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Abstract

Objectives

To estimate tobacco use prevalence in healthcare workers (HCW) by country income

level, occupation and sex, and compare the estimates with the prevalence in the general

population.

Methods

We systematically searched five databases; Medline, EMBASE, CINHAL Plus, CAB

Abstracts, and LILACS for original studies published between 2000 and March 2016

without language restriction. All primary studies that reported tobacco use in any category

of HCW were included. Study extraction and quality assessment were conducted indepen-

dently by three reviewers, using a standardised data extraction and quality appraisal form.

We performed random effect meta-analyses to obtain prevalence estimates by World

Bank (WB) country income level, sex, and occupation. Data on prevalence of tobacco use in

the general population were obtained from the World Health Organisation (WHO) Global

Health Observatory website. The review protocol registration number on PROSPERO is

CRD42016041231.

Results

229 studies met our inclusion criteria, representing 457,415 HCW and 63 countries: 29 high-

income countries (HIC), 21 upper-middle-income countries (UMIC), and 13 lower-middle-

and-low-income countries (LMLIC). The overall pooled prevalence of tobacco use in HCW

was 21%, 31% in males and 17% in females. Highest estimates were in male doctors in

UMIC and LMLIC, 35% and 45%, and female nurses in HIC and UMIC, 21% and 25%. Het-

erogeneity was high (I2 > 90%). Country level comparison suggest that in HIC male HCW

tend to have lower prevalence compared with males in the general population while in
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females the estimates were similar. Male and female HCW in UMIC and LMLIC tend to have

similar or higher prevalence rates relative to their counterparts in the general population.

Conclusions

HCW continue to use tobacco at high rates. Tackling HCW tobacco use requires urgent

action as they are at the front line for tackling tobacco use in their patients.

Introduction

As health experts and promoters, healthcare workers (HCW) have an important role to play in

curbing the global tobacco epidemic [1]. HCW are well placed to promote smoking cessation

and treat tobacco dependence in their patients, following evidence-based tobacco cessation

guidelines [2,3]. The WHO Framework Convention on Tobacco Control (FCTC) Article 14

specifically stress the importance of HCW being role models and setting an example by not

using tobacco [4]. Currently the prevalence of tobacco use in HCW worldwide is unknown.

Previous reviews of the literature reported historical declines in prevalence of smoking

among physicians starting in the 50s and 60s in the US, Australia and New Zealand [5–7], and

there is some evidence that prevalence is decreasing in nurses in the US and New Zealand [8–

10]. A wider international review of tobacco use in the medical porfession found large varia-

tion in smoking prevalence in the late 90s, with rates of below 5% in the US and UK physicians,

and above 30% in France, Italy, China [11]. A multi-country review of European GPs’ involve-

ment with provision of smoking cessation reported smoking rates of above 40% among GPs in

Buylgaria, Greece andSlovakia in the early 2000s [12]. A recent international review of nurse-

s’attitudes to smoking and smoking cessation (2015) found female nurses’smoking rates to

range from as low as 2% in China to as high as 25.8% in Northern Ireland, and above 30% in

Italy, Serbia and Spain [13]. Another international review of physicians’ tobacco use and

smoking cessation practices between 1987–2010, reported regional variation in smoking, with

rates of 37% in Central and Eastern Europe, 29% in Africa, 25% in Central and South America,

and 17.5% in Asia [14].

Tobacco use data on other healthcare professionals were generally lacking and there were

no recent estimates of prevalence of tobacco use in HCW across occupation and country level.

We aimed, therefore, to systematically review literature published since 2000 that report

tobacco use in any HCW population in any country, and provide estimates by country income

level, sex, and occupation. The second aim was to compare smoking prevalence in HCW to

the prevalence in the general population at country level.

Methods

Search strategy and selection criteria

We conducted a systematic review and meta-analysis following PRISMA and GATHER guide-

lines [15,16]. All primary studies from any country and in any language that reported tobacco

use in health care populations directly involved in the delivery of health care services to

patients (physicians, nurses, dentists, pharmacists, and allied health workers) were eligible for

inclusion in the review. First, we searched five electronic databases (MEDLINE, EMBASE,

CINHAL Plus, CAB Abstracts, and LILACS) and the WHO Global Health Observatory data

repository. A search strategy was developed for each database with a combination of free text
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and controlled vocabulary (MeSH terms). Search terms included ‘physician’, ‘general practi-

tioner’, ‘medical doctor’, ‘nurse’, ‘pharmacist’, ‘dentist’, combined with terms for tobacco use

and tobacco, such as ‘smoking’, ‘tobacco’, ‘cigar�, ‘shisha’, ‘water pipe’, ‘smokeless tobacco’,

adapted for each database. An example of the search strategy used for MEDLINE is available

in S2 Appendix. Second, reference lists of publications retrieved in the first step and relevant

review papers were screened for relevant studies. The latest search was run on 14 March 2016.

Title and abstract screening were performed by two researchers (KN, TM) independently and

any conflicts resolved by discussion. If agreement were not reached, a third reviewer was con-

sulted (RM); duplicates and records that did not meet eligibility criteria were excluded at this

stage. The full text of potentially eligible abstracts was retrieved, and those that could not be

accessed or translated were excluded. Conference abstracts that contained relevant data were

included.

Study selection, data extraction and quality assessment

Three researchers (KN, RM, TM) assessed study quality and extracted relevant data indepen-

dently in pairs, using a standardised data extraction and quality assessment criteria form. Stud-

ies were assessed against nine criteria, worth one point each, equally weighted and included

selection and representativeness of the study participants, response rate, reporting and mea-

suring tobacco use, research finding and conflict of interest. Data and study scores were

reviewed and disagreements resolved by discussion.

