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Abstract

Background

Concerns were raised about pneumonia development from benzodiazepines (BZDs) and Z-

drugs, but direct evidence is limited, conflicting and without examining the highly susceptible

patients with chronic kidney disease (CKD) nor specifying the risk for different drug utiliza-

tions. This study aimed to investigate whether use of BZDs and Z-drugs was each associ-

ated with an increased risk of pneumonia in a CKD population.

Methods

We performed a nested case-control study of 36,880 CKD patients analyzing the Taiwan

National Health Insurance Database between 01/1/2000 and 12/31/2011. Among the study

cohort, we identified 4,533 cases of pneumonia based on validated disease codes, chest x-

ray examination, and prescriptions of respiratory antibiotics, and randomly selected 16,388

controls from risk sets, matched by sex, age, and number of CKD-related hospitalizations.

All prescription filling records of BZDs and Z-drugs in the year before the event/index date

were analyzed for cases and controls. Conditional logistic regressions were performed to

estimate the odds ratios (ORs).
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Results

Current use of BZDs was associated with a 1.31-fold (95% CI, 1.18–1.26) increased risk of

pneumonia compared to nonuse, but not for recent and past use. The risk from current BZD

use was confined to new initiation (adjusted OR, 2.47; 95% CI, 2.02–3.03) or use for� 30

days, and elevated to 2.88-fold (95% CI, 1.87–4.42) with parenteral administration. New ini-

tiation and current short-term use of Z-drugs was associated with a 2.94-fold (95% CI, 1.65–

5.26) and 1.75-fold (95% CI, 1.13–2.72) increased risk of pneumonia, respectively. The find-

ings were robust to adoption of a case-crossover study that analyzed cases only.

Conclusions

Use of BZRAs is associated with an increased risk of pneumonia in CKD patients, especially

for patients newly initiating BZDs or Z-drugs or those injected with BZDs. Physicians

should exercise cautions for signs of pneumonia when prescribing BZDs or Z-drugs to CKD

patients.

Introduction

Benzodiazepine receptor agonists (BZRAs), including benzodiazepines (BZDs) and Z-drugs,

are the mainstay treatments for insomnia and anxiety [1] and the most commonly prescribed

psychotropic medications in many countries [2]. In the United States, the annual number of

BZRA prescriptions for insomnia continues to rise, exceeding 18 million outpatient prescrip-

tions in 2009 [3]. Accordingly, examination of BZRA’s safety profile is clinically critical. Stud-

ies have typically focused on BZRA’s effect on central nervous system such as fall-related

fractures [4], and impaired cognitive function [5,6]. Recently, animal studies have shown that

BZRAs could be a risk factor for pneumonia probably through direct suppression of innate

immunity [7]. Notably, pneumonia is a top cause of hospitalization that results in approxi-

mately 50,000 deaths annually (American Thoracic Society, 2015) [8], and leads to a significant

mortality rate as high as 23% within 30 days after disease occurrence [9], which makes such

preventable drug-induced pneumonia a primary health management target.

Pneumonia is a highly fatal infectious disease and has been recently linked to the use of

BZRAs [10–13]. However, only two population-based studies had primarily investigated the

association between pneumonia and BZRAs, but yielded opposite findings [14,15]. Obiora

et al [14] found an increased risk of pneumonia from current, recent, and remote use of

BZRAs. In contrast, Dublin et al [15] showed that current use of benzodiazepines did not asso-

ciate with pneumonia in an elderly population, and past use slightly reduced the risk of pneu-

monia. Nonetheless, the two studies were mainly limited by imprecise measurement of BZRA

use [14,15], uncertainty of pneumonia diagnosis [14], and small sample sizes [15] as well as

recall bias [15]. Accordingly, this drug safety concern requires further elucidation.

Moreover, the association between BZRAs and pneumonia has not been specifically charac-

terized in the infection-prone patients with chronic kidney disease (CKD). The CKD patients

have a more than two-fold higher risk of pneumonia than general population [16], and a sub-

stantial proportion of them encounter insomnia [17] or anxiety [18], which makes them more

likely to use BZRAs. In addition, pneumonia is a substantial cause of morbidity and mortality

in CKD patients [19], with up to a 4.9-fold increased death rate compared to a non-CKD pop-

ulation [16].

Pneumonia from benzodiazepines/Z-drugs
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This study aimed to evaluate the separate impacts of BZDs and Z-drugs on the risk of pneu-

monia in a CKD population by different timing of drug usages, and to investigate if the associ-

ation varies depending on dose, duration, route of administration, and individual agents of

BZDs and Z-drugs.

Materials and methods

Study design and data source

A population-based nested case-control study was performed by analyzing the Taiwan Longi-

tudinal Health Insurance Database (LHID) spanning from 01/01/2000 to 12/31/2011. We

employed this study design [20] primarily because of transient BZRA use and rarity of pneu-

monia events, which were not suitable for implementing a cohort study design. The LHID is a

subset of the National Health Insurance Research Database (Taiwan National Health Insur-

ance Research Database, 2017) [21], which contains patients’ demographics, medical diagno-

ses, procedures, and prescription drugs from one million randomly-selected beneficiaries in

the universal and compulsory national health insurance, covering more than 99% of 23 million

Taiwanese inhabitants. The claims data are quarterly audited by the government [22], and

there is high concordance between LHID claims records and patients self-reports [23]. The

LHID is frequently analyzed for studying drug safety, including drug-induced pneumonia

[24], and patients’ confidentiality is ensured with double-encrypted identifiers. The study pro-

tocol was exempt from full review by the institutional review board of Tri-service General Hos-

pital, National Defense Medical Center (B-104-02).

Selection of study cohort

All newly diagnosed CKD patients aged�20 years between 01/01/2001 and 12/31/2010 were

identified from the LHID based on International Classification of Diseases, 9th Revision, Clini-
cal Modification (ICD-9-CM) codes: 250.4x, 274.1x, 283.11, 403.1x, 404.2x, 404.3x, 440.1x,

442.1x, 447.3x, 572.3x, 580.xx-588.xx, 642.1x, and 646.2x [25] from one inpatient visit or two

outpatient or emergency room (ER) visits within 90 days. The adopted codes for identifying

CKD patients exhibited high sensitivity and specificity [25,26]. Additionally, these patients

must have no kidney-related diagnosis nor undergo renal dialysis or transplantation before the

cohort entry date, referred as the second CKD-related outpatient/ER visit or the discharge date

from the CKD hospitalization. We further excluded CKD patients without a 1-year continuous

National Health Insurance (NHI) enrollment history or those with any pneumonia diagnosis

in the year before cohort entry. The final CKD cohort was followed until diagnosis of pneumo-

nia, receipt of renal dialysis or transplantation, disenrollment of the NHI program, death or

the end of the study (12/31/2011), whichever occurred first. Death was determined with dis-

charge status from hospitalization claims and eligibility records indicating permanent with-

drawal from the NHI. The disenrollment notice must be declared within three days after death

by the Taiwan laws (National health Insurance Administration, Ministry of Health and Wel-

fare, 2013) [27]. The operational definitions of selection criteria were detailed in S1 Table.

