Shao et al. BMC Medicine (2022) 20:228 L
https://doi.org/10.1186/512916-022-02419-9 B M C M Ed I CI n e

.. .. ) ) ®
Associations of thiazide use with skin oty

cancers: a systematic review and meta-analysis
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Abstract

Background: Previous findings on the associations of thiazide use with skin cancers were conflicting. This study
aimed to examine the associations of individual thiazide use with skin cancer risk, differentiated by subtypes of skin
cancers, geographic regions, and cumulative doses of individual thiazides.

Methods: We searched PubMed, Embase, and Cochrane Central Register of Controlled Trials for relevant studies on
January 5, 2022, scanned the references of included studies, and consulted experts. We included case-control and
cohort studies or randomized trials reporting the associations of individual thiazide or thiazide-like diuretics use with
skin cancers. Non-melanoma skin cancer (NMSC) and melanoma were analysed separately. A random-effects model
meta-analysis was conducted for pooled odds ratio (OR) and hazard ratio (HR) for skin cancers related to individual
thiazide use.

Results: We included 15, 5, and 5 case-control or cohort studies reporting the risk for skin cancers associated with
hydrochlorothiazide, bendroflumethiazide, and indapamide use, respectively, with 17,848,313 participants. The meta-
analysis showed associations of hydrochlorothiazide use with increased risk of NMSC (OR 1.16, 95% CI 1.08-1.24; HR
1.26, 95% Cl 1.04-1.54), squamous cell carcinoma (SCC) (OR 1.32,95% CI 1.06-1.65; HR 1.61,95% Cl 0.97-2.67), and
melanoma (OR 1.11,95% CI 1.02-1.20; HR 1.03, 95% Cl 0.93-1.14). The increased risks for SCC were associated with
high cumulative doses of hydrochlorothiazide (OR 2.56, 95% Cl 1.43-4.57; HR 1.20, 95% Cl 1.00-1.45). Hydrochloro-
thiazide use was associated with different subtypes of melanoma including superficial spreading (OR 1.18, 95% Cl
1.05-1.33), nodular (OR 1.23,95% Cl 1.08-1.39), and lentigo maligna melanoma (OR 1.33, 95% ClI 1.08-1.65). Various
cumulative doses of hydrochlorothiazide were associated with increased odds for melanoma. However, the associa-
tions of hydrochlorothiazide use with increased risk of NMSC and melanoma only appeared in non-Asian countries.
No meaningful increase in the risk for skin cancers was associated with bendroflumethiazide and indapamide.

Conclusions: Hydrochlorothiazide is associated with an increased risk for NMSC (especially SCC) and melanoma in
non-Asian countries, whereas bendroflumethiazide and indapamide are not associated with a meaningful risk for skin
cancers. Healthcare professionals and patients should be informed of the different risk profiles of skin cancers associ-
ated with different thiazides, cumulative doses, and regions.

Trial registration: PROSPERO CRD42021234317.
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Background

According to the Global Burden of Disease Study, the
incidences of basal cell carcinomas (BCC), squamous
cell carcinomas (SCC), and melanoma have increased by
77%, 309%, and 161%, respectively, from 1990 to 2017 [1].
Identification and avoidance of modifiable risk factors
may mitigate this increasing trend. One risk factor is the
interaction of sunlight with medications, leading to pho-
tosensitivity responses in susceptible patients, potentially
increasing the risk of skin cancer [2, 3].

Among first-line antihypertensives [4], thiazide diu-
retics have photosensitizing properties with a biologi-
cally plausible causal association with skin cancers [5].
Previous Danish studies have suggested an increased
risk for non-melanoma skin cancers (NMSC) and some
melanoma subtypes associated with hydrochlorothi-
azide [6, 7]. Several systematic reviews have indicated
overall thiazide uses increased the risk of skin cancers
[5, 8, 9]. However, the risk profiles may vary between
different individual thiazides. For example, indapamide
and bendroflumethiazide did not pose additional risk of
skin cancers, based on a recent study by Schneider et al.
[10]. Furthermore, studies from Asian countries have
shown findings inconsistent with those from non-Asian
countries which indicated ethnic differences between
Caucasians and Asians with regard to adverse effects of
medications. For example, hydrochlorothiazide appears
safe for use in Taiwanese and Korean populations [11,
12], while Australian and Icelandic studies have found
significant associations of thiazide use with skin cancers
[13, 14]. Thus, this study aimed to examine the asso-
ciations of individual thiazide use with skin cancer risk,
differentiated by subtypes of skin cancers, geographic
regions, and cumulative doses of individual thiazides.