We extracted data on number of participants in the study, sex, occupation, and prevalence

of tobacco use. We used current, former and never smoker categories; occasional users were

allocated to the current smoker category. We used the terms ‘tobacco use’ to cover any

tobacco use (cigarettes, water pipe, smokeless tobacco). Studies that reported combined

prevalence for more than one occupational category, or unspecified HCW or mixed hospital

personnel, were assigned to a ‘mixed’ category. Studies including healthcare professionals

who were not medical doctors, dentists, nurses or pharmacists were assigned to an ‘allied’

category. Studies with prevalence data for two or more defined HCW categories, year or

country, were extracted multiple times. When there were multiple studies with prevalence

data from the same cohort, we included only one study per cohort, selected on the basis of

the study sample size and its overall quality. For studies that did not specify the sample size

we used the median sample size calculated from all studies (n = 375). Where studies did not

specify the year of data collection, we assigned the year before the study was published as the

year of data collection. Full text studies that contained prevalence data prior to 2000 were

excluded from the meta-analyses.

Data analysis

We grouped the studies by country income level according to the WB income classification for

July 2016 fiscal year: high-income countries (HIC), upper-middle income countries (UMIC),

lower middle-income countries (LMIC) and low-income counties (LIC). Due to a low number

of studies from LMIC and LIC we combined them under lower middle-income and low-

income countries (LMLIC) category. We conducted random effect meta-analyses to obtain

pooled prevalence estimates by WB income level with 95% Confidence Interval (CI). Hetero-

geneity between studies was assessed using the I2 statistic. We performed subgroup analyses by

HCW occupation and sex, and sensitivity analyses by quality score (grouping studies below

and above the mean score) and year of data collection, to explore the effects of heterogeneity.

All analyses were conducted in Stata 14.
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In the second step of the analyses, we estimated the mean prevalence in male and female

HCW by country. WHO Global Health Observatory tobacco use prevalence data in adult

males and females for 2015 were used to for country level comparison.

Results

Study selection

We identified 12662 records, 229 of which met our inclusion criteria [17–245]. 55 of the

selected studies contained prevalence data on more than one HCW category or year, hence

the total number of data records included in the meta-analyses was 296 (171 from 29 HIC,

92 from 21 UMIC and 33 from 13 LMLIC) with prevalence data on 457,415 HCW collected

between 2000 and 2014 (Fig 1).

HCW occupation categories included in studies were medical doctors (n = 122), nurses

(n = 65), allied (n = 16), dental (n = 14), pharmacy (n = 8), and mixed (n = 71). Most studies

reported cigarette smoking (n = 235), three studies reported water pipe smoking [72,117,118]

and three smokeless tobacco [42,96,228].

Study sample sizes ranged from 32 to 102,635, with a median sample size of 375. The mean

quality score was 4.2 (SD 1.6) out of a possible maximum of 9; quality scores ranged from one

to eight and were on average highest in HIC (4.4, SD 1.8) and lowest in UMIC (3.78, SD 1.40).

Overall, most studies had a clearly defined study population (87%), stated the study period

(77%) and used anonymous survey methods (69%); however, the majority of studies lost points

on quality criteria assessing participant selection (only 32% had a representative sample and

40% used a random sampling approach), participant response rate (only 36% had a response

rate of 70% or above), and quality of tobacco use data (only 38% clearly defined and measured

tobacco use) (S3 Appendix) The studies main characteristics, quality score and reported preva-

lence of tobacco use are summarised in Tables A—C in S4 Appendix.

Prevalence of tobacco use in HCW by country income level

We estimated the pooled prevalence of tobacco use among HCW by grouping studies by WB

country income level. The overall pooled prevalence was 21% (95% CI 20–23) and varied by

WB income level (p = 0�01). The highest pooled prevalence was in UMIC at 25% (95% CI 22–

28) and lowest in LMLIC at 19% (95% CI 15–23) (Table 1).

Prevalence of tobacco use in HCW by country income level and year of data

collection

We estimated the pooled prevalence of tobacco use among HCW by grouping studies by coun-

try income level and year of data collection (Figures A-E in S6 Appendix). Overall, the esti-

mates suggest some decreases in prevalence in HIC and UMIC, while there was no significant

change in prevalence in LMLIC. The overall prevalence for 2011–2015 did not vary signifi-

cantly by country income level (p = 0�94) (Table 2).

Prevalence of tobacco use in HCW by sex

We estimated prevalence by sex from 78 studies that reported tobacco use in male HCW

and 97 in female HCW (Figures F and G in S6 Appendix). The pooled prevalence was almost

twice as high in males than females 31% (95% CI 28–34) vs 17% (95% CI 15–18) and varied by

income level (Table 3). Male HCW in UMIC and LMLIC had a higher prevalence compared

with their counterparts in HIC, 37% (95% CI 34–40) and 37% (95% CI 21–53) vs 24% (95%

CI 21–27) (p<0�01). The pooled prevalence in female HCW was higher in HIC and UMIC
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compared with their counterparts in LMLIC, 19% (95% CI 16–21) and 18% (95% CI 15–20)

respectively vs 4% (95% CI 2–6) (p<0�01).

Prevalence of tobacco use in HCW by occupation

We estimated prevalence by occupation and country income level for medical doctors, nurses,

dental, pharmacy, allied, and mixed HCW (Figures H–O in S6 Appendix). Overall, nurses and

mixed hospital personnel had the highest pooled prevalence at 24% (95% CI 22–26) and 24%

Fig 1. Study selection.

https://doi.org/10.1371/journal.pone.0220168.g001
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(95% CI 21–28) respectively, while pharmacy HCW had the lowest at 14% (95% CI 8–20).

Country income level differences in prevalence were statistically significant in medical, nurs-

ing, dental and pharmacy HCW, with the highest estimates in UMIC (p<0�01) (Table 4).

