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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% CI 1.04–1.54), squamous cell carcinoma (SCC) (OR 1.32, 95% CI 1.06–1.65; HR 1.61, 95% CI 0.97–2.67), and 
melanoma (OR 1.11, 95% CI 1.02–1.20; HR 1.03, 95% CI 0.93–1.14). The increased risks for SCC were associated with 
high cumulative doses of hydrochlorothiazide (OR 2.56, 95% CI 1.43–4.57; HR 1.20, 95% CI 1.00–1.45). Hydrochloro‑
thiazide use was associated with different subtypes of melanoma including superficial spreading (OR 1.18, 95% CI 
1.05–1.33), nodular (OR 1.23, 95% CI 1.08–1.39), and lentigo maligna melanoma (OR 1.33, 95% CI 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 CRD42​02123​4317.
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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 I2 statis-
tic was used to quantify statistical heterogeneity across 
the included studies, whereby substantial heterogene-
ity was considered when the I2 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 

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-
tegård 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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in case-control studies (pooled OR 1.16, 95% CI 1.08–
1.24, I2 = 96%) and cohort studies (pooled HR 1.26, 
95% CI 1.04–1.54, I2 = 100%) (Fig.  2A, B). Among 
NMSC, an increased risk for hydrochlorothiazide-
associated SCC (pooled OR 1.32, 95% CI 1.06–1.65, I2 
= 95%; pooled HR 1.61, 95% CI 0.97–2.67, I2 = 100%) 
was found. However, no increased risk for hydrochlo-
rothiazide-associated BCC (pooled OR 1.07, 95% CI 

1.05–1.09, I2 = 0%; pooled HR 0.99, 95% CI 0.96–1.03, 
I2 = 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, 
I2 = 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, I2 = 69%) 

Fig. 1  PRISMA study flowchart
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Fig. 2  Forest plot on the association of hydrochlorothiazide use with nonmelanoma skin cancer: A case-control studies and B cohort studies
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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, I2 
= 97%; HR 1.33, 95% CI 1.07–1.65, I2 = 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, I2 = 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, I2 = 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, I2 
= 0%) (Fig.  3A, B). Increased odds for melanoma in 

case-control studies were associated with high dose 
(pooled OR 1.15, 95% CI 1.07–1.24, I2 = 0%), medium 
(pooled OR 1.18, 95% CI 1.10–1.25, I2 = 3%), and low 
(pooled OR 1.09, 95% CI 1.01–1.19, I2 = 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; I2 = 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, I2 = 54%), nodular (pooled OR 1.23, 95% 
CI 1.08–1.39, I2 = 0%), and lentigo maligna melano-
mas (pooled OR 1.33, 95% CI 1.08–1.65, I2 = 37%). 
These were all non-Asian studies (Additional file  1: 
Figure S13).

Fig. 3  Forest plot on the association of hydrochlorothiazide use with melanoma: A case-control studies and B cohort studies
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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; 
I2 = 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, I2 = 53%) (Fig.  4A, B). No 
significantly increased risk for bendroflumethiazide-
associated SCC (pooled OR 1.26, 95% CI 0.78–2.02, I2 = 
86%; pooled HR 1.10, 95% CI 1.04–1.17, I2 = 15%) , BCC 
(pooled OR 1.07, 95% CI 0.91–1.26, I2 = 38%; pooled HR 
1.06, 95% CI 1.04–1.08, I2 = 5%) and MCC (OR 1.13, 95% 
CI 0.70–1.82; 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-S16).

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, I2=0%) and cohort (pooled HR 1.12, 95% CI 0.89–1.42, 
I2 = 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, I2 = 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, I2 = 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, I2 = 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 

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, I2 = 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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Fig. 4  Forest plot on the association of bendroflumethiazide use with nonmelanoma skin cancer: A case-control studies and B cohort studies
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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 

Fig. 5  Forest plot on the association of bendroflumethiazide use with melanoma: A case-control studies and B cohort studies
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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 

Fig. 6  Forest plot on the association of indapamide use with nonmelanoma skin cancer: A case-control studies and B cohort studies
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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.

Abbreviations
BCC: Basal cell carcinomas; CI: Confidence interval; HR: Hazard ratio; MCC: 
Merkel cell carcinoma; MOOSE: Meta-analysis of Observational Studies in 
Epidemiology guidelines; NMSC: Nonmelanoma skin cancer; NOS: Newcastle-
Ottawa Scale; OR: Odds ratio; PRISMA: Preferred Reporting Items for Systematic 

Reviews and Meta-analyses; RCTs: Randomized controlled trials; RoB: Risk of 
bias; RR: Risk ratio; SCC: Squamous cell carcinoma.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12916-​022-​02419-9.

