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AIMS
Previous studies have reported diverging results on the association between benzodiazepine use and cancer risk.

METHODS
We investigated this association in a matched case–control study including incident cancer cases during 2002–2009 in the Danish
Cancer Registry (n = 94 923) and age- and sex-matched (1:8) population controls (n = 759 334). Long-term benzodiazepine use
was defined as ≥500 defined daily doses 1–5 years prior to the index date. We implemented propensity score (PS) calibration using
external information on confounders available from a survey of the Danish population. Two PSs were used: The error-prone PS
using register-based confounders and the calibrated PS based on both register- and survey-based confounders, retrieved from the
Health Interview Survey.

RESULTS
Register-based data showed that cancer cases had more diagnoses, higher comorbidity score and more co-medication then
population controls. Survey-based data showed lower self-rated health, more self-reported diseases, and more smokers as well as
subjects with sedentary lifestyle among benzodiazepine users. By PS calibration, the odds ratio for cancer overall associated with
benzodiazepine use decreased from 1.16 to 1.09 (95% confidence interval 1.00–1.19) and for smoking-related cancers from 1.20
to 1.10 (95% confidence interval 1.00–1.21).

CONCLUSION
We conclude that the increased risk observed in the solely register-based study could partly be attributed to unmeasured
confounding.
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Previous studies have reported diverging results of the association between benzodiazepines and cancer risk.
• It has been suggested that unmeasured confounding may explain these differences.

WHAT THIS STUDY ADDS
• When including detailed information on confounders from a survey of the Danish population, the association with an all
cancer composite outcome and for smoking-related cancers decreased.

• Based on the direction of confounding by life-style factors and the possibility for residual confounding, our findings sup-
port that benzodiazepine-related drugs are not carcinogenic.

Introduction
Postlicensing studies evaluating effectiveness and safety of
drugs are typically nonexperimental and based on existing
administrative databases or registers [1, 2]. Register-based
studies have several strengths including the possibility to
give timely answers to important questions, complete
follow-up and absence of recall bias. However, they also have
several limitations. One such common and important limita-
tion is the lack of detailed information on confounders
including life-style factors, over-the-counter medications,
clinical characteristics, comorbidity, treatments and self-
rated health [3], which may bias the estimation of drug
effects. It has been suggested that qualitative evaluation of
unmeasured confounding should be replaced by quantifica-
tion of the influence of unmeasured confounding [4–7].

In 2013, we published a register-based study of the associ-
ation between use of benzodiazepines or benzodiazepine-
related drugs (BZRDs) and cancer risk [8]. BZRDs are widely
used in western countries, mainly to treat anxiety and insom-
nia. Previous epidemiological studies have reported equivocal
results on the association between BZRD use and cancer risk
[9–14]. In our previous study, we found a marginally in-
creased risk of cancer overall associated with BZRD use and a
slightly higher risk of smoking-related cancers [8]. We
interpreted that the slightly increased ORs with BZRD use re-
sulted from residual confounding by smoking habits and
other lifestyle factors, however, this spurred a discussion
which has not been resolved [15–17].

In the present study, we implemented a method using ex-
ternal information on confounders available from a survey of
the Danish population (validation study) with the aim of
achieving a more comprehensive confounder adjustment
than performed in the original main study.

Methods
First, we analysed the association between BZRD use and risk
of cancer overall, and of smoking- and alcohol-related can-
cers, using the register-based confounder data available in
our previous study [8]. In addition to cancer overall, we fo-
cused on smoking- and alcohol-related cancers and specific
cancers (lung, breast and head and neck cancers), because
these cancer types are probably prone to unmeasured con-
founding by smoking or alcohol consumption. Next, we sup-
plemented the original data material with information from
the Danish Health Interview Surveys [18, 19]; a detailed

general survey among a sample of the Danish population, to
perform propensity score (PS) calibration and thereby reduce
unmeasured confounding in the solely register-based analysis
[4, 6].

The original study of BZRD use and cancer risk (main
study) was designed as a nationwide nested case–control
study using risk-set sampling [8]. The study base consisted
of all Danish residents aged 18–85 years and alive on 1
January 2002 who were followed until 31 December 2009.
We required cases and controls to have lived in Denmark con-
tinuously from 1995 to the index date and to have no history
of cancer (except no-melanoma skin cancer) prior to the
index date, i.e. date of diagnosis of the cases and their corre-
sponding controls.

