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a b s t r a c t

Objectives: We aimed to investigate the association between the use of various sedative-hypnotics and
the incidence of overall and individual cancers in a large, population-based, retrospective cohort study.
Methods: We selected a 5% random sample of individuals aged 50 years or older from data maintained by
the Korean National Health Insurance Service for the years 2002e2015, excluding individuals with a
prior diagnosis of cancer and with any sedative-hypnotic use in the initial two years of follow-up, leaving
236,759 participants for the final analysis. Exposure to sedative-hypnotics was defined by type of drug,
standardized to a defined daily dose, and coded as a time-varying variable. Cox proportional hazard
models were applied after adjusting for sex, socio-economic status, and comorbidities.
Results: We observed increased risk for overall cancer among men and women who used sedative-
hypnotics (hazard ratio (HR) ¼ 1.07, 95% confidence interval (CI) ¼ 1.01e1.13 for men; HR ¼ 1.21, 95%
CI ¼ 1.09e1.25 for women) compared with non-users after full adjustment. In the fully adjusted model,
women with any sedative-hypnotic use had significantly increased risk for thyroid (HR ¼ 1.53, 95%
CI ¼ 1.24e1.87), breast (HR ¼ 1.29, 95% CI ¼ 1.04e1.61), ovarian (HR ¼ 1.65, 95% CI ¼ 1.10e2.46), and lung
cancer (HR ¼ 1.40, 95% CI ¼ 1.17e1.69) compared with non-users. Men with sedative-hypnotic use had
increased risk for prostate (HR ¼ 1.36, 95% CI ¼ 1.16e1.58), brain (HR ¼ 1.67, 95% CI ¼ 1.04e2.69), and
lung cancer (HR ¼ 1.20, 95% CI ¼ 1.07e1.35) compared with non-users.
Conclusion: We found a significant increase in overall cancer incidence among participants who used
sedative-hypnotics, and both male and female sedative-hypnotic users had significantly increased risk
for certain types of cancer.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

In chronic insomnia patients, several sedative-hypnotic medi-
cations are prescribed for an average of five years [1]. Commonly
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prescribed medications include benzodiazepines, zolpidem, low-
dose anti-psychotics, and anti-depressants. Benzodiazepines were
prescribed to approximately 9% of the elderly population in the
United States in 2008 [2], and 24% in Korea between 2007 and 2011
with increasing rate [3].

Among the issues related to the side-effects of sedative-
hypnotics [1], the association between the use of sedative-
hypnotic medications and various types of cancers has been un-
der continuous debate. Initially, breast cancer was assessed in
relation to sedative-hypnotic medication use in several studies,
but no significant results were found [4,5]. Hardell et al., reported
a null association between use of these medications and colon
cancer [6]. However, in recent studies, sedative-hypnotic

mailto:shinaesun@snu.ac.kr
mailto:leeyj1203@gmail.com
mailto:ewpsyche@snu.ac.kr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.sleep.2019.03.018&domain=pdf
www.sciencedirect.com/science/journal/13899457
www.elsevier.com/locate/sleep
https://doi.org/10.1016/j.sleep.2019.03.018
https://doi.org/10.1016/j.sleep.2019.03.018
https://doi.org/10.1016/j.sleep.2019.03.018


S.J. Jung et al. / Sleep Medicine 60 (2019) 159e164160
medication use was associated with increased risk of several
cancers, such as liver cancer, prostate cancer, bladder/kidney
cancer, esophageal, and stomach cancer, lung cancer, and
pancreatic cancer [7e9].

Notably, all of the studies showing an increased risk of specific
cancers assessed benzodiazepines only [7e9]. Even the study
conducted by Kripke et al. [10], which evaluated the effect of other
sedative-hypnotics rather than benzodiazepines alone, observed no
effect for non-benzodiazepine medications or for benzodiazepines
on specific cancers. In addition, most previous work has been
conducted using a caseecontrol design, which inevitably possesses
limitations on distinguishing the temporal sequence between use
of sedative-hypnotics and cancer.

Therefore, we aimed to investigate the effects of the use of
various sedative-hypnotics on different cancers in a large
population-based cohort with long-term follow-up.

2. Materials and methods

2.1. Study population and design

We utilized data from the Korean National Health Insurance
Service (NHIS) that was collected from January 2002 to December
2015. The Korean health insurance system officially started in 1977
and gradually expanded to the NHIS system to achieve nationwide
health insurance that covered 97% of the population of South Korea
by1989 [11]. TheNHIS collects individuals'medical claimsdata, such
as disease diagnosis and medication prescription, as well as de-
mographic factors. Fromthe initial data,wedesigned a retrospective
cohort study of individuals by randomly selecting 5% of adults in the
NHIS database who were aged 50 years or older and followed up at
least five years during the period 2 January 2002 to 31 December
2015 (N ¼ 431,454). We mutually excluded individuals who had
been diagnosed with cancer (N ¼ 13,038), and individuals who had
any record of sedative-hypnotic prescription (N ¼ 188,928) during
the initial two years. A total of 236,759 participantswere included in
the final analysis.

