65+ 207 4 1.9 264 4 1.5 471 8 1.7
All ages 4,238 8 0.2 4,403 6 0.1 8,641 14 0.2

* Ng = number examined.

** Npr = humber with renal failure in the subsequent eight years.

TABLE 3
Distributions of Urea Nitrogen and Creatinine in
Initial Serum Specimens from Subsequently Uremic
Subjects (Tecumseh, Mich., 1959-1960)

Serum Urea Nitrogen Serum Creatinine

Several other disorders possibly related to
renal disease were observed at the time of the
initial examination in the 14 persons with
subsequent uremia. Seven patients had hearing
loss, 5 had coronary heart disease (electrocardi-

mg/100 ml Number mg/100 ml  Number ographic evidence of myocardial infarction or a

history of probable angina pectoris), 9 were or
é(l):gg g g:?:}:g g had been in a state of congestive heart failure,
31-40 2 1.6-2.0 3 1 had symptoms of prostatism, and 1 had
40+ 0 2.1+ 0 diabetes mellitus. In comparison, for this
no serum 1—1 no setum 1—1 age-sex distribution, 3.8 persons would be

those from the 3 subjects with albuminuria)
were moderately elevated in one measure or
both; 3 serum creatinine values fell between
1.5 and 2.0 mg/100 ml, and 2 SUN values were
in the 31-40 mg/100 ml range. (Normal values
for serum creatinine are less than 1.2 mg/100
ml, and for SUN less than 20 mg/100 ml.)

The presence or absence of an obtainable
history of wurinary-tract infection (UTI) is
shown in Table 4 for subjects with or without
subsequent renal failure. This comparison is
confined to persons aged 45 or older at the
time of the original examination in order to
limit the bias introduced by age on both
factors. A positive history of UTI was obtained
from 6 (50 per cent) of the 12 subsequently
uremic subjects in this age group; 380 (22 per
cent of 1,746 persons in this age range) did not
show renal failure but gave a history of UTI.
Conversely, in 6 of a total of 386 persons (1.6
per cent) over age 45 with a history of UTI,
renal failure developed, as compared to 6 of
1,372 (0.4 per cent) who did not have such a
history. Although these numbers are con-
sidered too small for tests of statistical signifi-
cance, there is a trend suggesting a relationship.
Neither of the 2 subjects under age 45 gave a
history of UTI.
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expected to have hearing loss, 2.0 to have
coronary heart disease, and only 1.0 to have
past or present congestive failure according to
the 1959-1960 total study experience (20-28).

At the initial examination, evidence of
coronary heart disease was found in 5 of the
subjects who later became uremic. For this
reason, selected physiologic measures which
frequently have been implicated as risk factors
in the latter disease were studied—blood gluc-
ose, systolic and diastolic blood pressure,
serum cholesterol, and serum uric acid. One or
more of these variables measured at the start of
the observation period was in the highest
age-and-sex-specific quintile in all 5 coronary-
disease subjects and in 5 others of the 14
subjects. Observed and expected frequencies of
each measurement found to be in the highest
quintile (adjusted for age and sex) are pre-
sented in Table 5 for the 14 subjects in whom
renal failure developed. The frequency of a
blood glucose value in the top quintile was no
higher than that expected by chance alone.
Five of the 12 subjects with elevated serum
uric acid levels were in the uppermost quintile;
only 1 of these 5 had gouty arthritis at or
before the initial examination. The 2 subjects
with SUN concentrations in the range of 31-40
mg/100 ml, all had serum uric acid values in
the highest quintile.
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Hospital records provided the data on urinal-
ysis, maximal SUN concentration, and major
clinical findings in the patients after overt renal
failure had developed. All but 1 of the 13
subjects for whom a urinalysis was recorded
after the onset of renal failure had one or more
abnormal urinary constituents. Seven had 3+ or
4+ albuminuria, and 4 others showed 1+
albuminuria. Gross or microscopic hematuria
was noted in 4 instances.

Conditions which may have contributed to
renal failure were observed during hospitaliza-
tion in all but the 2 youngest subjects (clinical
diagnosis, glomerulonephritis). Eight persons
with renal failure were recorded as having
congestive heart failure; in 6 it had been
detected in the time of the initial examination.

Twelve of the 14 patients with renal failure
died either during the index admission or
within three months. Three deaths occurred
within four weeks from myocardial infarction,
and 3 others occurred within four weeks from
cerebral thrombosis, hemorrhage, or embolism.
Postmortem examinations in 3 cases revealed
acute and subacute glomerulonephritis with
terminal congestive failure (Case A); glomerulo-
sclerosis, advanced coronary artery disease with
old and new myocardial infarctions, pulmonary
edema, and acute cystitis (Case B); and cerebral
thrombosis with nephrosclerosis (Case L).