Prevalence of tobacco use in medical doctors and nurses by sex and country

income level

We estimated prevalence of tobacco use by sex for the two occupational categories for which

most data were available—medical doctors and nurses (Figures P–S in S6 Appendix). Overall,

male medical doctors had a higher pooled prevalence than their female counterparts, 29%

(95% CI 25–32) vs. 12% (95% CI 10–13) (Table 5). Male doctors in UMIC and LMLIC had

higher estimates compared with their counterparts in HIC, at 35% (95% CI 32–39) and 45%

(95% CI 26–64) respectively vs 19% (95% CI 15–22), and the difference was statistically signifi-

cant (p<0�01). In female doctors prevalence estimates did not vary by income level (p = 0�82).

Table 1. Pooled prevalence of tobacco use in HCW by WB country income level.

Year of data collection (2000–2014) Countries by income level P-value for difference across income level

All HIC UMIC LMLIC

Pooled prevalence, % (95% CI) 21 (20–23) 20 (18–21) 25 (22–28) 19 (15–23) 0�01

Studies (n) 296 171 92 33

Countries (n) 67 33 21 13

I2% 99�5 99�6 99�2 97�1 99�5

HCW = healthcare workers; WB = World Bank; HIC = high income countries; UMIC = upper middle income countries LMLIC = lower middle and low income

countries.

https://doi.org/10.1371/journal.pone.0220168.t001

Table 2. Pooled prevalence of tobacco use in HCW by country income level and year of data collection.

Years of data collection Countries by income level P-value for difference across income level

All HIC UMIC LMLIC

2000–2005

Pooled prevalence, % (95% CI) 23 (21–25) 22 (20–24) 27 (22–32) 14 (8–20) 0�01

Studies (n) 120 82 31 7

Countries (n) 40 22 12 6

I2% 99�6 99�7 99�2 95�9

2006–2010

Pooled prevalence, % (95% CI) 22 (20–24) 17 (15–19) 27 (22–31) 22 (16–29) <0�01

Studies (n) 104 50 39 15

Countries (n) 38 16 15 7

I2% 99�3 98�9 99�2 97�7

2011–2015

Pooled prevalence, % (95% CI) 18 (16–21) 19 (15–22) 19 (14–23) 18 (12–23) 0�94

Studies (n) 72 39 22 11

Countries (n) 33 19 8 6

I2% 99�3 99�5 97�8 95�8

P- value for difference across years 0�04 0�01 0�01 0.22 0�94

I2% 99�5 99�6 99�2 97�1

HCW = healthcare workers; WB = World Bank; HIC = high income countries; UMIC = upper middle income countries LMLIC = lower middle and low income

countries.

https://doi.org/10.1371/journal.pone.0220168.t002
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Similar to doctors, male nurses had a higher pooled prevalence than female nurses, 28%

(95% CI 18–37) vs. 18% (95% CI 14–22) and varied by income level (p<0�01) and were signifi-

cantly higher in male nurses in UMIC and LMLIC (based on 1 study each), at 47% (95% CI

37–57) and 0% (95% CI 0–66) compared with their counterparts in HIC (p<0�01). In female

nurses the prevalence was significantly higher in UMIC and HIC at 24% (95% CI 18–30) and

21% (95% CI 16–25) respectively compared with their counterparts in LMLIC, at 7% (95% CI

3–13) (based on one study) (p<0�01).

Overall, female nurses seemed to have higher prevalence estimates compared with female

medical doctors (18% vs 12%). This was observed in female nurses in HIC and UMIC (21% vs

12% and 24% vs 13% respectively), while in LMLIC the pattern was reversed (7% vs 10%).

Male nurses in HIC and UMIC also seemed to have higher prevalence estimates than male

doctors (29% vs 19% and 47% vs 35% respectively). In LMLIC prevalence estimates were

higher in male doctors than male nurses (45% vs 0% respectively), although only one study

reported data on male nurses in this group.

Country level comparison of prevalence of tobacco use in HCW and the

general population

Male HCW compared with males in the general population in HIC. In most HIC, the

mean prevalence in male HCW tend to be lower compared with their counterparts in the gen-

eral population (between two and 22.5 percentage points) (Table A in S5 Appendix). The

exceptions were Australia, Italy and Uruguay, where the prevalence was higher in HCW. The

lowest prevalence (<5%) was in the US and Ireland, and the highest (> 30%) in Greece, Croa-

tia, Italy and Uruguay. A number of countries (Czech Republic, Denmark, Finland, Germany,

Korea, Saudi Arabia, and the UK) were lacking prevalence data on HCW.

Male HCW compared with males in the general population in UMIC. The mean preva-

lence in male HCW in UMIC was above 20%. In Russia, China, Bosnia and Herzegovina, the

prevalence in HCW was lower compared with males in the general population (between 0.1

and 26 percentage points), and in Mexico, Turkey, Brazil, Iran, Ecuador the prevalence was

higher in HCW (between 2.9 and 21 percentage points). The lowest prevalence (<30%) was in

Argentina, Brazil and Mexico and the highest (>40%) in Turkey. Countries lacking prevalence

data on male HCW included Colombia, Cuba, Dominican Republic, Jamaica, Jordan, Malay-

sia, Peru, Romania, Serbia, South Africa, Venezuela.

Table 3. Pooled prevalence of tobacco use in HCW by WB country income level and sex.