2.2. Definition of exposures

We pre-defined types of sedative-hypnotic medications which
included benzodiazepines, zolpidem, and other medications pre-
scribed for off-label uses (antidepressants (amitriptyline, imipra-
mine, low-dose formulation mirtazapine, nortriptyline, trazodone)
and low-dose anti-psychotics (chlorpromazine, levomepromazine,
quetiapine)). We tracked the total amount of sedative-hypnotic
medication use per person from 2004 and standardized it by a
defined daily dose (DDD) [12]. We only included the participants
whose cumulative dose of sedative-hypnotic medication exceeded
30 DDD in the exposure group. The total cumulative dose was
categorized into three ranges: 30e179 DDD, 180e359 DDD, and
over 360 DDD.

For subgroup analyses, we classified the sedative-hypnotic
medications into two groups: the gamma-aminobutyric acid
(GABA) receptor agonist (GABAA) group, which included the
benzodiazepines and zolpidem, and the non-GABA group, which
included the antidepressants and low-dose antipsychotics.
When a participant's cumulative dose exceeded 30 DDD for one
of the groups, the participant was considered as exposed to a
specific group. If a participant reached 30 DDD for GABAA-group
exposure and 30 DDD for non-GABA-group exposure or vice
versa during follow-up, they were analysed as having exposure
to both groups; such cases were referred to as ‘combination
exposure.’ In such cases, the cumulative dose for GABAA-group
medications and non-GABA-group medications both had to
exceed 30 DDD for the participant to be considered as exposed
to sedative-hypnotic medications.

2.3. Definition of outcomes

We used the classification codes from the Korean Standard
Classification of Diseases, sixth version [13] (KCD-6; Appendix I) to
classify cancer diagnoses, as this was the standard code used for
disease coding in the NHIS. The KCD-6 uses a coding system iden-
tical to the World Health Organization International Classification
of Diseases, 10th version (ICD-10) [14].

For the definition of cancer cases, we used a working definition
of the ‘major disease’ and ‘first minor disease’ items in the claims
data. If either one of these items reported a pre-defined cancer code
(Appendix I) between 1 January 2004 and 31 December 2015with a
confirmed hospitalization, the participant was considered to be a
case. The first date that the cancer code was reported was consid-
ered to be the index date. For external validity, we compared the
incidence of cancer in our study with cancer statistics from the
Korean Central Cancer Registry [15].

2.4. Covariates

Age, sex, comorbidities, and insurance premiumwere included as
possible confounders in the final models. Insurance premium was
used as a proxy for socio-economic status [16], because it was deter-
mined by the economic status of the beneficiary, and grouped into
three categories by distribution. To measure comorbidities of each
participant, we utilized a previously developed algorithm applying
the Charlson Comorbidity Index [17] using ICD-10-CM codes with
pre-designated weights. We counted any disease listed in the Charl-
son Comorbidity Index which was reported more than twice during
the study period. As we coded the covariates with operational defi-
nition, there were no missing data for these variables.

2.5. Statistical analysis

We compared baseline characteristics by exposure status. For
exposure status, we applied a time-varying analysis to capture
various exposure conditions over time. Because there was a chance
of reverse causation, we considered the lag effect in our model. A
five-year lag period was applied between exposure and outcome. A
Cox proportional hazard model was applied to calculate hazard
ratios (HRs) and 95% confidence intervals (Cis) between sedative-
hypnotic medication use and cancer incidence. Person-time was
measured from January 2002 until the first occurrence of cancer
diagnosis, loss to follow-up, or the end of follow-up in December
2015. For individual cancers, we did not consider the presence of
other types of cancer; eg, when calculating the risk of incident
lung cancer, a diagnosis of colon cancer before the lung can-
cer diagnosis did not change the analyses. All analyses were
conducted after stratification by sex. We applied the Bonferroni
correction for multiple comparisons for the analysis by different
cancer sites. Age was used as the time scale. For covariates, insur-
ance premium at baseline and comorbidity status calculated with
the Charlson Comorbidity Index was added into the model. All
statistical analyses were conducted with SAS 9.4 (SAS Institute Inc.,
Cary, NC, USA).

3. Results

The baseline characteristics of participants included in the final
analysis are described in Table 1. A larger portion of women used
any sedative-hypnotic medication compared with men; among
women, 53% were prescribed any one of the sedative-hypnotics



Table 1
General characteristics of 236,759 participants included in the analysis.

