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Abstract: Although hydrochlorothiazide (HCTZ) has been suggested to increase skin cancer risk in
white Westerners, there is scant evidence for the same in Asians. We analyzed the association between
the use of hydrochlorothiazide and non-melanoma in the Asian population using the common data
model. Methods: A retrospective multicenter observational study was conducted using a distributed
research network to analyze the effect of HCTZ on skin cancer from 2004 to 2018. We performed Cox
regression to evaluate the effects by comparing the use of HCTZ with other antihypertensive drugs.
All analyses were re-evaluated using matched data using the propensity score matching (PSM). Then,
the overall effects were evaluated by combining results with the meta-analysis. Results: Positive
associations were observed in the use of HCTZ with high cumulative dose for non-melanoma skin
cancer (NMSC) in univariate analysis prior to the use of PSM. Some negative associations were
observed in the use of low and medium cumulative doses. Conclusion: Although many findings
in our study were inconclusive, there was a non-significant association of a dose-response pattern
with estimates increasing in cumulative dose of HCTZ. In particular, a trend with a non-significant
positive association was observed with the high cumulative dose of HCTZ.
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1. Introduction

Hypertension is a major risk factor for non-communicable diseases (NCDs), such as cardiovascular
and renal diseases [1,2]. According to the World Health Organization (WHO), approximately over 20%
of the global population suffered from hypertension in 2015. Traditionally, a person with consistent
blood pressure (BP), exceeding 140/90 mmHg, had been diagnosed with hypertension. However, in
2017, the American College of Cardiology and the American Heart Association proposed a new BP
threshold, 130/80 mmHg, to diagnose hypertension [3]. By adopting new BP thresholds, BP therapy
would be recommended to millions of additional US adults [4], but it was expected to bring more
benefits for society and individuals by reducing the risk of cardiovascular and cardiovascular-related
diseases with interventions in an earlier course of progression [5–7]. However, after a new diagnosis,
most hypertensive patients inevitably require more antihypertensive classes to achieve intensified BP
target goals [8,9].

Antihypertensive pharmacotherapy is recommended to most hypertensive patients, due to
the limited efficacy of lifestyle modifications, especially for high002Drisk hypertensive patients.
Thiazide or thiazide-like diuretics are considered as one of the first-line classes in antihypertensive
pharmacotherapy. Moreover, they are essential in combination therapy as volume and sodium retention
is the main mechanism in treatment-resistant hypertension [10–12]. The diuretic hydrochlorothiazide
(HCTZ) has been one of the most frequently prescribed antihypertensive drugs in the United States
and Europe [13]. However, recent studies [14–16] have found that the use of HCTZ may potentially
cause skin cancer due to the photosensitizing properties in thiazide diuretics [17]. On the contrary,
Gandini et al. reported in their meta-analysis that they found no association between thiazide diuretics
and skin cancer [18]. These inconsistent and uncertain observations between studies emphasize the
challenges we face when interpreting the findings in real-world observational studies. In fact, despite
the increased risk of skin cancer associated with the use of HCTZ in white Westerners, there is no
evidence that the carcinogenic effect of HCTZ is substantial in the Asian population [19], whose
incidence of skin cancer is much lower [20]. Therefore, to elucidate the association between the use of
HCTZ and skin cancer clearly, a nationwide observational study with qualified assessment and fewer
biases should be conducted through a distributed data system with standardized protocol.

In this study, we investigated the association between HCTZ and skin cancer, including melanoma
and non-melanoma skin cancer (NMSC) by using the Observational Medical Outcomes Partnership
(OMOP) Common Data Model (CDM)-based distributed research network. By processing all analyses
in the CDM network with a standardized code, we also validated the utility of the CDM network for
quick and reliable big data-based clinical observational research examining the potential carcinogenic
risk of drugs.

2. Experimental Section

2.1. Data Sources

We conducted a retrospective cohort study with Korean patients visited in 1 of 3 hospitals
(Seoul National University Hospital, Seoul National University Bundang Hospital, and Asan Medical
Center) from 1 January 2004 to 28 February 2018 using Observational Health Data Sciences and
Informatics open-source software and the OMOP CDM version 5.2 database. This study was approved
with waiver of informed consent by the institutional review board (E-2002-017-1098).
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2.2. Patient Selection

Our cohort consisted of patients aged 20–80 years who had a treatment history with HCTZ, other
antihypertensive drugs, or both. We excluded participants who took immunosuppressive agents
(azathioprine, cyclosporine, tacrolimus, or mycophenolate mofetil), had a medical history of HIV
or organ transplant, and had previous melanoma or NMSC before taking antihypertensive drugs
(including HCTZ). Considering reasonable exposure time to outcomes, we also excluded participants
who had an outcome date within a month from the first date of taking any antihypertensive drugs.
Then, we defined the group of any use of HCTZ as exposed, and the groups of other antihypertension
medicine users (“Never use”) served as our reference. Furthermore, participants who underwent the
HCTZ treatment were divided into 3 different groups: “HCTZ-only use” (no other prescriptions drugs
than HCTZ) group, “Combination use” (use of combination of HCTZ and other hypertension diuretics)
group, and “Ever use” (both HCTZ-only and Combination use) group.

