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Photosensitizing properties of hydrochlorothiazide
may increase skin cancer risk. To date, study findings
on the association between hydrochlorothiazide use
and skin cancer risk are inconsistent, notably regarding
confounding and dose-response. The aim of this study
was to investigate the association between hydrochlo-
rothiazide use and incidence of skin cancer in a cohort
of unselected Caucasian adults, taking dosing into ac-
count. As part of the PharmLines Initiative, which links
data from the Lifelines Cohort Study and prescription
database IADB.nl, patients aged =40 years were inclu-
ded from Lifelines, a prospective population-based co-
hort study in the north of the Netherlands. Skin cancer
incidence was compared between subjects starting hy-
drochlorothiazide treatment (n=608), subjects star-
ting treatment with other antihypertensives (n=508),
and non-antihypertensive long-term medication users
(n=1,710). Cox regression analyses were performed
to obtain hazard ratios, adjusted for potential con-
founders. The risk of any skin cancer, keratinocyte
carcinoma, basal cell carcinoma and squamous cell
carcinoma was not significantly increased in general
hydrochlorothiazide users. A clear association was ob-
served between high cumulative hydrochlorothiazide
use (=5,000 defined daily dose; =125,000 mg) and
the risk of any skin cancer (adjusted hazard ratio 5.32,
959% confidence interval (95% CI) 2.40-11.81), kera-
tinocyte carcinoma (adjusted hazard ratio 7.31, 95%
CI 3.12-17.13), basal cell carcinoma (adjusted hazard
ratio 7.72, 95% CI 3.11-19.16) and squamous cell
carcinoma (adjusted hazard ratio 19.63, 95% CI 3.12-
123.56). These findings should lead to awareness with
high use of hydrochlorothiazide in Caucasian adults.
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ydrochlorothiazide (HCTZ) is a thiazide diuretic
that is regarded as a mainstay of antihypertensive
treatment (1). As a result, HCTZ and other thiazide diure-

SIGNIFICANCE

Hydrochlorothiazide is a widely used antihypertensive drug
with photosensitizing properties, which may therefore in-
crease skin cancer risk. However, studies are inconsistent
regarding this possible association. The current study in-
vestigated skin cancer risk in hydrochlorothiazide users.
This risk was compared with the skin cancer risk in sub-
jects starting treatment with other antihypertensives and
non-antihypertensive long-term medication, in order to
avoid detection bias, and corrected for multiple possible
confounders. A significant association with elevated ad-
justed hazard ratio’s in Cox regression analysis was found
for patients with high cumulative hydrochlorothiazide use
and risk of any skin cancer, keratinocyte carcinoma, basal
cell carcinoma and squamous cell carcinoma, suggesting
that providing extra information on skin cancer and its pre-
vention is important for this group.

tics belong to the most prescribed antihypertensive drugs
in the USA and Western European countries (2). HCTZ
has photosensitizing properties (3). As HCTZ promotes
increased absorption of ultraviolet (UV) radiation, which
is a major risk factor for all types of skin cancer, it is
possible that prolonged use of HCTZ might be linked
to skin cancer (4).

In 2019 a meta-analysis study found that the use of
thiazide diuretics is associated with an increased risk of
squamous cell carcinoma (SCC, adjusted odds ratio (OR)
1.86), basal cell carcinoma (BCC, adjusted OR 1.19) and
melanoma (adjusted OR 1.14) (5). However, as many of
the included studies had a case-control design with the
use of healthy controls, an important limitation is the
possible introduction of detection bias, as HCTZ users
usually have more frequent physician contact than do
healthy controls, with a higher possibility of detecting
skin cancer. This could have led to an overestimation of
the actual association. Also, often no information was
collected on other important risk factors, such as race,
smoking, UV exposure and co-medication. Most of the
studies included in this meta-analysis found a positive
association between thiazide use and skin cancer risk,
although other studies contradicted these findings (6, 7).
These differences in association are probably due to dif-
ferent definitions of drug exposure and cancer outcomes,
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as several studies investigated HCTZ use separately,
while others studied thiazide diuretics as a single group.
The same applies to skin cancer outcomes, which are
grouped differently by studies.