DISCUSSION

The methodology used in the present study
was epidemiologic; a large population was
initially surveyed and the incidence of renal
failure followed over an eight-year period. The
questionnaire technique was used to determine
a history of urinary-tract infection (UTI).
Although urine cultures would have been
preferable as a basis for making this determina-
tion, the large number of subjects examined

RENAL FAILURE IN A TOTAL COMMUNITY

under “field conditions” created practical
difficulties for culture collections which could
not be overcome. In addition, urine cultures
may have proved sterile in subjects with a past
history of UTI who may have had subclinical
active pyelonephritis.

It should be emphasized that the end-point
in the study was renal failure (both primary
and secondary defined on the basis of clinical,
biochemical, and autopsy data), and not
specified pathologic entities (i.e., chronic
pyelonephritis or glomerulonephritis). Al-
though the cases were pathologically hetero-
geneous, grouping them together was justified
on the basis that renal failure developed in all.
Therefore, it is reasonable to search for
common factors among initial findings which
might have contributed to the development of
renal disease and failure.

It is possible that some cases of renal failure
were missed because of population mobility,
mistaken diagnoses, and admissions to hospitals
other than Herrick Memorial (the only hospital
in Tecumseh, Michigan). However, analysis of
the general pattern of medical care in Tecum-
seh indicates that most patients are admitted to
Herrick Memorial. In addition, all death certifi-

TABLE 5
Observed and Expected Frequencies in Subsequently
Uremic Subjects in Highest Age-and-Sex Specific
Quintiles of Selected Physiologic Variables at Initial
Examination (Tecumseh, Mich., 1959-1960)

Variable Observed Expected
Systolic blood pressure 4 3.2
Diastolic blood pressure 2 3.2
Serum cholesterol 4 3.2
Blood glucose* 5 3.7
Serum uric acid 5 2.8

* Highest quintile of blood glucose specific for age,
sex and test conditions. Expected number includes
previously known diabetic patients.

TABLE 4
Frequency of a Prior History Compatible with a Urinary-Tract Infection (UTI), at Initial Examination in Persons
45 Years of Age and Over With or Without Subsequent Renal Failure (Tecumseh, Mich., 1959-1967)

UTI No UTI %
History History with UTI Total
Renal failure 6 6 50% 12
No renal failure 380 1,366 22% 1,746
Per cent of subjects 1.6% 0.4%

with or without UTI*
history, in whom
renal failure developed

* Urinary Tract Infection

29
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cates on participants were followed up whether
the participants had moved or not.

Unlike the intensive clinical and pathologic
study of renal disease mortality in Goteberg,
Sweden, the specific renal pathologic lesion
was known in few of the present cases (13).
Nevertheless, the requirement that either the
SUN had to exceed 75 mg/100 ml or that
autopsy findings supporting the clinical im-
pression of ‘‘renal death” had to be present in
each case, served to insure that the 14 subjects
of this study probably had underlying renal
disease when renal failure became evident.
Urinary abnormalities generally present at that
time also support this view.

Information on possible precursors to renal
failure has not previously been reported from
longitudinal epidemiologic studies such as
Framingham or Tecumseh. Part of the reason
for this paucity of data is the low rate at which
renal failure develops among subjects in a given
study population. Among the 8,641 partici-
pants of all ages at the time of the initial
examination in this community study, in only
14 (0.2 per cent) did renal failure develop
during an eight-year period. The 12 who died
while in a state of renal failure yield an annual
mortality rate of 172 per million. This is higher
than rates reported from recent statistical
studies of mortality ascribed to renal diseases
in the United States, England and Wales,
Switzerland, and Israel but comparable to that
reported from Denmark (14-18). In Britain (for
1967), diseases likely to result in uremia caused
1.4 percent of all deaths (137 deaths per
million) (30). Most of the deaths due to such
causes were in persons over age 50 — a finding
similar to that observed in the present study.
Lower incidences of uremia and deaths due to
renal failure in certain studies can be explained
by the exclusion of patients over 50 years of
age from analysis and by the classification of
fatalities due to cardiovascular diseases which
culminated in uremia under categories other
than renal failure or uremia.

Recently Pendreigh et al. (30) McGeown
(31) and Branch et al. (32) studied the
prevalence of renal failure and requirements for
maintenance dialysis in Wales, Northern Ire-
land, and Scotland respectively (the definition
of renal failure was a blood urea level over 100
mg/ml). Their findings were similar to ours in
that the majority of patients experiencing renal
failure were over age 50. The rate of new
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patients requiring hemodialysis was 39 per
million per year under age 60 and 28 per
million per year under age 50 in the Welsh
study, 38 per million per year under age 60 in
the Irish study, and 52 per million per year
under age 65 in the Scottish study. The rate of
participants possibly requiring dialysis in Te-
cumseh was 29 per million per year under age
45.