2.3. Outcomes and Other Covariates

We identified melanoma skin cancer (C43, D03) and NMSC (C44, D04) with the Korean Standard
Classification of Disease 8th revision (KCD-8) codes, which are similar to 10th revision of International
Classification of Diseases (ICD-10) codes if available. We considered the first type of occurring
skin cancer as the outcome of the study, so that each patient could contribute only once. Potential
confounders were selected based on data available in the CDM network, and they were reviewed by
clinicians; selected confounders were sex, age, use of drugs potentially affecting the risk of skin cancer
(aspirin, nonsteroidal anti-inflammatory drug [NSAIDs], and statins) [21–23], history of diabetes, history
of chronic obstructive pulmonary disease (COPD), and comorbidities using Charlson Comorbidity
Index (CCI) scores [24] [categorized as 0, 1 and ≥2: a maximum count of score occurred]. History of
diabetes and COPD were defined by any appearance of an ICD code or use of disease-specific drugs as
Pedersen et al. detailed in [15]. A detailed list of concept ID and ICD codes, used for constructing
target definitions and exclusion criteria, are provided in Supplementary Table S1.

2.4. Statistical Analysis

The association between HCTZ and skin cancer was investigated by using one standardized
analytic code as the database of each hospital was converted using the format of OMOP CDM, a set
of uniform data standards and formatting. We computed hazard ratios (HRs) with a Cox regression
model to analyze the association between skin cancer and use of HCTZ. Additional analyses were
performed to examine a potential dose-response relationship, and HRs were calculated for each
group (“HCTZ-only, Combination, and Ever use”) based on the tertile levels in the cumulative HCTZ
dose based on “HCTZ-only use.” Detailed information about the cut-off points of cumulative dose is
described in Supplementary Table S2.

All analyses were conducted using univariate analysis and multivariate analysis adjusted with
selected potential confounders. We performed the propensity score matching method (PSM) to control
for selection bias by adjusting for the impact of given confounding factors [25]. All analyses were
re-evaluated after checking for balance in the characteristics of matched groups. The overall effects
were evaluated using the meta-analysis method, which is a statistical analysis combining the results of
multiple studies. Statistical approaches (Cochran’s Q test and I2 value test) were conducted to test for
heterogeneity in meta-analysis [26].

All analyses were performed using R 3.6.2 (http://www.R-project.org). Two-sided p-value less
than 0.05 was considered to be statistically significant.

http://www.R-project.org
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3. Results

3.1. Clinical Characteristics

Figure 1 illustrates the patient flowchart. After exclusions (n = 60,631), the total population from
all 3 hospitals included in the study was 667,348 (149,599 HCTZ-user and 149,599 non-HCTZ-user).
During 4,777,399 person-years, 1162 NMSC cases (1355 cases of total skin cancer) were observed in this
study. Detailed information about the number of cases from each hospital are described in Table 1.
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Figure 1. The flowchart of study participants in the CDM network.

Table 1. Number of Skin Cancer Cases in the Study Participants before and after Propensity
Score Matching.

Center PSM Case Subjects Skin
Cancer

Incident
Density * NMSC Incident

Density * MSC Incident
Density *

SNU Before Never use 198,173 366 27.1 296 21.9 70 5.2
Ever use 1 47,557 119 30.3 97 24.7 22 5.6

HCTZ-only use 2 7435 12 21.4 9 16.0 3 5.4

After Never use 47,557 107 31.3 89 26.1 18 5.3
Ever use 1 47,557 119 30.3 97 24.7 22 5.6

HCTZ-only use 2 7435 12 21.4 9 16.0 3 5.4

SNUB Before Never use 57,270 134 39.3 124 36.4 10 2.9
Ever use 1 36,784 127 44.2 120 41.7 7 2.4

HCTZ-only use 2 14,331 42 38.3 41 37.4 1 0.9

After Never use 36,784 93 42.0 85 38.4 8 3.6
Ever use 1 36,784 127 44.2 120 41.7 7 2.4

HCTZ-only use 2 14,331 42 38.3 41 37.4 1 0.9

ASAN Before Never use 262,306 458 24.2 413 21.8 45 2.4
Ever use 1 65,258 131 25.6 112 21.9 19 3.7

HCTZ-only use 2 11,998 16 18.0 10 11.2 6 6.8

After Never use 36,784 93 42.0 85 38.4 8 3.6
Ever use 1 36,784 127 44.2 120 41.7 7 2.4

HCTZ-only use 2 14,331 42 38.3 41 37.4 1 0.9

PSM, propensity score matching; SNU, Seoul National University Hospital; SNUB, Seoul National University
Bundang Hospital; ASAN, Asan Medical Center; NMSC, Non-melanoma skin cancer; MSC, Melanoma skin cancer.
* per 100,000 person-years; 1 “Ever use” were those who have ever taken medication containing thiazide at least
once; 2 “HCTZ-only use” were those who took thiazide alone without other antihypertensive medications.