Countries by income level All HIC UMIC LMLIC P-value for difference across income level

Male HCW

Pooled prevalence, % (95% CI) 31 (28–34) 24 (21–27) 37 (34–40) 37 (21–53) <0�01

Studies (n) 78 40 27 11

Countries (n) 36 21 10 5

I2% 99�4 99 99�1 98�7

Female HCW

Pooled prevalence, % (95% CI) 17 (15–18) 19 (16–21) 18 (15–20) 4 (2–6) <0�01

Studies (n) 97 47 38 12

Countries (n) 46 25 15 6

I2% 94�3 99�7 99�2 92�5

HCW = healthcare workers; WB = World Bank; HIC = high income countries; UMIC = upper middle income countries LMLIC = lower middle and low income

countries.

https://doi.org/10.1371/journal.pone.0220168.t003
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Male HCW compared with males in the general population in LMLIC. In LMLIC,

except Pakistan, the mean prevalence in male HCW was lower than in males in the general

population (between 13 and 54 percentage points). The lowest prevalence (<10%) was in

India and the highest (>50%) in Pakistan. Countries with prevalence higher than 20% in

HCW included Indonesia and Nepal, higher than 30% Armenia and Syria, and above> 50%

Pakistan and Tunisia.

Female HCW compared with females in the general population in HIC. In a number of

HIC the mean prevalence in female HCW was lower (between 0.7 and 15 percentage points)

compared with their counterparts in the general population while in another groups of coun-

tries the prevalence was higher in HCW (between 1 and 19 percentage points) (Table B in S5

Appendix). The lowest prevalence was in Korea, Oman and Qatar, less than 5%. HCW preva-

lence was higher than 20% in Chile, Czech Republic, Denmark, France, Italy, higher than 30%

Table 4. Pooled prevalence of tobacco use in HCW by WB country income level and occupation.

HCW occupation Countries by income level P-value for difference across income level

All HIC UMIC LMLIC

Medical

Pooled prevalence, % (95% CI) 20 (19–22) 16 (14–18) 25 (22–28) 21 (16–26) <0�01

Studies (n) 122 62 44 16

Countries (n) 48 23 15 10

I2% 99�1 99.1 97�7 97�2

Nursing

Pooled prevalence, % (95% CI) 24 (22–26) 24 (21–26) 27 (17–37) 7 (4–13) <0�01

Studies (n) 65 49 15 1

Countries (n) 32 21 10 1

I2% 99�7 99�7 99�4 -

Dental

Pooled prevalence, % (95% CI) 18 (12–23) 19 (8–29) 21 (12–30) 8 (6–10) <0�01

Studies (n) 14 7 5 2

Countries (n) 10 5 4 1

I2% 97�1 97�9 96�3 -

Pharmacy

Pooled prevalence, % (95% CI) 14 (8–20) 11 (5–17) 39 (29–49) - <0�01

Studies (n) 8 7 1 -

Countries (n) 5 4 1 -

I2% 97.2 97�2 - -

Allied

Pooled prevalence, % (95% CI) 15 (11–20) 14 (9–19) 17 (13–20) 19 (3–35) 0�65

Studies (n) 16 11 2 3

Countries (n) 10 6 2 2

I2% 97�4 97�9 0 0

Mixed

Pooled prevalence, % (95% CI) 24 (21–28) 26 (21–31) 25 (19–31) 19 (13–26) 0�32

Studies (n) 71 35 25 11

Countries (n) 32 15 11 6

I2% 99�5 99�8 98�5 97�8

HCW = healthcare workers; WB = World Bank; HIC = high income countries; UMIC = upper middle income countries LMLIC = lower middle and low income

countries.

https://doi.org/10.1371/journal.pone.0220168.t004
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in Croatia, Spain, Uruguay, and above 40% in Greece. Countries with no prevalence data on

female HCW included Germany, Bahrain, Finland, Saudi Arabia and the UK.

Female HCW compared with females in the general population in UMIC. In the

majority of UMIC (except for Jamaica and Lebanon), the mean prevalence in female HCW

was higher than in females in the general population. The lowest prevalence was in Iran and

Jamaica, less than 5%. The prevalence in HCW was higher than 20% in Ecuador, Jordan and

Turkey, higher than 30% in Cuba and Argentina, and above 40% in Bosnia and Herzegovina.

Female HCW compared with females in the general population in LMLIC. Female

prevalence data on female HCW from LMLIC were limited. HCW in Armenia and Pakistan

had a higher prevalence than female in the general population, by 13 and 7 percentage points,

while female HCW in India, Indonesia and Nepal had a lower prevalence. The lowest preva-

lence was in Indonesia, Nepal and Syria (<5%) and highest in Armenia and Pakistan (<15%).

Discussion

This study estimated that between 2000 and 2014 21% of HCW were tobacco users, and there

was significant variation in prevalence by sex, occupation and country income level. The

income differences in prevalence between countries were present in almost all occupations but

were most pronounced in male doctors and female nurses. Male medical doctors in UMIC and

LMLIC and female nurses in HIC and UMIC had the highest prevalence estimates. Male and

female nurses in HIC and UMIC had higher estimates than their medical doctor counterparts,

which suggests socioeconomic differences at play in addition to sex and income differences.

Table 5. Pooled prevalence of tobacco use in medical doctors and nurses by WB country income level and sex.

HCW occupation Countries by income level P-value for difference across income level

All HIC UMIC LMLIC

Medical doctors (males)

Pooled prevalence, % (95% CI) 29 (25–32) 19 (15–22) 35 (32–39) 45 (26–64) <0�01

Studies (n) 45 21 20 4

Countries (n) 28 16 9 3

I2% 99�5 99.4 92�1 95�1

Medical doctors (females)

Pooled prevalence, % (95% CI) 12 (10–13) 12 (9–14) 13 (11–16) 10 (1–20) <0�82

Studies (n) 43 20 19 4

Countries (n) 27 15 9 3

I2% 98�6 98�3 99�1 91�2

Nurses (males)

Pooled prevalence, % (95% CI) 28 (18–37) 29 (26–32) 47 (37–57) 0 (0–66) <0�01

Studies (n) 10 8 1 1

Countries (n) 6 4 1 1

I2% 94�3 25�1 - -

Nurses (females)

Pooled prevalence, % (95% CI) 22 (18–25) 21 (16–25) 24 (18–30) 7 (3–13) <0�01

Studies (n) 30 16 13 1

Countries (n) 22 11 10 1

I2% 99.9 99�9 99 -

HCW = healthcare workers; WB = World Bank; HIC = high income countries; UMIC = upper middle income countries LMLIC = lower middle and low income

countries.

https://doi.org/10.1371/journal.pone.0220168.t005
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Compared with the smoking prevalence rates in the general population of their countries,

male HCW in high income countries tend to have lower prevalence rates while male and

female HCW in middle and low income countries tend to have similar or higher prevalence

rates relative to their counterparts in the general population.