Using the detailed survey data (described below) [18, 19],
we sampled participants aged 18–85 years and related their
use of BZRD to self-reported information on potential con-
founders, including self-reported health, comorbidities and
drug use, smoking habits, alcohol consumption, physical
activity and obesity.

Data sources
The Danish Cancer Registry has recorded incident cases of
cancer on a nationwide basis since 1943 and has accurate
and almost complete registration of incident cancer in
Denmark [20]. Cancer diagnoses are recorded according to
the International Classification of Diseases, version 10
(ICD-10), and the ICD for Oncology (ICD-O-1-3) for details of
topography and morphology.

The Danish National Prescription Registry [21] contains
data on all prescription drugs filled by Danish citizens since
1995. The prescription data include the type of drug, date of
dispensing, and quantity. The dosing schedule and indica-
tion(s) are not available, and no information is available on
drug use in the hospital setting. Drugs are categorized accord-
ing to the Anatomical Therapeutic Chemical (ATC) index, a
hierarchical classification system developed by the World
Health Organization [22], and the quantity dispensed for
each prescription is expressed by the number of defined daily
doses (DDD).

The Danish Civil Registration System [23] contains data
on date of death and migration to and from Denmark,
allowing unambiguous sampling of population controls and
follow-up of all study subjects.

The Danish National Patient Register [24] holds nation-
wide data on all somatic hospital admissions since 1977 and
on all outpatient hospital contacts and psychiatric
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admissions since 1995. Discharge diagnoses are coded accord-
ing to ICD-8 (1977–1993) and ICD-10 (1994-current).

The national representative Danish Health Interview Sur-
veys were conducted in 2000, 2005 and 2010 among Danish
residents aged>15 years [18, 19]. The number of respondents
was 16 688 in 2000 (response rate 74.2%), 14 566 in 2005
(66.7%) and 15 165 in 2010 (60.7%). The surveys included
questions on self-reported health, comorbidities, drug use,
and life-style factors, including, e.g. smoking habits and alco-
hol consumption.

The data sources were linked by the personal identifica-
tion number, a unique identifier assigned to all Danish
residents [25]. We were not able to merge data for participa-
tions of the validation study to those also in the case–control
study, which means that the survey should be considered an
external validation study. All linkages and analyses were
performed at servers of Statistics Denmark.

Survey participants
Initially, we identified all subjects participating in one or
more of the three health surveys (n = 36 701). For persons
who participated in more than one survey, we included infor-
mation only from their first survey. Among persons aged
18–85 years with complete information on all confounders
(n = 35 291), we randomly selected a sample (n = 6804) fre-
quency matched to the age and sex distribution of the cases
and controls included in the main study.

Case–control population
Cases were all Danish residents with a histologically verified
first time cancer diagnosis (except nonmelanoma skin can-
cer) between 1 January 2002 and 31 December 2009. The date
of cancer diagnosis was defined as the index date. Further, we
defined five cancer categories: i) smoking-related cancers [26]
(oral cavity and pharynx, oesophagus, stomach, colorectal,
liver, pancreas, nasal cavity and paranasal sinuses, larynx,
lung, cervix, ovary, kidney, renal pelvis and ureter, urinary
bladder or myeloid leukaemia); ii) alcohol-related cancers
[27] (oral cavity, pharynx, oesophagus, colorectal, liver, lar-
ynx and breast); iii) lung cancer (smoking-related cancer);
iv) breast cancer (alcohol-related cancer); and v) head and
neck cancer [oral cavity, pharynx, larynx, nasal cavity and
paranasal sinuses, nose and para-nasal sinuses, (upper) oe-
sophagus, and salivary glands; smoking- and alcohol-related
cancers].

Controls were selected by use of a risk set sampling strat-
egy, applying the same inclusion and exclusion criteria as
for cases. For each case, we selected eight controls among all
Danish residents matched by sex and birth year and month.
Subjects were eligible for sampling as controls before they be-
came cases. Thereby, the calculated ORs provide unbiased es-
timates of the incidence rate ratios that would have emerged
from a cohort study in the source population.

Exposure definition
BZRD use was defined as prescription of any drug within the
ATC groups N05BA or N05CD (benzodiazepine derivates) or
N05CF (benzodiazepine-related drugs) (see online supple-
mentary Table S1 for list of drugs).

As in the original case–control study, we disregarded pre-
scriptions filled within the last year prior to the index date
in order to reduce the possibility for reverse causation [28].
Long-term use of BZRD was defined as filling of a cumulative
amount of ≥500 DDD BZRD within 1–5 years prior to the in-
dex date. BZRD use 5 or more years before the index date
was not considered.