Methods

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) and Meta-analy-
sis of Observational Studies in Epidemiology (MOOSE)
guidelines [15, 16]. Two authors (CCL and YHC) inde-
pendently performed study selection, data extraction,
and risk of bias (RoB) assessments. Two senior authors
(SCS and CCC) helped resolve disagreements. The proto-
col was registered with PROSPERO (CRD42021234317).

Literature search
We searched PubMed, Embase, and Cochrane Cen-
tral Register of Controlled Trials for relevant studies

published from inception to January 5, 2022. We also
screened the bibliographies of included studies and con-
sulted experts for relevant unpublished studies. Addi-
tional file 1: Table S1 presents the search strategy.

Study selection

We developed the participants (P), interventions (I)
or exposures (E), comparators (C), and outcomes (O)
framework for study selection. For RCTs or cohort stud-
ies, the PICO included P: patients without skin cancers;
I: any individual thiazide use; C: no thiazide use or con-
trols; O: skin cancers. For case-control studies, the PECO
included P: patients with skin cancers; E: any individual
thiazide use; C: no thiazide use or controls; O: skin can-
cers. The skin cancers were defined as NMSC [17, 18]
(including BCC, SCC, and Merkel cell carcinoma (MCC))
and melanoma.

The exclusion criteria were as follows: (1) other types of
publications (case reports, narrative reviews, systematic
reviews, editorials, guidelines, and viewpoint papers); (2)
studies from spontaneous adverse drug reaction reports
databases; (3) studies on transplant populations receiving
immunosuppressants with increased risk for skin cancers
[19]; (4) duplicate studies from an overlapping population
with a smaller sample size and ancient time span [20-22];
and (5) studies with major methodological weaknesses in
the study design, as determined by two review authors
(ECCL and CCC, who have doctorate training in phar-
macoepidemiology, clinical epidemiology, and evidence-
based medicine) and one experienced expert in this field
(AP; see the “Acknowledgements” section).

Expert opinions

We examined the author lists in the included studies, and
contacted the expert (AP) who was most frequently listed
in this field for unpublished or missing literature and for
discussion of the severe methodological weaknesses in
the included studies.

Data extraction and risk of bias assessment
The following data were extracted: study design, first
author, publication year, country, mean age, sex, pho-
tosensitive co-medications, comorbidities, and risk
estimates on the association of thiazide use with skin
cancers. For studies lacking relevant outcome data, we
contacted the authors for clarification.

The RoB in the included observational studies and
RCTs was assessed using the Newcastle-Ottawa Scale
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(NOS) and Cochrane RoB 2.0 tool, respectively [23-25].
We considered studies with a score of 9 stars to be at low
RoB, studies that scored 7 or 8 stars at moderate RoB,
and those that scored 6 stars or less at high RoB. Specifi-
cally, the NOS provides the same reliability as other RoB
assessment tools [26], and it is commonly used to judge
the methodological quality of included observational
studies in previous systematic review and meta-analysis
[27-29].