Non-usersa By dose By hypnotic groups

Any hypnotic
useb

Low dose
(30e180 DDD)

Medium
dose (180e360 DDD)

High dose
(�360 DDD)

Use of GABAA
c

or non-GABA groupd

less than 30 DDD

GABAA
c hypnotic

use �30 DDD
Non-GABA
hypnoticd

use �30 DDD

Total 130,217 (100) 106,542 (100) 53,389 (100) 15,743 (100) 37,410 (100) 131,734 (100) 80,524 (100) 6245 (100)
Sex
Male 78,328 (60.15) 49,799 (46.74) 25,678 (48.10) 7245 (46.02) 16,876 (45.11) 79,059 (60.01) 37,331 (46.36) 3622 (58.00)
Female 51,889 (39.85) 56,743 (53.26) 27,711 (51.90) 8498 (53.98) 20,534 (54.89) 52,675 (39.99) 43,193 (53.64) 2623 (42.00)

Age (years,
mean ± SD)

59.56 ± 8.40 61.17 ± 8.15 60.20 ± 7.95 61.23 ± 8.03 62.52 ± 8.29 59.56 ± 8.40 60.91 ± 8.12 61.19 ± 8.19

CCI (score,
mean ± SD)

0.50 ± 1.02 0.90 ± 1.30 0.66 ± 1.12 0.87 ± 1.26 1.26 ± 1.47 0.50 ± 1.02 0.81 ± 1.22 1.03 ± 1.46

Insurance premium
High 44,801 (34.40) 42,269 (39.67) 20,072 (37.60) 6164 (39.15) 16,033 (42.86) 45,387 (34.45) 31,473 (39.09) 2321 (37.17)
Medium 43,338 (33.28) 32,561 (30.56) 16,760 (31.39) 4818 (30.60) 10,983 (29.36) 43,830 (33.27) 24,893 (30.91) 1953 (31.27)
Low 42,078 (32.31) 31,712 (29.76) 16,557 (31.01) 4761 (30.24) 10,394 (27.78) 42,517 (32.27) 24,158 (30.00) 1971 (31.56)

DDD, defined daily dose; GABA, gamma-aminobutyric acid; GABAA, GABA receptor agonist; SD, standard deviation.
a Non-users: <30 DDD of any sedative-hypnotic medication.
b Any hypnotic use: e30 DDD of any sedative-hypnotic medication.
c GABAA group: GABA agonist group including benzodiazepine and zolpidem.
d Non-GABA group: Including antidepressants and antipsychotics.

S.J. Jung et al. / Sleep Medicine 60 (2019) 159e164 161
included in the analysis, whereas 47% of men were prescribed any
sedative-hypnotic. Compared with non-users, more participants
with hypnotic use were in the low-insurance-premium group and
participants in the low-insurance-premium group were prescribed
relatively higher doses of sedative-hypnotics. In addition, partici-
pants with higher doses of sedative-hypnotic use showed increased
numbers of comorbidities. Both men and women showed a higher
frequency of prescription of GABAA group medications compared
with non-GABA group medications; the difference ranged from 10-
times higher among men to 16.5-times higher among women.

Overall cancer incidence and HRs in relation to sedative-
hypnotic use are presented in Table 2. Participants who were
Table 2
Sedative-hypnotic medication use and overall incidence of cancer.

Person-year Case (N) Incidence ra

Men
Sedative-hypnotic use
No hypnotic usea 1,401,376.3 17,343 (1.24)
Any hypnotic useb 78,590.4 1373 (1.75)

By dose
<30 DDD 1,401,376.3 17,343 (1.24)
30e180 DDD 52,762.7 921 (1.75)
180e360 DDD 10,665.6 179 (1.68)
360 þ DDD 15,162.1 273 (1.80)

By type
Either of both groups <30DDD 1,402,653.9 17,371 (1.24)
GABAA groupc 30 þ DDD 65,434.5 1168 (1.78)
Non-GABA groupd 30 þ DDD 5936.7 128 (2.16)

Women
Sedative-hypnotic use
No hypnotic usea 1,189,902.2 7677 (0.65)
Any hypnotic useb 119,667.6 1035 (0.86)

By dose
<30 DDD 1,189,902.2 7677 (0.65)
30e180 DDD 77,904.9 659 (0.85)
180e360 DDD 16,401.7 151 (0.92)
360 þ DDD 25,361.0 225 (0.89)

By type
Either of both group <30 DDD 1,191,905.8 7691 (0.65)
GABAA groupc 30 þ DDD 101,174.4 922 (0.91)
Non-GABA groupd 30 þ DDD 6205.1 71 (1.14)

DDD, defined daily dose; GABA, gamma-aminobutyric acid; GABAA, GABA agonist; HR, h
*Adjusted for socio-economic status and comorbidity status using the Charlson Comorbi

a <30 DDD of any sedative-hypnotic medication.
b 30 DDD of any sedative-hypnotic medication.
c GABAA group: GABA agonist group including benzodiazepine and zolpidem.
d Non-GABA group: Including antidepressants and antipsychotics.
exposed to sedative-hypnotics had an 8% higher incidence of
overall cancer after adjusting for sex, comorbidities, and socio-
economic status (results not shown). When stratified by sex, only
women had a statistically significant increase in risk for new-onset
cancer before and after full adjustment (adjusted HR ¼ 1.21, 95%
CI ¼ 1.13e1.29). When considering types of sedative-hypnotics,
both men and women in the GABAA group (HR ¼ 1.38, 95%
CI ¼ 1.16e1.64 in men; HR ¼ 1.60, 95% CI ¼ 1.27e2.03 in women)
had statistically significant higher HRs for overall cancer incidence.
Among women, exposure to sedative-hypnotics with a dosage in
the 180- to 360-DDD range increased the incidence for overall
cancer by a statistically significant 30%. However, there was not a
te (%) Crude HR Adjusted HR*