In order to elucidate these inconsistent results, the aim
of'this study was investigate the association between ge-
neral use of HCTZ (for at least 1 year), high cumulative
use of HCTZ, and the incidence of skin cancer, which, in
order to avoid detection bias, was compared with the in-
cidence of skin cancer in users of other antihypertensives
and users of non-antihypertensive long-term medication.

MATERIALS AND METHODS

Study design and data sources

A retrospective inception cohort study was performed combi-
ning information from 4 national and regional data sources: the
Lifelines cohort study, the Pathological Anatomical National
Automated Archive (PALGA): nationwide network and registry
of histo- and cytopathology in the Netherlands, prescription da-
tabase IADB.nl (formerly known as InterAction Database) and
Statistics Netherlands. The study population and baseline data
were selected from the Lifelines cohort between 1 January 2007
and the end of follow-up.

In 2017, the PharmLines Initiative was established to link the
data of the Lifelines Cohort Study to the IADB.nl to provide
more accurate information about drug exposure data (8). The
University of Groningen IADB.nl pharmacy prescription data-
base is an expanding database that contains prescription data for
more than 20 years from 1996 until 2019 from approximately 100
community pharmacies and covers an estimated population of
930,000 patients (9). Registration in the database is irrespective
of healthcare insurance. Age, sex and prescription rates among
the database population have been found to be representative of
the Netherlands as a whole. The database has been widely used
for research. Each person is individually tracked throughout the
database period, and prescription records contain information on
the date of dispensing a prescription, the quantity of medication
dispensed, the dose regimen, the number of days the prescription
is valid, the prescribing physician and the Anatomical Therapeutic
Chemical code (ATC code). Each patient has a unique anonymous
identifier; date of birth and sex are known. Due to the high patient-
pharmacy commitment in the Netherlands, the medication records
for each patient are virtually complete, except for over-the-counter
(OTC) drugs and medication dispensed during hospitalization.

Lifelines is a multi-disciplinary prospective population-based
cohort study with a 3-generation design, examining the health and
health-related behaviours of 167,729 persons living in the north
of the Netherlands. Lifelines employs a broad range of investiga-
tive procedures in assessing the biomedical, socio-demographic,
behavioural, physical and psychological factors that contribute
to the health and disease of the general population, with a special
focus on multi-morbidity and complex genetics (10). Data col-
lection in Lifelines was conducted according to the guidelines of
the Declaration of Helsinki, and all procedures were approved by
the medical ethics committee of the University Medical Center
Groningen (2007/152).

To obtain the most accurate baseline data, the date of the baseline
measurements of the Lifelines cohort was matched as accurately
as possible to the index date (date of start of drug prescription,
which defined the index date; see below).

The primary outcomes of interest were: development of any
skin cancer, BCC, SCC (combined as keratinocyte carcinoma
(KC)), malignant melanoma and melanoma in situ (combined as
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melanoma), Merkel cell carcinoma and malignant adnexal skin
tumours. Skin cancer diagnoses were retrieved from the PALGA
Foundation during the study period (11). This allowed us to gain
reliable and complete information regarding skin cancer diagno-
ses, since all histopathology data of the Netherlands are archived
in PALGA, which is unique to have one foundation storing all
national pathology data.

Information about mortality was obtained from Statistics Nether-
lands, which also acted as a trusted third party, in which linkage
of Lifelines, IADB.nl, PALGA and Statistics Netherlands was
performed. After the linkage, all patient identifiers were removed
and each participant was given a unique identifier code, to ensure
data were completely anonymized. Analyses were conducted in
a password secured electronic environment, which was provided
by Statistics Netherlands (12).

