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Do antihypertensive drugs precipitate diabetes?

C BENGTSSON, G BLOHME, L LAPIDUS, 0 LINDQUIST, H LUNDGREN, E NYSTROM,
K PETERSEN, J A SIGURDSSON

Abstract

A longitudinal population study of 1462 women aged
38-60 was carried out from 1968-9 to 1980-1 in Gothen-
burg, Sweden. The initial and follow up examinations
included questions concerning history of diabetes and
antihypertensive treatment. A considerably increased
risk of developing diabetes was observed for subjects
with hypertension taking diuretics (895 patient years),
subjects taking fi blockers (682 patient years), and sub-
jects taking a combination of diuretics and blockers
(281 patient years) compared with subjects not taking
antihypertensive drugs (13 855 control years). When
diuretics and , blockers were compared no difference
was found in relative risk.
Despite this increased risk, and because little is known

about the relation between other forms of antihyper-
tensive treatment and diabetes, diuretics and , blockers
should remain the treatments of choice in arterial
hypertension.

Introduction

Although the development of diabetes has been postulated to
be a possible side effect of diuretic treatment, no study has
been able to show definitely whether there is a causal relation
between diuretics and diabetes. In addition, some studies have
indicated an increased incidence of diabetes in patients taking

blockers.1 2If the incidence of diabetes is increased in subjects
taking different types of antihypertensive drugs the reason

might be an association between the antihypertensive state and
diabetes rather than between antihypertensive drugs and
diabetes. We studied the incidence of diabetes over 12 years in
a defined population sample. We compared subjects taking
antihypertensive drugs with those not taking them. A further
subdivision was made to compare subjects taking diuretics
with subjects taking 5 blockers.

Patients and methods

A population study of 1462 women aged 38, 46, 50, 54, or 60 was
carried out in Gothenburg, Sweden, in 1968-9 (table I). Owing to
the method of sampling and a high participation rate (90-1 0) the
participants were representative of women of the ages studied in
the general population.3 The population sample was studied again in
1974-54 and 1980-1,5 as table I shows. The present study deals with
the 12 years' follow up between 1968-9 and 1980-1. Information was
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obtained about antihypertensive treatment and prevalence of diabetes
by telephone interview or letter from most of the refusers in the
follow up studies and most of those who had moved from the area.
Thus we succeeded in interviewing 1406 women (1302 participants)
concerning antihypertensive treatment and diabetes in the follow up
study in 1974-5 (97-90o of all survivors) and 1351 women (1154
participants) in 1980-1 (97 40, of all survivors). Women who died
during the six years between 1968-9 and 1974-5 (n---26) or between
1974-5 and 1980-1 (n- 49) were excluded from analysis of the
respective six year period. In none of the women who died had
diabetes been diagnosed between her last participation in the
population study and her death. Non-participants in the follow up
studies from whom no information could be obtained were also
excluded.

TABLE i-Number (%) of participants of each age taking part in each step of a
longitudinal study of women in Gothenburg. Percentages shown for 1974-5 and
1980-1 were calculated as a proportion of those investigated in 1968-9

Year Invited
of in 1968-9 1974-5 1980-1

birth 1968-9

1930 407 372 (91 4) 336 (90 3) 308 (82 8)
1922 479 431 (90-0) 387 (89 8) 332 (77 0)
1918 436 398 (91 3) 351 (88 2) 325 (81-7)
1914 203 180 (88 7) 163 (90 6) 140 (77 8)
1908 97 81 (83-5) 65 (80-2) 49 (605)

Total 1622 1462 (90-1) 1302 (89 1) 1154 (78 9)

Detailed information about antihypertensive treatment being
received in the population sample at the time of each of the three
studies has been reported previously.5 Twelve women in whom
diabetes had already been diagnosed at the beginning of the study
in 1968-9 were excluded from the start.

Table II shows mean values of fasting blood glucose concentration
and body mass index, as initially recorded (in 1968-9), in women who
at follow up in 1974-5 or 1980-1, or on both occasions, were taking a

diuretic as a sole drug, a , blocker as a sole drug, or the combination
of a diuretic and a ,B blocker. It compares these findings with those
from women who were not taking antihypertensive drugs on either
occasion. Differences were observed between women taking anti-
hypertensive drugs and those not, but there were no obvious
differences between women taking diuretics and those taking ,B blockers
or the combination. There was some tendency towards slightly higher
blood glucose concentrations in women who received : blockers and
slightly higher body mass index in women who received diuretics
(non-significant differences).
A family history of diabetes (among parents or brothers or sisters)

was about equally common in all groups: 16 of 84 women (1901)
taking a diuretic as a sole drug in 1974-5 or 1980-1, or both, reported
a family history of diabetes compared with 23 (230' ) of 98 taking a

blocker, nine (15°/,) of 59 taking a diuretic and a blocker in
combination, and 132 (140') of 920 not taking antihypertensive
drugs in either 1974-5 or 1980-1 (non-significant differences between
the groups of women taking different drugs or combination).