Additional file 1: Supplementary Material. Figure S1. Forest Plot for 
the Subgroup Analysis of the Association between Cumulative Doses of 
Hydrochlorothiazide and Basal Cell Carcinoma in Case-Control Stud‑
ies. Figure S2. Forest Plot for the Subgroup Analysis of the Association 
between Cumulative Doses of Hydrochlorothiazide and Basal Cell Carci‑
noma in Cohort Studies. Figure S3. Forest Plot for the Subgroup Analysis 
of the Association between Cumulative Doses of Hydrochlorothiazide and 
Squamous Cell Carcinoma in Case-Control Studies. Figure S4. Forest Plot 
for the Subgroup Analysis of the Association between Cumulative Doses 
of Hydrochlorothiazide and Squamous Cell Carcinoma in Cohort Stud‑
ies. Figure S5. Forest Plot for the Subgroup Analysis of the Association 
between Cumulative Doses of Hydrochlorothiazide and Merkel Cell Car‑
cinoma in Case-Control Studies. Figure S6. Forest Plot for the Subgroup 
Analysis of the Association between Cumulative Doses of Hydrochloro‑
thiazide and Unspecified Non-melanoma Skin Cancer in Cohort Studies. 
Figure S7. Forest Plot for the Subgroup Analysis According to Geographic 
Regions of Nonmelanoma Skin Cancer in Case-Control Studies of Hydro‑
chlorothiazide (A) Non-Asian countries (B) Asian countries. Figure S8. 
Forest Plot for the Subgroup Analysis According to Geographic Regions 
of Nonmelanoma Skin Cancer in Cohort Studies of Hydrochlorothiazide 
(A) Non-Asian countries (B) Asian countries. Figure S9. Forest Plot for 
the Subgroup Analysis of the Association between Cumulative Doses of 
Hydrochlorothiazide and Melanoma in Case-Control studies. Figure S10. 
Forest Plot for the Subgroup Analysis of the Association between Cumula‑
tive Doses of Hydrochlorothiazide and Melanoma in Cohort studies. Fig-
ure S11. Forest Plot for the Subgroup Analysis According to Geographic 
Regions of Melanoma in Case-Control Studies of Hydrochlorothiazide. 
Figure S12. Forest Plot for the Subgroup Analysis According to Geo‑
graphic Regions of Melanoma in Cohort Studies of Hydrochlorothiazide. 
Figure S13. Forest Plot for the Subgroup Analysis According to Melanoma 
Subtypes in Case-Control Studies of Hydrochlorothiazide. Figure S14. 

Fig. 7  Forest plot on the association of indapamide use with melanoma: A case-control studies and B cohort studies

https://doi.org/10.1186/s12916-022-02419-9
https://doi.org/10.1186/s12916-022-02419-9


Page 13 of 14Shao et al. BMC Medicine          (2022) 20:228 	

Forest Plot for the Subgroup Analysis of the Association between 
Cumulative Doses of Bendroflumethiazide and Basal Cell Carcinoma in 
Case-Control Studies. Figure S15. Forest Plot for the Subgroup Analysis of 
the Association between Cumulative Doses of Bendroflumethiazide and 
Squamous Cell Carcinoma in Case-Control Studies. Figure S16. Forest Plot 
for the Subgroup Analysis of the Association between Cumulative Doses 
of Bendroflumethiazide and Merkel Cell Carcinoma in Case-Control Stud‑
ies. Figure S17. Forest Plot for the Subgroup Analysis of the Association 
between Cumulative Doses of Indapamide and Basal Cell Carcinoma in 
Case-Control Studies. Figure S18. Forest Plot for the Subgroup Analysis of 
the Association between Cumulative Doses of Indapamide and Squamous 
Cell Carcinoma in Case-Control Studies. Figure S19. Forest Plot for the 
Subgroup Analysis of the Association between Cumulative Doses of Inda‑
pamide and Melanoma in Case-Control Studies. Table S1. Search Strategy. 
Table S2. Studies with Overlapping Populations. Table S3. Exposures for 
Thiazide Use in the Included Studies. Table S4. Other Characteristics of 
Included Studies. Table S5. The Relationship Between Cumulative Dura‑
tion of Individual Thiazide Uses and Skin Cancer Risk. Table S6. Risk-of-bias 
Assessment of Included Case-Control Studies Based on Newcastle Ottawa 
Quality Assessment Scale. Table S7. Risk-of-bias Assessment of Included 
Cohort Studies Based on Newcastle Ottawa Quality Assessment Scale. 
Table S8. Comparisons of the Results between the Main and Sensitivity 
Analyses. Table S9. Sensitivity Analysis By Including Only Low Risk-of-bias 
Case-Control Studies.