In the survey sample, we included register-based prescrip-
tion data 5 years prior to participation in the survey, using the
above definition of long-term BZRD use prior to the participa-
tion date.

Confounder information
For all subjects in the case–control study, we obtained
register-based information on the following potential con-
founders: i) dispensed prescriptions of drugs known or
suspected to modify the cancer risk, including aspirin, nonas-
pirin nonsteroidal anti-inflammatory drugs, 5-α-reductase in-
hibitors, statins, angiotensin-II receptor antagonists,
antidepressants, antipsychotics, oral contraceptives and
menopausal hormone therapy [29]; ii) diagnosis of diseases
known to modify the risk of some cancers, including inflam-
matory bowel disease, chronic obstructive pulmonary disease
(COPD), alcohol abuse and diabetes; and iii) Charlson comor-
bidity index (CCI) [30, 31] defined as none (CCI: 0), low (CCI:
1), or medium/high (CCI: ≥2). For all register-based con-
founders, we disregarded the year before the index date.

In the survey sample, we included the above-mentioned
register-based information and in addition register-based in-
formation on highest achieved education, categorized as: i)
basic school; ii) high school; iii) short/medium-term educa-
tion (11–12 years); iv) long education (≥13 years); or v)
missing or unknown [32]. We also retrieved the following
self-reported information on potential confounding factors:
i) self-rated health dichotomised as excellent/very good vs.
good/medium/bad; ii) self-reported comorbidities including
diabetes, hypertension, myocardial infarction, stroke and
COPD; iii) self-reported drug use for treatment of hyperten-
sion, heart disease or pain, iv) smoking habits classified as
never, former and current smokers (categorized into 1–4,
5–14, 15–24 and 25+ cigarettes/day); v) alcohol intake catego-
rized as abstainers, 1–14 and 15+ drinks/week for women and
abstainers, 1–21 and 22+ drinks/week for men; vi) physical
activity categorized as sedentary, medium (low intensive
physical activity >4 h week–1), high (hard physical activity
>4 h week–1) and intensive (vigorous competitive activity
several times each week); and vii) body mass index catego-
rized as <18.5, 18.5–24.9, 25–29.9 and ≥30 kg m!2.

Statistical analyses
We estimated the association between BZRD use and cancer
risk in the case–control study using multivariable logistic re-
gression models. We estimated an age- and sex adjusted
model and a model adjusted for register-based confounders
(prescription use of drugs known or suspected to modify can-
cer risk, diagnosis of diseases known to modify the risk of
some cancers, and CCI, as proxy for concomitant diseases).

We performed PS calibration to adjust risk estimates of the
solely register-based case–control study for unmeasured con-
founding by including survey data [6]. We calculated two PS
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in the survey data. The first was the error-prone PS (XEP),
where we estimated the probability of exposure conditional
on confounders measured in the original register-based study.
The second was the gold-standard PS (XGS), where we esti-
mated the probability of BZRD use conditional on all relevant
confounders measured in both the case–control study and in
the survey sample. Both PS models were estimated using mul-
tivariable logistic regression.

We then estimated a linear measurement error model by
regressing the gold-standard PS on the error-prone PS and
BZRD use (E):

E XGS j E;XEPð Þ ¼ λ0 þ λE Eþ λX XEP;

where λ0, λE and λX are regression estimates. From the esti-
mated coefficient for BZRD use (βE) and cancer from the
case–control study adjusted for the error-prone PS, we subse-
quently subtracted the estimated coefficient for the error-
prone PS (βX) multiplied by the ratio of the parameter for
BZRD use and the error-prone PS estimated in the measure-
ment model [6, 33, 34]:

β&E ¼ βE ! βX λE=λX;

where β*E was the calibrated coefficient estimate for BZRD use
and cancer.

We computed the variances of the adjusted estimates to
include the uncertainty of estimating the measurement
model in the survey sample [33, 35]. We used the %blinplus
macro [36] to include information on parameter estimates,
error-prone and gold-standard PS models to correct the esti-
mates from the case–control study. The %blinplus macro pro-
vided the adjusted OR estimates, including 95% confidence
intervals (CI) adjusted for additional uncertainty from the es-
timation of themeasurement error model in the survey study.
By estimating the error prone PS in the case–control study, we
took account of the sampling strategy of the case–control
study by giving controls weights that were inversely propor-
tional to the sampling fraction of the general population for
each age and sex category [37]. By reweighting, the controls
would mimic the general population with same age and sex
distribution.