In each of the three studies (1968-9, 1974-5, and 1980-1) the
women were interviewed and examined in a comprehensive way.'
The interview included questions about history of diabetes and
antihypertensive treatment. In patients with diabetes the time when
the diagnosis was settled was recorded and type of antidiabetic
treatment registered. Urine was tested for glucose. Blood glucose
concentration was determined from venous blood with the patient in
the fasting state. Women with blood glucose concentrations of
6 0 mmol/l (108 mg/100 ml) or more who were not known to have
diabetes were referred to a special diabetes unit for further examination.
A subject was defined as having diabetes if this had been diagnosed
by a doctor or if two fasting venous or capillary whole blood samples
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TABLE II-Mean (SD) initial fasting blood glucose concentration and body mass index (recorded in 1968-9) in women taking a diuretic or a ,3 blocker as a sole
antihypertensive drug or a combination of a diuretic and a a blocker at the time of study in 1974-5 or 1980-1, or on both occasions, and in women not taking antihypertensive
drugs in either 1974-5 or 1980-1

Taking diuretics Taking 3 blockers Taking combination Not taking antihypertensives
Initial age (years)

n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)

Fasting blood glucose (mmolll)
38 6 4-3 (0-6) 7 4 1 (0-5) 12 4 1 (0 9) 276 4-0 (0-6)
46 19 4 1 (0-6) 26 4.5** (0 7) 9 4 0 (0-5) 279 4 1 (0 6)
50 28 42 (06) 38 45*** (08) 19 42 (08) 244 4-1 (06)
54 16 45* (07) 20 45* (09) 11 4.6* (07) 96 4 1 (06)
60 17 43 (0-6) 7 4 3 (0 7) 8 4 3 (0 6) 28 4-2 (0-5)

Body mass index (kg/M2)
38 6 24 1 (1-8) 7 23 8 (3 0) 12 24 1 (2 6) 276 23-1 (3 2)
46 19 25.3** (44) 26 24.4* (2-3) 9 23-7 (1 9) 279 23-2 (3-2)
50 28 25-8* (2-9) 38 26.7*** (4 6) 19 27-5*** (5-6) 245 24-1 (3 4)
54 16 26.4* (35) 20 246 (5-0) 11 27.4** (5 4) 97 24 1 (33)
60 17 25-8 (3 9) 7 26 8 (4 2) 8 25 5 (3 9) 28 25-9 (29)

Significance compared with women not taking antihypertensive drugs: *p<0.05; **p<0.01; ***p<0001.
Conversion: SI to traditional units-Glucose: 1 mmol/l 18 mg/100 ml.

showed glucose concentrations of 7 0 mmol/l (126 mg/100 ml) or
more, according to the World Health Organisation's recommendations.6
In subjects receiving antihypertensive drugs registration was made
with respect to start of treatment, type of antihypertensive drugs, and,
when the antihypertensive treatment had been changed, the time
when this change occurred. Body height was measured to the nearest
0 5 cm with the subject standing without shoes. Body weight was
measured to the nearest 0-1 kg with a balance scale. The women wore
only briefs when being weighed. Body mass index was calculated as
weight (kg)/height (m)2. Information about family history of diabetes
was obtained in an interview.

STATISTICAL METHODS

Multivariate analysis was carried out using Pitman's non-parametric
permutation test.> The hypothesis of no differences between mean
values was tested with Student's t test. Differences in prevalences
and incidences were studied by means of the x2 procedure, according
to Mantel-Haenszel, with one degree of freedom.6 In this way the
effect of age as a confounding factor is minimised. Relative risk
(risk ratio) and confidence limits of relative risk were calculated
according to the Mantel-Haenszel estimation.6 9 Women of each
age were studied separately (the ages of 38, 39, 40, 41, . . . 68, 69,
70, 71, 72 years, altogether 35 periods of one year, during which
the participants were at risk). In this way 856 patient years were
recorded for participants taking diuretics as a sole drug, 664 patient
years for women taking 3 blockers as a sole drug, and 271 patient
years for women taking a combination of diuretics and f blockers
(some of whom were taking other antihypertensive drugs in addition
to diuretics and 3 blockers). If those not participating in the follow
up studies but from whom information was obtained are included
the corresponding figures are 895, 682, and 281 respectively. Al-
together 12 798 control years were recorded for participants who
did not take antihypertensive drugs during the 12 years (13 855 when
also including non-participants). Women who had taken anti-
hypertensive drugs but not diuretics or 3 blockers were not included in
the statistical analysis. Differences and correlation coefficients were
considered to be significant for p values of < 0 05.