Case ascertainment and control selection

During the follow-up of the CKD cohort, we identified cases of pneumonia [28] as patients

having two consecutive outpatient visits within 14 days or from one inpatient visit or an ER

visit with any diagnosis of pneumonia (ICD-9 codes 480.xx-486.xx, 507.xx), accompanied

with chest x-ray procedure codes and prescriptions of respiratory antibiotics (S1 Table). For

patients with multiple episodes of pneumonia, we only analyzed the first pneumonia event.

Pneumonia from benzodiazepines/Z-drugs
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The validated coding algorithms (ICD-9 codes 480.xx-486.xx) [29] and the ICD-9 code 507.xx

[24] were employed to capture community-acquired and aspiration pneumonia, respectively.

The date of the first pneumonia diagnosis marked the index date.

Up to four controls were randomly selected for each case from the CKD risk sets, matching

on sex, age (± 5 years old), cohort entry date (± 180 days), prevalent BZRA use at baseline and

presence of CKD-related hospitalization in the year preceding the index date. Cases and con-

trols were excluded if they had lung cancer, human immunodeficiency virus infection, tuber-

culosis and/or cystic fibrosis, or any solid organ transplantations in the year prior to the index

date or no matching pairs (detailed in S1 Table). The same index date of the corresponding

cases was assigned to controls.

Assessment of benzodiazepine and Z-drug use

Based on the dispensing date of the most proximal prescription filling records in the year pre-

ceding the index date, use of BZDs and Z-drugs was measured and separately classified into

current (within 1–30 days), recent (31–90 days), past (91–180 days), and remote use (181–365

days) for case and control groups. Current users were further classified as new users if they did

not have any prescription records of BZRAs in the 31 to 365 days preceding the index date,

otherwise the remaining current users were categorized as prevalent users. For all analyses, the

reference group included CKD patients without any BZRA use in the year preceding the index

date.

Different usages of BZRAs were further measured among current users. The mean daily

dose of BZDs and Z-drugs were calculated in terms of defined daily dose (DDD) (WHO Col-

laborating Centre for Drug Statistics Methodology, 2017) [30], and categorized into� 0.5

DDD (low dose), 0.51–1.00 DDD (medium dose), and> 1.00 DDD (high dose). Duration

of therapy was categorized as receiving 1–30, 31–90, 91–180, and 181–365 days of therapy,

respectively, with permission of a 14-day grace period between successive prescriptions. Oral,

injection, or both routes were considered, as well as individual BZRA agents with sufficient

samples.

Use of antipsychotics was additionally measured to serve as a positive control given its

known risk for pneumonia [31]. Use of buspirone (an anxiolytics) [32] and doxepine (an alter-

native treatment for insomnia) [33], was measured as a negative control.

Measurement of covariates

We considered confounders that associate with BZRA use and/or pneumonia risk in both

cases and controls. Specifically, we measured demographic characteristics, healthcare use,

comorbid conditions and prescribed comedications during the 12 months before the index

date, except that respiratory antibiotics were measured in the 15 to 365 days before the index

date to avoid capturing the use for early treatment of pneumonia. Covariates were also detailed

in the S1 Table.

Statistical analysis

The incidence rate of pneumonia was estimated based on the Poisson distribution, with 95%

confidence intervals (CIs). Conditional logistic regression analyses were performed to estimate

odds ratios (ORs) of pneumonia from use of BZRAs with and without adjustments for covari-

ates with p< 0.05 in a univariate analysis. Two-sided p<0.05 was considered statistically sig-

nificant. Sample size calculations (S1 Method) indicated that we required 223 cases with 892

controls and 1,221 cases with 4,884 controls for examining current BZD and Z-drug use,

respectively. Data cleaning and statistical analyses were conducted using SAS version 9.2 (SAS

Pneumonia from benzodiazepines/Z-drugs
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Institute, Cary, NC, USA), and STATA version 11 (STATA, College, Station, TX, USA),

respectively. For data cleaning, we employed range checking and checked for duplicate records

and missing data for the analyzed claims records. Only 512 out of 169,249,507 records from

the file of ambulatory care expenditures by visits were duplicated, and were excluded accord-

ingly. We retrieved the information on age and sex from outpatient claims, and the demo-

graphic data were cross-checked with those from the file of registry for beneficiaries.

We calculated numbers needed to harm (NNTH) [34] for each significant OR >1 based on

the following formula: NNTH = 1/[(OR-1) × UER], where OR and UER represent odds ratio

and the unexposed event rate of pneumonia within a 30-day period (0.0067 events per 30 days

from our analysis).

Additional analysis

Subgroup analyses included care type of pneumonia (inpatient, outpatient, and ER visit), pres-

ence of diabetes mellitus or COPD, and incident and prevalent BZRA users. Multiple sensitiv-

ity analyses were additionally conducted. First, we adopted a case-only case-crossover study,

in which BZRA use during a time period immediately before the pneumonia event was com-

pared with use in an earlier period to avoid time-invariant confounding and selection bias (S2

Method and S1 Fig). Second, we redefined outcomes with a primary diagnosis of pneumonia.

Third, we excluded patients with severe CKD and those initiating BZRAs within 3 days before

the pneumonia event to minimize selection bias and protopathic bias, respectively. Severe

CKD patients were defined as those dispensed erythropoiesis stimulating agents, which were

reimbursed by the NHI only for patients with serum creatinine levels higher than 6 mg/dL

[25]. Fourth, cases with aspiration pneumonia were excluded. Fifth, patients hospitalized in

the 14 days before the index date were also excluded for avoiding hospital-acquired pneumo-

nia. Sixth, we sub-categorized current users into groups with BZRA prescriptions filled

between 1–7, 8–15, or 16–30 days before the index date. Seventh, we adjusted for all covariates

listed in Table 1.

Results

The study cohort comprised 36,880 newly-diagnosed CKD patients without renal dialysis/

renal transplantation, with a mean age of 59.6 years (standard deviation [SD] 16.3), and 55.5%

were men (S2 Fig). During the mean 4.9 years (SD 3.2) of follow-up, we identified 5,129 pneu-

monia cases, corresponding to an incidence rate of 29.6 per 1,000 (95% confidence interval

[CI] 28.8–30.4) person-years. After applying the exclusion criteria, a total of 4,533 cases and

16,388 matched controls were analyzed.

Cases and controls were comparable in the matching variables, presence of hypertension,

ischemic heart disease, depression and receipt of angiotensin receptor blockers and β-blockers

(Table 1). Patients with pneumonia, however, were more likely than controls to have majority

of the examined comorbidities, and receive medical care and comedications. Conversely, con-

trols were more prevalent to have> 4 visits for insomnia or anxiety in the year, receive statins,

anxiolytics (excluding BZRAs), nonsteroidal anti-inflammatory drugs and influenza/pneumo-

nia vaccines. Most of the differences between the two groups were less than 5%. Additionally,

the clinical characteristics between the case and control time periods in the case-crossover

design are shown in S2 Table.