The analyses were performed using SAS version 9.3 (SAS
Institute, Cary, North Carolina, USA) and Stata Release 14.0
(StataCorp, College Station, TX, USA).

Results
We identified 94 923 eligible cancers cases matched to 759
334 controls (Table 1). Cases were more likely than con-
trols to have used oral contraceptives and menopausal hor-
mone therapy, and had a higher prevalence of COPD,
diabetes and alcohol abuse (Table 1). The remaining char-
acteristics were similar in prevalence among cases and
controls.

Among subjects who had participated in the survey, 1854
reported use of BZRD and 4950were nonusers (Table 1). BZRD
users were more likely than nonusers to use other drugs and
had higher prevalence of COPD, diabetes, and alcohol abuse,
and exhibited higher comorbidity scores (Table 2). The self-
reported data revealed lower self-rated health among BZRD

users with more self-reported diseases and more frequent
use of drugs for hypertension, heart disease and pain com-
pared with nonusers. A higher proportion of BZRD users were
smokers, nondrinkers and had a sedentary life-style. This pat-
tern was more apparent among long-term users (≥500 DDD)
compared to short-term users. There were no consistent dif-
ferences between users of benzodiazepine derivates and
benzodiazepine-related drugs (available as online supple-
mentary Table S2).

The OR for BZRD use in the case–control study showed
that use of antidepressants or antipsychotics, and diagnosis
of alcohol abuse, had the strongest associations with BZRD
use (Table 3). The ORs for various independent predictors of
BZRD use of the error-prone model were quite similar in the
case–control study and survey sample, e.g. 6.79 in the
case–control study vs. 7.44 in the survey sample for antide-
pressants (Table 3). The largest difference was seen for the
influence of inflammatory bowel disease. Among the
self-reported survey confounders, smoking or any reduction
of self-rated health showed the strongest associations with
increased probability of BZRD use.

The analyses of associations between BZRD use and can-
cer overall and the cancer subgroups showed increased ORs
for all cancer groups, except breast cancer, in the age- and
sex- adjusted model. BZRD use was, however, not associated
with alcohol-related cancers, breast or head and neck cancer
in the fully adjusted model (Table 4). Similar results emerged
in the PS adjusted models in the case–control study. In the PS
calibrated model, the increased OR for BZRD use and cancer
overall decreased from 1.16 to 1.09 (95% CI: 1.00–1.19). For
smoking-related cancers and lung cancer separately, the cor-
responding OR reductions were from 1.20 to 1.10 (95%CI:
1.00–1.21) and 1.48 to 1.23 (95%CI: 1.03–1.46), respectively
(Table 4).

Discussion
In this study, we investigated the influence of unmeasured
confounding in a large register-based study of BZRD use and
cancer risk by including detailed survey data on life-style re-
lated confounders.We found that especially low self-reported
health and smoking were associated with increased use of
BZRD. This finding supports the notion that our previous
purely register-based analysis of BZRD use and smoking-
related cancers suffered from unmeasured confounding,
whereas alcohol-related cancers appeared less influenced by
unmeasured confounding. We showed that by using data
from an external validation study and PS calibration, the
slightly increased risk of cancer overall and, notably, of
smoking-related cancers with BZRD use was decreased. The
risk of lung cancer with BZRD use was also attenuated sub-
stantially, but remained elevated after including the survey
data, which may mirror residual confounding by smoking
in the survey data. The associations with alcohol-related
cancers were not influenced materially by adjusting for addi-
tional confounders.

Previous epidemiological studies have reported mixed re-
sults of the association between BZRD use and cancer risk
[8–14], but it has been suggested that use of hypnotics is
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Table 1
Description of the study population in the main case–control study and the survey study, Denmark 2002–2009

Case–control study Survey study

Cancer cases Controls
BZRD users
(n = 1854)

BZRD nonusers
(n = 4950)

All cancer 94 923 759 334

Smoking-related cancers 71 055 568 401

Alcohol-related cancers 50 742 405 907

Lung cancer 17 930 143 432

Breast cancer 23 105 184 829

Head and neck cancer 5334 42 666

Median age (IQR) 66 (57–74) 66 (57–74) 63 (54–72) 69 (61–77)

Female sex (%) 51 647 (54.4) 413 140 (54.4) 1053 (56.8) 2162 (43.7)