To our knowledge, this is the first systematic review that attempts to provide estimates of

the prevalence of tobacco use worldwide across a variety of different HCW. The high preva-

lence in male medical doctors in UMIC and LMLIC compared with HIC confirms the find-

ings of previous reviews [11,14]. The sex and income differences in tobacco use among

HCW appear to reflect the global pattern of the tobacco epidemic in the general population,

which is spreading from high income to low and middle income countries, and is beginning

and declining earlier in males than females [246,247]. Overall, the highest prevalence and

the largest sex differences in prevalence were observed in middle and low income countries,

which are at earlier stages of the tobacco epidemic. By contrast, both male and female medi-

cal doctors in HIC, most of which are at the later stages of the epidemic, have the lowest

prevalence.

While female nurses had a higher prevalence compared to female doctors in HIC and

UMIC, the opposite pattern was found in middle and low income countries where female

doctors had a higher prevalence compared to female nurses. A positive association between

tobacco use and a higher socioeconomic status was found previously among professional

women in LMLIC [248,249]. Tobacco industry’s targeting of women in LMICs who have

lower rates of smoking than men particularly in Asia, Sub-Saharan Africa and the Middle East,

is similar to the industry’s targeting of women in HIC in the 1920s, linking smoking to wom-

en’s social and economic freedoms [250].

High prevalence of smoking among hospital personnel suggests high levels of second-hand

smoke exposure in hospitals. Smoking among hospital healthcare workers is a major barrier to

implementation of smokefree policy in hospitals. Some hospital studies also reported non-

compliance with smoking restrictions on hospital premises [25,181] and smoking in front of

patients [25,196]. Second-hand smoke is a health risk and there are no safe levels of exposure

[251]. Smokefree workplace can encourage smokers to quit [252]. Although the majority of

hospital personnel who smoked wanted to quit, there was little knowledge or cessation support

available [85,99,121,192].

Country level comparisons showed that male HCW in HIC were the only group that had a

lower prevalence compared with their counterparts in the general population, while in the

middle and low income countries prevalence rates in both male and female HCW were similar

or higher compared with their counterparts in the general population. Male doctors and

female nurses in middle income countries appear to have some of the highest prevalence rates.

Despite some limitations of data (WHO prevalence data were more recent than HCW

data), these finding seems to confirm the hypothesis that similarly to high income countries,

the smoking epidemic in low and middle income countries starts in more affluent socioeco-

nomic groups, e.g. health professionals, before it spreads to the rest of the population, and

begins to decline in males before females in the later stages of the epidemic.

These findings offer cause for concern as many middle and low income countries have

fewer tobacco control measures in place [253] and inadequate provision of cessation support

[254] There have already been increases in smoking prevalence in males in the general popula-

tion in some of these countries [253,255], and any further increases are likely to be observed in

HCW populations as well.

Despite an increasing number of countries introducing tobacco control legislation as part

of the WHO FCTC, progress in implementation of tobacco control measures has been slow

particularly in low and middle income countries [254,256], with an overall decrease in
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smoking prevalence in the general population globally of 1.1 percentage point between 2010

and 2015 [253]. Offering support to HCW to stop using tobacco is a key recommendation of

the FCTC Article 14 guidelines, however according to a recent survey of 142 countries, only

44% of countries offer help to HCW to stop using tobacco [254].

A number of limitations need to be considered. We excluded 51 potentially eligible studies

because we were unable to access the full text or translate them. Studies were not evenly dis-

tributed across income groups or occupation. More than half of all studies were from HIC,

compared to just 12% from LMLIC. Over half of occupations represented were medical doc-

tors, whereas dentists, pharmacists and allied HCW were represented in less than 10% of

studies. Further, the majority of studies were of poor quality due to small sample sizes, low

response rates and tobacco use being not clearly defined and measured. Despite the large num-

ber of studies included in the review, only 33% of studies had nationally representative sam-

ples; mainly due to studies reporting on data collected in just one hospital. There are relatively

few recent studies, the most recent reporting prevalence data from 2014, and in a number of

categories there were a lack of data reported. There was a high heterogeneity (above 90%) in

almost all meta-analyses, including sub-group analyses, which suggests high variability in

study populations and approaches.

Individual categories of HCW were not homogenous, for example studies included in the

medical doctor category included professional groups such as cardiology [73,81,136] and

respiratory physicians, [115,116,170] who may reasonably be expected to have a lower tobacco

use prevalence than other specialties which have a less clear link with smoking, thus potentially

biasing the results.

The overall prevalence estimates in meta-analyses based on mixed female and male popula-

tions in countries with large sex difference in prevalence should be interpreted with caution.

The occupational differences in smoking prevalence between doctors and nurses in countries

with a large proportion of nursing workforce being female are likely to be biased by the gender

differences in prevalence, especially in countries like China where smoking prevalence is con-

siderably lower in females compared with males.

HCW data were generally older, and for some countries more than a decade older than the

WHO population data. It is possible, therefore, that the prevalence in HCW in low and middle

income countries is underestimated as it must have increased since then and be similar to that

in the general population.