Table 2 indicates that current use of BZDs was associated with a significantly increased risk

of pneumonia (adjusted OR 1.31, 95% CI 1.18–1.46) compared with nonuse, in which a

2.47-fold (95% CI, 2.02–3.03) increased risk was noted with new initiation. Nonetheless, the

increased risk was absent with recent, past, remote use of BZDs. On the other hand, new use of

Pneumonia from benzodiazepines/Z-drugs
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Table 1. Clinical characteristics between cases and matched controls.

Characteristics Cases

(N = 4,533)

Controls

(N = 16,388)

Crude OR

(95%CI)

P-valuea

Age,year (Mean±SD)b 70.2±13.2 69.5±12.3 NA NA

Sex, Male, n (%)b 2,697 (59.5) 9,721 (59.3) NA NA

Hospitalization of CKD in the year before the index dateb 2,420 (53.4) 8,430 (51.4) NA NA

Prevalent use of different types of BZRAs in the year before the cohort

entry dateb

BZD 2,211 (48.8) 8,248 (50.3) NA NA

Z-drug 78 (1.7) 139 (0.8) NA NA

BZD plus Z-drug 675 (14.9) 2,195 (13.4) NA NA

Demographic characteristics Socio-economic status,(NT$/month), n (%) <20,000 3,253 (71.8) 11,979 (73.1) Reference Reference

20000–39,999 1,080 (23.8) 3,389 (20.7) 1.20 (1.10–1.30) <0.001

�40,000 200 (4.4) 1,020 (6.2) 0.75 (0.63–0.88) <0.001

Geographic region Northern 1,826 (40.3) 6,763 (41.3) Reference Reference

Middle 801 (17.7) 3,142 (19.2) 0.93 (0.85–1.02) 0.14

Southern 1,576 (34.8) 5,561 (33.9) 1.06 (0.98–1.14) 0.16

Eastern or other islands 330 (7.3) 922 (5.6) 1.33 (1.16–1.53) <0.001

Healthcare usec Hospital level Clinic 1,712 (37.8) 7,314 (44.6) Reference Reference

District hospital 888 (19.6) 2,576 (15.7) 1.44 (1.31–1.59) <0.001

Regional hospital 1,055 (23.3) 3,487 (21.3) 1.29 (1.18–1.41) <0.001

Medical center 878 (19.4) 3,011 (18.4) 1.25 (1.13–1.37) <0.001

No. of outpatient visits �19 (Lowest) 1,281 (28.3) 4,565 (27.9) Reference Reference

20–32 975 (21.5) 3,974 (24.2) 0.87 (0.79–0.96) 0.005

33–50 1,062 (23.4) 3,957 (24.1) 0.94 (0.85–1.04) 0.27

>51 (Highest) 1,215 (26.8) 3,892 (23.7) 1.09 (0.98–1.21) 0.096

No. of CKD diagnosesd None 2,307 (50.9) 9,168 (55.9) Reference Reference

1–6 1,096 (24.2) 3,384 (20.7) 1.37 (1.25–1.50) <0.001

�7 1,130 (24.9) 3,836 (23.4) 1.23 (1.13–1.33) <0.001

Any hospitalization within 14 days before the index date 544 (12.0) 584 (3.6) 3.80 (3.34–4.33) <0.001

Comorbidities, n (%)c Cardiovascular disease Hypertension 2,988 (65.9) 10,833 (66.1) 0.97 (0.91–1.05) 0.49

Diabetes mellitus 2,207 (48.7) 6,958 (42.5) 1.31 (1.23–1.41) <0.001

Cerebrovascular disease 1,460 (32.2) 3,370 (20.6) 1.85 (1.72–2.00) <0.001

Ischemic heart disease 1,304 (28.8) 4,559 (27.8) 1.02 (0.95–1.11) 0.54

Heart failure 751 (16.6) 1,747 (10.7) 1.64 (1.49–1.80) <0.001

Coronary revascularization 88 (1.9) 330 (2.0) 0.92 (0.72–1.17) 0.48

Lung disease COPD 1,018 (22.5) 2,181 (13.3) 1.92 (1.76–2.09) <0.001

Asthma 494 (10.9) 1,008 (6.2) 1.86 (1.66–2.09) <0.001

Gastrointestinal disease Gastroesophageal reflux disease 387 (8.5) 1,274 (7.8) 1.08 (0.96–1.22) 0.19

Swallowing dysfunction 55 (1.2) 78 (0.5) 2.39 (1.68–3.40) <0.001

Neurologic disorders Dementia 548 (12.1) 929 (5.7) 2.22 (1.98–2.50) <0.001

Parkinson disease 254 (5.6) 643 (3.9) 1.40 (1.20–1.63) <0.001

Epilepsy 154 (3.4) 259 (1.6) 2.11 (1.72–2.58) <0.001

Psychiatric disease Depression 276 (6.1) 888 (5.4) 1.09 (0.94–1.25) 0.25

Bipolar disorder 47 (1.0) 119 (0.7) 1.30 (0.91–1.84) 0.14

Schizophrenia 40 (0.9) 86 (0.5) 1.59 (1.08–2.32) 0.018

No. of anxiety diagnoses 0 (Lowest) 4,043 (89.2) 14,374 (87.7) Reference Reference

1–3 270 (6.0) 1,061 (6.5) 0.88 (0.76–1.01) 0.18

4–6 84 (1.9) 372 (2.3) 0.76 (0.59–0.96) 0.022

>6 (Highest) 136 (3.0) 581 (3.5) 0.81 (0.67–0.98) 0.034

No. of insomnia diagnoses 0 (Lowest) 3,662 (80.8) 13,037 (79.6) Reference Reference

1–3 451 (9.9) 1,674 (10.2) 0.93 (0.83–1.04) 0.063

4–6 145 (3.2) 608 (3.7) 0.80 (0.67–0.97) 0.024

>6 (Highest) 275 (6.1) 1,069 (6.5) 0.86 (0.74–0.99) 0.034

Chronic liver disease 559 (12.3) 1,950 (11.9) 1.06 (0.95–1.17) 0.29

Cancer (except for lung cancer) 555 (12.2) 1,656 (10.1) 1.22 (1.10–1.35) <0.001

(Continued)
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Z-drugs and new receipt of combined BZD/Z-drug therapy yielded a 2.94-fold (95% CI 1.65–

5.26) and 2.47-fold (95% CI 1.10–5.51) increased risk, respectively. As expected, current use of

positive control agents (adjusted OR 1.96, 95% CI 1.54–2.49), but not negative control agents

(adjusted OR 0.81, 95% CI 0.35–1.88), was associated with an increased pneumonia risk.