Results

Diabetes was diagnosed in 43 initially non-diabetic women between
1968-9 and 1980-1. At the time of the first study four of these 43
were aged 38; 10, 46; 18, 50; eight 54; and three 60. Of these 43
women, 25 were diagnosed as having diabetes while taking anti-
hypertensive drugs and 18 while not.
A multivariate analysis was carried out in which age, initial fasting

blood glucose concentration, and initial body mass index were taken
into consideration as background variables. The correlation between
antihypertensive treatment and incidence of diabetes was still
significant when age, fasting blood glucose concentration, and body
mass index were taken into consideration (p- 000006).

Table III shows relative risk (with 950O confidence limits) for the
incidence of diabetes mellitus in subjects receiving different types of
antihypertensive treatment compared with in women who did not
receive antihypertensive drugs. A substantially increased risk was

observed for subjects taking diuretics, those taking : blockers, and
those taking a combination of diuretics and fi blockers. Those taking
drugs other than diuretics or fi blockers were too few to permit
conclusions. Those taking potassium saving drugs such as amiloride
and spironolactone were also too few to permit separate conclusions,
and these drugs were included among the diuretics. When the effects
of diuretics and : blockers were compared the relative risk was about
the same: 1-4 in women taking ,B blockers compared with those taking
diuretics (95O, confidence interval 05-4 0) (including non-participants
1 1 (confidence interval 0 4-3 0)); no significantly increased risk.
The relative risk was found to be 2-5 for the combination of diuretics
and g blockers compared with diuretics alone (9500 confidence limits
0 9-7 3) (including non-participants 2-0 (95% confidence limit
0 7-5 7)). Again there were no significant differences.

TABLE iII-Age adjusted relative risk (95% confidence limits of relative risk in
parentheses) in women taking diuretics, a blockers, or a combination of diuretics
and ,3 blockers compared within women not taking antihypertensive drugs

Treatment Relative risk p value

Non-participants in the follow up studies excluded
Diuretics 3-4 (1-5- 7 9) <0-01
Fi blockers 5-7 (2-6-1215) <0-001
Diuretics and 13 blockers 11-4 (5 0-26 0) <0-001

Non-participants in the fdtlow up studies included
Diuretics 4-6 (2-2- 9-5) < 0-001
13 blockers 6-1 (2-8-13 3) <0-001
Diuretics and 13 blockers 11 5 (5 3-25 0) <0 001

Table IV shows some characteristics seen at follow up in 1980-1 of
women who during the preceding 12 years had developed diabetes.
Six of the women who were taking antihypertensive drugs and five of
those who were not had had diabetes diagnosed as a result of the
follow up study in 1980-1. Body weight exceeded 100 kg in five of the
women taking antihypertensive drugs. There seemed to be no differ-
ences between women receiving different antihypertensive regimens
in the variables presented in table IV except for a larger number of
definitely overweight women among those taking antihypertensive
drugs. As the fasting glucose concentrations show (table IV), diabetes
was well controlled in most of the women. All but two in the group
taking and all but three in the group not taking antihypertensive drugs
had their diabetes controlled by diet alone or together with oral
antidiabetic drugs.

Discussion

We found an appreciable increase in the incidence of diabetes
in subjects taking diuretics or 3 blockers or a combination of
diuretics and D3 blockers compared with women who were not
taking antihypertensive drugs. No significant differences were

observed between women taking diuretics and women taking
D blockers. As very few women in Gothenburg during these
12 years were taking any other antihypertensive drugs5 con-
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TABLE IV-Charaactristies at the time of 12 ycar follow8? up in 1980-1 of w,-omen
wvho, durinlg the. preceding 12 years or at exami'nation in? 1980-1, zere diagnosed
as having diabetes. (Body w,-eights int parentheses denote that the figuires Zw-ere
reported in an interview.., by w,-omzenw,?.ho did nlot par ticipate in the study in 1980-1)

Famil1
Case Age Duration historv Body Antidiabetic Fasting blood
No (years) of diabetics of weight treatment glucose (mmoll)

(years) diabetes* kg)

Takinig diuretics
1 50 3 Yes (90) Tablets
2 58 11 No 66 1 Tablets 8 9
3 5t8 8 ? 119 0 Tablets 18 8
4 58 0 No 123 2 None 7-3
5 62 3 No 60 0 Diet 7 6
6 62 0 No 60 6 None 6-9
7 66 0 No 64-0 None 9-3
8 66 10 Ycs 73-1 Tablets 12 3
9 72 6 No 92 5 Diet 4 8

