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ABSTRACT

Background & Aims: Studies have suggested that smokers may have a higher risk of primary biliary cholangitis
(PBC) although the results have been inconsistent. This systematic review and meta-analysis aim to better
characterize the risk of PBC among smokers by identifying all relevant studies and summarizing their results
together.

Methods: A comprehensive literature review was conducted using Embase and Pubmed/MEDLINE databases
from inception to September 2018 to identify all studies which compared the risk of PBC among current, ever
and former smokers to non-smokers. Effect estimates from each study were extracted and combined together
using the random-effect, generic inverse variance method of DerSimonian and Laird.

Results: Nine case-control studies with 21,577 participants met the eligibility criteria and were included in
the meta-analysis. The risk of PBC among ever smokers was significantly higher than non-smokers with the
pooled odds ratio (OR) of 1.31 (95% CI, 1.03-1.67; I> 89%). Subgroup analysis found that the risk was higher
in both former smokers (pooled OR 1.36; 95% CI, 1.01-1.84; I 75%) and current smokers (pooled OR 1.18;
95% CI, 0.94-1.50; I 79%), although the latter did not reach statistical significance. Immunomodulatory and
cytotoxic effect of cigarettes were the possible mechanisms behind this increased risk.

Conclusions: A significantly increased risk of PBC among individuals who ever smoked was observed in this

study, adding to the already long list of harmful health consequences of smoking.

Key words: primary biliary cholangitis — biliary cirrhosis — smoking — cigarettes — meta-analysis.

Abbreviations: PBC: primary biliary cholangitis.

INTRODUCTION

Primary biliary cholangitis
(PBCQ) is a chronic autoimmune
cholestatic liver disease
characterized by the presence
of anti-mitochondrial antibody
and destruction of the
intrahepatic bile ducts [1]. The
reported prevalence of PBC
was approximately 19 to 400
cases per 1,000,000 persons in
Western countries [2, 3]. The
exact cause of PBC is not known
but is believed to be a complex
interaction between genetic
and environmental factors [4,
5]. Interestingly, PBC is often
found in association with certain
autoimmune disorders, such

as inflammatory bowel disease and autoimmune thyroid
disease [4].

Cigarette smoking is one of the leading causes of
preventable death worldwide as a result of the increased risk
of cardiovascular and pulmonary diseases and malignancy [6,
7]. In fact, even among smokers who have already developed
cardiovascular disease, smoking cessation can reduce the risk
of mortality by 36% compared with smokers who continued
to smoke [8]. Smoking may also increase the risk of PBC as
suggested by multiple epidemiologic studies, although the
results were inconsistent [4, 9-16]. This systematic review
and meta-analysis was conducted with the aim to better
characterize the risk of PBC among smokers by identifying
all relevant studies and summarizing their results together.

METHODS

Information sources and search strategy
A systematic literature search was conducted using the Embase
and Pubmed / MEDLINE databases from inception to September
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2018 to identify all original studies that reported the relationship
between smoking and PBC. The systematic literature review was
independently conducted by three investigators (K.W., PP, and
P.U.) using the search strategy that included the terms for “primary
biliary cholangitis”, “primary biliary cirrhosis”, “smoking” and
“cigarettes”. A manual search for additional potentially relevant
studies using the references of the included studies and selected
review articles was also performed. No language limitation was
applied. This study was conducted in accordance to the PRISMA
(Preferred reporting Items for Systematic Reviews and Meta-
Analysis) (see Supplementary Tablel). EndNote X7 (Clarivate
Analytics, Pennsylvania, United States) was used for study
retrieval.

Selection criteria

Eligible studies must be case-control or cohort studies that
compared the risk of PBC among current smokers, ever smokers
and former smokers versus non-smokers. Eligible cohort studies
must start with recruitment of smokers and non-smokers
(without history of PBC at enrollment) and follow them until
the occurrence of PBC or the end of the study. Eligible case-
control studies must recruit cases with PBC and controls without
PBC and ask for their smoking status (current, former and
never). Eligible studies must provide the effect estimates (odds
ratios, OR, relative risks, RR, hazard ratios, HR or standardized
incidence ratio, SIR) with 95% confidence intervals (CI) or
sufficient raw data to calculate those effect estimates. Inclusion
was not restricted by study size. When more than one study using
the same database / cohort was available, only the study with the
most comprehensive data / analyses was included.

Retrieved articles were independently reviewed for their
eligibility by the same three investigators. Discrepancy was
resolved by conference with all investigators. The Newcastle-
Ottawa quality assessment scale was used to appraise the quality
of the included studies in three areas, including identification
and recruitment of participants, the comparability between the
two groups and the ascertainment of the outcome of interest
for the cohort study and the exposure of interest for the case-
control study [17]. Kappa statistics were used for the evaluation
of inter-rater agreement on the Newcastle-Ottawa scale.

Data abstraction

A structured data collection form was used to extract the
following data from each study: title of the study, publication
year, name of the first author, calendar year(s) when the study
was conducted, country or countries where the study was
conducted, number of subjects, demographic data of subjects,
methods used to identify and verify diagnosis of PBC as well
as smoking status, adjusted effect estimates with 95% CI and
covariates that were adjusted in the multivariable analysis.