Risks of pneumonia related to dose, duration and route of current BZRA therapy were

revealed in Table 3. There was a 25%, 28% and 38% significant increase in the risk of pneumo-

nia with BZDs currently being prescribed at a daily dose of� 0.5 DDD, 0.51–1 DDD and> 1

DDD, respectively, indicating a dose-independent association. However, a 1.65-fold (95% CI

1.44–1.89) pneumonia risk incurred with less than 30-day BZD use, but disappeared with pro-

longed use. The adjusted ORs for parenteral and oral administration of BZDs were 2.88 (95%

CI 1.87–4.42) and 1.23 (95% CI 1.10–1.37), respectively. Regarding Z-drug usages, receipt of

Table 1. (Continued)

Characteristics Cases

(N = 4,533)

Controls

(N = 16,388)

Crude OR

(95%CI)

P-valuea

Comedication, n (%)c Cardiovascular drugs Diuretics 2,713 (59.8) 7,932 (48.4) 1.64 (1.53–1.76) <0.001

CCBs 2,572 (56.7) 8,848 (54.0) 1.11 (1.04–1.19) 0.003

β-blockers 1,851 (40.8) 6,467 (39.5) 1.04 (0.97–1.12) 0.23

ARBs 1,589 (35.1) 5,724 (34.9) 1.00 (0.93–1.08) 0.97

ACEIs 1,266 (27.9) 4,145 (25.3) 1.14 (1.05–1.22) 0.001

Statins 952 (21.0) 3,744 (22.8) 0.90 (0.83–0.98) 0.015

Gastric acid suppressants H2-blockers 1,524 (33.6) 4,997 (30.5) 1.15 (1.07–1.24) <0.001

PPIs 913 (20.1) 2,447 (14.9) 1.43 (1.31–1.56) <0.001

Corticosteroids Systematic 1,804 (39.8) 5,377 (32.8) 1.36 (1.26–1.46) <0.001

Inhaled 216 (4.8) 381 (2.3) 2.11 (1.78–2.51) <0.001

Topical 2,654 (58.5) 9,455 (57.7) 1.02 (0.95–1.09) 0.66

Anti-inflammatory drugs COX-2 selective NSAIDs 538 (11.9) 2,251 (13.7) 0.82 (0.74–0.91) <0.001

Nonselective NSAIDs 3,301 (72.8) 12,515 (76.4) 0.81 (0.75–0.87) <0.001

Aspirin 2,055 (45.3) 6,489 (39.6) 1.26 (1.17–1.35) <0.001

Psychotropic drugs Antipsychotics 1,213 (26.8) 2,949 (18.0) 1.67 (1.54–1.81) <0.001

Antidepressants 915 (20.2) 2,875 (17.5) 1.16 (1.06–1.26) 0.001

Antiepileptics 939 (20.7) 2,670 (16.3) 1.33 (1.22–1.44) <0.001

Anxiolyticse 673 (14.8) 2,638 (16.1) 0.89 (0.81–0.98) 0.016

Sedativese 1,128 (24.9) 3,549 (21.7) 1.19 (1.09–1.28) <0.001

Respiratory antibiotics agents 2,974 (65.6) 9,641 (58.8) 1.49 (1.37–1.62) <0.001

Opioids 1,917 (42.3) 5,864 (35.8) 1.33 (1.23–1.42) <0.001

Influenza & Pneumonia vaccinesf 1,090 (24.0) 4,532 (27.7) 0.80 (0.73–0.86) <0.001

Lung injuring drugs 297 (6.6) 656 (4.0) 1.66 (1.44–1.92) <0.001

ESA 114 (2.5) 122 (0.7) 3.41 (2.63–4.42) <0.001

Immunosuppressants 53 (1.2) 123 (0.8) 1.62 (1.17–2.25) 0.004

OR, odds ratio; CI, confidence interval; SD, standard deviations; CKD, chronic kidney disease; BZRAs, benzodiazepine receptor agonists; BZDs,

benzodiazepines; COPD, chronic obstructive pulmonary disease, CCBs, calcium channel blockers; ARBs, angiotensin II receptor blockers; ACEIs,

angiotensin-converting enzyme inhibitors; PPIs, proton pump inhibitors; COX-2, cyclooxygenase-2; NSAIDs, non-steroidal anti-inflammatory drugs; ESAs,

erythropoietin stimulating agents.
aP-value was obtained by conditional logistic regression.
bMatching variables.
cMeasured in the year preceding index date.
dThe mean number of CKD diagnosis was 6.
eAnxiolytics and sedatives did not include benzodiazepine receptor agonists.
fMeasured in the 15 to 365 days before the index date.

https://doi.org/10.1371/journal.pone.0179472.t001
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therapy for 1 to 30 days was the only condition that showed an elevated pneumonia risk

(adjusted OR 1.75, 95% CI, 1.13–2.72).

Examination of the risk of pneumonia from individual BZRAs indicated that current use

of lorazepam, diazepam, chlordiazepoxide, flunitrazepam, midazolam, and nordazepam was

associated with a 1.28 to 3.69-fold increased risk of pneumonia (S3 Table). In subgroup

analyses (Fig 1 and S4 Table), the risk of pneumonia from current BZD use was confined to

hospitalized events, and a higher risk was observed in incident users than prevalent users. Nev-

ertheless, the risk was not varied by presence of COPD or diabetes mellitus, and the risk from

current Z-drug use was absent across all subgroups.

Fig 2 indicates that current use of BZDs was associated with a 36% increase in the risk of

pneumonia (adjusted OR, 1.36; 95% CI, 1.16–1.60), and no increased risk was found with cur-

rent non-BZD use (adjusted OR, 1.06; 95% CI, 0.76–1.48) in a case-crossover study, which

showed robustness to the main findings. The majority of other sensitivity analyses were consis-

tent with the main findings, such as analyses that examined primary diagnosis of pneumonia

Table 2. Risk of pneumonia associated with different types of BZRAs, stratified by recencya.

Cases

(N = 4,533)

Controls

(N = 16,388)

Crude OR

(95%CI)

Adjusted ORb

(95%CI)

Nonuse of BZRA, n (%) 1,766 (39.0) 6,862 (41.9) Reference Reference

BZD, n (%)

Current 973 (21.5) 2,717 (16.6) 1.42 (1.29–1.57)c 1.31 (1.18–1.46)c

New use 214 (4.7) 298 (1.8) 2.85 (2.36–3.43)c 2.47 (2.02–3.03)c

Prevalent use 759 (16.7) 2,419 (14.8) 1.21 (1.09–1.34)c 1.09 (0.97–1.22)

Recent 371 (8.2) 1,255 (7.7) 1.16 (1.02–1.32)c 1.03 (0.89–1.19)

Past 232 (5.1) 1,090 (6.7) 0.82 (0.71–0.96)c 0.76 (0.64–0.90)c

Remote 269 (5.9) 1,382 (8.4) 0.76 (0.65–0.87)c 0.73 (0.62–0.85)c

Z-drug, n (%)