Acknowledgements
We appreciate Prof. Anton Pottegård (Clinical Pharmacology and 
Pharmacy, and Environmental Medicine, Department of Public Health, 
University of Southern Denmark, Denmark) for his insightful comments on 
this study.

Authors’ contributions
SCS and CCC conceptualized this study. SCS and CCC led the literature review 
with contributions from CCL and YHC. CCL and YHC extracted, cleaned, 
analysed and the data. SCS and CCC wrote the manuscript, with contribu‑
tions from ECCL and MJH. All authors approved the final manuscript for 
publication.

Funding
None.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Requirement for ethics approval was exempted by the Institutional Review 
Board of the Chang Gung Medical Foundation (202002102B1).

Consent for publication
Not applicable.

Competing interests
Shih-Chieh Shao and Edward Chia-Cheng Lai were coauthors of an included 
study (the Pottegård 2019 study), but they were not involved in the risk of bias 
assessment and data extraction. The other authors declared none.

Author details
1 Department of Pharmacy, Chang Gung Memorial Hospital, Keelung, Taiwan. 
2 School of Pharmacy, Institute of Clinical Pharmacy and Pharmaceutical Sci‑
ences, College of Medicine, National Cheng Kung University, Tainan, Taiwan. 
3 College of Medicine, Chang Gung University, Taoyuan, Taiwan. 4 Division 
of Cardiology, Department of Internal Medicine, Chang Gung Memorial 

Hospital, Keelung, Taiwan. 5 Department of Dermatology, Chang Gung Memo‑
rial Hospital, Linkou, Taoyuan, Taiwan. 

Received: 14 February 2022   Accepted: 30 May 2022

References
	1.	 Urban K, Mehrmal S, Uppal P, Giesey RL, Delost GR. The global burden of 

skin cancer: A longitudinal analysis from the Global Burden of Disease 
Study, 1990-2017. JAAD Int. 2021;2:98–108.

	2.	 Blakely KM, Drucker AM, Rosen CF. Drug-Induced Photosensitivity-
An Update: Culprit Drugs, Prevention and Management. Drug Saf. 
2019;42(7):827–47.

	3.	 Robinson SN, Zens MS, Perry AE, Spencer SK, Duell EJ, Karagas MR. Photo‑
sensitizing agents and the risk of non-melanoma skin cancer: a popula‑
tion-based case-control study. J Invest Dermatol. 2013;133(8):1950–5.

	4.	 Unger T, Borghi C, Charchar F, et al. 2020 International Society of 
Hypertension Global Hypertension Practice Guidelines. Hypertension. 
2020;75(6):1334–57.

	5.	 Bendinelli B, Masala G, Garamella G, Palli D, Caini S. Do Thiazide Diuret‑
ics Increase the Risk of Skin Cancer? A Critical Review of the Scientific 
Evidence and Updated Meta-Analysis. Curr Cardiol Rep. 2019;21(9):92.

	6.	 Pottegård A, Pedersen SA, Schmidt SAJ, Hölmich LR, Friis S, Gaist D. 
Association of Hydrochlorothiazide Use and Risk of Malignant Melanoma. 
JAMA Intern Med. 2018;178(8):1120–2.

	7.	 Pedersen SA, Gaist D, Schmidt SAJ, Hölmich LR, Friis S, Pottegård A. 
Hydrochlorothiazide use and risk of nonmelanoma skin cancer: A 
nationwide case-control study from Denmark. J Am Acad Dermatol. 
2018;78(4):673–81.

	8.	 Gandini S, Palli D, Spadola G, et al. Anti-hypertensive drugs and skin 
cancer risk: a review of the literature and meta-analysis. Crit Rev Oncol 
Hematol. 2018;122:1–9.

	9.	 Shin D, Lee ES, Kim J, Guerra L, Naik D, Prida X. Association Between the 
Use of Thiazide Diuretics and the Risk of Skin Cancers: A Meta-Analysis of 
Observational Studies. J Clin Med Res. 2019;11(4):247–55.

