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Urine Osmolality in a Population Study
of Hypertension

GOSTA TIBBLIN & PAUL VIKGREN1

High blood pressure occurs in the majority of cases of chronic kidney disease, while
renal damage is common in the more advanced cases ofessential hypertension. In a popula-
tion study ofhypertensive disease, therefore, it is important to provide information on renal
function. Determination ofplasma creatinine concentration fails as a screening test since
a normal or nearly normal plasma creatinine value does not necessarily exclude severe
reduction of filtration ability. The specific gravity is the most widely used index of the
concentration power of the kidneys. The disadvantage of this method is that considerable
variation of specific gravity may occur in urines of like osmolality. In a sample of 855
SO-year-old men selected at random, the authors of this article have correlated the lowered
osmolality ofan early morning urine specimen with hypertension. Renal involvement and/or
altered rhythm of water and solute excretion can be the cause of lowered osmolality. The
determination of the concentration of early morning urine samples has a legitimate place in
population studies of cardiovascular diseases. A method of determining urine osmolality is
described that requires relatively simple equipment and gives results with a small standard
error.

In a population study of hypertensive disease it is
important to provide information on renal function
(WHO Expert Committee on Arterial Hypertension
and Ischaemic Heart Disease, 1961). A substantial
rise in plasma creatinine concentration is almost
always good evidence of a severe reduction of the
rate of glomerular filtration, but a normal or nearly
normal plasma creatinine value does not necessarily
indicate that there is no severe reduction of filtration
ability. Consequently plasma creatinine determina-
tion fails as a screening test of reduced glomerular
filtration. In clinical work the concentration of the
early morning urine specimen has long been used as
an indication of noticeable reductions in the con-
centration ability of the kidneys. Specific gravity is
the most widely used index of urinary concentration.
The disadvantage of this method is that considerable
variation of specific gravity may occur in urines of
like osmolality (Miles et al., 1954). This report deals
with the connexion between the concentration ability
of the kidneys, measured by osmolality determina-
tion of early morning urine, and early hypertensive
manifestations-high blood pressure and eye-
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ground changes-as seen in a population selected at
random.

MATERIAL AND METHODS

During 1963 a random study was made at Medical
Clinic I, Sahlgren's Hospital, Goteborg, Sweden, of
about 900 men born in 1913 and living in G6teborg.
The intention was to throw light on cardiovascular
diseases in middle-aged men with the aid of hospital
personnel and laboratory resources. The study took
the form of a medical examination. The attendance
was good, and 88% of those originally included in
the study were examined at the hospital, while
another 4% were examined at home; 8% were not
examined.
The participants arrived fasting at 7.15 a.m.; a

urine sample was immediately taken. No instructions
were given them about fluid reduction the evening
before or the morning of the examination, nor were
they asked if they had passed water before arriving
for examination.

Measurement of blood pressure
The blood pressure was measured by one of us

(G.T.) on the right arm using a mercury manometer
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with a rubber bag 12 cm wide and 23 cm long. The
systolic as well as the two end-diastolic pressures were
registered in both sitting and standing positions. In
this paper only the diastolic blood pressure (phase 4)
taken in the sitting position is discussed. The pres-
sure was measured after a 5-10 minute talk with the
participant. Each blood pressure was measured at
about 9-10 a.m.

Eye-ground examination
Between 10 and 11 a.m. the examining team's

ophthalmologist examined the eyes of the partici-
pants, paying special attention to the vessels of the
retina, and a photograph was taken of the fundus.
The ophthalmologist was not told the participant's
blood pressure. In this study, pronounced general
constriction and/or variations in calibre with or
without arteriosclerotic changes have been used as a
sign of hypertensive eye changes. Eye grounds with
merely arteriosclerotic changes are not judged to be
hypertensive.