Current 77 (1.7) 254 (1.6) 1.11 (0.85–1.46) 1.07 (0.80–1.44)

New use 27 (0.6) 31 (0.2) 3.18 (1.87–5.39)c 2.94 (1.65–5.26)c

Prevalent use 50 (1.1) 223 (1.4) 0.80 (0.58–1.10) 0.76 (0.54–1.07)

Recent 25 (0.6) 93 (0.6) 1.05 (0.67–1.64) 1.07 (0.66–1.74)

Past 15 (0.3) 77 (0.5) 0.71 (0.41–1.25) 0.78 (0.43–1.41)

Remote 20 (0.4) 139 (0.9) 0.52 (0.32–0.83)c 0.49 (0.30–0.81)c

BZD plus Z-drug or switch use, n (%)

BZD plus Z-drug

Current 234 (5.2) 669 (4.1) 1.33 (1.13–1.58)c 1.15 (0.94–1.41)

New use 13 (0.3) 16 (0.1) 3.56 (1.68–7.54)c 2.47 (1.10–5.51)c

Prevalent use 221 (4.9) 653 (4.0) 1.22 (1.03–1.46)c 0.99 (0.81–1.22)

Recent 181 (4.0) 480 (2.9) 1.45 (1.20–1.75)c 1.20 (0.96–1.50)

Past 116 (2.6) 476 (2.9) 0.93 (0.75–1.16) 0.86 (0.67–1.10)

Remote 182 (4.0) 690 (4.2) 1.00 (0.83–1.20) 0.97 (0.79–1.20)

Switch between BZRA 72 (1.6) 204 (1.2) 1.36 (1.03–1.80)c 1.24 (0.91–1.69)

OR, odds ratio; CI, confidence interval; BZRAs, benzodiazepine receptor agonists; BZD, benzodiazepine.
aRecency of BZRAs treatment was classified based on the start of the supply of the most recent BARAs prescription before the index date. New users were

defined as patients with a prescription that started within 30 days, but did not have any record of BARAs in the 31 to 365 days preceding the index date; the

remaining current users were defined as prevalent users.
bAdjusted for all confounders with P-value <0.05 listed in Table 1.
cP-value <0.05.

https://doi.org/10.1371/journal.pone.0179472.t002
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Table 3. Risk of pneumonia with current use of different types of BZRAs, stratified by the characteristics and administrations.

Cases

(N = 4,533)

Controls

(N = 16,388)

Crude OR

(95%CI)

Adjusted ORa

(95%CI)

Non user, n (%) 1,766 (39.0) 6,862 (41.9) Reference Reference

Current BZD use, n (%)

By dose

≦0.50 DDD 490 (10.8) 1,396 (8.5) 1.39 (1.23–1.56)b 1.25 (1.09–1.43)b

0.51–1.00 DDD 298 (6.6) 821 (5.0) 1.43 (1.24–1.66)b 1.28 (1.09–1.50)b

>1.00 DDD 185 (4.1) 500 (3.1) 1.44 (1.21–1.73)b 1.38 (1.13–1.69)b

By duration

1–30 days 520 (11.5) 1,114 (6.8) 1.83 (1.63–2.07)b 1.65 (1.44–1.89)b

31–90 days 147 (3.2) 489 (3.0) 1.17 (0.96–1.42) 0.98 (0.79–1.22)

91–180 days 88 (2.0) 333 (2.0) 1.04 (0.81–1.33) 0.96 (0.74–1.25)

181–365 days 218 (4.8) 781 (4.8) 1.08 (0.91–1.27) 1.00 (0.83–1.20)

By route

Oral 877 (19.4) 2,623 (16.0) 1.31 (1.19–1.45)b 1.23 (1.10–1.37)b

Parenteral 60 (1.3) 47 (0.3) 5.05 (3.42–7.46)b 2.88 (1.87–4.42)b

Oral & Parenteral 36 (0.8) 47 (0.3) 2.81 (1.80–4.39)b 1.62 (0.98–2.69)

Current Z-drug use, n (%)c

By dose

�0.50 DDD 11 (0.2) 26 (0.2) 1.59 (0.78–3.24) 1.49 (0.69–3.23)

0.51–1.00 DDD 45 (1.0) 172 (1.1) 0.93 (0.66–1.31) 0.92 (0.63–1.33)

>1.00 DDD 21 (0.5) 56 (0.3) 1.39 (0.83–2.33) 1.20 (0.69–2.11)

By duration

1–30 days 39 (0.9) 77 (0.5) 1.78 (1.19–2.67)b 1.75 (1.13–2.72)b

31–90 days 13 (0.3) 51 (0.3) 0.96 (0.52–1.78) 0.89 (0.46–1.71)

91–180 days 6 (0.1) 23 (0.1) 0.94 (0.37–2.35) 0.84 (0.32–2.22)

181–365 days 19 (0.4) 103 (0.6) 0.65 (0.39–1.07) 0.60 (0.35–1.04)

Current BZD plus Z-drug use, n (%)

By dose

�0.50 DDD 12 (0.3) 35 (0.2) 1.32 (0.68–2.58) 0.97 (0.46–2.04)

0.51–1.00 DDD 61 (1.4) 139 (0.9) 1.72 (1.26–2.35)b 1.32 (0.93–1.87)

>1.00 DDD 161 (3.6) 495 (3.0) 1.18 (0.97–1.44) 1.03 (0.82–1.29)

Current BZD plus Z-drug use, n (%)

By duration

1–30 days 51 (1.1) 112 (0.7) 1.73 (1.23–2.43)b 1.40 (0.95–2.05)

31–90 days 61 (1.4) 124 (0.8) 1.82 (1.32–2.51)b 1.40 (0.97–2.01)

91–180 days 40 (0.9) 122 (0.7) 1.21 (0.84–1.76) 1.09 (0.73–1.65)

181–365 days 82 (1.8) 311 (1.9) 0.93 (0.72–1.21) 0.76 (0.57–1.02)

By route

Oral 198 (4.4) 636 (3.9) 1.16 (0.97–1.39) 1.02 (0.83–1.25)

Oral & Parenteral 36 (0.8) 33 (0.2) 3.86 (2.38–6.26)b 1.93 (1.12–3.35)b

OR, odds ratio; CI, confidence interval; BZRAs, benzodiazepine receptor agonists; BZD, benzodiazepine.
aAdjusted for all confounders with P-value <0.05 listed in Table 1.
bP-value < 0.05.
cOnly oral formulation is available for Z-drug.

https://doi.org/10.1371/journal.pone.0179472.t003
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only and excluded aspiration pneumonia (Fig 2). S5 Table shows the NNTH for current BZD

use in the past 30 days was 478 (95% CI 322–823); for new BZD use was 101 (95% CI 73–145);

and for new use of Z-drugs was 76 (95% CI 35–228).