	10.	 Schneider R, Reinau D, Stoffel S, Jick SS, Meier CR, Spoendlin J. Risk of skin 
cancer in new users of thiazides and thiazide-like diuretics: a cohort study 
using an active comparator group. Br J Dermatol. 2021;185(2):343–52.

	11.	 Pottegård A, Pedersen SA, Schmidt SAJ, et al. Use of hydrochlorothiazide 
and risk of skin cancer: a nationwide Taiwanese case-control study. Br J 
Cancer. 2019;121(11):973–8.

	12.	 Lee SM, Kim K, Yoon J, et al. Association between Use of Hydrochloro‑
thiazide and Nonmelanoma Skin Cancer: Common Data Model Cohort 
Study in Asian Population. J Clin Med. 2020;9(9):2910.

	13.	 Adalsteinsson JA, Muzumdar S, Waldman R, et al. Association between 
hydrochlorothiazide and the risk of in situ and invasive squamous cell 
skin carcinoma and basal cell carcinoma: A population-based case-
control study. J Am Acad Dermatol. 2021;84(3):669–75.

	14.	 Daniels B, Pearson SA, Vajdic CM, Pottegård A, Buckley NA, Zoega H. Risk 
of squamous cell carcinoma of the lip and cutaneous melanoma in older 
Australians using hydrochlorothiazide: A population-based case-control 
study. Basic Clin Pharmacol Toxicol. 2020;127(4):320–8.

	15.	 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews. BMJ. 2021;372:n71.

	16.	 Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational 
studies in epidemiology: a proposal for reporting. Meta-analysis 
Of Observational Studies in Epidemiology (MOOSE) group. JAMA. 
2000;283(15):2008–12.

	17.	 Cives M, Mannavola F, Lospalluti L, et al. Non-Melanoma Skin Cancers: 
Biological and Clinical Features. Int J Mol Sci. 2020;21(15):5394.

	18.	 Su CJ, Lan J, Lee CH. A 10-case series of Merkel cell carcinoma in tropical 
Taiwan: Focusing on clinical outcomes and the interaction of oxidative 
stress and Merkel cell polyomavirus infections. Dermatologica Sinica. 
2022;40(1):28. https://​doi.​org/​10.​4103/​ds.​ds_​12_​22.

https://doi.org/10.4103/ds.ds_12_22


Page 14 of 14Shao et al. BMC Medicine          (2022) 20:228 

	19.	 Mittal A, Colegio OR. Skin Cancers in Organ Transplant Recipients. Am J 
Transplant. 2017;17(10):2509–30.

	20.	 Xie W, Huang H, Deng X, Gao D, Zhang Z. Modifiable lifestyle and envi‑
ronmental factors associated with onset of psoriatic arthritis in patients 
with psoriasis: A systematic review and meta-analysis of observational 
studies. J Am Acad Dermatol. 2021;84(3):701–11.

	21.	 Wang L, Bierbrier R, Drucker AM, Chan AW. Noncutaneous and Cutaneous 
Cancer Risk in Patients With Atopic Dermatitis: A Systematic Review and 
Meta-analysis. JAMA Dermatol. 2020;156(2):158–71.

	22.	 Li C, Tang X, Zheng X, et al. Global Prevalence and Incidence Estimates 
of Oral Lichen Planus: A Systematic Review and Meta-analysis. JAMA 
Dermatol. 2020;156(2):172–81.

	23.	 Higgins JPT, Thomas J, Chandler J, et al. Cochrane Handbook for System‑
atic Reviews of Interventions version 6.1 (updated September 2020). 
Available from: www.​train​ing.​cochr​ane.​org/​handb​ook. Cited 2022 May 1.

	24.	 Sterne JAC, Savović J, Page MJ, et al. RoB 2: a revised tool for assessing risk 
of bias in randomised trials. BMJ. 2019;366:l4898.

	25.	 GA Wells, B Shea, D O’Connell, et al. The Newcastle-Ottawa scale (NOS) for 
assessing the quality of nonrandomized studies in meta-analyses. Avail‑
able from: http://​www.​ohri.​ca/​progr​ams/​clini​cal_​epide​miolo​gy/​oxford.​
asp. Cited 2022 May 1.

	26.	 Zhang Y, Huang L, Wang D, Ren P, Hong Q, Kang D. The ROBINS-I and 
the NOS had similar reliability but differed in applicability: A random 
sampling observational studies of systematic reviews/meta-analysis. J 
Evid Based Med. 2021;14(2):112–22.