Prescription of drugs (%) Aspirin 12 772 (13.5) 96 266 (12.7) 370 (20.0) 529 (10.7)

Nonaspirin NSAIDs 3389 (3.6) 26 603 (3.5) 203 (11.0) 200 (4.0)

5-α-reductase inhibitors 414 (0.4) 3448 (0.5) 19 (1.0) 33 (0.7)

Statins 7024 (7.4) 53 079 (7.0) 217 (11.7) 413 (8.3)

Angiotensin-II antagonists 5545 (5.8) 43 023 (5.7) 124 (6.7) 260 (5.3)

Antidepressants 3501 (3.7) 28 569 (3.8) 245 (13.2) 117 (2.4)

Antipsychotics 369 (0.4) 2724 (0.4) 68 (3.7) 29 (0.6)

OC or hormone supplements 8205 (8.6) 56 024 (7.4) 181 (9.8) 289 (5.8)

Diagnosis Inflammatory bowel disease 719 (0.8) 5555 (0.7) 7 (0.4) 35 (0.7)

COPD 7998 (8.4) 46 661 (6.1) 253 (13.7) 383 (7.7)

Alcohol abuse 4552 (4.8) 19 709 (2.6) 72 (3.9) 73 (1.5)

Diabetes 6694 (7.1) 47 107 (6.2) 125 (6.7) 257 (5.2)

Charlson index None (0) 68 048 (71.7) 574 915 (75.7) 1200 (64.7) 2960 (80.0)

Low (1) 17 134 (18.1) 120 921 (15.9) 392 (21.1) 667 (13.5)

Medium/high (2+) 9741 (10.3) 63 498 (8.4) 262 (14.1) 323 (6.5)

COPD, chronic obstructive pulmonary disease; IQR, inter-quartile range; NSAID, nonsteroidal anti-inflammatory drugs; OC, oral contraceptives.

Table 2
Prevalence of potential confounders among participants of the Danish Health Interview Survey by benzodiazepines and benzodiazepine-related
drugs (BZRD) use in 2000, 2005 and 2010

Non-user
of BZRD

User of BZRD

1 prescription

2+ prescriptions

<499 DDD ≥500 DDD

n 4950 453 720 681

Self-reported information

Self-rated health Excellent/very good 3425 (69.2) 256 (56.5) 395 (54.9) 245 (36.0)

Good/medium/bad 1525 (30.8) 197 (43.5) 325 (45.1) 436 (64.0)

Self-rated comorbidity Diabetes 309 (6.2) 29 (6.4) 54 (7.5) 57 (8.4)

Hypertension 988 (20.0) 124 (27.4) 190 (26.4) 189 (27.8)

Myocardial infarction 55 (1.1) 7 (1.6) 13 (1.8) 20 (2.9)

Stroke 36 (0.7) 7 (1.6) 13 (1.8) 13 (1.9)

COPD 241 (4.9) 41 (9.1) 60 (8.3) 81 (11.9)

Drug use for treatment Hypertension 1129 (22.8) 142 (31.4) 224 (31.1) 236 (34.7)

Heart disease 572 (11.6) 83 (18.3) 161 (22.4) 191 (28.1)

(continues)
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associated with cancer risk as well as all-cause mortality, de-
pression and suicide [38, 39]. Our study documented that
users of BZRD or hypnotics have a confounder profile com-
patible with a higher cancer risk as reported in some studies

[11–14]. Our results thus emphasize that unmeasured con-
founding from, for example, life-style factors can, if left un-
measured, infer confounding of some studies based on
registers and administrative databases.

Table 2
(Continued)

Non-user
of BZRD

User of BZRD

1 prescription

2+ prescriptions

<499 DDD ≥500 DDD

Pain 287 (5.8) 50 (11.0) 83 (11.5) 139 (20.4)

Smoking Never 1760 (35.6) 150 (33.1) 214 (29.7) 176 (25.8)

Former 1735 (35.1) 170 (37.5) 290 (40.3) 220 (32.3)

1–4 cigarettes/day 166 (3.4) 19 (4.2) 28 (3.9) 42 (6.2)

5–14 cigarettes/day 579 (11.7) 52 (11.5) 90 (12.5) 102 (15.0)

15+ cigarettes/day 710 (14.3) 62 (13.7) 98 (13.6) 141 (20.7)

Alcohol use 0 drinks/week 826 (16.7) 84 (18.5) 145 (20.1) 227 (33.3)

1–14/21 drinks/week 3513 (71.0) 304 (67.1) 476 (66.1) 380 (55.8)

