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Background: It is taken for granted that diuretics may induce gout, but there is a general lack of evidence
on this topic.
Objectives: To determine the incidence of gout in patients who use diuretics, taking into account concurrent
hypertension and cardiovascular diseases.
Methods: A case-control study was designed. From a primary care population all patients with a first gout
registration (59 men, 11 women; mean (SD) age 55.1 (13.5)) were identified as cases. To relate the
occurrence of gout to diuretic use a matched reference series of three controls for each case was compiled.
Conditional logistic regression analyses were applied to estimate incidence rate ratios (IRRs) of gout, and
95% confidence intervals (CIs), in subjects with and without diuretic treatment, hypertension, and
cardiovasculardiseases. Additional stratification analyses were made, particularly in the subjects not using
diuretics.
Results: The IRRs of gout in subjects with v those without diuretic treatment, hypertension, heart failure, and
myocardial infarction were 2.8 (95% CI 1.2 to 6.6), 2.6 (95% CI 1.2 to 5.6), 20.9 (95% CI 2.5 to 173.8),
and 1.9 (95% CI 0.7 to 4.7), respectively. After adjustment, the IRR of gout for diuretic use dropped to 0.6
(95% CI 0.2 to 2.0), while the IRRs of gout for hypertension, heart failure, and myocardial infarction were
still .1. This was also the case for subjects with hypertension or myocardial infarction, who had not used
diuretics.
Conclusion: The results suggest that diuretics do not actually increase the risk of gout. Cardiovascular
indications for treatment may have confounded previous inferences.

D
iuretics are drugs with a widespread use, with a
spectrum of evidence based, important indications
(hypertension, cardiovascular diseases). They are safe,

cheap, and have minimal side effects. Of these side effects,
the possibility of the induction of gout has been debated for
decades.1 2 Diuretics are supposed to have a direct effect on
ion exchanger proteins at the proximal tubule lumen
membrane in the kidney which enhance the urate reabsorp-
tion, resulting in higher blood levels of uric acid.2 These
higher levels reach a supersaturation level, and this is
followed by shedding and precipitation of urate crystals into
joints or subcutaneous tissues (tophi).3 The joint precipitation
activates cellular signal transducers and induces inflamma-
tory mediators, resulting in gouty synovitis.2 3 Although we
found a general lack of reported evidence about this whole
process of gout induction, gout as a side effect of diuretics has
been generally accepted, and this has had an effect on
medical practice. In the guidelines for the treatment of
hypertension, for example, gout has been formulated as a
compelling contraindication to the prescription of diuretics.4 5

Many people consider that the increasing number of diuretic
treatments (prescriptions and defined daily dosages) is one of
the main contributory factors to the increased prevalence and
incidence of gout in Western industrialised countries.2 6

The indications to prescribe diuretics (hypertension and
cardiovascular diseases) are themselves also associated with
gout, as has been showed by several epidemiological
studies.7–9 Other studies have concluded that patients with
hypertension and cardiovascular diseases have increased
xanthine oxidase activity and have higher uric acid serum
levels.10–15 Thus, a pathogenic basis for understanding the
associations of gout, hypertension, and cardiovascular

morbidity becomes apparent, apart from the use of diure-
tics.2 16

We found disputable reported results in the studies on the
side effects of diuretics, including the incidence of gouty
arthritis.17–24 We concluded that these studies did not take
into account the possible confounding by the indications to
prescribe diuretics. Also knowledge that the number of
diuretic prescriptions is increasing was sufficient reason to
design a case-control study on this topic. We performed this
study in a primary care setting formulating the research
question: is there a higher incidence of gout in patients using
diuretics than in non-users, which is independent of treat-
ment indications (hypertension, cardiovascular morbidity)?