	27.	 Liu SD, Chen WT, Chi CC. Association Between Medication Use and 
Bullous Pemphigoid: A Systematic Review and Meta-analysis. JAMA 
Dermatol. 2020;156(8):891–900.

	28.	 Chen TL, Lee LL, Huang HK, et al. Association of Psoriasis With Incident 
Venous Thromboembolism and Peripheral Vascular Disease: A Systematic 
Review and Meta-analysis. JAMA Dermatol. 2022;158(1):59–67.

	29.	 Chi CC, Lee CW, Wojnarowska F, Kirtschig G. Safety of topical corticoster‑
oids in pregnancy. Cochrane Database Syst Rev. 2009;(3):Cd007346.

	30.	 Hernán MA. The hazards of hazard ratios. Epidemiology. 2010;21(1):13–5.
	31.	 Deeks JJ, Higgins JPT, Altman DG (editors). Chapter 10: Analysing data 

and undertaking meta-analyses. In: Higgins JPT, Thomas J, Chandler J, 
Cumpston M, Li T, Page MJ, Welch VA (editors). Cochrane Handbook for 
Systematic Reviews of Interventions version 6.3 (updated February 2022). 
Available from: www.​train​ing.​cochr​ane.​org/​handb​ook. Cited on May 1

	32.	 Sterne JA, Sutton AJ, Ioannidis JP, et al. Recommendations for examining 
and interpreting funnel plot asymmetry in meta-analyses of randomised 
controlled trials. BMJ. 2011;343:d4002.

	33.	 Park E, Lee Y, Jue MS. Hydrochlorothiazide use and the risk of skin cancer 
in patients with hypertensive disorder: a nationwide retrospective cohort 
study from Korea. Korean J Intern Med. 2020;35(4):917–28.

	34.	 Pottegård A, Morales D. Comment on "Hydrochlorothiazide use and the 
risk of skin cancer in patients with hypertensive disorder: a nation‑
wide retrospective cohort study from Korea". Korean J Intern Med. 
2020;35(4):1014–5.

	35.	 Park E, Lee Y, Jue MS. Response to comment on "Hydrochlorothiazide 
use and the risk of skin cancer in patients with hypertensive disorder: a 
nationwide retrospective cohort study from Korea". Korean J Intern Med. 
2020;35(4):1016–7.

	36.	 Habel LA, Achacoso N, Fireman B, Pedersen SA, Pottegård A. Hydrochlo‑
rothiazide and risk of melanoma subtypes. Pharmacoepidemiol Drug Saf. 
2021;30(10):1396–401.

	37.	 León-Muñoz LM, Duarte-Salles T, Llorente A, et al. Use of hydrochlorothi‑
azide and risk of skin cancer in a large nested case-control study in Spain. 
Pharmacoepidemiol Drug Saf. 2021;30(9):1269–78.

	38.	 Tiba APL, Cury-Martins J, Miyashiro DR, Sanches JA. Use of hydrochlo‑
rothiazide and risk of nonmelanoma skin cancer: a pilot study in the 
Brazilian population. Int J Dermatol. 2022;61(6):e213–4.

	39.	 Pedersen SA, Johannesdottir Schmidt SA, Hölmich LR, Friis S, Pottegård A, 
Gaist D. Hydrochlorothiazide use and risk for Merkel cell carcinoma and 
malignant adnexal skin tumors: A nationwide case-control study. J Am 
Acad Dermatol. 2019;80(2):460–5.

	40.	 Morales DR, Pacurariu A, Slattery J, Kurz X. Association between hydro‑
chlorothiazide exposure and different incident skin, lip and oral cavity 
cancers: A series of population-based nested case-control studies. Br J 
Clin Pharmacol. 2020;86(7):1336–45.

	41.	 de Vries E, Trakatelli M, Kalabalikis D, et al. Known and potential new risk 
factors for skin cancer in European populations: a multicentre case-
control study. Br J Dermatol. 2012;167(Suppl 2):1–13.

	42.	 Jensen A, Thomsen HF, Engebjerg MC, Olesen AB, Sørensen HT, Karagas 
MR. Use of photosensitising diuretics and risk of skin cancer: a popula‑
tion-based case-control study. Br J Cancer. 2008;99(9):1522–8.

	43.	 Yeon B, Suh A, Choi E, Kim B, Han SY, Chung SY. Assessing the risk of 
non-melanoma skin cancer associated with hydrochlorothiazide use in 
hypertensive patients: A nested case-control study in Korea. Pharma‑
coepidemiol Drug Saf. 2020;29(Suppl 3):461–2.