Statistical analysis

If a study provided multiple risk estimates, those with
the most fully adjusted confounders were adopted. The
meta-analysis was conducted using Review Manager Ver-
sion 5.4 (Cochrane Collaboration, 2020) to investigate
the associations of different thiazides with skin cancers,
and the risk for NMSC (BCC, SCC, MCC, and unspeci-
fied NMSC) and melanoma was calculated. The pooled
risk ratio (RR) with 95% confidence interval (CI) was
calculated for RCTs and pooled odds ratio (OR) with
95% CI for case-control studies. Incidence rate ratio was
considered hazard ratio (HR), and pooled HR with 95%
CI were calculated for cohort studies [30]. The I? statis-
tic was used to quantify statistical heterogeneity across
the included studies, whereby substantial heterogene-
ity was considered when the I* statistic exceeded 50%
[31]. Anticipating clinical heterogeneity, we performed a
random-effects model meta-analysis. Inverse-variance-
weighted method was used for pooling results to estimate
the risk estimates of skin cancer associated with individ-
ual thiazide use. Subgroup analyses covering melanoma
subtypes (superficial spreading, nodular, and lentigo
maligna melanoma), geographic regions (Asian and non-
Asian), and cumulative thiazide doses (high, medium,
and low) were performed to examine the individual risk
profiles. For studies not reporting the skin cancer risk
from different cumulative doses of individual thiazide
use, we analysed the different cumulative treatment dura-
tions, where available. To determine the robustness of the
results of our main analyses, we conducted a sensitivity
analysis by including duplicate studies from the over-
lapping population and another sensitivity analysis by
including only studies with low risk of bias. Publication
bias would be evaluated by assessing funnel plot asym-
metry if there were > 10 studies included in a meta-anal-
ysis on a study outcome [32]. However, publication bias
evaluation was not performed because there were < 10
studies for all outcomes on individual thiazide uses.

Results

Characteristics of included studies

Figure 1 shows the PRISMA study flowchart. The stud-
ies with overlapping populations and selections of studies
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in the main analyses are presented in Additional file 1:
Table S2. In addition, one cohort study with immortal
time bias highlighted in a commentary written by Pot-
tegard et al was excluded [33-35]. Briefly, because hydro-
chlorothiazide was less likely to be prescribed as the drug
of choice for antihypertensive treatment, following up
patients from the first date of hydrochlorothiazide may
lead to a spurious protective effect against skin cancers
because participants were free from the outcome of skin
cancer (i.e., immortal time) until they received hydro-
chlorothiazide. Finally, 13 case-control studies [6, 7,
11, 13, 14, 36—43] and 5 cohort studies [10, 12, 44—46]
with a total of 17,848,313 participants, with 6,790,008
exposed to thiazides, were included, and most of the
studies analysed hydrochlorothiazide-containing drugs.
The summary for the inclusion of thiazides is presented
in Additional file 1: Table S3. No relevant RCTs were
found. We found 15 [6, 7, 10-14, 36-40, 43, 45, 46], 5 [7,
10, 41, 42, 44], and 5 observational studies [7, 10, 14, 37,
42] on skin cancer risk associated with hydrochlorothi-
azide, bendroflumethiazide, and indapamide use, respec-
tively. These studies were from 17 countries, and the
study characteristics are listed in Table 1 and Additional
file 1: Table S4. The cumulative treatment duration cut-
off points among the included studies were too heteroge-
neous to perform the meta-analysis, so we only reported
the qualitative results of the relationship between cumu-
lative duration of individual thiazide use and skin cancer
risk (Additional file 1: Table S5).

Risk of bias of included studies

The RoB in the included studies is summarized in Table 1
with detailed assessment presented in Additional file 1:
Tables S6 and S7. With regard to the included case-con-
trol studies, most (4/13) did not report non-response rate
for the exposed group while they did not employ nation-
wide data. We rated 4 case-control studies with over-
all low RoB (9 stars on the NOS), 7 case-control studies
with overall moderate RoB (7 to 8 stars on the NOS) and
2 case-control studies with overall high RoB (< 6 stars
on the NOS). With regard to included cohort studies, all
(5/5) did not include adequate length of follow up (e.g.,
over 10 years) [47]. We judged 4 cohort studies with over-
all moderate RoB (7 to 8 stars on the NOS), and 1 cohort
study with overall high RoB (< 6 stars on the NOS).