Study population: inclusion and exclusion

Patients were selected based on the index date, which is the date of
the first prescription of HCTZ (index group), other antihyperten-
sives or non-antihypertensive long-term medication (2 reference
groups). The first reference group “subjects starting treatment
with other non-HCTZ antihypertensives” was defined as starting
with a minimum of 2 prescriptions of non-thiazide containing
antihypertensive drugs. The second reference group “subjects
starting treatment with non-antihypertensive long-term medica-
tion” was defined as starting with a minimum of 2 prescriptions
within the first year of a non-antihypertensive long-term drug
for a chronic disease that requires regular prescriptions. Further
details and definitions of index and reference groups are shown
in Appendix S1.

Follow-up started on the index date and ended on the date of skin
cancer diagnosis, date of death, if applicable, or end of follow-up,
which was 31 December 2020.

Only patients who started these drugs at age 40 years or older
were eligible for inclusion. To ensure no antihypertensive or other
long-term medication treatment was initiated before the index
date, only patients who were not prescribed these medications
before the index date and who were present >365 days before and
185 days after index date in the IADB.nl database were included.

Patients who were not Caucasian were further excluded, as
it has been shown that skin cancer is not as prevalent in other
racial groups and most Lifelines participants were Caucasian
(13). Patients with high risk of skin cancer, including those with
a history of organ transplantation (14), history of human immuno-
deficiency virus (HIV) (15), chronic lymphocytic leukaemia (16),
and a previous diagnosis of melanoma or KC were also excluded.
Patients who had a skin cancer diagnosis within 6 months after
the index date were also excluded, to ensure a reasonable time
from exposure to cancer outcome (17). Furthermore, patients
who ever used HCTZ, HCTZ combination preparations, or other
thiazide(-like) diuretics (at least 2 prescriptions) were excluded
from the reference groups. Selection of the study population is
shown in Fig. 1.

Statistical analysis

To compare baseline characteristics across HCTZ users and the 2
reference groups, the y? test was used for categorical data and the
Kruskal-Wallis test for continuous data.

Skin cancer incidence was estimated per 100 months at risk
(incidence density) for the different groups. To analyse the as-
sociation between HCTZ use and skin cancer risk, hazard ratios
(HRs) were estimated using a Cox regression model. In case of
multiple skin cancer, time to the first skin cancer diagnosis was
used to define the time at risk. Both univariable and multivariable
Cox regression analysis was used to estimate skin cancer risk in
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Eligible after linkage IADB.nland
Lifelines via Pharmlines
n=380632

Non-Caucasian race

> group

Participants Lifelines cohortz 18 years Excluded patients n = 77 370
n=152632 - Aged <40years
¥ - CLL diagnosis
HIV diagnosis

QOrgan transplantation

Not eligible to any treatment

significant. Statistical analyses were performed using
SPSS, version 25 (SPSS, Inc., Chicago, IL, USA).

RESULTS

Baseline characteristics

A 4

n=103

| Exclusion of patients with a history of
skin cancer diagnosis before index date
or within 6 months after index date

After selection of inclusion and exclusion
criteria, a total of 2,826 participants were
included (Fig. 1). Of this group, 608 patients

Patients included in the study

started with HCTZ, 508 patients with another

antihypertensive drug, and 1,710 with other
long-term medication. Median age at index
was 55 years for HCTZ users, 54 years for

n=2826 Exclusion of patients in reference
groups ever using HCTZ or other
J, ¢ ¢ thiazide diuretics
Hydrochloro- Other Other chronic n=333
thiazide antihyper- drugs
tensive drugs
n =608 n=>508 n=1710

Fig. 1. Flowchart of patient selection. CLL: chronic lymphocytic leukaemia; HIV:

human immunodeficiency virus.

the different study groups, adjusted for covariables, which were
significantly different between the index and reference groups
(possible confounders), to estimate adjusted HRs (aHRs). The
following potential confounders were included (see Appendix S1):
age at index date, sex, smoking status, use of immunosuppressant
drugs, use of oral glucocorticoids, use of (other) diuretics, statins,
comorbidities, such as diabetes, education level, UV exposure,
ever outdoor profession and coffee consumption.