HR (95% CI) p HR (95% CI) p
1.00 (reference) 1.00 (reference)
1.04 (0.98e1.10) 0.181 1.07 (1.01e1.13) 0.014

1.00 (reference) 1.00 (reference)
1.06 (0.99e1.13) 0.106 1.08 (1.01e1.15) 0.035
0.99 (0.85e1.14) 0.854 1.03 (0.89e1.19) 0.715
1.02 (0.90e1.15) 0.775 1.10 (0.97e1.24) 0.136

1.00 (reference) 1.00 (reference)
1.29 (1.09e1.54) 0.004 1.38 (1.16e1.64) 0.000
1.09 (0.90e1.31) 0.385 1.16 (0.96e1.40) 0.117

1.00 (reference) 1.00 (reference)
1.16 (1.09e1.24) <0.001 1.21 (1.13e1.29) <0.001

1.00 (reference) 1.00 (reference)
1.15 (1.06e1.25) 0.001 1.17 (1.08e1.27) <0.001
1.23 (1.04e1.44) 0.013 1.30 (1.10e1.53) 0.002
1.14 (1.00e1.31) 0.048 1.27 (1.11e1.46) 0.000

1.00 (reference) 1.00 (reference)
1.52 (1.20e1.92) 0.001 1.60 (1.27e2.03) <0.001
1.02 (0.81e1.27) 0.895 1.11 (0.89e1.39) 0.342

azard ratio.
dity Index. Age was considered as the time scale.
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statistically significant doseeresponse pattern for overall cancer
incidence as sedative-hypnotic dosage increased.

When assessing the association between hypnotic use and
incidence of individual cancers, the incidence of lung cancer
increased significantly among both men and women (adjusted
HR ¼ 1.20, 95% CI ¼ 1.07e1.35 for men; adjusted HR ¼ 1.40, 95%
CI ¼ 1.17e1.69 for women) (Table 3). The risk of prostate and brain
cancer among men (HR ¼ 1.36, 95% CI ¼ 1.16e1.58 for prostate
cancer; HR ¼ 1.67, 95% CI ¼ 1.04e2.69 for brain cancer) and thyroid
cancer (adjusted HR ¼ 1.53, 95% CI ¼ 1.24e1.87), breast cancer
(adjusted HR ¼ 1.29, 95% CI ¼ 1.04e1.61), and ovarian cancer
(adjusted HR ¼ 1.65, 95% CI ¼ 1.10e2.46) among women increased
significantly even after adjustment for age, socio-economic status,
and comorbidities. Inversely, the incidence ratio for stomach cancer
among men showed a statistically significant decrease (adjusted
HR ¼ 0.86, 95% CI ¼ 0.76e0.98). Incidence of colorectal cancer in
men decreased with marginal significance.

In subgroup analyses that restricted the exposure to the GABAA
group only, a statistically significant, elevated HR for overall cancer
was found for women (results not shown). In addition, we observed
a statistically significant, increased HR for participants exposed to
sedative-hypnotics in the 180- to 360-DDD range group (HR¼ 2.24,
95% CI ¼ 1.60e3.14).

4. Discussion

We examined the relationship between exposure to sedative-
hypnotic medications and risk of cancer using data from 236,759
participants selected from Korea's nationwide health insurance
database. We observed an increased risk for overall cancer; how-
ever, we found no doseeresponse relationship with the dosage of
the sedative-hypnotic medications under study. Participants
exposed to GABAA sedative-hypnotics showed a larger increase in
HR compared with non-GABA sedative-hypnotics. In this study,
women with any sedative-hypnotic use had a significantly
increased risk for thyroid, breast, ovarian and lung cancer, and
marginally decreased risk for cervical cancer. Among menwith any
sedative-hypnotic use, we observed increased risk for prostate,
brain and lung cancer, and decreased risk of stomach cancer.

However, our results should be interpreted with caution.
Although we adjusted the comorbidity status using the Charlson
Comorbidity Index in the final model, it is not clear whether the
sedative-hypnotic medication or conditions related to poor sleep
affects cancer incidence.
Table 3
Sedative-hypnotic use and incidence of individual cancers.