Association between hydrochlorothiazide use and skin
cancers

Eight case-control studies [7, 11, 13, 37-40, 43] and
four cohort studies [10, 12, 45, 46] provided risk esti-
mates for hydrochlorothiazide-associated NMSC.
The meta-analysis demonstrated increased odds for
NMSC among patients receiving hydrochlorothiazide
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Records identified
from EMBASE
(n =431)

Records identified
from PUBMED
(n=94)

Cochrane Central Register of

Records identified from

Controlled Trials (n = 4)

A4 A4

Records after duplicates removed
(n =439)

Additional recordsidentified from

reference list or expert consultation

(n=1)

Records screened
(n =440)

Records excluded (e.g.,animal

studies, not related to study PICO)
(n =296)

(n =144)

Full-text articles assessed for eligibility

Full-text articles excluded with reasons (n=

126)

1. Not meeting question PICOS (n = 119)

* Lacking data on individual thiazide

(n=8)

(n=18)

Studies included in qualitative synthesis

* Not comparing the risk with non-

thiazide users (n=1)

\ 4

* Not skin cancer outcome of study
interest (e.g., actinic keratosis, lip

cancer) (n=9)

Studies included in quantitative
synthesis (meta-analysis)
(n=18)

* No risk estimates of skin cancer
(n=4)
* Not RCT, cohort or case control

studies (n =97)

Fig. 1 PRISMA study flowchart

2. Spontaneous adverse reports data
(n=3)

3. Transplant population (n = 2)

4. Identical data source for the same
study exposures, outcomes and
designs (n =1)

5. Methodological flaws (n = 1)

in case-control studies (pooled OR 1.16, 95% CI 1.08—
1.24, > = 96%) and cohort studies (pooled HR 1.26,
95% CI 1.04-1.54, I = 100%) (Fig. 2A, B). Among
NMSC, an increased risk for hydrochlorothiazide-
associated SCC (pooled OR 1.32, 95% CI 1.06—1.65, I
= 95%; pooled HR 1.61, 95% CI 0.97-2.67, I = 100%)
was found. However, no increased risk for hydrochlo-
rothiazide-associated BCC (pooled OR 1.07, 95% CI

1.05-1.09, I? = 0%; pooled HR 0.99, 95% CI 0.96—1.03,
I? = 24%) and MCC (OR 1.00, 95% CI 0.56-1.79) was
found. The dose-response analyses (Additional file 1:
Figures S1-S5) showed 2.56-fold (95% CI 1.43-4.57,
2 = 84%) and 1.20-fold (95% CI 1.00-0.45) increased
risks for SCC associated with high cumulative doses of
hydrochlorothiazide in case-control and cohort studies,
respectively. The 1.23-fold (95% CI 1.07-1.41, I* = 69%)
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A

Study or Subgroup log[Odds Ratio]

Odds Ratio
SE_Weight IV, Random, 95% CI

Odds Ratio
IV, Random, 95% Cl

1.1.1BCC

Morales 2020 0.0392 0.0408 9.2% 1.04[0.96,1.13]
Ledn-Mufioz 2021 0.0583 0.0166 10.2% 1.06[1.03,1.10]
Pedersen 2018 0.0733 0.0105 10.3% 1.08[1.05,1.10]
Adalsteinsson 2021 01345 00585 8.2% 1.14[1.02,1.29]
Subtotal (95% CI) 37.9% 1.07 [1.05, 1.09]

Heterogeneity: Tau®= 0.00; Chi*= 2.33, df= 3 (P = 0.51); F= 0%
Testfor overall effect: Z= 8.05 (P < 0.00001)

1.1.2S8CC

Adalsteinsson 2021 0.0198 0.1195 4.9% 1.02[0.81,1.29]
Morales 2020 0174 01043 56% 1.19[0.97,1.46)
Ledn-Mufioz 2021 02776 00348 9.5% 1.32[1.23,1.41]
Pedersen 2018 05596 00279 9.8% 1.75[1.66, 1.85]
Subtotal (95% CI) 29.9% 1.32[1.06, 1.65]

Heterogeneity: Tau®=uu4, vni*= 58.50, df= 3 (P < 0.00001); F= 95%
Test for overall effect: Z= 2.46 (P = 0.01)