To investigate a potential dose-response relationship of HCTZ
use and skin cancer, HRs were computed for cumulative defi-
ned daily dose (DDD; <5000 DDD and >5000 DDD, equal to
<125,000 mg and >125,000 mg, respectively, in which 1 DDD
is equal to 25 mg HCTZ) in univariable Cox regression analysis,
and adjusted for the most prominent and frequent confounders in
multivariable analysis (groups were too small to adjust for all pos-
sible confounders). A p-value <0.05 was considered statistically

antihypertensive drug users, and 50 years for
other long-term medication users (»<0.001,
Table I).

The HCTZ group and other long-term
medication group comprised a slightly higher
proportion of female users (56.6% and 57.1%,
respectively) compared with the other antihypertensive
drug users (49.0%, p=0.005, Table I). The other anti-
hypertensive drug users contained the largest group of
patients with high education level (38.6%, p=0.002,
Table I). Smokers were most frequent in the HCTZ
group (67.3%, p=0.021, Table I). Coffee consumption,
UV exposure and ever outdoor profession did not differ
significantly between the groups. The occurrence of co-
morbidities and the use of other medication in the index
and reference groups are also shown in Table I. Median
follow-up time was 105 months for HCTZ users, 97
months for other antihypertensive drug users, and 110
months for other long-term medication users (Table II).

Table I. Characteristics of the study population according to drug treatment group

HCTZ users Other antihypertensive users Other long-term medication users

n=608 n=508 n=1,710 p-value
Age at index, years, median (IQR) 55 (49-63) 54 (47-61) 50 (45-58) <0.001
Female sex, n (%) 344 (56.6) 249 (49.0) 976 (57.1) 0.005
Education level, n (%)
Low 239 (39.3) 164 (32.3) 541 (31.6)
Middle 177 (29.11) 140 (27.6) 550 (32.2)
High 187 (30.8) 196 (38.6) 604 (35.3)
Unknown? <10 <10 15 (0.9) 0.002
Smoking status, n (%)
Never 199 (32.7) 191 (37.6) 668 (39.1)
Ever 409 (67.3) 317 (62.5) 1,042 (60.9) 0.021
UV exposure?, median (IQR) 7 (5-10) 7 (5-10) 7 (5-10) 0.121
Ever outdoor profession, n (%) 20 (3.3) 22 (4.3) 73 (4.3) 0.546
Coffee consumption®, median (IQR) 28 (21-35) 28 (21-35) 28 (21-35) 0.174
Self-reported comorbidities
Diabetes 44 (7.2) 26 (5.1) 58 (3.4) <0.001
Chronic obstructive pulmonary disease 37 (6.1) 10 (2.0) 59 (3.5) 0.002
Heart attack <10 13 (2.6) 31 (1.8) 0.0985
Stroke 11 (1.8) <10 14 (0.8) 0.158
Heart failure 17 (2.8) 19 (3.7) 37 (2.2) 0.165
Use of other drugs, n (%)
Use of immuno-suppressive drugs, n (%) 24 (3.9) 13 (2.6) 38 (2.2) 0.075
Oral glucocorticoids 137 (22.5) 35 (6.9) 172 (10.1) <0.001
Other diuretics 68 (11.2) 34 (6.7) 40 (2.3) <0.001
Statins 279 (45.9) 181 (35.6) 237 (13.9) <0.001

2Excluded from analysis. PNumber of days (> 30 min/day)/2 weeks, median. “Defined as mean cups of coffee per week.