Outcomes: individual cancers Exposure: any hypnotic use (ref.: no hypnotic u

Men

Case (N) Crude HR Adju

HR (95% CI) HR (

Esophageal cancer 41 1.03 (0.75e1.42) 1.10
Stomach cancer 246 0.81 (0.71e0.92) 0.86
Colon cancer 207 0.89 (0.77e1.02) 0.93
Thyroid cancer 22 1.31 (0.85e2.04) 1.36
Liver cancer 143 0.98 (0.82e1.16) 0.91
Brain cancer 20 1.58 (0.99e2.54) 1.67
Lung cancer 320 1.16 (1.03e1.30) 1.20
Renal cancer 30 1.07 (0.73e1.56) 1.11
Prostate cancer 187 1.33 (1.14e1.55) 1.36
Ovarian cancer NA
Breast cancer NA
Cervical cancer NA

CI, confidence interval; HR, hazard ratio; NA, not applicable.
a Adjusted for socio-economic status and comorbidity status using the Charlson Como
Early caseecontrol studies [4e6,18e20] that evaluated the as-
sociation between sedative-hypnotic use and certain cancers
observed no significant results. These studies were conducted with
relatively small sample sizes, and thus lacked sufficient power to
observe significant associations. More recent studies [7e10,21] that
were conducted with a prospective or retrospective cohort design
in large populations have reported several significant results be-
tween sedative-hypnotic use and cancer incidence. Recent meta-
analysis including four cohort studies and 18 caseecontrol studies
found statistically significant increased association between
benzodiazepine use and cancer incidence [22]. For specific cancer
sites, one cohort study [21] and one large caseecontrol study [9]
found significant associations between benzodiazepine use and
increased prostate cancer risk. In our study, we also found a
significantly increased risk for prostate cancer in the GABAA group,
which included benzodiazepine and zolpidem, but not in the non-
GABA group. In our sample, both men and women showed
increased incidence of lung cancer; two large caseecontrol studies
[7,9] reported increased lung cancer risk in their benzodiazepine-
prescribed group. We could not find an increased risk of liver
cancer among both men and women who were prescribed
sedative-hypnotics, which is inconsistent with results from Kao
et al. [21], and two other previous studies [7,9] that reported
increased risk for liver cancer among both men and women
sedative-hypnotic users. Contrary to our results, female cancers,
such as breast and ovarian cancer, have shown no significant results
in several other studies [4,5,20,23,24]. However, three studies
[25e27] did show an increased risk for breast and ovarian cancer in
benzodiazepine-prescribed groups. Cervical cancer showed a
marginally decreased risk in one study [9], which is consistent with
our findings; however, a recent study conducted in large Taiwanese
population reported the opposite results for cervical cancer [21].
Thyroid cancer was assessed in only one other study [25], which
reported non-significant results for sedative-hypnotic users,
whereas our study found an increased risk for thyroid cancer
among women.

Use of hypnotic-sedative medications can be a proxy for inter-
rupted circadian rhythm, which is related to decreased length of
nightly fasting. Shortened time of night fasting can disrupt meta-
bolic factors, including glucoregulation [28]. Increases in the
insulin/insulin-like growth factor systemmay increase the risk for a
majority of cancers [29]. In addition, a number of adverse psychi-
atric symptoms, including insomnia and depression, which are
known to be associated with overuse of alcohol [30], and cigarette
se)

Women

steda HR Case (N) Crude HR Adjusteda HR

95% CI) HR (95% CI) HR (95% CI)

(0.80e1.52) 2 0.39 (0.09e1.62) 0.46 (0.11e1.91)
(0.76e0.98) 153 1.00 (0.85e1.19) 1.07 (0.90e1.27)
(0.81e1.08) 171 0.98 (0.84e1.15) 1.04 (0.88e1.22)
(0.88e2.11) 106 1.44 (1.17e1.77) 1.53 (1.24e1.87)
(0.77e1.08) 90 1.21 (0.96e1.51) 1.11 (0.89e1.39)
(1.04e2.69) 14 1.07 (0.61e1.89) 1.11 (0.63e1.96)
(1.07e1.35) 137 1.34 (1.12e1.61) 1.40 (1.17e1.69)
(0.76e1.63) 18 1.45 (0.87e2.41) 1.51 (0.91e2.51)
(1.16e1.58) NA

29 1.56 (1.04e2.33) 1.65 (1.10e2.46)
92 1.23 (0.99e1.53) 1.29 (1.04e1.61)
27 0.70 (0.47e1.04) 0.73 (0.49e1.08)

rbidity Index. Age was considered as the time scale.



Appendix I
KCD-6 codes for cancers included in the current study

Code Type of cancer

Cxx Overall cancer
C15 Esophageal cancer
C16 Gastric cancer
C18eC20 Colorectal cancer
C22 Liver cancer
C33eC34 Lung cancer
C50 Breast cancer
C53 Utero-cervix cancer
C56 Ovarian cancer
C61 Prostate cancer
C64 Renal cancer
C70eC71 Brain cancer
C73 Thyroid cancer
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smoking [31], can be relieved after administration of sedative-
hypnotics. It is possible that people with diminished symptoms
consume less alcohol and fewer cigarettes compared to patients
without a prescription, which can lead to decreased incidence of
certain cancers, such as gastric or colon cancer. In addition, people
who visit a psychiatric clinic to get sedative-hypnotic prescriptions
may be more sensitive to their health, use medical facilities
frequently, or have been exposed more to early screening for pre-
cancerous lesions using endoscopy, resulting in an overall dimin-
ished incidence rate for gastric and colon cancers.