15+/22+ drinks/week 611 (12.3) 65 (14.4) 99 (13.8) 74 (10.9)

Physical activity Intensive 74 (1.5) 1 (0.2) 5 (0.7) 1 (0.2)

High 959 (19.4) 73 (16.1) 87 (12.1) 46 (6.8)

Medium 3254 (65.7) 293 (64.7) 470 (65.3) 407 (59.8)

Sedentary 663 (13.4) 86 (19.0) 158 (21.9) 227 (33.3)

BMI <18.5 102 (2.1) 7 (1.6) 18 (2.5) 33 (4.9)

18.5–24.9 2262 (45.7) 220 (48.6) 319 (44.3) 366 (53.7)

25–29.9 1962 (39.6) 166 (36.6) 294 (40.8) 206 (30.3)

≥30 624 (12.6) 60 (13.3) 89 (12.4) 76 (11.2)

Register-based information

Mean age (SD) 62 (14) 64 (13) 67 (11) 71 (10)

Female sex (%) 2162 (43.7) 234 (51.7) 407 (56.5) 412 (60.5)

Prescription of drugs Aspirin 529 (10.7) 73 (16.1) 138 (19.2) 159 (23.4)

Nonaspirin NSAID 200 (4.0) 42 (9.3) 61 (8.5) 100 (14.7)

5-α-reductase inhibitors 33 (0.7) 2 (0.4) 5 (0.7) 12 (1.8)

Statins 413 (8.3) 47 (10.4) 93 (12.9) 77 (11.3)

Angiotensin-II antagonists 260 (5.3) 33 (7.3) 51 (7.1) 40 (5.9)

Antidepressants 117 (2.4) 30 (6.6) 80 (11.1) 135 (19.8)

Antipsychotics 29 (0.6) 5 (1.1) 14 (1.9) 49 (7.2)

OC or hormone supplements 289 (5.8) 31 (6.8) 72 (10.0) 78 (11.5)

Diagnosis Inflammatory bowel disease 35 (0.7) 2 (0.4) 3 (0.4) 2 (0.3)

COPD 383 (7.7) 50 (11.0) 89 (12.4) 114 (16.7)

Alcohol abuse 73 (1.5) 13 (2.9) 22 (3.1) 37 (5.4)

Diabetes 257 (5.2) 27 (6.0) 52 (7.2) 46 (6.8)

Charlson index None (0) 3960 (80.0) 317 (70.0) 483 (67.1) 400 (58.7)

Low (1) 667 (13.5) 92 (20.3) 138 (19.2) 162 (23.8)

Medium/high (2+) 323 (6.5) 44 (9.7) 99 (13.8) 119 (17.5)

Educational level Basic school 1685 (34.0) 156 (34.4) 264 (36.7) 283 (41.6)

High school 137 (2.8) 14 (3.1) 20 (2.8) 8 (1.2)

Medium (11–12 years) 2572 (52.0) 221 (48.8) 337 (46.8) 264 (38.7)

Long (13+ years) 268 (5.4) 25 (5.5) 35 (4.9) 20 (2.9)

Missing/unknown 288 (5.8) 37 (8.2) 64 (8.9) 106 (15.6)

BMI, body mass index; COPD, chronic obstructive pulmonary disease; DDD, defined daily doses; NSAID, nonsteroidal anti-inflammatory drugs;
OC, oral contraceptives; SD, standard deviation.
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Table 3
Odds ratio of ≥500 defined daily doses of BZRD compared to never use in the case–control study population and the survey study, Denmark
2002–2009

Case–control study Survey study

OR 95%CI

Error prone Calibrated

OR 95%CI OR 95%CI

Register-based information

Age (per 10 years increase) NA 1.83 1.67–2.00 1.74 1.57–1.93

Women vs. male NA 2.21 1.82–2.68 2.03 1.64–2.52

Prescription of drugs Aspirin 1.34 1.27–1.41 1.24 0.96–1.60 1.00 0.75–1.32

Nonaspirin NSAID 2.21 2.05–2.37 2.69 2.01–3.59 2.21 1.62–3.03

5-α-reductase inhibitors 1.56 1.27–1.93 1.83 0.88–3.79 1.88 0.88–4.02

Statins 1.10 1.03–1.18 0.87 0.63–1.20 0.87 0.62–1.21

Angiotensin-II antagonists 1.22 1.14–1.31 0.70 0.48–1.03 0.77 0.51–1.17

Antidepressants 6.79 6.42–7.18 7.44 5.50–10.05 6.71 4.90–9.19

Antipsychotics 5.27 4.48–6.21 5.90 3.48–10.02 4.38 2.52–7.62

OC or hormone supplements 1.29 1.20–1.40 2.16 1.55–3.02 2.03 1.43–2.87

Diagnoses Inflammatory bowel disease 1.46 1.20–1.79 0.22 0.04–1.19 0.23 0.05–1.19