	44.	 Kaae J, Boyd HA, Hansen AV, Wulf HC, Wohlfahrt J, Melbye M. Photosensi‑
tizing medication use and risk of skin cancer. Cancer Epidemiol Biomark‑
ers Prev. 2010;19(11):2942–9.

	45.	 Eworuke E, Haug N, Bradley M, et al. Risk of Nonmelanoma Skin Cancer in 
Association With Use of Hydrochlorothiazide-Containing Products in the 
United States. JNCI Cancer Spectr. 2021;5(2):pkab009.

	46.	 de Haan-Du J, Landman GWD, Groenier KH, et al. The Risk of Cutaneous 
Squamous Cell Carcinoma Among Patients with Type 2 Diabetes Receiv‑
ing Hydrochlorothiazide: A Cohort Study. Cancer Epidemiol Biomarkers 
Prev. 2021;30(11):2114–21.

	47.	 Young C, Rushton L. Occupational cancer in Britain. Skin cancer. Br J 
Cancer. 2012;107(Suppl 1):S71–5.

	48.	 Kim JC, Kim YC, Choi JW. Use of hydrochlorothiazide and risk of non‑
melanoma skin cancer in Koreans: a retrospective cohort study using 
administrative healthcare data. Clin Exp Dermatol. 2021;46(4):680–6.

	49.	 Sander M, Sander M, Burbidge T, Beecker J. The efficacy and safety of sun‑
screen use for the prevention of skin cancer. Cmaj. 2020;192(50):E1802–8.

	50.	 Beermann B, Groschinsky-Grind M. Pharmacokinetics of hydrochlorothi‑
azide in man. Eur J Clin Pharmacol. 1977;12(4):297–303.

	51.	 Borgström L, Johansson CG, Larsson H, Lenander R. Pharmacokinetics of 
bendroflumethiazide after low oral doses. J Pharmacokinet Biopharm. 
1981;9(4):431–41.

	52.	 Rivas M, Calaf GM, Laroze D, et al. Solar ultraviolet A radiation and 
nonmelanoma skin cancer in Arica, Chile. J Photochem Photobiol B. 
2020;212:112047.

	53.	 Davis R, Wells CH, Taylor AR. Photolytic decomposition of indapamide. J 
Pharm Sci. 1979;68(8):1063–4.

	54.	 Bigagli E, Cinci L, D’Ambrosio M, et al. Hydrochlorothiazide Use and Risk 
of Nonmelanoma Skin Cancers: A Biological Plausibility Study. Oxid Med 
Cell Longev. 2021;2021:6655542.

	55.	 Whiteman DC, Stickley M, Watt P, Hughes MC, Davis MB, Green AC. Ana‑
tomic site, sun exposure, and risk of cutaneous melanoma. J Clin Oncol. 
2006;24(19):3172–7.

	56.	 Gloster HM Jr, Neal K. Skin cancer in skin of color. J Am Acad Dermatol. 
2006;55(5):741–60 quiz 761-744.

	57.	 Flockhart DA, Tanus-Santos JE. Implications of cytochrome P450 interac‑
tions when prescribing medication for hypertension. Arch Intern Med. 
2002;162(4):405–12.

	58.	 Chang JW. Acral melanoma: a unique disease in Asia. JAMA Dermatol. 
2013;149(11):1272–3.

	59.	 Jung HJ, Kweon SS, Lee JB, Lee SC, Yun SJ. A clinicopathologic analysis 
of 177 acral melanomas in Koreans: relevance of spreading pattern and 
physical stress. JAMA Dermatol. 2013;149(11):1281–8.

	60.	 Ho SG, Chan HH. The Asian dermatologic patient: review of common 
pigmentary disorders and cutaneous diseases. Am J Clin Dermatol. 
2009;10(3):153–68.

	61.	 Taylor CR, Sober AJ. Sun exposure and skin disease. Annu Rev Med. 
1996;47:181–91.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

http://www.training.cochrane.org/handbook
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.training.cochrane.org/handbook

	Associations of thiazide use with skin cancers: a systematic review and meta-analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Literature search
	Study selection
	Expert opinions
	Data extraction and risk of bias assessment
	Statistical analysis

	Results
	Characteristics of included studies
	Risk of bias of included studies
	Association between hydrochlorothiazide use and skin cancers
	Association between bendroflumethiazide use and skin cancers
	Association between indapamide use and skin cancers
	Sensitivity analysis

	Discussion
	Conclusions
	Acknowledgements
	References