In all studies tobacco use was self-reported; 66% used self-administered anonymous ques-

tionnaires to verify smoking status. While self-reported smoking status was shown to be accu-

rate in most observational studies [257] under-reporting of smoking in female participants

due to cultural or social norms in some countries [74] or in countries with a growing popular-

ity in water pipe smoking as this form of tobacco use is not perceived as harmful or addictive

[258] is a concern and results should be considered accordingly.

Despite wide variations in prevalence of tobacco use among HCW by country income level,

gender and occupation, there are no evidence of significant recent declines in prevalence of

tobacco use. In middle and low income countries the prevalence of tobacco use among HCW

is no lower than that in the general population and in some professions is very high indeed.

This presents a particular challenge for countries where smoking prevalence is already high

and/or is projected to increase. This is a cause for concern due to the critical role HCW play in

advising tobacco users to stop.

While smoking prevalence in HIC has been associated with social and economic disadvan-

tage, smoking among female HCW in LMLIC may be an indicator of the rise of the tobacco

epidemic in these countries, and as such should be addressed by interventions targeting specif-

ically women [249].
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The Article 14 Guidelines of the WHO FCTC (4) recommends that HCW record patients’

tobacco use and provide at least brief smoking cessation advice. Health professionals who use

tobacco maybe less likely to fulfil this obligation or even if they did, their own tobacco depen-

dence would undermine the authority and credibility of cessation advice. All HCW have a

duty to provide smoking cessation advice to patients. System changes should be implemented

to encourage HCW engagement in smoking cessation regardless of their own smoking status.

Offering support to HCW to stop using tobacco is a priority recommendation of the FCTC

Article 14 guidelines. Workplace “smoking breaks” are not statutory right and should be dis-

couraged as a potential disincentive for quitting smoking. Equally, lack of cessation support

for HCW who smoke can seriously undermine the success of introducing smokefree policy

in healthcare settings [259]. Stopping smoking should be encouraged and staff should be

allowed to attend smoking cessation services during working hours. Smokefree work places

can encourage changes in smoking behaviour [252]. Studies assessing the impact of implemen-

tation of smokefree policy in healthcare settings have shown that smoking bans combined

with cessation support are effective in decreasing smoking prevalence in both patients’ and

staff [260,261].

Tobacco treatment and preventive measures specifically targeting HCW should be a prior-

ity in all countries. Such measures may include work place interventions, restriction on smok-

ing while at work and provision of cessation support for staff who smoke.

Conclusions

Tobacco use in HCW is a seriously neglected area. HCW are key in reducing tobacco use in

the population in their position as role models, and the high levels of tobacco use amongst

these groups especially in middle- and low-income countries is concerning and suggests a

need for targeted action to address this.

The systematic review also highlighted that the monitoring of HCW tobacco use has been

neglected; a number of occupational groups were lacking in data and in many cases data

which were available were from older, low quality studies. Global monitoring of tobacco use

among HCW is urgently needed.
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phenomenon in healthy Turkish medical students and hospital personnel. Rheumatol Int. 2008; 29

(2):185–8. https://doi.org/10.1007/s00296-008-0666-9 PMID: 18682952

47. Calgan Z, Tahir E, Yegenoglu S, Bilir N. Community pharmacists’ attitude, habits and actual activities

regarding smoking and health promotion in the 1. Region of Ankara chamber of pharmacists. Turk J

Pharm Sci. 2007; 4(3):125–38.

48. Carel R, Zusman M, Karakis I. Work Ability Index in Israeli Hospital Nurses: Applicability of the

Adapted Questionnaire. Experimental Aging Research. 2013; 39(5):579–90 https://doi.org/10.1080/

0361073X.2013.839316 PMID: 24151917

49. Ceraso M, McElroy JA, Kuang X, Vila Peter M.; Jorenby Douglas E.; Fiore Michael C.; Du Xueping;

Qian Ning; Lu Long; Ren Hongkun. Smoking, barriers to quitting, and smoking-related knowledge,

attitudes, and patient practices among male physicians in China. Preven Chronic Disease. 2009; 6(1):

A06.

50. Chan S, Sarna L, Wong DCN, Lam TH. Nurses’ tobacco-related knowledge, attitudes, and practice in

four major cities in China: Clinical scholarship. Journal of Nursing Scholarship. 2007; 39(1):46–53.

51. Chandrashekar J, Manjunath BC, Unnikrishnan M. Addressing tobacco control in dental practice: a

survey of dentists’ knowledge, attitudes and behaviours in India. Oral Health Prev Dent. 2011; 9

(3):243–9. PMID: 22068180

52. Chang J, Lee YY, Kuo LN, Hsiao PY, Chen HY. Knowledge, Attitudes, and Behavior Toward Smoking

Cessation among Hospital Pharmacists in Taiwan. J Exp Clin Med. 2012; 4(4):249–54.

53. Chaudhry M, Chaudhry IA, Ur-Rahman M. Prevalence of smoking among health care providers in ter-

tiary care hospitals. Rawal Medical Journal. 2009; 34(1):40–2.

54. Connolly M, Floyd S, Forrest R, Marshall B. Mental health nurses’ beliefs about smoking by mental

health facility inpatients. International journal of mental health nursing. 2013; 22(4):288–93. https://doi.

org/10.1111/j.1447-0349.2012.00871.x PMID: 22897708

55. Cookson C, Strang J, Ratschen E, Sutherland G, Finch E, McNeill A. Smoking and its treatment in

addiction services: Clients’ and staff behaviour and attitudes. BMC health services research. 2014;

14:304–11. https://doi.org/10.1186/1472-6963-14-304 PMID: 25017205

56. Copertaro A, Bracci M, Barbaresi M, Santarelli L. Importanza della circonferenza vita per la diagnosi di

sindrome metabolica e per la valutazione del rischio cardiovascolare nei lavoratori turnisti [Role of

waist circumference in the diagnosis of metabolic syndrome and assessment of cardiovascular risk in

shift workers]. Med Lav. 2008; 99(6):444–53.