COPD 1.53 1.44–1.63 1.44 1.10–1.90 1.25 0.91–1.71

Alcohol abuse 3.52 3.24–3.83 3.91 2.40–6.38 2.72 1.65–4.49

Diabetes 0.97 0.91–1.04 0.63 0.42–0.95 0.60 0.32–1.12

Charlson index 1 1.58 1.50–1.66 1.56 1.23–1.98 1.25 0.97–1.60

(ref: none (0)) 2+ 2.28 2.14–2.43 2.35 1.70–3.24 1.43 1.01–2.02

Educational level High school 1.18 0.52–2.69

(ref: basic school) Short/medium education 1.09 0.88–1.35

Long education 1.14 0.67–1.94

Missing/unknown 1.18 0.86–1.63

Self-reported information

Self-rated health Good/medium/bad vs. excellent/very good 2.19 1.78–2.68

Self-rated comorbidity Diabetes 0.97 0.56–1.68

Hypertension 0.89 0.65–1.22

Myocardial infarction 0.94 0.49–1.78

Stroke 1.35 0.61–3.00

COPD 0.98 0.68–1.40

Use of drugs Hypertension 1.14 0.84–1.55

Heart disease 1.62 1.24–2.12

Pain 1.90 1.44–2.51

Smoking Former 1.11 0.87–1.43

(ref: never) 1–4 cigarettes/day 2.72 1.76–4.22

5–14 cigarettes/day 1.47 1.08–2.00

15+ cigarettes/day 2.25 1.67–3.03

Alcohol use 1–14/21 drinks/week 0.72 0.57–0.90

(ref: 0 drinks/week) 15+/22+ drinks/week 0.73 0.51–1.03

Physical activity Intensive 0.42 0.06–3.22

(ref: medium) High 0.72 0.52–1.02

Sedentary 1.24 0.98–1.56

(continues)
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We used PS calibration to include survey information
on lifestyle factors available from a survey of the Danish
population to account for unmeasured confounding. As
we were unable to directly merge data for participants of
our validation study to those also in the main study, the
information from the survey should therefore be consid-
ered an external validation study. Other approaches have
been proposed to evaluate the magnitude of the influence
of unmeasured confounding, such as evaluation of how
strongly associated a potential confounding factor has to
be with both exposure and outcome in order to explain in-
creases (or decreases) in cancer risk in a register-based set-
ting [4]. Other methods include instrumental variable
analysis [40–44] and the missing cause approach, proposed
by Abrahamowicz et al. [45], which in brief estimates the
discrepancy between the effects of observed treatment
compared to expected treatment based on observed data
and use this treatment-by-discrepancy interaction to test
for the presence of unmeasured confounding.

The main advantage of PS calibration is the inclusion
of numerous confounders in the analysis based on exter-
nal data. The main disadvantage of PS calibration is the
underlying surrogacy assumption. Surrogacy means that

the error-prone variable contains no additional informa-
tion on the outcome above and beyond the gold-standard
(calibrated) variable. For PS calibration, this essentially
means that the error-prone PS is independent of the out-
come given the gold-standard PS [46] which requires, at
a very minimum, that the direction of confounding of
the observed and unmeasured confounders is the same.
Same direction of confounding is plausible in our study
since most of the register-based confounders are used as
proxies for unmeasured confounders, e.g. diagnosis of
COPD as a proxy for smoking. Lunt et al. [47] have
shown that, in addition to direction of confounding, sur-
rogacy requires a certain balance of measured and unmea-
sured confounding; a strong and often implausible
assumption. Thus, some violation of the surrogacy as-
sumption is likely to bias the PS calibration results to
some extent. Since we are unable to estimate the effect
of unmeasured covariates on the outcome of interest in
our validation study, we cannot address this balance of
measured and unmeasured confounding and the direction
of magnitude of PS calibration bias in our setting. An-
other element is that the CIs of PS calibration do not take
the uncertainty of model misspecification into account

Table 3
(Continued)

Case–control study Survey study

OR 95%CI

Error prone Calibrated

OR 95%CI OR 95%CI

BMI (kg m–2) <18.5 0.75 0.44–1.28

(ref: 18.5–25) 25–29.9 0.61 0.49–0.76

≥30 0.56 0.41–0.77

95%CI, 95% confidence interval; BMI, body mass index; COPD, chronic obstructive pulmonary disease; NA, not applicable since the study was
matched on age and sex; NSAID, nonsteroidal anti-inflammatory drugs; OC, oral contraceptives; OR, odds ratio.