In the present study, renal failure increased
significantly with age. This finding had previ-
ously been documented by Pendreigh et al.,
McGeown, and Branch et al. (30-32). Branch
and associates showed a striking preponderance
of elderly patients; 92 per cent of those with
renal failure were age 50 or older. In our study,
86.6 per cent of the renal-failure subjects were
over 45 years of age.

In “normal” people, renal function falls
progressively after 30 years of age (33, 34).
This impairment of renal function is usually
not clinically apparent, but when the stress of
cardiac failure, shock, infection, or dehydra-
tion supervenes, such impairment may become
significant. The high mortality due to, or
complicated by, renal failure in the elderly has
been noted previously (35, 36). It is not clear
whether this gradual reduction of renal func-
tion with age is due to an increasing incidence
of renal disease in the elderly or to ‘“senile
nephrosclerosis” (37, 38). In our study, all 12
of the uremic subjects over age 45 had a
significant degree of cardiovascular disease
contributing to renal failure.

Histories suggestive of urinary-tract infection
(UTI) were obtained from 6 of the 12
renal-failure subjects over age 45 — somewhat
in excess of the number expected by chance
alone. Whether isolated UTI’s are an important
cause of renal failure is debatable (5, 10).
Epidemiologic studies of bacteriuria have not
demonstrated progression to chronic renal
disease in otherwise healthy persons. Among
Tecumseh residents examined in 1959 and
1960, it is noteworthy that the great majority
who gave histories of UTI did not subsequently
manifest chronic renal disease. Our data,
however, suggest a limited relationship of UTI
to renal failure in a small proportion of persons
over age 45 who have other predisposing
diseases.

Several conditions were found commonly at
initial examinations of the patients who subse-
quently became uremic. In accord with past
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experience, the prominence of congestive heart
failure and coronary heart disease in these
subjects may well be attributable to their effect
in lowering renal blood flow. It is possible that
heart disease and UTI may work together in
other persons to cause lethal kidney damage
(39). In our study, all 6 subjects with prior UTI
who later manifested renal failure had coex-
istent heart disease at the time of the initial
examinations.

The unexpected observation that half of
those who later had renal failure also had loss
of hearing was not explainable from available
data; perhaps this could be ascribed in part to
drugs which are potentially toxic to both the
eighth nerve and the nephron (40). A heredi-
tary association of nerve deafness and renal
failure has also been shown (41). The initial
examining physicians usually assumed that the
observed deafness in these subjects was the
result of presbycusis, a condition which is
difficult to relate to subsequent renal failure.
Certainly, the relationship between hearing loss
and subsequent renal failure requires further
study.

At the initial examination (one to seven
years before renal failure), objective evidence
(abnormal urinalysis findings; elevated level of
serum creatinine or urea nitrogen) for the
presence of renal disease or renal failure was
found in 4 of 14 subjects. Hypertension was
found in no more than the expected frequency
despite its common association with renal
disease and its occurrence terminally in 8 of
the present 14 subjects (29).

Several factors known or suspected to in-
crease the risk of coronary or other athero-
sclerotic disease were studied in the hope of
identifying some which might contribute to
renal failure. However, though at least one
reason for the increased risk of atherosclerosis
was found at the time of the initial examina-
tion in 10 of the 14 subjects, only hyper-
uricemia was found somewhat more often than
expected by chance. In some subjects, elevated
uric acid values could have been due to
impaired renal function as suggested by mod-
erate elevations of serum urea nitrogen or
creatinine levels. It is possible that the lack of
relationship between renal failure and risk
factors for coronary disease may be due to the
age of the renal-failure subjects. Risk factors
for coronary disease lose specificity with
advancing age.

RENAL FAILURE IN A TOTAL COMMUNITY

The two youngest subjects, who died of
glomerulonephritis (clinical diagnosis) with
only minimal terminal evidence of congestive
failure would have been the only candidates for
renal transplantation or long-term dialysis. The
other subjects with irreversible renal failure
would have been precluded from consideration
because of advanced age and/or extra-renal
disorders. According to recent estimates for the
U.S. population 15 to 54 years of age, the
number of dialysis candidates from the 4,500
Tecumseh residents in this age range in the
eight years since initial examinations would be
roughly 2.2, which is in agreement with our
findings (10).

Because the number of persons in this
population in whom renal failure developed
within the period of study was small, it was not
possible to establish the exact relationship
between factors observed at the initial exami-
nations and later renal failure. However, there
is a suggested relationship between certain
factors (pre-existing cardiovascular disease, his-
tory of urinary-tract infection, deafness) and
eventual renal failure. The addition of consider-
ably more person-years of experience from this
and similar longitudinal studies is needed so
that such relationships may be more clearly
established. Continued investigation of pre-
cursors to renal failure is essential to the
development of preventive programs, an impor-
tant long-range goal.
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