The descriptive characteristics of the exposure (“Ever use”) and non-exposure group (“Never use”)
from each hospital before and after the PSM are described in Table 2. Patients in “Ever use” of HCTZ
were older and had a higher comorbidity level compared to “Never use” of HCTZ. Also, the proportion
of those who had a disease history (diabetes and COPD) and took medications (aspirin, NSAIDs,
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and statins) was higher than that of participants in “Never use” of HCTZ. However, those with use of
only HCTZ (“HCTZ-only use”) had a lower high comorbidity level and had a lower proportion of
disease history (COPD) and drug use (aspirin and statins) than patients with no prescription use of
HCTZ (Supplementary Table S3).

Table 2. Study Participants’ Characteristics before and after Propensity Score Matching.

SNU

Before Matching After Matching
Never Use Ever Use 1 Never Use Ever Use 1

N (%) N (%) SMD 2 N (%) N (%) SMD 2

Age, Mean (SD) 50.60 (16.0) 51.36 (15.7) 0.048 51.35 (15.6) 51.36 (15.7) <0.001
Female 112,452 (56.7) 27,111 (57.0) 0.005 27,275 (57.4) 27,111 (57.0) 0.007

CCI 0.271 0.008
0 84,327 (42.6) 15,553 (32.7) 15,375 (32.3) 15,553 (32.7)
1 68,293 (34.5) 15,618 (32.8) 15,666 (32.9) 15,618 (32.8)
≥2 45,553 (23.0) 16,386 (34.5) 16,516 (34.7) 16,386 (34.5)

Disease history
Diabetes 43,360 (21.9) 17,911 (37.7) 0.350 17,901 (37.6) 17,911 (37.7) <0.001
COPD 13,266 (6.7) 5070 (10.7) 0.141 4747 (10.0) 5070 (10.7) 0.022

Drug use
Aspirin 50,255 (25.4) 22,542 (47.4) 0.471 22,573 (47.5) 22,542 (47.4) 0.001
NSAIDS 70,329 (35.5) 17,181 (36.1) 0.013 16,831 (35.4) 17,181 (36.1) 0.015
Statins 52,885 (26.7) 21,434 (45.1) 0.391 21,535 (45.3) 21,434 (45.1) 0.004

ASAN

Age, Mean (SD) 59.15 (13.13) 62.66 (11.78) 0.281 62.69 (11.73) 62.66 (11.78) 0.003
Female 119,243 (45.5) 32,207 (49.4) 0.078 32,177 (49.3) 32,207 (49.4) 0.001

CCI 0.169 0.004
0 99,225 (37.8) 19,793 (30.3) 19,684 (30.2) 19,793 (30.3)
1 73,747 (28.1) 18,962 (29.1) 18,947 (29.0) 18,962 (29.1)
≥2 89,334 (34.1) 26,503 (40.6) 26,627 (40.8) 26,503 (40.6)

Disease history
Diabetes 65,625 (25.0) 21,033 (32.2) 0.160 21,076 (32.3) 21,033 (32.2) 0.001
COPD 18,120 (6.9) 5831 (8.9) 0.075 5583 (8.6) 5831 (8.9) 0.013

Drug use
Aspirin 79,195 (30.2) 24,217 (37.1) 0.147 24,075 (36.9) 24,217 (37.1) 0.005
NSAIDS 100,020 (38.1) 33,107 (50.7) 0.256 33,064 (50.7) 33,107 (50.7) 0.001
Statins 89,715 (34.2) 27,593 (42.3) 0.167 27,615 (42.3) 27,593 (42.3) 0.001

SNUB

Age, Mean (SD) 61.37 (13.69) 63.43 (13.07) 0.154 63.52 (13.18) 63.43 (13.07) 0.007
Female 25,276 (44.1) 19,379 (52.7) 0.172 19,506 (53.0) 19,379 (52.7) 0.007

CCI 0.095 0.019
0 18,669 (32.6) 11,760 (32.0) 12,066 (32.8) 11,760 (32.0)
1 21,802 (38.1) 12,713 (34.6) 12,637 (34.4) 12,713 (34.6)
≥2 16,799 (29.3) 12,311 (33.5) 12,081 (32.8) 12,311 (33.5)

Disease history
Diabetes 16,872 (29.5) 11,467 (31.2) 0.037 11,174 (30.4) 11,467 (31.2) 0.017
COPD 2011 (3.5) 1459 (4.0) 0.024 1308 (3.6) 1459 (4.0) 0.022

Drug use
Aspirin 27,751 (48.5) 19,150 (52.1) 0.072 18,773 (51.0) 19,150 (52.1) 0.021
NSAIDS 4300 (7.5) 3347 (9.1) 0.058 2972 (8.1) 3347 (9.1) 0.036
Statins 13,666 (23.9) 8420 (22.9) 0.023 8078 (22.0) 8420 (22.9) 0.022

CCI, Charlson Comorbidity Index; COPD, Chronic obstructive pulmonary disease; SNU, Seoul National University
Hospital; SNUB, Seoul National University Bundang Hospital; ASAN, Asan Medical Center. 1 “Ever use” were
those who have ever taken medication containing thiazide at least once; 2 SMD (Standardized mean differences) for
all pairwise comparisons.