HCTZ: hydrochlorothiazide; IQR: interquartile range; UV: ultraviolet.
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Table II. Skin cancer incidence according to drug treatment group

HCTZ users Other antihypertensive users Other long-term medication users
n=608 n=>508 n=1,710
Age at first diagnosis, years, median (IQR) 67 (60-74) 64 (54-72) 63 (55-71)
Follow-up time, months, median (IQR) 105 (66-161) 97 (56-138) 110 (68-155)
Time to first skin cancers, months, median (IQR) 93 (59-152) 89 (57-122) 90 (45-145)
Skin cancer incidence density per 100 months in patients®
Any skin cancer 0.068 0.063 0.047
Keratinocyte cancer 0.056 0.055 0.042
Basal cell carcinoma 0.045 0.049 0.037
Squamous cell carcinoma 0.015 0.0076 0.0070
Melanoma® 0.011 0.0076 0.0065
Merkel cell carcinoma - - -
Malignant adnexal skin cancer - - _
Skin cancer incidence density per 100 months in patients with multiple skin cancers®
No 0.046 0.049 0.035
Yes 0.021 0.013 0.012
Total amount of skin cancer, n (%)

Any skin cancer 72 (100) 46 (100) 133 (100)
Keratinocyte cancer 64 (88.9) 41 (89.1) 120 (90.2)
Basal cell carcinoma 53 (73.6) 36 (78.3) 105 (78.9)
Squamous cell carcinoma 11 (15.3) 5(10.9) 15 (11.3)

Melanoma® 8 (11.1) 5(10.9) 13 (9.8)

Including patients with multiple diagnoses of BCC, SCC and melanoma combined. bMelanoma = melanoma in situ + invasive melanoma. =2 diagnosis of any skin cancer.

HCTZ: hydrochlorothiazide; N/A: not applicable.

Skin cancer

Table II summarizes the skin cancer incidence den-
sity and total skin cancer numbers among the different
groups. Among all types of skin cancer, BCC was mostly
identified in all study groups. No cases of Merkel cell
carcinoma or malignant adnexal skin cancer were iden-
tified. Skin cancer incidence density per 100 months
was slightly higher in HCTZ users for any skin cancer,
KC, SCC, and melanoma, compared with the reference
groups. Furthermore, the HCTZ group included the
highest incidence of multiple skin tumours.

Cox regression analyses

After adjusting for the following possible confounders:
age, sex, smoking status and other diuretics (first-men-
tioned aHR) and additional oral glucocorticoids, statins,
diabetes, chronic obstructive pulmonary disease (COPD)

and education level (second-mentioned aHR), in general
HCTZ users, no significant aHRs for any skin cancer
(aHR 1.12, 95% confidence interval (95% CI) 0.78—1.60
and aHR 1.29,95% C10.61-2.71), KC (aHR 1.02, 95%
CI 0.69-1.51 and aHR 1.19, 95% CI 0.54-2.64), BCC
(aHR 0.93, 95% CI 0.60-1.43 and aHR 0.83, 95% CI
0.33-2.07) and SCC (aHR 1.35, 95% CI 0.59-3.08 and
aHR 6.25, 95% CI 0.58-66.89) were found in multiva-
riable analyses (Table III).

Due to low numbers, risk of melanoma was not ana-
lysed using Cox regression analysis.

Cumulative defined daily dose

Table IV shows 2 subgroups of cumulative DDDs and
the risk of any skin cancer, KC, BCC and SCC.

The median DDD of HCTZ use was 952.5 DDD. Over-
all, 6% of the patients were high-dose users of HCTZ

Table III. Outcomes of Cox regression analysis for any skin cancer, keratinocyte cancer, basal cell carcinoma and squamous cell carcinoma

Treatment group Crude HR (95% CI)

aHR? (95% CI) aHRP (95% CI)

Any skin cancer
HCTZ 1.45 (1.02-2.05)
Other antihypertensives 1.40 (0.94-2.09)
Other long-term medication 1.00 (reference)
Keratinocyte carcinoma
HCTZ 1.35 (0.93-1.97)
Other antihypertensives 1.38 (0.91-2.22)
Other long-term medication 1.00 (reference)
Basal cell carcinoma
HCTZ 1.21 (0.80-1.83)
Other antihypertensives 1.39 (0.89-2.18)
Other long-term medication 1.00 (reference)
Squamous cell carcinoma
HCTZ 2.28 (1.07-4.87)
Other antihypertensives 1.11 (0.37-3.35)
Other long-term medication 1.00 (reference)