1.1.3MCC

Pedersen 2019 0 02958 1.3% 1.00[0.56,1.79]
Subtotal (95% CI) 1.3% 1.00 [0.56, 1.79]
Heterogeneity: Not applicable

Test for overall effect: Z=0.00 (P = 1.00)

1.1.4 Unspecified NMSC

Tiba 2022 -0.1154 06567 0.3% 0.89[0.25,3.23)
Yeon 2020 0.0198 00225 10.0% 1.02[0.98,1.07)
Pottegard 2019 0.0953 00189 10.2% 1.10[1.06,1.14]
Ledn-Mufioz 2021 01222 00091 104% 1.13[1.11,1.15]
Subtotal (95% Cl) 30.9% 1.09 [1.03, 1.15]

Heterogeneity: Tau®= 0.00; Chi*=18.28, df= 3 (P = 0.0004); F= 84%
Test for overall effect: Z= 2.93 (P = 0.003)

Total (95% ClI) 100.0% 1.16 [1.08, 1.24]
Heterogeneity: Tau®= 0.01; Chi*= 327.43, df=12 (P < 0.00001); = 96%

Test for overall effect: Z= 3.97 (P < 0.0001)

Test for subgroup differences: Chi*= 3.60, df=3 (P=0.31), F=16.6%

B

_+.0|'

C I T

¢

0.2

05 1 2 5
Favours thiazides Favours non-thiazides

Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1BCC
Eworuke 2021 -0.0141 0.0062 17.5% 0.99 [0.97, 1.00] 5
Schneider 2021 0.0392 0.0462 16.9% 1.04 [0.95,1.14) e
Subtotal (95% Cl) 34.4% 0.99 [0.96, 1.03] {
Heterogeneity: Tau®= 0.00; Chi*=1.31, df=1 (P = 0.25); F= 24%
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increased risk for BCC associated with high cumulative
doses of hydrochlorothiazide was only found in case-
control studies, while there was no dose-response for
BCC in cohort studies. We also found 3.30-fold (95%
CI 1.31-8.31) increased risk for MCC associated with
high cumulative doses of hydrochlorothiazide in one
case-control study. However, one cohort study found
no dose-response for unspecified NMSC (Additional
file 1: Figure S6). We found 3 studies (2 case-control
and 1 cohort studies) and 9 studies (6 case-control and
3 cohort studies) on the association of hydrochlorothi-
azide with NMSC from Asian and non-Asian regions,
respectively. The meta-analysis revealed an increased
risk for hydrochlorothiazide-associated NMSC in non-
Asian countries (pooled OR 1.18, 95% CI 1.08-1.29, I?
= 97%; HR 1.33, 95% CI 1.07-1.65, I* = 100%; Addi-
tional file 1: Figures S7A and S8A), contradicting the
results from Asian studies (pooled OR 1.06, 95% CI
0.98-1.14, I* = 85%; HR 0.97, 95% CI 0.83-1.14; Addi-
tional file 1: Figures S7B and S8B).

Six case-control studies [6, 11, 14, 36, 37, 40] and
two cohort studies [10, 12]examined the association
of hydrochlorothiazide use with melanoma. The meta-
analysis revealed increased odds for melanoma among
patients who received hydrochlorothiazide (pooled OR
1.11, 95% CI 1.02-1.20, I> = 83%) in case-control stud-
ies, whereas no significant differences were observed
in the cohort studies (HR 1.03, 95% CI 0.93-1.14, I*
= 0%) (Fig. 3A, B). Increased odds for melanoma in
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case-control studies were associated with high dose
(pooled OR 1.15, 95% CI 1.07-1.24, I = 0%), medium
(pooled OR 1.18, 95% CI 1.10-1.25, I = 3%), and low
(pooled OR 1.09, 95% CI 1.01-1.19, I* = 79%) cumula-
tive doses (Additional file 1: Figure S9), while there was
no dose-response for melanoma in one cohort study
(Additional file 1: Figure S10).