METHODS
In our study we used the records of patients enlisted in
October 2002, in a Dutch primary healthcare centre. This
centre, located in a rural area in the east of the Netherlands,
provided total pharmaceutical care for all its enlisted patients.
Most of them were white, and comparable to the general
Dutch population for age, sex, and social class. As neither the
use of diuretics nor gout is prevalent below the age of 35
years, we restricted our source population to people aged 35
and older in October 2002. During the defined study period
October 1994 to October 2002 the size of this population was
almost constant. Several chronic diseases (among others
hypertension, diabetes mellitus, asthma, emphysema) were
coded according the International Classification of Health
Problems in Primary Care (ICHPPC-2).25 Cardiovascular
morbidity was recorded by a code that comprises heart
failure, myocardial infarction, angina pectoris, cerebrovascu-
lar accident, transient ischaemic attack, and peripheral
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vascular disease. Drugs dispensed in the pharmacy had
electronically accessible codes according to the Anatomical
Therapeutic Chemical system of drug classification created by
the World Health Organisation.26

Using the data from the source population, we performed a
case-control study to examine the possibility of an associa-
tion of gout with diuretic use. We identified as cases all
patients with a first gout registration. The gout diagnoses of
all cases were reassessed retrospectively by investigating their
medical reports. We accepted the diagnosis of gout if there
was documentation of urate crystals aspirated from an
affected joint, or, failing this, if the clinical characteristics
recorded were sufficient to fulfil the diagnostic criteria of
gout as formulated by the American Rheumatology
Association.27 We excluded patients with a first case of gout
before the study period, after checking their reports before
October 1994. We sampled three random controls for each
case. These were people from the source population of the
same age and sex, but who did not have gout. The cases and
controls were characterised by diuretic use, hypertension, all
cardiovascular morbidity, and specific cardiovascular dis-
eases. Diuretic use was defined as a dispensation in the
pharmacy of diuretic tablets (ATC-code C03), with a
prescription that should have resulted in the daily therapeutic
use during a minimal period of three consecutive months.
The diagnoses of hypertension, and the specific cardiovas-
cular diseases (heart failure, myocardial infarction, angina
pectoris, cerebrovascular accident, transient ischaemic attack,
and peripheral vascular disease) were retrospectively eval-
uated, and only accepted, if diagnostic criteria from the
guidelines of the Dutch College of General Practitioners were
fulfilled.28

Using conditional logistic models, we first performed
univariate analyses to calculate the incidence rate ratio
(IRR) of gout, and 95% confidence intervals (CIs), for
subjects with the variables diuretic use, hypertension, and
cardiovascular diseases with indication for diuretic treatment
(heart failure and myocardial infarction), compared with
subjects without the variable. Thereafter, IRRs were calcu-
lated multivariately, taking into account hypertension, heart
failure, and myocardial infarction.

As colinearity between the studied variables with diuretic
use could be expected, we carried out additional univariate
analyses with stratification based on diuretic use. We
estimated the IRR of gout, comparing subjects with and
without the variable. To perform the analyses we used the
SAS-System software (version 8.2; 1999–2001).

RESULTS
The source population comprised 3764 people aged 35 and
older (men 1913). The prevalence of hypertension and all
cardiovascular morbidity was, respectively, 11.1% and 9.0%.

During the study period 14.0% of the source population had
ever received one or more diuretics (incidence). Knowing
that the number of enlisted patients was almost constant
during the study period we estimated an overall incidence
rate of gout: 232 per 100 000 person years (men 386).
Patients, who had ever received a diuretic, had a relative risk
of gout estimated at 1.56. For patients with known
hypertension, and cardiovascular morbidity the relative risks
of gout were 2.18 and 3.26, respectively. Table 1 gives details
of the characteristics of the cases and controls. Diuretic use,
hypertension, and cardiovascular morbidity occurred about
twice as much in cases as in controls. The duration of diuretic
use varied from 3 to 93 months.

