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BACTERIURIA IN A HEALTHY POPULATION AND ITS RELATION
TO HYPERTENSION AND PYELONEPHRITIS

gE s ADEHBKSITIIHEEREVCICHEHERCL
ESELEESSUVUEBIZIBERXE0BER

INTRODUCTION

Although many physicians regard chronic
pyelonephritis as a relatively common
cause of hypertension,l a dissenting
opinion stresses the rarity of an etiologic
Rl Longcope4 is credited with
having suggested hypertension as a late
manifestation of pyelonephritis, and Weiss
and Parker,5 presenting additional cases,

subsequently established the current

relation.

histologic criteria for the diagnosis,-.
In both studies, however, the authors
refrain from assaying the prevalence of
Goldblatt's® classic
experiments producing hypertension with

the association.

renal ischemia lent a partial explanation
for an association, and the implication
that occult, chronie pyelonephritis
might commonly cause hypertension became
prevalent. Actually, the cases presented,
being mostly juvenile and accelerated
cases, represent unigue examples of
hypertensive subjects. Furthermore, the
pyelonephritis reported was the uncommon
nonobstructive, atrophic type - a point
often overlooked. It is appropriate to
ask how often this association exists
among the majority of hypertensives who are
neither juvenile nor have accelerated
disease., Furthermore, if an association
is demons trated, does mere association

suggest causal relation?

The answer would be easy if the diagnosis
of chroniec pyelonephritis were clinically
Unfortunately, it is not;
frequently it is reserved for the autopsy
table.
of the condition existed, a survey of

obvious.

If some reliable, simple indicator

normal and hypertensive subjects might

&
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Recent studies
suggest bacteriuria as an indicator of
asymptomatie, 3

resolve the controversy.

chronic pyelonephritis,
and this prompted the current survey, in
which a large number of randomly selected,
hypertensive Japanese adults and a suitable
comparison group were screened with
guantitative bacteriologic study of
the urine. In addition, subjects with
persistently abnormal urine received
more extensive diagnostic procedures to
establish
phritis. The prevalence of bacteriuria in
both hypertensive and control groups has
been estimated, and the relation of
to the individual's blood
the
findings suggest that hypertension can
rarely be attributed to ocecult,
pyelonephritis.

or exclude sterile pyelone-

infeetion
pressure is discussed. In essence,

chronice

METHODS

This study was conducted at the Atomic
Bomb Casualty Commission (ABCC), a joint
Japanese and American research project
primarily concerned with the late biologi-
cal effects of ionizing irradiation.
Subjects,
Japanese census of 1950,
of the Hiroshima atomic bombing who were
within 2000 meters of the hypocenter; and
suitable comparison groups who received
presumably negligible or no irradiation.
The hypertensive group represents all
subjects between the ages of 30 and 69
years seen in a 50 week period whose blood

derived primarily from the
are survivors

pressure on all determinations was greater

than 140 systolie and 90 diastolic. Three
determina tions were performed: twice by the
Japanese examining physician, at the

beginning and end of his examination, and
finally by a second observer,
American physician. Determinations were
done with the subject seated,
12.7 cm standard wrap-round cuff applied to

usually an
using a

the left arm and recording via a mercury-
column sphygmomanometer. Readings were
taken as prescribed by the American Heart
Association;ln in particular, the diastolic

pressure was recorded at the level at which
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the Korotkoff sounds disappeared. No
subjeect was included in the report if less
than two blood pressure readings
taken,
of all readings.

were

and pressures guoted are the average

In this manner a group of hypertensive
30 through 69 years of age,
comprising 183 males and 278 females,
was established. More than half of
the study group had blood pressures
exceeding 160 systoliec, 95 diastolie, the
lower 1imit of hypertension subsequently

subjects,

recommended by an Expert Committee of the
World Health Organization.11 A diastolic
blood pressure exceeding the age-specific
mean by twice the standard deviation or
greater was recorded in 24.2 per cent of
the women and 36.3 per cent of the men.
The preponderance of females in the sample
is related to the composition of the
civilian population at the time of the
atomic bombing. No pregnant females were
inecluded. A1l subjects had a history
taken and received a physical examination,
with a routine battery of laboratory
tests,
creatinine and blood nonprotein nitrogen,

including a determination of serum

a urinalysis, and quantitative culture of
a clean-voided specimen.