3.2. Risk of NMSC Associated with HCTZ Use

Figure 2 presents the hazard ratios (HR) of HCTZ for the NMSC obtained from the meta-analysis.
Before the PSM, the risk of NMSC was positively associated with the “Combination use” group in
the univariate analysis (HR 1.16 [95% confidence interval, CI]; 1.00–1.33]). There was no evidence
of statistical heterogeneity (p = 0.89, I2 = 0.0%). However, after PSM, no significant associations
were observed.
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Figure 2. The overall effect of HCTZ use on NMSC in the CDM network for three cases (“Ever use”,
“HCTZ-only use”, and “Combination use”). Each analysis was tested for heterogeneity (“Test*” indicates
Cochran’s Q and I2 value tests). In the significant association, the chi-square test for heterogeneity was
non-significant and its I2 value was zero. These suggest that there was little between-study variability
in the found association.

In the dose-response analysis (Figure 3), the low cumulative dose of HCTZ in “Ever use” was
negatively associated with the risk of NMSC in multivariate analysis before PSM (adjusted HR [aHR]
0.69 [95% CI; 0.52–0.92]) and in univariate (aHR 0.72 [95% CI; 0.54–0.97]) and multivariate analysis
(aHR 0.70 [95% CI; 0.52–0.95]) after PSM. In contrast, the high cumulative dose of HCTZ in “Ever use”
was positively associated with the risk of NMSC (HR 1.27 [95% CI 1.09–1.49]) and in “Combination
use” (HR 1.28 [95% CI 1.08–1.51]; Supplementary Figure S1) only in the univariate analysis before PSM.
In these significant associations, the chi-square tests for heterogeneity were insignificant and its I2

values were zeros. Although, there were no other significant associations, there was some evidence of
a dose-response pattern with estimates increasing in cumulative dose of HCTZ with higher HRs in all
the groups.
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In the significant associations, the chi-square tests for heterogeneity in most cases were insignificant
and its I2 values were almost zero. These suggest that there was little between-study variability in the
found associations.

3.3. Additional Analyses

Additional analyses have been performed with melanoma and total skin cancer cases. The relation
of exposure to HCTZ and the risk of each case was illustrated in Supplemental Figures S2 and S3.
For the melanoma case (Supplemental Figure S2), analyses were hindered by a low number of cases:
183 cases in a total of 667,348 patients (2.5%). There was no evidence found that either HCTZ use or
cumulative use of HCTZ were associated with the risk of the melanoma cancer in the univariate and
multivariate analysis before and after PSM.

For total skin cancer (Supplementary Figure S3), the similar associations found in NMSC were
observed. The risk of total skin cancer was positively associated with the “Combination use” group in
the univariate analysis before PSM (HR 1.16 [95% CI 1.02–1.32]). The high cumulative dose of HCTZ in
“Combination use” and “Ever use” had a positive association with risk only in the univariate analysis
before PSM (HR 1.25 [95% CI; 1.07–1.47] and HR 1.25 [95% CI; 1.08–1.45]). The risk of total skin cancer
was negatively associated with medium doses of HCTZ in “HCTZ-only use” in the univariate analysis
after PSM (HR 0.54 [95% CI 0.35–0.96]). Other negative associations were observed in the low dose of
HCTZ in “Ever use” in the multivariate analysis before, and after, PSM (HR 0.74 [95% CI; 0.57–0.96]
and HR 0.74 [95% CI; 0.56–0.97]). A tendency toward an increased risk for the high cumulative use of
HCTZ was observed in all groups with limited statistical significance.

4. Discussion

Our results showed limited evidence that the use of HCTZ in the Asian population was associated
with a risk of NMSC. In the meta-analysis using CDM data of 3 hospitals enrolling 667,348 patients and
observation for 4,777,399 person-years, no significant positive associations between HCTZ use, and the
risk of NMSC were found after PSM adjusting for potential confounders (age, sex, use of aspirin, use
of statins, use of NSAIDs, history of diabetes, history of COPD, and CCI scores). After PSM, some
negative associations were observed in medium (“HCTZ-only use”) in the univariate analysis and
low cumulative dose of HCTZ of “Ever use” in the multivariate analysis. Similar associations were
observed for total skin cancer. Although many findings in our study were inconclusive, we observed
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an increased risk of NMSC for the high cumulative use of HCTZ in “Combination and Ever use” in all
of the analyses.