Circadian rhythms are also known to affect androgen levels and
modulate the development and progression of prostate cancer [32],
and an interrupted circadian rhythm can break the expression of
related genes, altering breast biology and advancing cancer [33].
Individuals who use sedative-hypnotics, especially benzodiaze-
pines, tend to have multiple psychiatric comorbidities, including
substance use disorders [34], and possibly have altered immune
function [35]. With regard to decreased immune function, several
studies have suggested an association between infection and use of
various sedative-hypnotics [36,37], as medications such as benzo-
diazepines worsen sleep apnea and provoke hypoxia followed by
inflammation, which increases the risk of cancer [38]. Certain
behavioral conditions, such as cigarette smoking and high alcohol
consumption, co-exist with the use of sedative-hypnotics, resulting
in increased risk of lung and liver cancers. A few studies have dis-
cussed the direct independent effect of sedative-hypnotics,
including benzodiazepines, on individual disease onset; two early
animal studies proposed an interaction between benzodiazepines
and liver cancer [39e41].

This study has several strengths. First, we utilized a large,
representative population-based sample, as the NHIS covers almost
every population in South Korea. This granted sufficient power to
observe increased risk for certain cancers that were not found in
previous studies. This study was also able to assess the sedative-
hypnotics categorized by drug mechanisms. Detailed information
about participant sedative-hypnotic prescriptions was also
employed in the analyses. We considered the effect of other
comorbidities in the association between sedative-hypnotics and
overall/specific cancers, and we were also able to assess specific
types of cancer in relation to sedative-hypnotic use. In this way, we
found the use of sedative-hypnotics to increase the likelihood of
sex-specific cancers, such as breast and ovary cancer among
women and prostate cancer among men. For example, the effect of
abnormal circadian rhythm ion androgen levels has been investi-
gated, inducing a carcinogenetic change in the prostate [32].

However, this study also has some limitations. Because we used
only national insurance claims data, we could not obtain informa-
tion on other demographic or lifestyle factors, such as body mass
index, physical activity, alcohol consumption habits, or cigarette
smoking habits and, thus, could not consider these factors as
covariates. In addition, the diagnosis codes in the NHIS data are
entered with the primary purpose of administrative billing, which
can be different from the actual clinical diagnosis, further requiring
validation. To address this concern, we compared incidence of
cancer as defined in our data with Korean Central Cancer Registry
data (results not shown). The overall cancer incidence rate in the
current study exceeded the reported rate from the cancer registry,
although the differences decreased as age increased, regardless of
sex. If the cancer code in the NHIS dataset was inaccurate, the
incidence of cancer and/or associations between sedative-hypnotic
use and overall cancer may have been overestimated. However,
certain cancers such as breast, lung, prostate, and thyroid cancer
showed very similar incidence rates between the current study and
the cancer registry, which provides external validity for our ana-
lyses. Additionally, we could not find a significant doseeresponse
pattern for total cancer incidence because the individuals using
180e360 DDD sedative-hypnotics showed the highest HR for
overall cancer. It is possible that the use of extreme levels of sed-
atives might result in different health outcomes such as death.
Lastly, in this analysis, we used prescription data; this may not
exactly reflect the actual amount of drug use.

In conclusion, we found a significantly increased incidence of
overall cancer among women who used sedative-hypnotic medi-
cations, and several specific cancers showed increased risk among
bothmen andwomenwho used sedative-hypnotics. Menwho used
sedative-hypnotics had increased incidence of lung, brain, and
prostate cancer and decreased incidence of stomach and colon
cancer. Women who used sedative-hypnotics had increased inci-
dence of thyroid, breast, ovarian, liver, and lung cancer. Further
large-population studies that include data on potential covariates
are needed to confirm the relationship of overall cancer risk and
risk for specific types of cancer with use of various sedative-
hypnotic medications.

Funding

This study was supported by the research fund of the Mental
Health Technology Development Project (Project No. HM15C1197).

Acknowledgements

This manuscript was edited by Ms. Bethanie Rammer,
BioMedEdits.com, for clarity, consistency, and English-language
usage. Dr. Jung is supported by the Yerby Postdoctoral Fellowship
of Harvard School of Public Health.

Conflict of interest

The authors have no conflicts of interest to declare.
The ICMJE Uniform Disclosure Form for Potential Conflicts of

Interest associatedwith this article can be viewed by clicking on the
following link: https://doi.org/10.1016/j.sleep.2019.03.018.
References

[1] Kripke DF. Chronic hypnotic use: deadly risks, doubtful benefit. Sleep Med Rev
2000;4:5e20.