A comparison group of randomly selected
normotensive subjects comprising 244 males
and 272 females was examined in the
same period. For the purpose of the
study, normotension was defined as an
average blood pressure not exceeding 139
systolic and 89 diastolic. The definitions
of hypertension and normotension are
arbitrary, and some subjects obviously
Changing the
definition would alter the age distribution
of the subjects presented but not the

relations demonstrated.

were classified as neither.

Age-specific
definitions of hypertension are appre-
ciated, but a discussion of their merits is
not pertinent. Normotensive subjects were
treated the same way as hypertensive
subjects except that the serum creatinine
and blood nonprotein nitrogen were deter-

mined only in the presence of proteinuria.
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Quantitative cultures were performed
with elean-voided specimens of urine
collected by the patients themselves; the
me thodology has been reported elsewhere. 12
At least one guantitative urine cul ture
was performed for 93 per cent of all
hypertensive subjects seen. The remainder
were not done because of oversight or
patient refusal and are excluded from the
data. Counts exceeding 100,000 colonies
per ml were considered significant, and
counts less than 10,000 colonies per ml
were generally regarded as contaminants.
Intermediate counts (10,000-100,000
colonies per ml), occasionally seen, were
repeated for clarification. Significant
counts were confirmed before therapy,
and, to establish the extent of renal
involvement, intravenous pyelography was
performed with the subjeet supine while
pressure was applied to the lower abdomen
and in the erect position after the release
All films "were
reviewed in cooperation with Dr. Walter
Russell, Chief, Department of Radiology,
ABCC.

of abdominal pressure.

RESULTS

Since no relation was found between
exposure to the atomic bomb and bacteri-
uria, subjects from the various radiation
classifications have been combined in the
following discussion.

The prevalence of bacteriuria in sub-
groups divided for sex, age, and the
presence of hypertension is shown in
Table 1. Bacteriuria is rare (0.2 per cent
prevalence) in males with or without
hypertension not in the hospital. The
single case found was 1n a 58 year old
normotensive man who had twice undergone
major bowel surgery and may well have been
catheterized. The over-all prevalence of
bacteriuria in women without regard to age
It:.1s
unrelated to hypertension; the age-adjusted

or hypertension 1s 3.2 per cent.

prevalence of bacteriuria being 4.2
per cent with and 3.6 per cent without
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hypertension. Bacteriuria is correlated
with age, inecreasing from a prevalence of
1 per cent below 50 years to 6.3 per cent
in the seventh decade. In women beyond
70 the general experience at ABCC suggests

a prevalence of roughly 12 per cent.

EIRIZFE S ABEREGRAS > T, DF KO 1 %

OBEE IL70F D 6.3% 128N+ 5. T0FL Fo
wBAICEWTIE, ABCCoOHEEZE TITITIF12
Y%GDOEETHLIEE NS,

PREVALENCE OF BACTERIURIA IN 944 NONHOSPITAL SUBJECTS WITH OR WITHOUT HYPERTENSION

TABLE 1
£1 HEcR-EMES LEVEFMLED 945125 17 5 M & RO HE
HYPERTENSIVE 7 IM/E NORMOTENSIVE IFHIMLIE
PREVALENGE RATES
SEX | AGE |SUBJECTS|SUBJECTS WITH|SUBJECTS|SUBJECTS WITH
AT RISK | BACTERIURIA | AT RISK | BACTERIURIA ”P”IEigE::ﬁgﬁggg"“VE
i 18 A 4 g SIEH S L CENMES O
R ﬁ*ﬁﬁ MEEz &2 o E A T b 5,‘.‘; 2 Aﬁ‘rﬁ'ﬁl
R i =
30-39 12 1 70 0 1.0%
40-48 40 1 81 0
50-59| 118 3 78 4 3.8
FEMALE lgp.50 B4 5 43 3 8.3
£ TOTAL
o 254 10 272 7 32
AGE ADJUSTED PREVALENCE -
. L 4, 2% 3. 6%
1. 1 I 98 5
MALE lomopo | roa 0 244 1 0.2
3
An attempt was made to detect sterile or )
e o X T Iz ki it - 14 0
hedled pvelonephritis with intravenous EMER EEREIC &0, REE R
pyelography. It was not feasible to PEEBREEELESE L S2EBREFEICAHL

perform pyelography on all subjects,
therefore, it was done when clinically
indicated. The major indication, in
addition to bacteriuria,

and,

was significant
proteinuria —- defined as moderate protein-
uria (4++test or greater) or any degree of
proteinuria in conjunctioﬁ with an abnormal
urinary sediment or a diastolic blood
Occasional mild
{trace or + test) proteinuria alone was
discounted.

pressure exceeding 120.