A positive association between the use of HCTZ and an increased risk of skin cancer was reported
in European studies, which utilized Danish nationwide health registries [14–16]. On the other hand,
Gandini et al. have reported that they could find no association between thiazide diuretic use, and the
risk of skin cancer in their meta-analysis [18]. Recently, a few studies were also conducted to clarify
this association in Asia. From a nationwide cohort study conducted in South Korea, the protective
effect of HCTZ has not observed the development of melanoma and non-melanoma skin cancer [27].
However, from another nationwide cohort study conducted in Taiwan, Pottegård et al. have reached
limited evidence of HCTZ use associated with an increased risk of skin cancer [19]. Considering the
minimal difference in racial and ethnic characteristics, the inconsistent results between South Korea
and Taiwan may be due to the different methodological and analytical approaches between the studies.
In this study, the protective effects in the medium cumulative use of HCTZ with other hypertensive
drugs were observed only for NMSC, but the dose amounts were relatively smaller(<~5400 mg) than
other those in other European studies. Although, there was limited evidence to clarify the association,
a trend of increased risk of skin cancer was observed with an increased dose of HCTZ in “Combination
and Ever use” in all analyses. As a previous study reported that thiazide diuretics were the only class
of photosensitizing antihypertensive drugs attained statistical significance related to an increased risk
in skin cancer [17], our study results implicitly support that any cumulative thiazide diuretics use
(in HCTZ only or combination) should be used with caution.

Recently, clinicians have been advised to reduce the use of HCTZ or prescribe HCTZ with caution.
The Medicines and Healthcare products Regulatory Agency (MHRA) has stated the risk of the use of
HCTZ-containing products and recommended to advise patients about the risk of non-melanoma skin
cancer. The Ministry of Food and Drug Safety in Korea also recommended that clinicians reduce the use
of HCTZ-containing products in clinical practice. However, the discontinued use of HCTZ may not be
possible unless an equally effective alternative to HCTZ is found for hypertension. More studies with
various approaches will be conducted to clarify this association, as different results can be observed,
due to several factors, including different ethnicities, sample sizes, inconsistent definitions, inconsistent
confounders, etc.

In a review paper, Kreutz et al. pointed out that “the overall inconsistent and puzzling results
on the risk of skin cancer” is an example of the difficulties in observational studies that make a clear
conclusion for clinical practice. The authors added that the carcinogenic risk of drugs may only
be examined through observational studies due to the difficulties of randomized clinical trials [28].
A well-designed observational study needs to be conducted with a solid and consistent methodology
to reduce biases, and our current study has explored the possibility to design such an observational
study using the CDM network.

The main strength of the current study was the standardized analysis and coding algorithm for
multicenter data sources fitted for global and large-scale observational research. In order to examine
the association between skin cancer and HCTZ use, we used a single standardized analytics code to
generate a summarized result from each of the three different data sources in the CDM network, and
used the meta-analysis method to combine these results. Since there was no information other than the
summarized results shared through the CDM network, our study excluded almost all the possible
ways in which data could be traced back to individuals. Therefore, this study has proven that the
acceleration and duplication of research at the national level may be possible [29], while minimizing
inconsistent results caused by various methodological definitions and the risk of privacy leaks and
data safety through a distributed research network [30].

Still, several limitations existed in this study. Although the data of three major hospitals were
merged, thereby enrolling a total of 667,348 patients with a total of 4,777,399 person-years in the study,
most of our findings were inconclusive. This may be explained by the low prevalence of skin cancer in
Korea, particularly melanoma cases. Compared to Western countries, the prevalence of skin cancer in
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South Korea is relatively low. Moreover, the ratio of the basal cell carcinoma (BCC) and squamous
cell carcinoma (SCC), two major types of NMSC, may confound our results. In our study population,
within “Ever use” at SNU hospital, the number of BCC (61 cases) is about 2.3 times over the SCC (26
cases). The low proportion of SCC, which has a significant association with HCTZ [31], may contribute
to our inconclusive results. Our observations in the dose-response pattern with estimates increasing in
cumulative dose of HCTZ may be reasonable, since Xavier et al. reported that the risk of BCC and/or
SCC associated higher HCTZ dose [32]. A more concise and clear conclusion is expected to be drawn
when more data are standardized and available in the CDM network. In fact, because transferring
electronic health records to the CDM network was still in progress, misclassifications of definitions
(drugs, outcomes, and comorbidities) may exist in this study. We created our own mapping table to
reduce such misclassifications by reviewing them with nurses and technicians.

5. Conclusions

Although there were no significant positive associations after PSM, there was some evidence of a
dose-response pattern with estimates increasing in cumulative dose of HCTZ.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/9/2910/s1,
Figure S1: The overall dose-response effect of HCTZ use on NMSC in the CDM network for “HCTZ-only use” and
“Combination use.” Figure S2: The overall effect (a) and dose-response effect (b) of HCTZ use on melanoma skin
cancer in the CDM network for three cases (“Ever use”, “HCTZ-only use”, and “Combination use”). Figure S3:
The overall effect (a) and dose-response effect (b) of HCTZ use on total skin cancer in the CDM network for three
cases (“Ever use”, “HCTZ-only use”, and “Combination use”). Table S1: Codes and definitions. Table S2: Tertile
cut-off points of cumulative dose of HCTZ. Table S3: Study participants’ characteristics of HCTZ-only use before
and after Propensity Score Matching.