1.12 (0.78-1.60)
1.14 (0.76-1.71)
1.00 (reference)

1.29 (0.61-2.71)
1.01 (0.42-2.43)
1.00 (reference)

1.02 (0.69-1.51)
1.10 (0.72-1.70)
1.00 (reference)

1.19 (0.54-2.64)
1.09 (0.44-2.69)
1.00 (reference)

0.93 (0.60-1.43)
1.14 (0.73-1.80)
1.00 (reference)

0.83 (0.33-2.07)
0.90 (0.34-2.36)
1.00 (reference)

1.35 (CI 0.59-3.08)
0.75 (0.24-2.30)
1.00 (reference)

6.25 (0.58-66.89)
2.71 (0.14-53.94)
1.00 (reference)

2Adjusted for age, sex, smoking status and other diuretics. bAdjusted for age, sex, smoking status, other diuretics, oral glucocorticoids, statins, diabetes, chronic

obstructive pulmonary disease and education level.

aHR: adjusted hazard ratio; 95% CI: 95% confidence interval; HCTZ: hydrochlorothiazide. Bold values are statistically significant.
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Table IV. Cumulative defined daily dose (DDD) and risk of any skin
cancer, keratinocyte carcinoma, basal cell carcinoma and squamous
cell carcinoma in patients using hydrochlorothiazide

DDD, mean (SD) 1,907 (5,132)
DDD, median (IQR) 952.5 (465-2,032)

Cumulative DDD per skin
cancer type

Crude HR (95% CI)  aHR?® (95% CI)

Any skin cancer
<5,000° (n=441)
>5,000 (n=28
Keratinocyte carcinoma
<5,000° (n=441)
>5,000 (n=28)

Basal cell carcinoma
<5,000° (n=441)
>5,000 (n=28)
Squamous cell carcinoma
<5,000° (n=441)
>5,000 (n=28)

1.00 (reference)
4.20 (1.96-8.97)

1.00 (reference)
5.32 (2.40-11.81)

1.00 (reference)
5.39 (2.42-12.02)

1.00 (reference)
7.31 (3.12-17.13)

1.00 (reference)
5.44 (2.32-12.75)

1.00 (reference)
7.72 (3.11-19.16)

1.00 (reference)
14.53 (2.55-82.83)

1.00 (reference)
19.63 (3.12-123.56)

2Adjusted for age, sex, smoking status and other diuretics. b146—4,999 DDD. “Inthe
hydrochlorothiazide (HCTZ) group, only patients using HCTZ for a minimal of 292
days were included. It was assumed that patients with a documented cumulative
DDD of less than 292/2 =146 DDD (a mean of 12.5 mg HCTZ/day for 292 days),
were incorrectly entered into the prescription database IADB. These patients
were excluded from analysis. Therefore, the total amount of patients is <608.
aHR: adjusted hazard ratio; IQR: interquartile range; 95% CI: 95% confidence
interval. 1 DDD is equal to 25 mg HCTZ.

Bold values are statistically significant.

(=5,000 DDD, equal to >125,000 mg). Of patients with
any skin cancer, 34% were high-dose users, yielding a
significant aHR 0f 5.32 (95% C12.40-11.81). Forty-one
percent of patients with KC were high cumulative dose
users of HCTZ, with a significant aHR of 7.31 (95% CI
3.12-17.13).

Of patients with BCC and SCC, 42% and 67% were
high cumulative dose users, respectively. Significant
aHRs of 7.72 (95% CI 3.11-19.16) for BCC and 19.63
(95% CI 3.12-123.56) for SCC were found.

Survival analysis: Kaplan—Meier curves

The Kaplan—Meier curves of skin cancer risk in the 3
study groups showed that the survival curve belonging
to the hypertensive drug users crossed the other curves
1 or multiple times. The survival curves of the different
cumulative DDD HCTZ groups did not cross (Appendix
S1; Fig. S1).