Table 2 shows the IRR of gout after univariate and
multivariate analyses, comparing subjects with and without
diuretic use, hypertension, heart failure, and myocardial
infarction. The IRR of gout, estimated univariately, reached
statistical significance for diuretic use, hypertension, and
heart failure. The results of the multivariate conditional
logistic regression, adjusted for diuretic use, prevalent
hypertension, prevalent heart failure, and myocardial infarc-
tion showed statistical significance for hypertension and
heart failure. For diuretic use the IRR of gout was 0.6 (95% CI
0.2 to 2.0). After stratification based on diuretic use the IRR
of gout in the subgroup of non-users with hypertension was
4.2 (95% CI 1.5 to 11.6; p = 0.005) compared with non-users
without hypertension. For myocardial infarction in compar-
ison with no infarction this IRR was 2.5 (95% CI 0.8 to 7.5;
p = 0.112).

DISCUSSION
In the source population we found that a considerable
percentage of patients had ever used a diuretic—namely,
14%. This is in agreement with the increasing use of diuretics,
as noted by others.2 6 The estimated relative risk for patients
from the source population who ever used a diuretic was
1.56, suggesting no important risk of gout (number needed to
harm: 107). Relative risks of getting gout for patients with
hypertension or cardiovascular morbidity were higher—
namely, 2.18 and 3.26, respectively.

In our case-control study there was a higher IRR of gout
when subjects used diuretics for at least three consecutive
months: 2.8 (95% 1.2 to 6.6). However, after correction for
the indications for treatment this IRR was 0.6 (95% CI 0.2 to
2.0), indicating no statistical support for a real increased risk
of gout that is independent of these indications. Higher IRRs
of gout independent of diuretics (after stratification) were
seen in patients with hypertension compared with no
hypertension (statistically significant), and in patients with
myocardial infarction compared with no infarction (not
statistically significant). The high IRR for heart failure after
univariate and multivariate analyses was remarkable.
Caution is required in interpreting this, as the 95% CI is
wide, and because statistical interaction with diuretic use

Table 1 Characteristics of cases and controls

Cases
(n = 70)

Controls
(n = 210) p Value

Men/women 59/11 177/33
Age (years), mean (SD) 55.1 (13.5) 55.2 (13.5)
Diuretic use* 14 (20) 20 (10) 0.020
Hypertension 15 (21) 21 (10) 0.013
All cardiovascular
morbidity� 17 (24) 22 (10) 0.004
Heart failure 7 (10) 2 (1) 0.000
Myocardial infarction 8 (11) 14 (7) 0.200

Results shown as absolute numbers (%) unless stated otherwise.
*Daily use during a minimal period of 3 consecutive months;
�comprising heart failure, myocardial infarction, angina pectoris,
cerebrovascular accident, transient ischaemic attack, and peripheral
vascular disease.

Table 2 Incidence rate ratios (IRRs) of gout during
diuretic use, and during diseases with indications for
diuretic treatment; results after univariate and multivariate
conditional analyses

IRR of gout (95% CI)

Univariate analysis Multivariate analysis

Diuretic use 2.8 (1.2 to 6.6) 0.6 (0.2 to 2.0)
Hypertension 2.6 (1.2 to 5.6) 3.9 (1.6 to 10.0)
Heart failure 20.9 (2.5 to 173.8) 40.1 (3.8 to 437.2)
Myocardial infarction 1.9 (0.7 to 4.7) 1.5 (0.5 to 4.1)
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could not be studied separately, as all patients with heart
failure used diuretics, in accordance with normal medical
practice. However, in published reports we found strong
arguments for metabolic conditions associated both with
gout and with heart failure, which were independent of the
use of diuretics.12–14

Morbidity (gout, hypertension, cardiovascular morbidity)
and the use of drugs (diuretics) were examined simulta-
neously in the present study. The validity of our data was
probably enhanced by the use of electronic data from a single
medical centre, which supplied both the primary health care
and the drugs to all the participants. Others have confirmed
the reliability of research data from drug dispensing general
practitioners in the Netherlands.29

The case-control study design has been proved to be a
suitable process for investigating the risks of side effects of
drugs, as we did in the present study.30 We were aware of the
methodological problems of the design: information bias,
selection bias, and confounding by indication. These meth-
odological points probably do not interfere seriously with the
results of our study, as we discuss here.