Author Contributions: Conceptualization, H.-Y.L.; methodology, H.-Y.L., and S.K.P.; software, S.M.L.; validation,
S.M.L., S.K.P., and H.-Y.L.; formal analysis, H.-Y.L., S.K.P., and S.M.L.; investigation, H.-Y.L. and S.M.L.; resources,
K.K., S.E.L., J.O., S.M. and J.Y.; data curation, K.K., S.E.L., J.O., K.-I.K. and S.Y.; writing-original draft preparation,
S.M.L.; writing-review and editing, S.M.L., H.-Y.L., S.M., and J.Y.; visualization, S.M.L.; supervision, K.K. and
H.-Y.L.; project administration, H.-Y.L.; funding acquisition, H.-J.Y. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was supported by the MSIT (Ministry of Science and ICT), Korea, under the ITRC
(Information Technology Research Center) support program (IITP-2020-2018-0-01833) supervised by the IITP
(Institute for Information and Communications Technology Planning and Evaluation).

Acknowledgments: We thank EunHye Song, and Zion Jung (SNUH Innovative Medical Technology Research
Institute) for assistance in learning CDM and SQL structure; We thank Chang Hun Park (Healthcare ICT Research
Center), Ga-Kyung Baek, and Eun-Ae Kang (Department of Biomedical Informatics Health Innovation Big data
Center) for reviewing matching definitions and running the analytic code; We thank Jin-Young Kim (University of
Pennsylvania) for comments on the manuscript.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Xie, X.; Atkins, E.; Lv, J.; Bennett, A.; Neal, B.; Ninomiya, T.; Woodward, M.; MacManon, S.; Turnbull, F.;
Hillis, G.S.; et al. Effects of intensive blood pressure lowering on cardiovascular and renal outcomes: Updated
systematic review and meta-analysis. Lancet 2016, 387, 435–443. [CrossRef]

2. Gupta, R.; Xavier, D. Hypertension: The most important non communicable disease risk factor in India.
Indian Heart J. 2018, 70, 565–572. [CrossRef] [PubMed]

3. Whelton, P.K.; Carey, R.M.; Aronow, W.S.; Casey, N.E.; Collins, K.J.; Himmelfarb, C.R.D.;
DePalma, S.M.; Gidding, S.; Jamerson, K.A.; Jones, D.W.; et al. 2017 ACC/AHA/AAPA/ABC/ACPM/

AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the prevention, detection, evaluation, and management
of high blood pressure in adults: A report of the American college of Cardiology/American heart association
task force on clinical practice guidelines. Hypertension 2018, 71, e113–e115.

http://www.mdpi.com/2077-0383/9/9/2910/s1
http://dx.doi.org/10.1016/S0140-6736(15)00805-3
http://dx.doi.org/10.1016/j.ihj.2018.02.003
http://www.ncbi.nlm.nih.gov/pubmed/30170654


J. Clin. Med. 2020, 9, 2910 10 of 11

4. Ritchey, M.D.; Gillespie, C.; Wozniak, G.; Shay, C.M.; Thompson-Paul, A.M.; Loustalot, F.; Hong, Y. Potential
need for expanded pharmacologic treatment and lifestyle modification services under the 2017 ACC/AHA
Hypertension Guideline. J. Clin. Hypertens. Greenwich 2018, 20, 1377–1391. [CrossRef] [PubMed]

5. Hisamatsu, T. Control rates of systolic and diastolic blood pressure among hypertensive adults in Korea.
Korean Circ. J. 2019, 49, 1049–1051. [CrossRef] [PubMed]

6. Shin, J.; Cho, M.-C. Updated reasons and clinical implications of New Korean Hypertension Guidelines for
cardiologists. Korean Circ. J. 2020, 50, 476–484. [CrossRef]

7. Cheung, B.M.Y.; Or, B.; Fei, Y.; Tsoi, M.F. A 2020 vision of hypertension. Korean Circ. J. 2020, 50, 469–475.
[CrossRef]

8. Cho, S.M.J.; Lee, H.; Pyun, W.B.; Kim, H.C. Differential control rate of systolic and diastolic blood pressure
among Korean adults with Hypertension: The sixth Korean national health and nutrition examination survey,
2013–2015 (KNHANES VI). Korean Circ. J. 2019, 49, 1035–1048. [CrossRef]

9. Kwun, J.-S.; Kim, S.-H.; Kang, S.-H.; Yoon, C.-H.; Lee, H.-Y.; Kim, K.-I.; Youn, T.-J.; Chae, I.-H.;
Kim, C.-H. Potential impact of 2018 Korean society of Hypertension guidelines on Korean population: A
population-based cohort study. Clin. Hypertens. 2020, 26, 3–8. [CrossRef]