We found two studies (one case-control study [11]
and one cohort study [12]) and six studies (five case-
control studies [6, 14, 36, 37, 40] and one cohort
study [10]) on the association of hydrochlorothiazide
with melanoma from Asian and non-Asian regions,
respectively. One Taiwanese study with 317,845 sub-
jects revealed reduced OR for hydrochlorothiazide-
associated melanoma (OR 0.90; 95% CI 0.82-0.99),
contradicting the results of five other non-Asian stud-
ies (pooled OR 1.14; 95% CI 1.10-1.19; I? = 0%; test
for subgroup differences: P < 0.00001; Additional
file 1: Figure S11), whereas no risk for melanoma was
observed both from Asian and non-Asian cohort stud-
ies (Additional file 1: Figure S12).

The subgroup analysis of the case-control studies
revealed significant associations of hydrochlorothi-
azide with superficial spreading (pooled OR 1.18, 95%
CI 1.05-1.33, I> = 54%), nodular (pooled OR 1.23, 95%
CI 1.08-1.39, I = 0%), and lentigo maligna melano-
mas (pooled OR 1.33, 95% CI 1.08-1.65, I* = 37%).
These were all non-Asian studies (Additional file 1:
Figure S13).
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Association between bendroflumethiazide use and skin
cancers

Three case-control studies [7, 39, 41] and two cohort
studies [10, 44] provided risk estimates for bendroflume-
thiazide-associated NMSC. The meta-analysis showed
no increased odds for NMSC among patients receiving
bendroflumethiazide (pooled OR 1.05; 95% CI 0.99-1.12;
I* = 54%) in case-control studies, whereas a significantly
increased risk was observed in cohort studies (pooled
HR 1.07, 95% CI 1.04-1.11, > = 53%) (Fig. 4A, B). No
significantly increased risk for bendroflumethiazide-
associated SCC (pooled OR 1.26, 95% CI 0.78-2.02, P=
86%; pooled HR 1.10, 95% CI 1.04-1.17, > = 15%) , BCC
(pooled OR 1.07, 95% CI1 0.91-1.26, P = 38%; pooled HR
1.06, 95% CI 1.04—1.08, I* = 5%) and MCC (OR 1.13, 95%
CI10.70-1.82; HR 0.71, 95% CI 0.10—5.08) was found. The
dose-response analyses on case-control studies found no
significant or clinically meaningful increase in the risk
for SCC, BCC, and MCC associated with higher cumu-
lative doses of bendroflumethiazide (Additional file 1:
Figures S14-516).

Two case-control [41, 42] and two cohort studies [10,
44] provided data on the association of bendroflumethi-
azide use with melanoma. The meta-analysis indicated no
increased risk for melanoma among patients receiving ben-
droflumethiazide in case-control (OR 1.10, 95% CI 0.92—
1.33, 2=0%) and cohort (pooled HR 1.12, 95% CI 0.89-1.42,
P = 78%) studies (Fig. 5A, B). The dose-response analyses
on case-control studies found no significant or clinically
meaningful increase in the risk for melanoma associated
with higher cumulative doses of indapamide (Additional
file 1: Figures S19). None of the included studies differenti-
ated risks associated with bendroflumethiazide by mela-
noma subtypes, cumulative doses, or geographic regions.

Association between indapamide use and skin cancers
Two case-control studies [7, 37] and one cohort study
[10] provided risk estimates for indapamide-associated
NMSC. Two case—control studies showed no increased
OR for NMSC among patients receiving indapam-
ide (pooled OR 1.01, 95% CI 0.96-1.05, I* = 0%), as did
another cohort study from the UK (HR 0.99, 95% CI 0.93—
1.05) (Fig. 6A, B). The risk for SCC associated with inda-
pamide use (pooled OR 0.98, 95% CI 0.87-1.09, I* = 0%;
HR 0.99, 95% CI 0.89-1.08) was similar to that for BCC
(pooled OR 1.01, 95% CI 0.96-1.06, I> = 0%; HR 0.99,
95% CI 0.91-1.07). The dose-response analyses found no
significant risk for SCC and BCC associated with higher
cumulative doses of indapamide use (Additional file 1:
Figures S17-S18).