[2] Olfson M, King M, Schoenbaum M. Benzodiazepine use in the United States.
JAMA Psychiatry 2015;72:136e42.

[3] Oh SH, Oh KS, Lee KU, et al. In-depth investigation for prescribing trends of
benzodiazepines in South Korea. Int J Clin Pharmacol Ther 2014;52:460e70.

[4] Kaufman DW, Shapiro S, Slone D, et al. Diazepam and the risk of breast cancer.
Lancet 1982;1:537e9.

[5] Kleinerman RA, Brinton LA, Hoover R, et al. Diazepam use and progression of
breast cancer. Cancer Res 1984;44:1223e5.

http://BioMedEdits.com
https://doi.org/10.1016/j.sleep.2019.03.018
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref1
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref1
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref1
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref2
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref2
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref2
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref3
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref3
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref3
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref4
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref4
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref4
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref5
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref5
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref5


S.J. Jung et al. / Sleep Medicine 60 (2019) 159e164164
[6] Hardell L, Fredrikson M, Axelson O. Case-control study on colon cancer
regarding previous diseases and drug intake. Int J Oncol 1996;8:439e44.

[7] Pottegard A, Friis S, Andersen M, et al. Use of benzodiazepines or benzodi-
azepine related drugs and the risk of cancer: a population-based case-control
study. Br J Clin Pharmacol 2013;75:1356e64.

[8] Harnod T, Lin CL, Sung FC, et al. An association between benzodiazepine use
and occurrence of benign brain tumors. J Neurol Sci 2014;336:8e12.

[9] Iqbal U, Nguyen PA, Syed-Abdul S, et al. Is long-term use of benzodiazepine a
risk for cancer? Medicine (Baltimore) 2015;94:e483.

[10] Kripke DF, Langer RD, Kline LE. Hypnotics' association with mortality or
cancer: a matched cohort study. BMJ Open 2012;2:e000850.

[11] Cheol Seong S, Kim YY, Khang YH, et al. Data resource profile: the national
health information database of the national health insurance Service in South
Korea. Int J Epidemiol 2017;46:799e800.

[12] Methodology WCCfDS. Guidelines for ATC classification and DDD assignment
2013. 2012. Oslo.

[13] Korea S. Korean standard classification of diseases-6. In: Classification KSS;
2010.

[14] Organization WH. International classification of diseases. 2016. 10th version.
[15] Oh CM, Won YJ, Jung KW, et al. Cancer statistics in Korea: incidence, mortality,

survival, and prevalence in 2013. Cancer Res Treat 2016;48:436e50.
[16] Song KJ, Shin SD, Cone DC. Socioeconomic status and severity-based incidence

of poisoning: a nationwide cohort study. Clin Toxicol (Phila) 2009;47:818e26.
[17] Sundararajan V, Henderson T, Perry C, et al. New ICD-10 version of the

Charlson comorbidity index predicted in-hospital mortality. J Clin Epidemiol
2004;57:1288e94.

[18] Westerdahl J, Olsson H, Masback A, et al. Risk of malignant melanoma in
relation to drug intake, alcohol, smoking and hormonal factors. Br J Cancer
1996;73:1126e31.

[19] Friedman GD, Coates AO, Potter JD, et al. Drugs and colon cancer. Pharma-
coepidemiol Drug Saf 1998;7:99e106.

[20] Coogan PF, Rosenberg L, Palmer JR, et al. Risk of ovarian cancer according to
use of antidepressants, phenothiazines, and benzodiazepines (United States).
Cancer Causes Control 2000;11:839e45.

[21] Kao CH, Sun LM, Su KP, et al. Benzodiazepine use possibly increases cancer
risk: a population-based retrospective cohort study in Taiwan. J Clin Psychi-
atry 2012;73:e555e60.

[22] Kim HB, Myung SK, Park YC, et al. Use of benzodiazepine and risk of cancer: a
meta-analysis of observational studies. Int J Cancer 2017;140:513e25.

[23] Dublin S, Rossing MA, Heckbert SR, et al. Risk of epithelial ovarian cancer in
relation to use of antidepressants, benzodiazepines, and other centrally acting
medications. Cancer Causes Control 2002;13:35e45.

[24] Halapy E, Kreiger N, Cotterchio M, et al. Benzodiazepines and risk for breast
cancer. Ann Epidemiol 2006;16:632e6.

[25] Rosenberg L, Palmer JR, Zauber AG, et al. Relation of benzodiazepine use to the
risk of selected cancers: breast, large bowel, malignant melanoma, lung,
endometrium, ovary, non-Hodgkin's lymphoma, testis, Hodgkin's disease,
thyroid, and liver. Am J Epidemiol 1995;141:1153e60.

[26] Kaufman DW, Werler MM, Palmer JR, et al. Diazepam use in relation to breast
cancer: results from two case-control studies. Am J Epidemiol 1990;131:
483e90.