Discussion

In this large nested case-control study of more than 36,000 CKD patients, risks of pneumonia

were found with specific BZRA usages. Current use of BZDs was associated with a significantly

increased pneumonia risk by 31%, independent of daily dose, but the risk was doubled or

greater when BZDs were newly initiated within 30 days or administered parenterally. New ini-

tiation of Z-drugs within 30 days was also found to triple the risk. To our knowledge, this is

the first population-based study that examines the risk of pneumonia from various conditions

of BZRA use in a CKD population.

As new information, we discovered that the relationship of BZRAs and pneumonia was

mainly modified by timing, duration and route of administration. We are the first to report an

increased risk of pneumonia associated with new use of BZRAs but not with prevalent use of

the medications. This finding may reflect an acute onset of pneumonia from BZRAs and

Fig 1. Subgroup analysis for the risk for pneumonia from different BZRA types stratified by recency. BZDs, benzodiazepine; BZRAs,

benzodiazepine receptor agonists; NA, not available. ap-value <0.05.

https://doi.org/10.1371/journal.pone.0179472.g001
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development of tolerance to the risk with longer therapy of the medications. Although con-

founding cannot be ruled out for the observed phenomenon, confounding is believed not to

be differential between new and prevalent users. Additionally, the acute onset of pneumonia

from BZRAs is supported by animal studies [7,35], which reported impaired immune cells

and increased bacterial count within 1–14 day of BZD use. Furthermore, we observed a higher

risk of pneumonia with parenteral BZDs than oral BZDs, which may be attributable to a high

injection rate that has been proposed for BZD-induced respiratory adverse events [36]. Alter-

natively, the propylene glycol contained in parenteral formulations could cause immunosup-

pression, making patients more susceptible to pneumonia [37]. We also observed that the

increased risk of pneumonia persisted across varying levels of BZD daily doses. Accordingly,

physicians need to be vigilant with any symptoms of pneumonia when prescribing BZDs at

any dose in CKD patients. If CKD patients who receive BZDs and subsequently develop pneu-

monia, the best approach is to withdraw BZDs rather than to tapper down the dose, which is

also supported by the fact that we found recent and past use were not associated with pneumo-

nia risk.

Although some preliminary studies had broadly investigated benzodiazepine adverse events

[10,11] or pneumonia risk factors [12,13], their findings could not compare directly with ours.

Fig 2. Sensitivity analyses for examining association between risk of pneumonia and type of BZRs under different recency of medication

use. NA, not available. ap-value <0.05.

https://doi.org/10.1371/journal.pone.0179472.g002
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The reasons were because the prior studies did not specifically examine BZRA-associated

pneumonia, and they usually had small sample sizes [12,13] and inadequate control for impor-

tant confounders such as severity for psychotic disorders [11–13] and use of immunosuppres-

sive medications [10,11]. Despite the small samples and survey nature of the study, Dublin

et al [15] conducted the first study that directly assessed the relationship between pneumonia

and BZRAs, but reported no association. Conversely, Obiora et al [14] found an approximately

2-fold increase in the pneumonia risk with exposure to BZDs or zopiclone within 30 days of

therapy. However, their studies were limited by uncertainty of pneumonia diagnosis, mixed

effects of BZD and Z-drug use, and selection bias from examinations of a diverse population.

Additionally, protopathic bias could also account for their findings [14], in which pneumonia

prodromes such as insomnia or anxiety may promote the prescriptions of BZRAs.

The current study attempted to address the limitations of the previous studies. Unlike pre-

vious studies [10,11,14] that might have imprecisely defined pneumonia solely by disease cod-

ing [38], our pneumonia cases were identified with a set of validated diagnosis codes [29] plus

use of antibiotic treatments and chest x-ray procedures. Additionally, the present study had

sufficient statistical power, and minimal misclassification of exposure given BZRA prescrip-

tion filling records were examined from all medical care settings. Moreover, we measured inci-

dent events of pneumonia to ensure that BZRA use preceded pneumonia occurrence. We also

addressed protopathic bias by disregarding any records of BZRAs in the three days before the

index date that could be prescribed for acute early symptoms of pneumonia, but the results

remained robust. Finally, we considered numerous important immunomodulatory confound-

ers, and selected cases and controls from a CKD population to minimize selection bias.

Though exact mechanisms are unclear, BZRAs are thought to suppress peripheral immunity

through activation of gamma-amino-butyric-acid type A (GABAA) receptors [7] or peripheral

BZD receptors (PBRs) [39]. Mounting evidence [7,40] has indicated that activation of GABAA

receptors may weaken the immune system. Sanders et al [7] observed an increased pneumonia

mortality rate from diazepam through acting on the α1 subunit of GABAA receptors in mice.

Similarly, activation of the PBR by BZDs can impair the functions of macrophages [41,42] and

neutrophils [41,43–45], though the PBR-signaling pathway has not been verified for pneumonia

occurrence. Both mechanisms could underlie the BZD-associated pneumonia because BZDs

have high affinities for both types of receptors, whereas the GABAnergic mechanism is proba-

bly responsible for Z-drug-induced pneumonia due to their low affinity for PBRs.

When contrasting the pharmacokinetic profiles of individual BZRAs (S6 Table), we found

that BZRAs with long half-lives and/or active metabolites may play a pivotal role in the associa-

tion between pneumonia and BZRA use. Given our CKD population suffered impaired renal

functions, and most BZDs are renally excreted, BZDs with active metabolites or long half-lives

could accumulate in the body, and subsequently result in pneumonia from unexpectedly high

plasma concentrations of BZDs.

Several limitations in the current study need to be addressed. First, confounding by indica-

tion bias could threaten our findings, hence we adjusted the main indications of BZRAs in mul-

tivariate analyses, and confirmed that the use of a similarly-indicated negative control agent

had no association with pneumonia. However, residual confounding could exist given that

indications of BZD/Z-drug use may not have been completely recorded in the analyzed data-

base due to limited three and five disease codes that could be made in each outpatient and inpa-

tient visit, respectively. This insufficient data record probably affected our results minimally

because present evidence has not linked the main indications of BZD/Z-drug use, including

insomnia and anxiety, with pneumonia. Second, despite our extensive matching scheme and

confounder adjustment, our findings may still be confounded by CKD severity and residual

confounding. However, the analyzed subjects were believed to come from a relatively
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homogeneous stage 4 CKD population, given we had excluded predialysis and dialysis patients,

and used a validated coding scheme [25,26] that detected patients with an eGFR� 45 mL/min/

1.74m. Additionally, the main findings persisted in the alternative case-crossover study, which

controlled for time-invarying confounders. Third, inclusion of prevalent BZRA users could

potentially underestimate the overall risks since they might have developed tolerance for pneu-

monia. Fourth, another limitation lies in the unavailability of laboratory data for renal function

and chest x-ray results as well as etiology of pneumonia. Fifth, we aimed to assess a high risk

population, which could limit the generalizability of our findings.