Experience with these criteria
is summarized in Table 2.
accelerated disease,
male,

Five cases of
two female and three
It should be
noted that additional pyelograms were taken
on 30 females and 14 males with severe
benign hypertension The only
pertinent finding was a single case of
renal stones.

are listed separately.

alone.

When bacteriuria was present, pyelography
confirmed renal involvement in half the

BIEEMES ERT A ZLETTRTH- ZOT,
BRI VETH B ERBDOLNIEAE, 20K
HhERLE, MERUCEROENR L MRAE
OERBEEE L. ZZI2WI3ERLZEARE
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EAR (EBEEE ZE+) oL ohnzid
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AlrEELBMEENFENAE HT 5 LM0HNE
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TABLE 2

INTRAVENOUS PYELOGRAPHY - INDICATIONS AND RESULTS IN HYPERTENSIVE SUBJECTS

#2 BEMBTLREME-SOESEBE P ILIBENES I URESE
SUBJECTS|PYELOGRAPHY|ABNORMALITIES
SEX NOGA-L 0N AT RISK | PERFORMED | FOUND BY |VP LABDLABNDR] S
i I G T s EEL - AR BTEME R BT L B B
W iE Wik Ny L -2
*ElCWEIMIA " 8 A Caliectasis with infundibular
1 1 IR stenosis (2?), aortic aneurysm
FSIGNIFICANT partially obstructing one
PROTEINURIA 17 12 3 ureter, atrophic pyelanephritis
R renal stone, poor concentration,
EEOERRK unilateral partial atrophy;
FEMALE| ACCELERATED FAHIES UO
A 2 2 s
£ || St 0 WRAR S R & 1R % 5 W), &
HYPERTENSION FE1>ORECAET 2 KB, &
ALDNE 224 30 1 Ifs, FHHWEBEIRTHR, BH, TRIEMWE
L & ; e
TOTAL &t T 52 = HWRlEEr v, B0
TSIGNIFICANT Renal tuberculosis, minimal
PROTEINURIA 14 10 4 generalized caliectasis with
FEOEORK . infundibular stenosis, enlarged
ACCELERATED prostate with retention, bladder
MALE DISEASE g 3 2 tumor,; large cyst at renal
O3 L A A pedicle, unilateral caliectasis
o A SR - consistent with pyelonephritis.
e i i IR RIE, WRE R Ak 5 M <
EILED & BEEOSREEHIEEE, SH%8L 9
- BB MR AL AR, BERERESE, B TR
TOTAL _ 174 21 8 KA, WERERLE B ARG
L) e

*|ncludes one case of known pyelonephritis successfully

HEHEGMCEEL-EEVN RO LEMNEE .

t++test or greater;

or any degree of proteinuria

treated prior to culture.

in conjunction with an abnormal urinary

sediment or a diastolic blood pressure exceeding 120.

+HEE, FARREREEZ 2B 120me @B T AEBILEZF2 I PERLUTOEAR.

cases in which x-ray study was performed.
The findings,
three of four cases, consisting only of
limited caliectasis and infundibular
stenosis; the fourth patient showed
extensive bilateral involvement, with
measurable atrophy of one kidney. One-
third of the subjects with significant
proteinuria exhibited pyelographic ab-
normalities, but some of these were
limited to the bladder,
one patient,

however, were minimal in

and in only
an elderly man, could the
abnormality conceivably be attributed to
antecedent pyelonephritis. The pyelogram
showed minimal blunting of the calyces
but the
clinical evidence of pyelonephritis was
equivocal. 0f the five subjeects with
accelerated hypertension two had abnormal
pyelograms:

and some infundibular narrowing,

most apropos is a 31 year

N X i
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REEh, 1B0EMBEIIFVTOR, TOR
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ZENTEE. FOFLXBBRIIFVT, IR
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0l1ld man with a blood pressure of 190
systolie, 128 diastolic which had appeared
abruptly sometime in the five years
before examination. Although urinalysis
was within normal limits and cultures
sterile, pyelography revealed marked,
unilateral dilation and distortion of
the calyces consistent with pyelonephritis.
Further studies are pending. The other
pyelographic abnormality was seen in a
46 year old man with a blood pressure
of 244 systolic, 150 diastolic, and
rapidly deteriorating renal function. The
pyelogram demonstrated a large filling
defect, probably a cyst, at the pedicle of
the left kidney; operation has not been
performed to date.