DISCUSSION

This retrospective cohort study found that general use of
HCTZ (for at least 1 year) was not an independent risk
factor for the development of skin cancer. However, a
clear association was observed between high cumulative
use of HCTZ (=5,000 DDD; >125,000 mg) and any
skin cancer, KC, BCC, and SCC. This finding shows the
importance of increased exposure by prolonged and/or
high use of HCTZ and skin cancer risk.

Other studies are inconsistent regarding skin cancer
risk and the use of HCTZ. Multiple studies have found an
increased risk of skin cancer, especially of SCC, in HCTZ
or other thiazide diuretic users (5, 18-22). However, most
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of these studies did not include UV exposure as a possible
important confounder (18-22). Other studies have found
no association of thiazide or HCTZ use and skin cancer
risk (6, 7, 23-25). Part of these studies did not specifically
analyse high cumulative use of (hydrochloro)thiazide
(6, 23) and 1 study only analysed BCC risk (7). Two of
these studies were conducted in predominantly Asian
populations, which found no significant associations or
even decreased risks of KC in high cumulative users of
HCTZ compared with non-HCTZ users and concluded
that HCTZ use is safe in the Asian population (24, 25).

Although this study included only patients who had
been using HCTZ for at least 1 year, an explanation for
the insignificant risk of skin cancer in the entire group
of HCTZ users in the current study is probably that
most patients (94%) were low cumulative HCTZ users,
leading to a lower susceptibility of developing skin
cancer. This is confirmed by the results from the current
dose-response analyses, which showed that, in patients
who were prescribed more than 5,000 cumulative DDD
of HCTZ (> 125,000 mg), a significant and a much higher
risk of skin cancer was observed, especially for SCC
with an aHR of 19.63. This is in line with the finding
that cumulative UV damage plays the largest role in the
development of SCC (26).

The association of high exposure to HCTZ and the risk
of skin cancer, especially of SCC, has been confirmed by
multiple studies. The study of Pedersen et al. (19) found
a significant adjusted OR of 1.54 for BCC and 7.38 for
SCC with high cumulative use (>200,000 mg) of HCTZ.
In a study by Jensen et al. (18) an incidence rate ratio
(IRR) of'1.67 was found for SCC in patients using HCTZ
for at least 1 year and 1.92 in patients using HCTZ for
more than 5 years. The IRR of BCC was not significantly
increased. Another study found an OR of 2.1 for SCC of
the lip in ever-HCTZ users, which increased to 3.9 for
higher cumulative use of HCTZ (>25,000 mg) (20). A
recent study also found increased HRs for SCC in patients
with high duration (HR of 3.70 for HCTZ use > 10 years)
and high cumulative use (HR 0f4.96 for cumulative use
>100,000 mg) of HCTZ. They did not find an increased
risk of BCC or melanoma. However, their reference
group consisted of users of other thiazide diuretics, who
may also have an increased risk of developing skin cancer
(27). Another recent study found comparable results, in
which an IRR of 1.95 for SCC was found in long-term
users of HCTZ (>20 prescriptions), but no associations
with BCC and melanoma were found (22).

In consultation with the European Medicines Agency
and the Dutch Medicines Evaluation Board, marketing
authorization holders of HCTZ-containing drugs have
sent a letter on 30 October 2018 to healthcare profes-
sionals in the Netherlands, warning about the risk of
KC in patients who are long-term users of HCTZ (28).
Since the time between the warning and the included
skin cancers (until 2020) was relatively short, it was not
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possible to investigate the influence of this warning on
skin cancer incidence. The effect of the warning should
be evaluated in future studies, which could have led to
different sun exposure and protection behaviour patterns
in patients using HCTZ in the last few years.