Three case-control studies [14, 37, 42] and one
cohort study [10] provided data on the association of
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indapamide use with melanoma. The meta-analysis indi-
cated no significant risk for melanoma among patients
receiving indapamide in case-control studies (pooled
OR 1.30, 95% CI 0.91-1.87, I> = 66%), whereas one UK
cohort study indicated a 43% risk increase (HR 1.43, 95%
CI 1.35-1.50) (Fig. 7A, B). None of the included studies
differentiated risks associated with indapamide by mela-
noma subtypes, cumulative doses, or geographic regions.

Sensitivity analysis

After the inclusions of one duplicated case—control study
on hydrochlorothiazide and indapamide in Denmark [42]
and one duplicated cohort study in Korea [48], the results
were consistent with those of the main analyses (Addi-
tional file 1: Table S8). In addition, the sensitivity analysis
including only low risk-of-bias studies showed consistent
results with those of the main analysis (Additional file 1:
Table S9).

Discussion

Our study indicated an increased risk for NMSC asso-
ciated with the use of hydrochlorothiazide but not with
bendroflumethiazide or indapamide. Specifically, we
found a higher risk for SCC than for BCC associated
with thiazide use, consistent with evidence that cumula-
tive UV exposure plays a greater role in the aetiology of
SCC than of BCC [35, 36]. The minimum average daily
UV exposure level to induce skin cancers among thiazide
users is unclear; however, one Icelandic study indicated
that relatively low levels of average daily UV exposure
were sufficient to cause 1.24-fold and 1.14-fold increases
in the risks of SCC in situ and BCC, respectively, follow-
ing hydrochlorothiazide use [13]. Taken together, health-
care professionals and patients should recognize that
more aggressive and appropriate photoprotective behav-
iours (e.g., use of adequate amounts of broad-spectrum
sunscreen with a sun-protection factor of > 30) should
be re-emphasized to eliminate the carcinogenicity of thi-
azides [49]. The risk-benefit evaluation in prescribing thi-
azides must be individually assessed.

The inconsistent risk profiles for skin cancers among
individual drugs within the same chemical class of thi-
azides are possibly due to varying photosensitizing
effects under different molar concentrations of the drugs
and differences in wavelengths responsible for vari-
ous histologic types of skin cancers [7]. For example, we
found associations of NMSC only with hydrochlorothi-
azide use, but not with bendroflumethiazide use, possibly
due to the shorter half-life of bendroflumethiazide, given
the lower molar concentrations of therapeutically equiva-
lent doses [50, 51]. Indapamide has more absorbance
in the UV-B spectrum than hydrochlorothiazide in the
UV-A spectrum, which plays an essential role in NMSC
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carcinogenesis [52—-54]. In addition, our study suggests
that cumulative doses of hydrochlorothiazide under
25,000 mg are relatively safe with regard to BCC, SCC,
and melanoma, based on case-control studies. These data
could provide an important reference for the selection
and dosing of appropriate thiazide drugs taking into con-
sideration the risks for skin cancers.

A similar biological mechanism to NMSC may extend
the carcinogenic effects of hydrochlorothiazide to the
development of various melanoma subtypes associated
with high sun exposure [6, 55]. Previous studies have
indicated that different ethnicities have varying risk pro-
files for melanoma; the risk typically being higher in
Caucasians (incidence: 7.6—18.9 per 10,000 people) than
in Asians (incidence: 0.5-1.5 per 10,000 people) [56].
Our subgroup analysis on geographic regions revealed
reduced melanoma risk associated with hydrochlorothi-
azide in one case-control study in Taiwan [11], compared
with increased risks in five case-control studies in Europe
and Australia. Although the dosage of hydrochlorothi-
azide prescribed in Taiwan is generally lower than that in
other non-Asian countries [11], the dose-response analy-
sis found no increased risk of melanoma, especially with
medium and high cumulative doses of hydrochlorothi-
azide, in Taiwan. As thiazide diuretics are not metabolized
in the human body [57], possible genetic polymorphisms
are unlikely to explain risk differences across populations.
Skin photosensitivity reactions are considered important
in hydrochlorothiazide carcinogenicity [5]; thus, con-
tradicting results noted between Asian and non-Asian
countries may be explained by ethnic differences. For
example, ultraviolet exposure plays an important role in
the carcinogenesis of melanoma in Caucasians, but not in