Taking , blockers
10 58 2 Ycs 65 2 Insulin 13 5
11 58 2 Yes (45) Insulin
12 62 4 Yes 96 8 Tablets 10.9
13 62 5 No 101 8 Tablets 8 0
14 66 8 Yes 65 6 Tablets 5 3
15 66 6 N 61 3 Tablets 6 1
16 66 3 TYes 52 2 Fablets 4 4
17 72 2 TLblets 7-5

Taki'sg combi)atii ofie di,r ti-s 5sd ', blocker,
18 5( 3 Yes (140) Tablets
19 50 2 YTsTablets
20 62 1 N) 810 Dict 8-5
21 62 Ycs 7' 0 Nonc 9 7
22 s2 0 XYCs 114 0 Noine 9.1
23 62 5 N 72 0 Diet 5 7
24 66 0 No 86 4 None 6 4
25 66 9 No 59 7 TI'ablets 4 5

Noet tkit?ig aitkhyperteisiv'e druigs
26 50 3 NT 98) 'l ablets
27 58 6 No (63) Insulin
28 58 8 N; o (60) Inisulill
29 58 6 No 80 3 Tablets 9 2
30 58 9 No 62 0 Tablcts 17-0
31 58 7 Yes 68 3 T ablets 16 9
32 62 6 N o 52 1 Insulin 16'8
3:3 Dicd in 1976 No
34 62 0 No 84 0 None 6'5
35 62 5 No 70 5 Tablets 3'8
36 62 0 No 58s5 None 6-3
37 62 0 No 59 0 None 7 8
3(S 62 4 'Yes 80-1 Tablets 5-7
39 62 1 DYes67 1 Dict 6 0
40 2s 670 None 8'8
41 62 0 YYCs 100 1 Nonse 86
42 IDied in 1976 Yes
43 72 4 Ycs 62 2 Dict 6'9

*1)iabetes among pareists isr brothers or sisters.
(viiiiy'er.isi: SI to traditional lolits(Gluiose: 1 mnaol 1 18 mg! 100 ml.

clusions concerning the incidence of diabetes could be drawn
for only diuretics and 'i blockers.
There are fev recent data on the incidence of diabetes in

subjects with untreated arterial hypertension as leaving arterial
hypertension untreated is now considered to be ethically
unacceptable. Previous studies have indicated an association
between untreated hypertension and diabetes, as reviewed,
for example, by Barrett-Connor et all"' and Drury,' but the
association was never as strong as that observed in the present
study of hypertensive subjects taking antihypertensive drugs.
We therefore feel justified in believing that an association exists
between treatment with antihypertensive drugs and diabetes,
at least as far as diuretics and M blockers are concerned; final
proof, however, is still lacking. It is also worth noting that in
this respect our findings showed no difference between diuretics
and M blockers.

Ever since diuretics were introduced as antihypertensive
drugs their possible association with diabetes has been discussed,
and many papers have been published on the possible relation
between diuretics and impaired glucose tolerance or clinical
diabetes. Such studies have been reviewed, for example, by our
group'2 and by Furman"; interest has not, however, been
focused on 'S blockers in the same way.
One main drawback of our study is that the subjects were not

randomised to one or other drug. The drugs were given
according to the individual doctor's clinical judgment. This
necessitates caution when interpreting the results. With respect,
however, to the appreciable differences observed in comparison
with women not taking antihypertensive drugs and, in addition,

the similarities before treatment between subjects who started
different antihypertensive drugs, the results cannot be dis-
regarded.
The main advantages of this study are that the women were

representative of women in the general population, they were
carefully followed up, a long follow up period was used, and
the number of subjects disappearing from the study over the
12 years was small.
Our findings raise the important question of whether the

results should be taken as an indication for avoiding diuretics
and 31 blockers in the treatment of arterial hypertension. Very
limited information exists concerning the risk of diabetes when
using other types of antihypertensive treatment, and we there-
fore think that other drugs must be shown to be different in
this respect before they can be recommended, as being less
diabetogenic, as drugs of choice in the treatment of arterial
hypertension.

Despite the increased risk of clinical diabetes that we observed,
we found that diuretics and ' blockers caused few side effects
during the long term follow up described in this paper. In
addition, mortality was, if anything, lower among women
who were referred for antihypertensive treatment at the time
of the initial study than in other women of the same age in the
general population.14 We therefore think that diuretics and

blockers are still the drugs of choice in the treatment of
arterial hypertension.

The analyses and presentation of data were supported by grants
from the Swedish Medical Research Council (27X-4578).
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