Morbidity data were already registered before we started
our study. By rediagnosing this morbidity independently
from drug data, and according to diagnostic guidelines,
diagnostic misclassification of gout, and misclassification of
hypertension, heart failure, and myocardial infarction were
excluded as much as possible. If misclassification still exists it
should apply equally to cases and controls, with a certain risk
of underestimation.

The overall incidence of gout per 100 000 person years in
our primary care source population was compatible with
other epidemiological results reported in Dutch primary
care.31 32 Knowing that almost all first gout attacks will
present to a doctor, the gout incidence in Dutch primary care
probably corresponds well with the incidence in the general
population. A sudden red, swollen, and very painful joint
urges a patient to seek medical help, in particular when it is
the first attack, even during the weekend. In the Dutch
healthcare system the general practitioners are in such a case
the first, and often the only, doctors who will take care of
these incidents.

We used pharmacy dispensation data of diuretics to
measure the use of the drugs by study participants. This
may be a limitation, but we think our data should have
accurately reflected real use, as almost all dispensations were
based on direct requests by patients to their doctor to repeat a
prescription when their tablets had run out. Hence, we think
there was hardly any risk of misclassification of the level of
diuretic use.

A literature search failed to disclose any information about
the minimal use (dosage and duration) of diuretics which
might possibly elicit an attack of gout. So we made an
arbitrary choice: a daily dose of at least one diuretic for at
least 3 months. In the study we did not include the exact
dosage and duration of use, but we noticed that all cases and
controls receiving the drugs had used a therapeutic dosage.
The duration of use in three subjects (one case and two
controls) was between 3 and 6 months and in the rest
between 11 and 93 months.

Following the contraindications for the major classes of
antihypertensive drugs that have been described in the
international guidelines on hypertension,4 5 no distinction
was made between loop diuretics and thiazide diuretics in
this study.

Cases and controls had the same chance to become a
participant in the study, and they had the same chance of
receiving diuretics or having hypertension and cardiovascular
morbidity. For reasons of homogeneity we studied incident
cases—that is, patients who got gout for the first time during

the study period. These conditions excluded selection bias as
much as possible.

We were not able to quantify other possible confounding
factors like obesity, alcohol use, and impaired renal function.
Furthermore, the number of variables was small, which
undermines the robustness of the statistical conclusions.

We found only two studies originally designed to study
primarily the relationship between diuretics and gouty
arthritis.17 18 These studies did not analyse for possible
confounding cardiovascular factors, but concluded that
diuretic-induced gout occurs particularly in elderly women,17

and in patients in whom there is an additional cause of
hyperuricaemia, usually impaired renal function.18 Other
studies on this topic did not adequately define gout and
diuretic use, as we tried to do; or they had restricted entry
criteria for age, sex, or blood level of uric acid of the
participants, which we did not.20–24 We found no studies in a
primary healthcare setting, or with a comparable design.
Hence, we were not able to compare our results with those of
other studies.

In our study there was hardly any evidence for ‘‘gout
induced by diuretics’’. Hence, we think there is no reason to
withhold diuretics from patients because of a risk of gout.
Furthermore, there are no arguments for changing diuretics
to drugs with a totally different working principle and profile
(for example, b blockers, angiotensin converting enzyme
inhibitors or calcium channel blockers) when a patient gets
gout, as diuretics have a good reputation, as has been
reviewed.33 34 We do not think gout should be considered as a
compelling contraindication to prescription of a diuretic.
Hypertension and cardiovascular morbidity are the factors
which should be considered when a patient with gout visits
his doctor, thus putting the importance of diuretics and gout
into perspective.
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