In conclusion, current use of BZRAs, particularly BZDs, is associated with an increased risk

of pneumonia in CKD patients. The risk is especially high when BZDs and/or Z-drugs are

newly initiated within 30 days or when BZDs are parentally administered.
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12. Almirall J, Bolı́bar I, Balanzó X, González CA. Risk factors for community-acquired pneumonia in adults:

a population-based case-control study. Eur Respir J. 1999; 13(2):349–55. PMID: 10065680

13. Almirall J, Bolibar I, Serra-Prat M, Roig J, Hospital I, Carandell E, et al. New evidence of risk factors for

community-acquired pneumonia: a population-based study. Eur Respir J. 2008; 31(6):1274–84. https://

doi.org/10.1183/09031936.00095807 PMID: 18216057

14. Obiora E, Hubbard R, Sanders RD, Myles PR. The impact of benzodiazepines on occurrence of

pneumonia and mortality from pneumonia: a nested case-control and survival analysis in a popula-

tion-based cohort. Thorax. 2013; 68(2):163–70. https://doi.org/10.1136/thoraxjnl-2012-202374

PMID: 23220867

15. Dublin S, Walker RL, Jackson ML, Nelson JC, Weiss NS, Von Korff M, et al. Use of opioids or benzo-

diazepines and risk of pneumonia in older adults: a population-based case-control study. J Am

Geriatr Soc. 2011; 59(10):1899–907. https://doi.org/10.1111/j.1532-5415.2011.03586.x PMID:

22091503

16. James MT, Quan H, Tonelli M, Manns BJ, Faris P, Laupland KB, et al. CKD and risk of hospitalization

and death with pneumonia. Am J Kidney Dis. 2009; 54(1):24–32. https://doi.org/10.1053/j.ajkd.2009.

04.005 PMID: 19447535

17. Cohen SD, Patel SS, Khetpal P, Peterson RA, Kimmel PL. Pain, sleep disturbance, and quality of life in

patients with chronic kidney disease. Clin J Am Soc Nephrol. 2007; 2(5):919–25. https://doi.org/10.

2215/CJN.00820207 PMID: 17702733

18. Lee YJ, Kim MS, Cho S, Kim SR. Association of depression and anxiety with reduced quality of life in

patients with predialysis chronic kidney disease. Int J Clin Pract. 2013; 67(4):363–8. https://doi.org/10.

1111/ijcp.12020 PMID: 23521328

19. Viasus D, Garcia-Vidal C, Cruzado JM, Adamuz J, Verdaguer R, Manresa F, et al. Epidemiology, clini-

cal features and outcomes of pneumonia in patients with chronic kidney disease. Nephrol Dial Trans-

plant. 2011; 26(9):2899–906. https://doi.org/10.1093/ndt/gfq798 PMID: 21273232

20. Sedgwick P. Nested case-control studies: advantages and disadvantages. BMJ. 2014; 348:g1532.

21. Taiwan National Health Insurance Research Database, Introduction to the National Health Insurance

Research Database. http://nhird.nhri.org.tw/date_01.html. Accessed July 1, 2016.

22. Tseng CH. Mortality and causes of death in a national sample of diabetic patients in Taiwan. Diabetes

Care. 2004; 27(7):1605–9. PMID: 15220235

23. Wu CS, Lai MS, Gau SS, Wang SC, Tsai HJ. Concordance between patient self-reports and claims

data on clinical diagnoses, medication use, and health system utilization in Taiwan. PLoS One. 2014; 9

(12):e112257. https://doi.org/10.1371/journal.pone.0112257 PMID: 25464005

24. Kuo CJ, Yang SY, Liao YT, Chen WJ, Lee WC, Shau WY, et al. Second-generation antipsychotic medi-

cations and risk of pneumonia in schizophrenia. Schizophr Bull. 2013; 39(3):648–57. https://doi.org/10.

1093/schbul/sbr202 PMID: 22282455

25. Wang WJ, Chao CT, Huang YC, Wang CY, Chang CH, Huang TM, et al. The impact of acute kidney

injury with temporary dialysis on the risk of fracture. J Bone Miner Res. 2014; 29(3):676–84. https://doi.

org/10.1002/jbmr.2061 PMID: 23929760

26. Wu VC, Wu CH, Huang TM, Wang CY, Lai CF, Shiao CC, et al. Long-term risk of coronary events after

AKI. J Am Soc Nephrol. 2014; 25(3):595–605. https://doi.org/10.1681/ASN.2013060610 PMID:

24503241

27. National health Insurance Administration, Ministry of Health and Welfare. Enrollment Statues Alteration

and Termination File. http://www.nhi.gov.tw/webdata/webdata.aspx?menu=19&menu_id=

705&webdata_id=3466. Accessed July 1, 2016.

28. Jackson ML, Neuzil KM, Thompson WW, Shay DK, Yu O, Hanson CA, et al. The burden of community-

acquired pneumonia in seniors results of a population-based study. Clin Infect Dis. 2004; 39(11):1642–

50. https://doi.org/10.1086/425615 PMID: 15578365

29. Cheng CL, Chien HC, Lee CH, Lin SJ, Yang YH. Validity of in-hospital mortality data among patients

with acute myocardial infarction or stroke in National Health Insurance Research Database in Taiwan.

Int J Cardiol. 2015; 201:96–101. https://doi.org/10.1016/j.ijcard.2015.07.075 PMID: 26292275

30. WHO Collaborating Centre for Drug Statistics Methodology, Guidelines for ATC classification and DDD

assignment 2015.

Pneumonia from benzodiazepines/Z-drugs

PLOS ONE | https://doi.org/10.1371/journal.pone.0179472 July 10, 2017 15 / 16

https://doi.org/10.1002/gps.4310
http://www.ncbi.nlm.nih.gov/pubmed/26042655
http://www.ncbi.nlm.nih.gov/pubmed/10065680
https://doi.org/10.1183/09031936.00095807
https://doi.org/10.1183/09031936.00095807
http://www.ncbi.nlm.nih.gov/pubmed/18216057
https://doi.org/10.1136/thoraxjnl-2012-202374
http://www.ncbi.nlm.nih.gov/pubmed/23220867
https://doi.org/10.1111/j.1532-5415.2011.03586.x
http://www.ncbi.nlm.nih.gov/pubmed/22091503
https://doi.org/10.1053/j.ajkd.2009.04.005
https://doi.org/10.1053/j.ajkd.2009.04.005
http://www.ncbi.nlm.nih.gov/pubmed/19447535
https://doi.org/10.2215/CJN.00820207
https://doi.org/10.2215/CJN.00820207
http://www.ncbi.nlm.nih.gov/pubmed/17702733
https://doi.org/10.1111/ijcp.12020
https://doi.org/10.1111/ijcp.12020
http://www.ncbi.nlm.nih.gov/pubmed/23521328
https://doi.org/10.1093/ndt/gfq798
http://www.ncbi.nlm.nih.gov/pubmed/21273232
http://nhird.nhri.org.tw/date_01.html
http://www.ncbi.nlm.nih.gov/pubmed/15220235
https://doi.org/10.1371/journal.pone.0112257
http://www.ncbi.nlm.nih.gov/pubmed/25464005
https://doi.org/10.1093/schbul/sbr202
https://doi.org/10.1093/schbul/sbr202
http://www.ncbi.nlm.nih.gov/pubmed/22282455
https://doi.org/10.1002/jbmr.2061
https://doi.org/10.1002/jbmr.2061
http://www.ncbi.nlm.nih.gov/pubmed/23929760
https://doi.org/10.1681/ASN.2013060610
http://www.ncbi.nlm.nih.gov/pubmed/24503241
http://www.nhi.gov.tw/webdata/webdata.aspx?menu=19&menu_id=705&webdata_id=3466
http://www.nhi.gov.tw/webdata/webdata.aspx?menu=19&menu_id=705&webdata_id=3466
https://doi.org/10.1086/425615
http://www.ncbi.nlm.nih.gov/pubmed/15578365
https://doi.org/10.1016/j.ijcard.2015.07.075
http://www.ncbi.nlm.nih.gov/pubmed/26292275
https://doi.org/10.1371/journal.pone.0179472