Asians [56], which is supported by a previous study indi-
cating that acral melanoma, which usually occurs in areas
with little to no sun exposure, accounted for 50%—58%
of melanoma in Asians [58]. Since a previous study sug-
gested trauma and physical pressure as a risk factor for
acral melanoma, the mechanisms of melanoma may vary
between Asian and non-Asian populations [59]. Similarly,
our subgroup analysis found oppositely directed risks of
hydrochlorothiazide-associated NMSC between Asian
and non-Asian countries, which may be explained by
ethnic differences in skin phototypes. Asian populations
typically have larger amounts of melanin (Fitzpatrick skin
phototype III or IV), and DNA repair mechanisms are
probably more efficient than in fair-skinned Northern
European populations [11, 60]. Considering ethnicity as
an effect modifier, our findings suggest that hydrochloro-
thiazide use does not appear to pose a clinically meaning-
ful risk for skin cancers in Asians.

Earlier systematic reviews have reported that thi-
azides are associated with an increased risk of skin can-
cers [5, 8, 9]. In comparison with previous reviews, we
included more recent studies, with 13 published from
February 2019 to January 2022 [10-14, 36-40, 43, 45,
46]. More importantly, our analyses covered a broader
range of recent nationwide data, including data from
the Brazil, Netherlands, USA, UK, Iceland, Spain,
Australia, Taiwan, and Korea. Consequently, our find-
ings could be geographically more generalizable. Our
meta-analysis is also the first to evaluate skin cancer
risk associated with individual thiazides, instead of
pooling all thiazides into one pharmacologic entity. For
those with a potential risk of skin cancers, physicians
may consider prescribing alternative thiazides such as
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Fig. 6 Forest plot on the association of indapamide use with nonmelanoma skin cancer: A case-control studies and B cohort studies

bendroflumethiazide and indapamide. Furthermore, we
conducted subgroup analyses on geographic regions
on hydrochlorothiazide and skin cancers. A higher
risk for hydrochlorothiazide-associated skin cancers
was observed in non-Asian countries than in Asian
countries; however, further studies are still needed to
understand the aetiology and develop different preven-
tative strategies for Asian skin cancers. Our findings for
the different geographic regions support the biologi-
cal mechanism whereby more sun exposure combined

with photosensitizing drugs leads to increased skin
cancer risk [61]. The causal link between hydrochloro-
thiazide and skin cancer was further strengthened by
our subgroup analysis on cumulative doses. Notably,
no dose-response effect was found between bendroflu-
methiazide and indapamide use and NMSC, suggesting
that skin cancer risk profiles vary with different indi-
vidual thiazides.

This study has several limitations. First, since we found
no eligible RCTs, our findings may be biased through
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unmeasured confounding, such as lifestyle, diet, amounts
of sun exposure, and sun-protective behaviours. Second,
high heterogeneity among the studies for NMSC and mel-
anoma was observed in the main analysis, probably due to
varying thiazide prescribing patterns and skin cancer inci-
dences across different countries. To identify the sources
of heterogeneity across the studies, we performed multi-
ple subgroup analyses to evaluate skin cancer risk, based
on different regions and cumulative doses. However, the
subgroup analysis did not fully diminish the statistical
heterogeneity among the included studies. Third, some
results from the meta-analysis were inconsistent between
case-control studies and cohort studies on the same out-
comes, probably because shorter follow-up durations in
the cohort studies may have led to underestimation of the
risk estimates [47]. Fourth, the skin cancer risk associ-
ated with the use of chlorothiazide, methyclothiazide, and
metolazone is unclear due to the lack of relevant data.

Conclusions

Current evidence supports an increased risk for SCC
and melanoma among patients receiving hydrochloro-
thiazide, but no significant or clinically meaningful risk
for those receiving bendroflumethiazide or indapamide.
Dermatology consultation and optimal photo-protection
may be considered for hydrochlorothiazide users.
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