Pyelonephritis was confirmed in four
hypertensive women by pyelography. In
an additional four the diagnosis was
considered tenable on clinical grounds

(history and abnormalities in the urine)”

yielding a total of eight cases of pyelone-
phritis. Of these eight, one had atrophic
pyelonephritis and another renal failure.
The diagnosis was considered presumptive in
the remaining three women with persistent
bacteriuria alone. The records of these
eleven women were examined to see if
their hypertension differed in degree or
kind from that of their hypertensive
counterparts without bacteriuria. No
gqualitative difference was noted. The
average age of the group was 56 years and
the average blood pressure 179 systolie,
100 diastolic;
without bacteriuria or primary renal

59 hypertensive women

disease with a mean age of 56.8 years
55-59 years) had an average
blood pressure of 184 systoliec, 102
diastolic. The difference is not signifi-
cant. Furthermore, none of the women with

(range,

bacteriuria had a diastoliec blood pressure
exceeding the age-specific mean by twice
the standard deviation, although 24.2 per
cent of the hypertensive women in the
study did exceed this level of diastolic
Although pyelonephritis
cannot be excluded as the etiology of
hypertension in any individual in the

hypertension.

group, it 1s obvious that for the group as
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a whole the level of blood pressure was a
function of age and apparently not affected
by the presence of variable degrees of
pyelonephritis.

DISCUSSION

The virtual absence of bacteriuria in
males selected from the general population
is consonant with previous findings in a
hospital population in which bacteriuria
occurred only in men with a history of
prior urinary tract 1n$trumentation.13
In this regard, it should be noted that
symptomatic prostatic hypertrophy seldom
1s seen in Japanese men. In the current
study bacteriuria was also rare in women
until the age of fifty but thereafter
became more common with advancing age
(Table 1). This also conforms to published
experience with elinic populations.13’14
The prevalence rate for the female gTEup
as a whole is only half that found by Kass?
in a medical outpatient sample, but the
absolute difference 1s small and may
merely reflect the inherently older
population seen in eliniecs. Since 50
per cent of hospitalized females with
bacteriuria can have a history of urinary
catheter‘]zation,l3 the finding by Kass may
also reflect greater exposure to the
catheter in medical-clinie groups.

If pyelonephritis were a relatively
common cause of hypertension, one could
reasonably except this to be reflected by
an increased prevalence of bacteriuria in
hypertensives. This expectation is
contrary to the current findings, which
fail to relate bacteriuria to hypertension.
In addition, a concurrent pyelographie
survey failed to show a substantial
inerease in the apparent prevalence of
pyelonephritis among hypertensive subjects.
A recent autopsy study9 has also falled to
relate hypertension to bacteriuria or to
histologic evidence of pyelonephritis.
Earlier studies are difficult to compare
owing to the select nature of the groups
s tudied, the lack of quantitative cultures
before 1957, and the changing concepts in
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the histologic diagnosis of pyelonephritis
sinee the 1939 monograph of Weiss and
Parker, D

The current study does not test whether
or not pyelonephritis can ever cause
In an assay of the general
prevalence of such an association, however,

hypertension.

it was found to be infreguent, and when
these econditions did co-exist, no causal
relation was unequivocally demonstrated.
It should be noted that experimental
pvelonephritis, to date, has not been
shown to induce hypertension in small
animals.15 The converse, however, has been
demons trated by Woodsl6 and others,17’18
who have rendered animals hypertensive and
shown them to be more susceptible to
induced pyelonephritis than their normo-
tensive counterparts. No indication of
this in man is given by the current study.

S UMMARY

A nonhospital Japanese population
comprising 428 hypertensive and 516
nonhypertensive subjects was screened
for bacteriuria and pyelonephritis.
Bacteriuria was rarely found in men but
occurred in women with increasing frequency
past middle age, reaching a prevalence of
6.3 per cent in the seventh decade. No
relation could be demonstrated between
It is
suggested that if pyelonephritis causes
hypertension, this is a rare event,
not detectable in a random sampling of

bacteriuria and hypertension.

hypertensive subjects.
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