Prevalence of tobacco use in healthcare workers

PLOS ONE | https://doi.org/10.1371/journal.pone.0220168 July 25, 2019 15 / 26

https://doi.org/10.1111/j.1466-7657.2006.00483.x
http://www.ncbi.nlm.nih.gov/pubmed/16650035
https://doi.org/10.1111/j.1365-2648.2010.05592.x
https://doi.org/10.1111/j.1365-2648.2010.05592.x
http://www.ncbi.nlm.nih.gov/pubmed/21366668
https://doi.org/10.1007/s00296-008-0666-9
http://www.ncbi.nlm.nih.gov/pubmed/18682952
https://doi.org/10.1080/0361073X.2013.839316
https://doi.org/10.1080/0361073X.2013.839316
http://www.ncbi.nlm.nih.gov/pubmed/24151917
http://www.ncbi.nlm.nih.gov/pubmed/22068180
https://doi.org/10.1111/j.1447-0349.2012.00871.x
https://doi.org/10.1111/j.1447-0349.2012.00871.x
http://www.ncbi.nlm.nih.gov/pubmed/22897708
https://doi.org/10.1186/1472-6963-14-304
http://www.ncbi.nlm.nih.gov/pubmed/25017205
https://doi.org/10.1371/journal.pone.0220168


57. Copertaro A, Barbaresi M, Bracci M. Lavoro a turni e rischio cardiometabolico [Shift work and cardio-

metabolic risk]. Recenti Prog Med. 2009; 100(11):502–7.

58. Cuesta A, Kuster F, Lluberas R. Tabaquismo en el personal y usuarios de un hospital universitario:

consumo y recomendación de abandono [Smoking in the personnel and users of a universitary hospi-

tal: consumption and recommendation of abandonment]. Rev urug cardiol. 2005; 20(2):77–85.

59. Custodio I, Lima FET, Almeida MI, Silva LF, Monteiro ARM Perfil sociodemografico e clinico de uma

equipe de enfermagem portadora de Hipertensao Arterial [Sociodemographic and clinical profile of a

nursing team with high blood pressure]. Rev Bras Enferm. 2011; 64(1):18–24.

60. De Col P, Baron C, Guillaumin C, Bouquet E, Fanello S. Le tabagisme des médecins généralistes a-t-
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Résultats de l’étude européenne Presst-Next [Health behavior of healthcare personnel: The European

Presst-Next Study]. Presse Med. 2006; 35(10 Pt 1):1435–46.

72. Fadhil I. Tobacco education in medical schools: survey among primary care physicians in Bahrain.

Eastern Mediterranean Health Journal. 2009; 15(4):969–75. PMID: 20187549

73. Faggianoi P, Temporelli PL, Zito G, Bovenzi F, Colivicchi F, Fattirolli F, Greco C, Mureddu G, Riccio C,

Scherillo M, Uguccioni M, Faden G. Profilo di rischio cardiovascolare e stili di vita in una coorte di cardiologi

Italiani. risultati della survey SOCRATES [Cardiovascular risk profile and lifestyle habits in a cohort of Ital-

ian cardiologists. Results of the SOCRATES survey]. Monaldi Archives Chest Dis. 2013; 80(3):118–25.

74. Fakhfakh R, Klouz A, Lakhal M, Belkahia C, Achour N. Validity of self-reported smoking among

women hospital staff in Tunisia. Tobacco control. 2011; 20(1):86. https://doi.org/10.1136/tc.2010.

038661 PMID: 20881020

75. Fathallah N, Maurel-Donnarel E, Baumstarck-Barrau K, Lehucher-Michel MP. Three-year follow-up of

attitudes and smoking behaviour among hospital nurses following enactment of France’s national

smoke-free workplace law. International Journal of Nursing Studies. 2012; 49(7):803–10. https://doi.

org/10.1016/j.ijnurstu.2012.01.014 PMID: 22349045

76. Ferraz S. Estudo da prevalência de uso de substâncias psicoativas por enfermeiros; Study of the prev-

alence of substance abuse by nurses: UFMG; 2010 [updated 26-02-2010. 60-]. http://www.

webcitation.org/6pBJIDnL5 on 23 March 2017.

Prevalence of tobacco use in healthcare workers

PLOS ONE | https://doi.org/10.1371/journal.pone.0220168 July 25, 2019 16 / 26

https://doi.org/10.1016/j.ypmed.2004.02.020
http://www.ncbi.nlm.nih.gov/pubmed/15313099
https://doi.org/10.1016/j.nut.2014.10.020
https://doi.org/10.1016/j.nut.2014.10.020
http://www.ncbi.nlm.nih.gov/pubmed/25837211
https://doi.org/10.1111/j.1447-0349.2009.00628.x
https://doi.org/10.1111/j.1447-0349.2009.00628.x
http://www.ncbi.nlm.nih.gov/pubmed/19883414
http://www.ncbi.nlm.nih.gov/pubmed/20187549
https://doi.org/10.1136/tc.2010.038661
https://doi.org/10.1136/tc.2010.038661
http://www.ncbi.nlm.nih.gov/pubmed/20881020
https://doi.org/10.1016/j.ijnurstu.2012.01.014
https://doi.org/10.1016/j.ijnurstu.2012.01.014
http://www.ncbi.nlm.nih.gov/pubmed/22349045
http://www.webcitation.org/6pBJIDnL5
http://www.webcitation.org/6pBJIDnL5
https://doi.org/10.1371/journal.pone.0220168


77. Fink M, Black B, Butt SL, Fenning SM, Sharkey KM. Health Behaviors of Physical Therapists and

Physical Therapist Students in South-central Pennsylvania. HPA Resource. 2014; 14(4):J1–J14

78. Fougere B, Underner M, Ingrand P, Meurice JC. Tabagisme du personnel du centre hospitalier de

Rochefort-sur-Mer [Smoking habits among staff at the Rochefort-sur-Mer Hospital]. Revue des Mala-

dies Respiratoires. 2011; 28(9):1104–10.