Although not significant, this study also found in-
creased aHRs for the development of any skin cancer
and KC in the other antihypertensive group. Su et al.
(23) demonstrated a weak risk of SCC with the use
of angiotensin converting enzyme (ACE)-inhibitors
(aHR 1.10, 95% CI 1.01-1.19), which were included
in the other antihypertensive group in the current study.
Schmidet et al. (29) found an increased risk of malignant
melanoma with long-term low intensity use of angioten-
sin II receptor blockers (OR, 1.53; 95% CI 1.05-2.23),
which were also included in our other antihypertensive
group. These associations might provide an explanation
for the somewhat increased aHRs in the other antihyper-
tensive group of our study. More studies investigating
skin cancer risk in non-thiazide antihypertensive drugs
are needed before these drugs are considered as possible
safe alternatives to HCTZ.

The main strengths of the current study include the
population-based design, the long follow-up period, and
the use of very reliable, complete and large cancer and
prescription registries, which minimizes selection bias
and maximizes validity of the results. This study also
considered a variety of confounders and an induction
period of at least 6 months for a skin cancer diagnosis
to be included, in order to consider a reasonable time
from exposure to cancer outcome, which is of particular
importance for skin cancer outcomes. Detection bias was
prevented by using other long-term medication users and
users of other hypertensive drugs as reference groups,
since long-term medication users usually have more
frequent physician contact than healthy controls.

Study limitations

This study has some limitations. Due to the use of the
Lifelines cohort, some risk factors did not apply to the
study population. Only Caucasian adults were included,
since most of the Lifelines participants are Caucasian,
and significance could not be achieved with other skin
types. This study was unable to collect information re-
garding the use of sunscreen, tanning behaviour, or the
tendency to sunburn. As the current study used mean time
spent outdoors as a substitute measure of UV exposure
(of which the timeframe for UV exposure vs HCTZ
exposure is unclear), this could have introduced misclas-
sification. In addition, comorbidities were self-reported
in the Lifelines cohort, making these outcomes less
reliable. Our groups were relatively small and therefore
this study could not correct for all possible confounders
in Cox regression analysis regarding cumulative DDD;
also, the study did not stratify the analysis according
to all possible confounders, such as age, sex, smoking
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status or educational level, although this might have led
to identifying more specific groups at risk as they were
significantly different between the HCTZ group and the
control group. Some HR estimators have large Cls and
may have been significant in a larger study population.
Also, the risk of melanoma could not be analysed due
to low incidence numbers. Furthermore, as the IADB.
nl database contained only prescription data from public
pharmacies, data regarding prescription records from
hospital pharmacies were missing, which could lead to an
incomplete picture of the co-medication history of some
study participants. Finally, using the Kaplan—Meier curve
for the risk of skin cancer, the lines of the different study
groups were crossing, making the results of the univa-
riable Cox regression analysis less reliable to interpret.

Conclusion

This study showed no evidence for an association bet-
ween general HCTZ use (for at least 1 year) and the
risk of skin cancer in a Caucasian population. A clear
association was observed for any skin cancer, KC, BCC,
and SCC, with high cumulative HCTZ use (=5000
DDD; >125 000 mg), suggesting that the insignificant
risk association between skin cancer and general HCTZ
use was probably caused by the large proportion of low
cumulative users of HCTZ.

Consequently, these results show that caution is advi-
sed with prolonged and high use of HCTZ in Caucasian
adults. In these cases, alternative antihypertensive treat-
ments should be considered. Further analyses in larger
European ancestry populations are needed to validate
the current findings. In addition, further analysis of other
potential risk factors, such as smoking, sun exposure,
educational level and comorbidity in larger cohorts of
HCTZ users might lead to the identification of even more
specific groups at risk of skin cancer in association with
HCTZ use. In the current cohort, this study corrected
only for potential confounders, but did not stratify the
current results for all other potential risk factors. In addi-
tion, more studies investigating skin cancer risk in non-
thiazide antihypertensive drugs are needed before these
drugs are considered as safe alternatives to HCTZ, since
it has been shown previously that other antihypertensive
drugs may also increase skin cancer risk to a lesser extent.
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