Determination of urine osmolality
The equipment described here can be assembled in

a laboratory workshop and has been in use at
Sahlgren's Hospital since 1959. The construction is
similar to that of other thermistor bridges (see the
figure). A thermistor of the thermometer type
(Stantel F 23) with a resistance of 4300 ohms at 0°C
is fitted so as to be moisture-proof in a glass tube
containing the leads connecting the thermistor as one
branch of a Wheatstone bridge. During measure-
ment the small bead of semiconductor material in the
sealed tip of the thermistor occupies the centre of the
hemispheric end of a test-tube. An adjustable resist-
ance (RI) and a ten-turn precision potentiometer (R2)
balance the thermistor resistance. A sensitive Cam-
bridge spot galvanometer is used as balance indicator.
A shunt resistance protects the galvanometer when
the bridge is out of balance. With a suitable resist-
ance value of this shunt, galvanometer deflection
indicates the thermistor temperature in arbitrary
units from 25°C to -3C.

Distilled water, standard solutions, and samples
are treated in the same way. 2 ml of the fluid are
cooled in a test-tube, with the thermistor fitted in
position. For cooling, it is convenient to use 0.5 litre
of NaCl freezing-mixture kept at a temperature of
-8C in an insulated container. A few litres of this
are kept in a polyethylene container in a deep-
freezer. Supercooling of the sample is achieved by
gentle stirring of the freezing-mixture. The tempera-

THERMISTOR BRIDGE AND THERMISTOR HOLDER

+0.5 VDC n______ __̂ ? J I.

Ri = 4500 ohms
Rg = 10-turn Helipot 1000 ohms
Rs = 4300 ohms, matched pair.

ture change of the sample is followed on the shunted
galvanometer. Ice formation during this cooling
operation must be avoided.
When a suitable constant degree of super-cooling

is obtained, the test-tube is removed from the
freezing-mixture and ice formation induced by
tapping the test-tube with a metal rod.
Within 20 seconds the temperature conditions in

the partly frozen fluid and thermistor become con-
stant, and remain so for more than 20 seconds,
allowing the bridge to be balanced utilizing the full
sensitivity of the galvanometer. R, is balanced with
distilled water with R2 set at zero. R2, provided
with a precision dial, is used to balance the bridge
when standard solutions and samples are measured.
The relation of the R2-dial value to osmolality is
strictly linear, so that R2-dial values for samples are
easily converted to mOsm/kg H20. In the instrument
used, one scale division corresponds to approxi-
mately 3 mOsm/kg H20. Repeated measurements
of the same sample differ by less than 3 scale divisions.
A trained technician can measure 20 samples per
hour.

RESULTS

A total of 88 men were found to have hypertensive
eye-ground changes (Table 1). One of them had had
papilloedema. Only two had a diastolic pressure
< 90 mm Hg, and 75 had > 100 mm Hg. It is clear
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TABLE 1
DIASTOLIC PLOOD PRESSURE AND HYPERTENSIVE

EYE CHANGES, GOTEBORG, SWEDEN, 1963

Hypertensive
Diastolic blood pressure No. eye changes

No. %

< 90 mm Hg 322 2 0.6

90-95 mm Hg 306 11 3.6

100-105 mm Hg 116 14 12.1

110-115 mm Hg 73 31 42.5

120- mm Hg 24 17 70.8

Participants undergoing anti-
hypertensive treatment 14 13 92.9

Total 855 | 88 10.3

from Table 2, where the osmolality values of the
examined urine samples have been divided into
quartiles, that the proportion with hypertensive
eye-ground changes in the quartile with the lowest
osmolality value (140-779 mOsm) is twice as high
as in the quartile with osmolality exceeding 980
mOsm. The difference is significant (X2 = 11.19;
P < 0.02). Table 3 shows the number of participants
with low osmolality (< 780 mOsm/kg H20) in the
different blood-pressure groups. For the purposes
of this comparison, those participants with diastolic
pressures . 100 mm Hg were considered hyper-
tensive, and the remainder (those with pressures
< 100 mm Hg-phase 4) normotensive. The pro-
portion of participants with reduced concentration

TABLE 2
HYPERTENSIVE EYE-GROUND CHANGES
AND OSMOLALITY VALUES IN URINE,

GOTEBORG, SWEDEN, 1963

Hyper-
tensive

Osmolality values (mOsm/kg H20) Nocaeyeground

No. %

1st quartile (980-1360 mOsm)

2nd quartile (880- 979 mOsm)

3rd quartile (780- 879 mOsm)

4th quartile (140- 779 mOsm)