10. Kim, H.C.; Ihm, S.-H.; Kim, G.-H.; Kim, J.H.; Kim, K.-I.; Lee, H.-Y.; Lee, J.H.; Park, J.-M.; Park, S.;
Pyun, W.B.; et al. 2018 Korean Society of Hypertension guidelines for the management of hypertension: Part
I-epidemiology of hypertension. Clin. Hypertens. 2019, 25, 1–16. [CrossRef]

11. Kim, K.-I.; Ihm, S.-H.; Kim, G.-H.; Kim, H.C.; Kim, J.H.; Lee, H.-Y.; Lee, J.H.; Park, J.-M.; Park, S.;
Pyun, W.B.; et al. 2018 Korean society of hypertension guidelines for the management of hypertension: Part
III-hypertension in special situations. Clin. Hypertens. 2019, 25, 1–14. [CrossRef]

12. Lee, H.-Y.; Shin, J.; Kim, G.-H.; Park, S.; Ihm, S.-H.; Kim, H.C.; Kim, K.-I.; Kim, J.H.; Lee, J.H.; Park, J.-M.; et al.
2018 Korean society of Hypertension guidelines for the management of hypertension: Part II-diagnosis and
treatment of hypertension. Clin. Hypertens. 2019, 25, 20. [CrossRef] [PubMed]

13. Wang, Y.R.; Alexander, G.C.; Stafford, R.S. Outpatient hypertension treatment, treatment intensification, and
control in Western Europe and the United States. Arch. Intern. Med. 2007, 167, 141–147. [CrossRef] [PubMed]

14. Pedersen, S.A.; Schmidt SA, J.; Hölmich, L.R.; 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, 460–465. [CrossRef] [PubMed]

15. Pedersen, S.A.; Gaist, D.; Schmidt, M.; Hölmich, L.R.; 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, 673–681. [CrossRef]

16. Pottegård, A.; Pedersen, S.A.; Schmidt, S.A.J.; Hölmich, L.R.; Friis, S.; Gaist, D. Association of hydrochlorothiazide
use and risk of malignant melanoma. JAMA Intern. Med. 2018, 178, 1120–1122. [CrossRef]

17. Su, K.; Habel, L.; Achacoso, N.; Friedman, G.; Asgari, M.M. Photosensitizing antihypertensive drug use and
risk of cutaneous squamous cell carcinoma. Br. J. Dermatol. 2018, 179, 1088–1094. [CrossRef]

18. Gandini, S.; Palli, M.; Spadola, G.; Bendinelli, B.; Cocorocchio, E.; Stanganelli, I.; Miligi, L.; Masala, G.; Caini, S.
Anti-hypertensive drugs and skin cancer risk: A review of the literature and meta-analysis. Crit. Rev. Oncol.
Hematol. 2018, 122, 1–9. [CrossRef]

19. Pottegaard, A.; Pedersen, S.A.; Schmidt, S.A.J.; Lee, C.-N.; Hsu, C.-K.; Liao, T.-C.; Shao, S.-C.; Lai, E.C.-C. Use
of hydrochlorothiazide and risk of skin cancer: A nationwide Taiwanese case-control study. Br. J. Cancer
2019, 121, 973–978. [CrossRef]

20. Oh, C.-M.; Cho, H.; Won, Y.-J.; Kong, H.-J.; Roh, Y.H.; Jeong, K.-H.; Jung, K.-W. Nationwide trends in the
incidence of melanoma and non-melanoma skin cancers from 1999 to 2014 in South Korea. Cancer Res. Treat.
2018, 50, 729–737. [CrossRef]

21. Kuoppala, J.; Lamminpää, A.; Pukkala, E. Statins and cancer: A systematic review and meta-analysis.
Eur. J. Cancer 2008, 44, 2122–2132. [CrossRef] [PubMed]

22. Reinau, D.; Surber, C.; Jick, S.S.; Meier, C.R. Nonsteroidal anti-inflammatory drugs and the risk of
nonmelanoma skin cancer. Int. J. Cancer 2015, 137, 144–153. [CrossRef] [PubMed]

23. Zhu, Y.; Cheng, Y.; Luo, R.-C.; Li, A.-M. Aspirin for the primary prevention of skin cancer: A meta-analysis.
Oncol. Lett. 2015, 9, 1073–1080. [CrossRef] [PubMed]