Table 4
Association between ≥500 defined daily doses of BZRD compared to never use and smoking- and alcohol-related cancers and lung cancer in a
population-based case–control study, Denmark 2002–2009

All cancers
Smoking-related
cancers

Alcohol-related
cancers Lung cancer Breast cancer

Head and
neck cancer

OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI

Multivariate
outcome model

Age- and
sex adjusted

1.22 1.16–1.28 1.27 1.20–1.35 1.08 1.01–1.16 1.70 1.54–1.88 1.02 0.91–1.14 1.70 1.39–2.08

Adjusted register-
based confounders

1.11 1.05–1.17 1.14 1.08–1.21 1.03 0.95–1.10 1.35 1.21–1.50 1.01 0.90–1.13 1.07 0.86–1.34

Error-prone propensity
score adjusted

1.16 1.11–1.23 1.20 1.13–1.27 1.06 0.99–1.14 1.48 1.33–1.64 1.02 0.92–1.15 1.19 0.96–1.48

Propensity score
calibrated

1.09 1.00–1.19 1.10 1.00–1.21 1.03 0.91–1.17 1.23 1.03–1.46 1.03 0.85–1.25 0.79 0.57–1.11

95%CI, 95% confidence interval; OR, odds ratio.
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and, therefore, CIs should be interpreted as a minimum
estimate of the inherent uncertainty [6].

PS calibration relies on the use of PS for confounding
control and regression calibration, both developed and theo-
retically derived primarily for cohort studies. In our
case–control approach, we thus took precautions tominimize
collider bias due to conditioning on the outcome. We
weighted the controls to mimic the age- and sex-distribution
of the general population. Still, weighted case–control PS
may produce artefactual effect modification of the OR across
the estimated PS [37]. The magnitude of this spurious effect
measure modification decreases with increasing sample size
[37], whereby this effect seems negligible in our large study.
To our knowledge, regression calibration has never been
implemented in case–control studies.

Our study had several strengths including large sample
sizes of both the register-based and the survey-based studies.
We had information on virtually all Danish residents with in-
cident cancer and almost complete follow-up of subjects dur-
ing the study period from 1995 (start of the Prescription
Registry) until cancer diagnosis or corresponding date for
controls thereby minimizing selection bias. The health care
services in Denmark are in general publicly funded and the
included information therefore has universal coverage. A
high validity has been shown for several of the used registers
[20, 21, 23, 24]. The survey data were based on a large na-
tional representative health survey among the adult popula-
tion in Denmark and included self-reported variables,
including life-style variables, which were not available in
the solely register-based study [18, 19].

The study also had limitations. The use of prescription
data may result in exposure misclassification due to non-
compliance, although we probably minimised this bias by
using cumulative long-term BZRD use as main exposure
measure. Furthermore, we evaluated BZRD use >1 year be-
fore index date thereby minimizing the influence of reverse
causality due to drug use just before cancer diagnosis, but
we may have underestimated the influence of BZRD use
by only including exposure information up to 5 years be-
fore index date. Another important limitation was that sur-
vey data may have been influenced by nonresponse and
validity issues regarding the questionnaire. It has been
shown that nonresponders of the survey have higher mor-
bidity and mortality than responders, especially for
alcohol-, drugs- and smoking-related outcomes [48]. Conse-
quently, health survey information may be influenced by
nonparticipation bias if individuals with unfavourable
health status are underrepresented in the survey. The valid-
ity of regression calibration depends on the transportability
of the measurement error model from the survey to the
main study [33]. However, as the Danish Health Interview
Survey is a national representative study among adults in
Denmark with fairly good response rates, this assumption
seems plausible.

In conclusion, we have demonstrated that PS calibra-
tion improve the adjustment of main study estimates for
unmeasured confounding by life-style factors. Based on
the direction of confounding by these life-style factors
and the possibility for residual confounding, our findings
bring further support to the evidence that BZRDs are not
carcinogenic.
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