31. Nose M, Recla E, Trifiro G, Barbui C. Antipsychotic drug exposure and risk of pneumonia: a systematic

review and meta-analysis of observational studies. Pharmacoepidemiol Drug Saf. 2015; 24(8):812–20.

https://doi.org/10.1002/pds.3804 PMID: 26017021

32. Stein MB, Sareen J. CLINICAL PRACTICE. Generalized Anxiety Disorder. N Engl J Med. 2015; 373

(21):2059–68. https://doi.org/10.1056/NEJMcp1502514 PMID: 26580998

33. Winkelman JW. CLINICAL PRACTICE. Insomnia Disorder. N Engl J Med. 2015; 373(15):1437–44.

https://doi.org/10.1056/NEJMcp1412740 PMID: 26444730

34. Bjerre LM, LeLorier J. Expressing the magnitude of adverse effects in case-control studies: "the number

of patients needed to be treated for one additional patient to be harmed". BMJ. 2000; 320(7233):503–6.

PMID: 10678870

35. Huemer HP, Lassnig C, Nowotny N, Irschick EU, Kitchen M, Pavlic M. Diazepam leads to enhanced

severity of orthopoxvirus infection and immune suppression. Vaccine. 2010; 28(38):6152–8. https://doi.

org/10.1016/j.vaccine.2010.07.032 PMID: 20659521

36. Leppik IE, Derivan AT, Homan RW, Walker J, Ramsay RE, Patrick B. Double-blind study of lorazepam

and diazepam in status epilepticus. JAMA. 1983; 249:1452–4. PMID: 6131148

37. Morisaki H. Inhibition of neutrophil function by solvent of injectable sedatives—effects of propylene gly-

col, ethanol and benzyl alcohol. Masui. 1989; 38(12):1588–96. PMID: 2614886

38. Aronsky D, Haug PJ, Lagor C, Dean NC. Accuracy of administrative data for identifying patients with

pneumonia. Am J Med Qual. 2005; 20(6):319–28. https://doi.org/10.1177/1062860605280358 PMID:

16280395

39. Ferrarese C, Appollonio I, Bianchi G, Frigo M, Marzorati C, Pecora N, et al. Benzodiazepine receptors

and diazepam binding inhibitor A possible link between stress anxiety and the immune system. Psycho-

neuroendocrinology. 1993; 18(1):3–22. PMID: 8386386

40. Wheeler DW, Thompson AJ, Corletto F, Reckless J, Loke JC, Lapaque N, et al. Anaesthetic impairment

of immune function is mediated via GABA(A) receptors. PLoS One. 2011; 6(2):e17152. https://doi.org/

10.1371/journal.pone.0017152 PMID: 21390329

41. Massoco C, Palermo-Neto J. Effects of midazolam on equine innate immune response: a flow cyto-

metric study. Vet Immunol Immunopathol. 2003; 95(1–2):11–9. PMID: 12969632

42. Zavala F, Taupin V, Descamps-Latscha B. In vivo treatment with benzodiazepines inhibits murine

phagocyte oxidative metabolism and production of interleukin 1, tumor necrosis factor and interleukin-6.

J Pharmacol Exp Ther. 1990; 255(2):442–50. PMID: 1978727

43. Finnerty M, Marczynski TJ, Amirault HJ, Urbancic M, Andersen BR. Benzodiazepines inhibit neutrophil

chemotaxis and superoxide production in a stimulus dependent manner; PK-11195 antagonizes these

effects. Immunopharmacology. 1991; 22(3):185–193. PMID: 1663497

44. Galley HF, Dubbels AM, Webster NR. The effect of midazolam and propofol on interleukin-8 from

human polymorphonuclear leukocytes. Anesth Analg. 1998; 86(6):1289–93. PMID: 9620522

45. Laghi Pasini F, Ceccatelli L, Capecchi PL, Orrico A, Pasqui AL, Di Perri T. Benzodiazepines inhibit in

vitro free radical formation from human neutrophils induced by FMLP and A23187. Immunopharmacol

Immunotoxicol. 1987; 9(1):101–14. https://doi.org/10.3109/08923978709035204 PMID: 2836493

Pneumonia from benzodiazepines/Z-drugs

PLOS ONE | https://doi.org/10.1371/journal.pone.0179472 July 10, 2017 16 / 16

https://doi.org/10.1002/pds.3804
http://www.ncbi.nlm.nih.gov/pubmed/26017021
https://doi.org/10.1056/NEJMcp1502514
http://www.ncbi.nlm.nih.gov/pubmed/26580998
https://doi.org/10.1056/NEJMcp1412740
http://www.ncbi.nlm.nih.gov/pubmed/26444730
http://www.ncbi.nlm.nih.gov/pubmed/10678870
https://doi.org/10.1016/j.vaccine.2010.07.032
https://doi.org/10.1016/j.vaccine.2010.07.032
http://www.ncbi.nlm.nih.gov/pubmed/20659521
http://www.ncbi.nlm.nih.gov/pubmed/6131148
http://www.ncbi.nlm.nih.gov/pubmed/2614886
https://doi.org/10.1177/1062860605280358
http://www.ncbi.nlm.nih.gov/pubmed/16280395
http://www.ncbi.nlm.nih.gov/pubmed/8386386
https://doi.org/10.1371/journal.pone.0017152
https://doi.org/10.1371/journal.pone.0017152
http://www.ncbi.nlm.nih.gov/pubmed/21390329
http://www.ncbi.nlm.nih.gov/pubmed/12969632
http://www.ncbi.nlm.nih.gov/pubmed/1978727
http://www.ncbi.nlm.nih.gov/pubmed/1663497
http://www.ncbi.nlm.nih.gov/pubmed/9620522
https://doi.org/10.3109/08923978709035204
http://www.ncbi.nlm.nih.gov/pubmed/2836493
https://doi.org/10.1371/journal.pone.0179472