http://dx.doi.org/10.1111/jch.13364
http://www.ncbi.nlm.nih.gov/pubmed/30194806
http://dx.doi.org/10.4070/kcj.2019.0197
http://www.ncbi.nlm.nih.gov/pubmed/31456366
http://dx.doi.org/10.4070/kcj.2019.0338
http://dx.doi.org/10.4070/kcj.2020.0067
http://dx.doi.org/10.4070/kcj.2019.0049
http://dx.doi.org/10.1186/s40885-020-0137-5
http://dx.doi.org/10.1186/s40885-019-0121-0
http://dx.doi.org/10.1186/s40885-019-0123-y
http://dx.doi.org/10.1186/s40885-019-0124-x
http://www.ncbi.nlm.nih.gov/pubmed/31388453
http://dx.doi.org/10.1001/archinte.167.2.141
http://www.ncbi.nlm.nih.gov/pubmed/17242314
http://dx.doi.org/10.1016/j.jaad.2018.06.014
http://www.ncbi.nlm.nih.gov/pubmed/29913261
http://dx.doi.org/10.1016/j.jaad.2017.11.042
http://dx.doi.org/10.1001/jamainternmed.2018.1652
http://dx.doi.org/10.1111/bjd.16713
http://dx.doi.org/10.1016/j.critrevonc.2017.12.003
http://dx.doi.org/10.1038/s41416-019-0613-4
http://dx.doi.org/10.4143/crt.2017.166
http://dx.doi.org/10.1016/j.ejca.2008.06.025
http://www.ncbi.nlm.nih.gov/pubmed/18707867
http://dx.doi.org/10.1002/ijc.29357
http://www.ncbi.nlm.nih.gov/pubmed/25418602
http://dx.doi.org/10.3892/ol.2015.2853
http://www.ncbi.nlm.nih.gov/pubmed/25663859


J. Clin. Med. 2020, 9, 2910 11 of 11

24. Thygesen, S.K.; Christiansen, C.F.; Christensen, S.; Lash, T.L.; Sørensen, H.T. The predictive value of ICD-10
diagnostic coding used to assess Charlson comorbidity index conditions in the population-based Danish
National Registry of Patients. BMC Med. Res. Methodol. 2011, 11, 83. [CrossRef] [PubMed]

25. Littnerova, S.; Jarkovsky, J.; Parenica, J.; Pavlik, T.; Spinar, J.; Dusek, L. Why to use propensity score in
observational studies? Case study based on data from the Czech clinical database AHEAD 2006–2009.
Cor. et Vasa. 2013, 55, e383–e390. [CrossRef]

26. Huedo-Medina, T.B.; Sánchez-Meca, J.; Marín-Martínez, F.; Botella, J. Assessing heterogeneity in meta-analysis:
Q statistic or I2 index? Psychol. Methods 2006, 11, 193–206. [CrossRef]

27. Park, E.; Lee, Y.; Jue, M.-S. Hydrochlorothiazide use and the risk of skin cancer in patients with hypertensive
disorder: A nationwide retrospective cohort study from Korea. Korean J. Intern. Med. 2019, 35, 906. [CrossRef]

28. Kreutz, R.; AlGharably, E.A.H.; Douros, A. Reviewing the effects of thiazide and thiazide-like diuretics as
photosensitizing drugs on the risk of skin cancer. J. Hypertens. 2019, 37, 1950–1958. [CrossRef]

29. Hripcsak, G.; Duke, J.D.; Shah, N.H.; Reich, C.G.; Huser, V.; Schuemie, M.J.; A Suchard, M.; Park, R.W.;
Wong, I.C.K.; Rijnbeek, P.R.; et al. Observational health data sciences and informatics (OHDSI): Opportunities
for observational researchers. Stud. Health Technol. Inform. 2015, 216, 574–578.

30. Platt, R.; Wilson, M.; Chan, K.A.; Benner, J.S.; Marchibroda, J.; McClellan, M. The new Sentinel
Network–improving the evidence of medical-product safety. N. Engl. J. Med. 2009, 361, 645–647. [CrossRef]

31. Shin, D.; Lee, E.S.; 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, 247–255.
[CrossRef] [PubMed]

32. Humbert, X.; Dolladille, C.; Chrétien, B.; Sassier, M.; Fedrizzi, S.; Puddu, P.-E.; Alexandre, J. Thiazides and
nonmelanoma skin cancer: Is it a class effect? J. Am. Acad. Dermatol. 2020, 82, e25–e26. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1186/1471-2288-11-83
http://www.ncbi.nlm.nih.gov/pubmed/21619668
http://dx.doi.org/10.1016/j.crvasa.2013.04.001
http://dx.doi.org/10.1037/1082-989X.11.2.193
http://dx.doi.org/10.3904/kjim.2019.218
http://dx.doi.org/10.1097/HJH.0000000000002136
http://dx.doi.org/10.1056/NEJMp0905338
http://dx.doi.org/10.14740/jocmr3744
http://www.ncbi.nlm.nih.gov/pubmed/30937114
http://dx.doi.org/10.1016/j.jaad.2019.08.086
http://www.ncbi.nlm.nih.gov/pubmed/31520661
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Experimental Section 
	Data Sources 
	Patient Selection 
	Outcomes and Other Covariates 
	Statistical Analysis 

	Results 
	Clinical Characteristics 
	Risk of NMSC Associated with HCTZ Use 
	Additional Analyses 

	Discussion 
	Conclusions 
	References