[27] Harlow BL, Cramer DW. Self-reported use of antidepressants or benzodiaze-
pine tranquilizers and risk of epithelial ovarian cancer: evidence from two
combined case-control studies (Massachusetts, United States). Cancer Causes
Control 1995;6:130e4.

[28] Marinac CR, Nelson SH, Breen CI, et al. Prolonged nightly fasting and breast
cancer prognosis. JAMA Oncol 2016;2:1049e55.

[29] Djiogue S, Nwabo Kamdje AH, Vecchio L, et al. Insulin resistance and cancer:
the role of insulin and IGFs. Endocr Relat Cancer 2013;20:R1e17.

[30] Brower KJ, Aldrich MS, Robinson EA, et al. Insomnia, self-medication, and
relapse to alcoholism. Am J Psychiatry 2001;158:399e404.

[31] Jung SJ, Shin A, Kang D. Active smoking and exposure to secondhand smoke
and their relationship to depressive symptoms in the Korea national health
and nutrition examination survey (KNHANES). BMC Public Health 2015;15:
1053.

[32] Kiss Z, Ghosh PM. Women in cancer thematic review: circadian rhythmicity
and the influence of 'clock' genes on prostate cancer. Endocr Relat Cancer
2016;23:T123e34.

[33] Blakeman V, Williams JL, Meng QJ, et al. Circadian clocks and breast cancer.
Breast Cancer Res 2016;18:89.

[34] O'Brien PL, Karnell LH, Gokhale M, et al. Prescribing of benzodiazepines and
opioids to individuals with substance use disorders. Drug Alcohol Depend
2017;178:223e30.

[35] Schwarz S, Messerschmidt H, Doren M. Psychocosial risk factors for cancer
development [in German]. Med Klin (Munich) 2007;102:967e79.

[36] Obiora E, Hubbard R, Sanders RD, et al. The impact of benzodiazepines on
occurrence of pneumonia and mortality from pneumonia: a nested
caseecontrol and survival analysis in a population-based cohort. Thorax
2013;68:163e70.

[37] Iqbal U, Syed-Abdul S, Nguyen PA, et al. The impact of benzodiazepines on
occurrence of pneumonia and mortality from pneumonia: a nested
caseecontrol and survival analysis in a population-based cohort. Thorax
2013;68:591e2.

[38] Parkin DM. The global health burden of infection-associated cancers in the
year 2002. Int J Cancer 2006;118:3030e44.

[39] Diwan BA, Rice JM, Ward JM. Tumor-promoting activity of benzodiazepine
tranquilizers, diazepam and oxazepam, in mouse liver. Carcinogenesis
1986;7:789e94.

[40] Preat V, de Gerlache J, Lans M, et al. Promoting effect of oxazepam in rat
hepatocarcinogenesis. Carcinogenesis 1987;8:97e100.

[41] Kripke DF. Possibility that certain hypnotics might cause cancer in skin. J Sleep
Res 2008;17:245e50.

http://refhub.elsevier.com/S1389-9457(18)30295-8/sref6
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref6
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref6
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref7
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref7
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref7
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref7
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref8
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref8
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref8
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref9
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref9
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref10
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref10
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref11
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref11
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref11
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref11
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref12
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref12
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref13
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref13
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref14
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref15
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref15
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref15
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref16
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref16
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref16
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref17
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref17
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref17
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref17
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref18
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref18
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref18
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref18
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref19
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref19
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref19
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref20
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref20
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref20
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref20
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref21
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref21
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref21
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref21
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref22
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref22
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref22
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref23
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref23
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref23
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref23
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref24
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref24
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref24
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref25
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref25
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref25
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref25
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref25
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref26
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref26
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref26
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref26
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref27
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref27
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref27
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref27
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref27
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref28
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref28
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref28
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref29
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref29
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref29
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref30
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref30
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref30
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref31
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref31
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref31
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref31
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref32
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref32
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref32
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref32
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref33
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref33
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref34
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref34
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref34
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref34
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref35
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref35
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref35
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref36
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref36
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref36
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref36
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref36
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref36
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref37
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref37
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref37
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref37
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref37
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref37
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref38
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref38
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref38
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref39
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref39
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref39
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref39
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref40
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref40
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref40
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref41
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref41
http://refhub.elsevier.com/S1389-9457(18)30295-8/sref41

	Association between sedative-hypnotic medication use and incidence of cancer in Korean Nation Health Insurance Service data
	1. Introduction
	2. Materials and methods
	2.1. Study population and design
	2.2. Definition of exposures
	2.3. Definition of outcomes
	2.4. Covariates
	2.5. Statistical analysis

	3. Results
	4. Discussion
	Funding
	Acknowledgements
	Conflict of interest
	References