79. Freour T, Dessolle L, Jean M, Barriere P. Smoking among French infertility specialists: habits, opin-

ions and patients’ management. Eur J Obstet Gynecol Reprod Biol. 2011; 155(1):44–8. https://doi.org/

10.1016/j.ejogrb.2010.10.024 PMID: 21112685

80. Friis K, Ekholm O, Hundrup YA. Comparison of lifestyle and health among Danish nurses and the Dan-

ish female population: is it possible to generalize findings from nurses to the general female popula-

tion? Scand J Caring Sci. 2005; 19(4):361–7. https://doi.org/10.1111/j.1471-6712.2005.00366.x

PMID: 16324060

81. Frisinghelli A, Cesana F, Clavario P, Mureddu GF, Temporelli PL, Cherubini A, Mocini D, Fioravanti P,

Fattirolli F. Cardiologi italiani e fumo di tabacco. Survey su prevalenza e conoscenza del tabagismo e

delle strategie antifumo di una coorte di cardiologi italiani; [Italian cardiologists and tobacco smoking

[A survey on the prevalence and knowledge of smoking and strategies for smoking cessation in a

cohort of Italian cardiologists]. G Ital Cardiol 2015; 16(7–8):426–32.
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wsród pneumonologów w Polsce [Smoking habits among Polish pulmonary physicians]. Pneumonol

Alergol Pol. 2008; 76(3):142–7. PMID: 18843928

117. Kumar A, Ghazal S, Ismail S, Idrees N, Rizvi N. Knowledge attitude and practice of shisha (water pipe)

use in doctors. Eur Respir J Suppl. 2012; 40(56):P4067.

118. Kumar A, Notani S, Mahat R, Hussain N, Rizvi N. Comparison of knowledge attitude and practice of

cigarette smoking and water pipe use among physicians and surgeons of Pakistan. Eur Respir J

Suppl. 2015; 46(59):PA4126.

119. Kumbrija S, Milakovic SB, Jelinic JD, Matanic D, Markovic BB, Simunovic R. Zdravstveni radnici—

odnos prema vlastitom zdravlju [Health care professionals—attitudes towards their own health]. Acta

Med Croatica. 2007; 61(1):105–10. PMID: 17593650

120. Kuo H, Chou SY, Kuo HH, Lin LM, Lin AY, Liaw LJ. The prevalence of cigarette smoking among physi-

cians and dentists in a county in Taiwan. Mid-Taiwan Journal of Medicine. 2007; 12(1):37–43.

121. Lazovic N, Majstorovic S, Antonovic J, Pesic I, Suluburic D. Research of smoking in health workers in

Hospital Cacak-Serbia. Eur Respir J Suppl. 2011; 38(55):1093–4.

122. Li H, Sun HS, Liu ZQ, Zhang Y, Cheng QC. Cigarette smoking and anti-smoking counselling: dilem-

mas of Chinese physicians. Health Education. 2007; 107(2):192–207.

123. Li X, Yuan YY, Gao HY. Investigation of smoking-related behaviors among the doctors in Tianjin. Chi-

nese J of Prev and Control of Chron Disease. 2010; 18(1):31–2.

124. Li X, Cheng MN, Miao S, Zhang H, Ke T, Chen YS. Study on epidemic status of current smoking and

related factors among staffs in Shanghai hospitals. Modern Preventive Medicine. 2013; 40(12):2189–

91.

125. Lina M, Pozzi P, Brunelli C, Pierotti MA, Boffi R. Physicians’ smoking habit, training and attitude toward

cancer patient smoking cessation: The Istituto Nazionale dei Tumori experience. Eur Respir J Suppl.

2012; 40(56):P4047.

126. Lindo J, LaGrenade J, McCaw-Binns A, Eldemire-Shearer D. Health status and health maintenance

practices among doctors and nurses at two hospitals in Jamaica. West Indian Med J. 2009; 58

(6):539–45. PMID: 20583679

127. Lisanti R, Gatica D, Abal J, Delaballe E, Grañana M, Gonzalez L, Moreno G, Di Giorgi L. Comparación

del tabaquismo en Argentina entre el personal de salud y población general (periodo 1997 a 2012).

Prev tab. 2014; 16(1):21–7.

128. Lopez-Maya L, Lina-Manjarrez F, Navarro-Henze S, Lopez LML. Adicciones en anestesiologos. ?Por

que se han incrementado? ?Debemos preocuparnos? [Addiction in anesthesiologists. Why have

increased? Should we be concerned?]. Revista Mexicana de Anestesiologia. 2012; 35(2):95–106.

129. Maksimovic L, Paquet C, Daniel M, Stewart H, Chong A, Lekkas P, Cargo M. Characterising the smok-

ing status and quit smoking behaviour of aboriginal health workers in South Australia. International

journal of environmental research and public health. 2013; 10(12):7193–206. https://doi.org/10.3390/

ijerph10127193 PMID: 24351741

130. Malik AK C A.; Karamat A.; Arif N.; Cheema M. A.; Rauf A. Cigarette smoking and health care profes-

sionals at Mayo Hospital, Lahore, Pakistan. J Pak Med Assoc. 2010; 60(6):509–12. PMID: 20527661

131. Malinauskiene V, Leisyte P, Romualdas M, Kirtiklyte K. Associations between self-rated health and

psychosocial conditions, lifestyle factors and health resources among hospital nurses in Lithuania. J of

Advanced Nursing. 2011; 67(11):2383–93.
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