209

218

198

220

15

17

20

35

7.2

7.8

10.1

15.9

TABLE 3
LOW OSMOLALITY VALUES IN URINE IN DIFFERENT
LEVELS OF DIASTOLIC BLOOD PRESSURE, GOTEBORG,

SWEDEN, 1963

Low osmolallty
in urine

Diastolic blood pressure No.a (<780 mOsm/kg

No. %

<100 mm Hg 620 155 25.0

100-105 mm Hg 115 26 22.6

110-115 mm Hg 72 18 25.0

120- mm Hg 24 14 58.3

Participants undergoing anti-
hypertensive treatment 14 7 50.0-

a The urine from 10 of the men was not examined.,

ability in the normotensive group is approximately
the same as the proportion in the groups with
diastolic pressures of 100-120 mm lIg. In the group
of participants with the highest pressure (> 120 mm
Hg) and that receiving hypertensive treatment, the
number of participants with reduced concentration
ability is considerably higher (58.3% and 50%
respectively).

DISCUSSION AND CONCLUSIONS

Since the results of urine osmolality tests showed
that three-fourths of the participants in a group of
50-year-old men selected at random had an osmola-
lity value of >780 mOsm/kg H2O in an early morning
urine sample measured without standardized criteria,
severe reduction of renal concentration ability could
be excluded in this group (de Wardener, 1960).
Having established this, it was found that in the

low quartile area (<780 mOsm/kg H2O) there were
more than twice as many hypertensive eye-ground
changes as in the high quartile area (.980 mOsm/kg
H20). Again, whereas in the normotensive group
(diastolic level <100 mm Hg) and in the group with
diastolic blood pressure levels up to 115 mm Hg
about a quarter had low osmolality value
(<780 mOsm/kg H20), in the group with pressure
> 120 and in the group undergoing antihypertensive
treatment, 58,3% and 50% respectively were in the
lowest osmolality quartile area.
These findings were taken as a basis for correlating

reduced osmolality of early morning urine specimens
with hypertension. The possible reasons for this
reduced osmolality are taken to be renal involve-

x2= 11.19; P<0.02.
a The urine from 10 of the men was not examined.
b The urine from one of these men was not examined.
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ment with reduced concentration capacity and/or
altered rhythm of water and solute excretion.
The determination of the concentration of early

morning urine samples may be said to have a
legitimate place in population studies of cardio-

vascular diseases. The method described here of
determining urine osmolality requires relatively
simple equipment and gives results with a small
standard error. The number of samples per time-
unit is great and the cost per sample is low.

R, SUMt

Dans le cadre d'une enquete sur les affections cardio-
vasculaires en Suede, les auteurs etudient la relation
existant entre les manifestations precoces de 1'hyper-
tension art6rielle et les troubles de la fonction renale et
proposent d'evaluer le pouvoir de concentration des
reins par la mesure de l'osmolalite de l'urine.
900 hommes ages de 50 ans ont ete soumis a un examen

comportant la prise de la pression arterielle, l'observation
du fond d'eil et la mesure de l'osmolalite de l'urine de
la premiere heure.
Chez 220 d'entre eux, a une osmolalite basse corres-

pondait un taux de 15,9% d'alterations du fond d'ceil
d'origine hypertensive. Dans un autre groupe de 209
personnes, ou la mesure de l'osmolalite urinaire donnait
des valeurs 6levees, on n'observait en revanche que 7,2%
de lesions du meme ordre.
D'autre part, parmi les sujets a pression art6rielle

diastolique de < 120 mm Hg, environ 25% presentaient
une osmolalite urinaire basse, tandis que la proportion
etait de 58,3% chez les sujets a pression art6rielle plus
elev6e et de 50% chez les personnes traitees pour hyper-
tension.

Les auteurs estiment que ces observations sont la
preuve d'une correlation entre la diminution de l'osmola-
lite urinaire et la presence de sympt6mes dus a 1'hyper-
tension arterielle, l'atteinte renale consistant soit en
I'alteration du pouvoir de concentration soit en troubles
du rythme d'excr6tion de l'eau et des sels.
La mesure de l'osmolalite de l'urine devrait l6gitime-

ment prendre place parmi les examens effectues au cours
des enquetes sur les maladies cardio-vasculaires.

Les auteurs decrivent la methode cryoscopique simple
et rapide qu'ils ont utilisee pour leurs recherches.
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