To ensure the accuracy, this data extraction process was
independently performed by two investigators (K.W. and
PP). Case record forms were cross-checked by the senior
investigator (P.U.). Any data discrepancy was resolved by
referring back to the original articles.

Statistical analysis
Data analysis was performed using the Review Manager
5.3 software from the Cochrane Collaboration (London,
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United Kingdom). Adjusted point estimates for the association
between smoking status and PBC from each study were
extracted and combined using the generic inverse variance
method of DerSimonian and Laird, which assigned the weight
of each study in the pooled analysis inversely to its variance
[18].

In light of the high likelihood of between study variance
because of the difference in background populations, a
random-effect model was used. Cochran’s Q test and I? statistic
were used to determine the between-study heterogeneity.
This I? statistic quantifies the proportion of total variation
across studies, which is due to true heterogeneity rather
than chance. A value of I of 0-25% represents insignificant
heterogeneity, 26-50% represents low heterogeneity, 51-
75% represents moderate heterogeneity and more than 75%
represents high heterogeneity [19]. We used a funnel plot and
the Egger’s regression test for the assessment of the presence
of publication bias. We performed Egger’s regression test using
Comprehensive Meta-analysis 3.0 software (Englewood, New
Jersey, United States) [20].

RESULTS

Two hundred and eighty-three potentially eligible articles
were identified using the described search strategy (99 articles
from Medline and 184 articles from EMBASE). After the
exclusion of 98 duplicated articles, 185 articles underwent a
title and abstract review. A total of 165 articles were excluded at
this stage since they clearly did not fulfill the eligibility criteria
based on the type of article, study design, population and
measured outcomes, leaving 20 articles for a full-text review.
Eight of them were excluded after the full-length review, as
they did not report the outcome of interest. Three articles
were excluded because they were descriptive studies without
comparators. Finally, nine case-control studies [4, 9-16] with
21,577 participants were included in the meta-analysis. The
literature review and selection process are demonstrated in
Fig. 1. The characteristics and quality assessment of the studies
are presented in Table . It should be noted that the inter-rater
agreement for the quality assessment using the Newcastle-
Ottawa scale was high with the kappa statistics of 0.68.

Risk of primary biliary cholangitis among ever smokers,
former smokers and current smokers

Opverall, the pooled analysis demonstrated an increased
risk of PBC among ever smokers compared with non-smokers
with the pooled OR of 1.31 (95% CI, 1.03-1.67). Statistical
heterogeneity was high with I? of 89%. Subgroup analysis found
the increased risk of PBC in both former smokers and current
smokers, although a statistical significance was not reached by
the latter (pooled OR 1.36; 95% CI, 1.01-1.84; I* of 75% and
pooled OR 1.18; 95% CI, 0.94-1.50; I? of 79%, respectively).
The forest plots of the meta-analyses of the risk of PBC among
ever smokers, former smokers and current smokers are shown
in Figs. 2, 3 and 4, respectively.

Sensitivity analysis
To further explore the high between-study heterogeneity
of the main analysis of ever smokers versus non-smokers, a
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Fig. 1. Literature review process

sensitivity analysis based on quality of the included studies
was performed. This sensitivity analysis excluded two studies
[12, 16] with obvious methodological drawback from the
full analysis. The study by Varyani et al. [16] was excluded
because it was the only study that diagnosed PBC based on

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Howel et al. 0.8755 0275 7.8% 2.40[1.40, 4.11) 2000 ESp—
Parikh-Patel et al, 0.7129 0.3151 6.9% 2.04[1.10,3.78] 2001 =
Gershwin et al. 0.2642 0.0889 11.8% 1.30[1.09, 1.55) 2005 =
Prince et al. (1) 047 0.1468 10.7% 1.60[1.20, 2.13) 2009 —_—
Prince et al. (2) 04055 0.073 12.0% 1.50 [1.30, 1.73) 2010 -
Corpechot et al. -0.0265 0.1643 10.3% 0.97 [0.71, 1.34) 2010 —_—
Varyani et al . -0.3141 00736 12.0% 0.73[0.63, 0.84] 2012 =
Mantaka et al. -0.1797 0.2651 8.0% 0.84 [0.50, 1.40) 2012 —
Boonstra et al. 0.1762 0.2071 9.3% 1.19[0.79, 1.79] 2013 1T
Lammert et al. 0.5309 0.1202 11.2% 1.70[1.34, 2.15) 2013 —
Total (95% Cl) 100.0% 1.31[1.03,1.67) L 2
Heterogeneity: Tau? = 0.12; Chi* = 80.61, df = 9 (P < 0.00001); I* = 89% sz ofs 2 5
Test for overall effect: Z = 2.16 (P = 0.03) Ever less PBC  Ever more PBC
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI Year IV, Random, 95% CI
Parikh-Patel et al. 0.7019 0.2451 15.2% 2.02[1.25, 3.26] 2001 —
Gershwin et al. 0.4814 0.0951 22.7% 1.62[1.34, 1.95] 2005 -
Corpechot et al. -0.3121 0.1981 17.6% 0.73[0.50, 1.08] 2010 — =
Mantaka et al. -0.0796 0.3847 9.7% 0.92[0.43, 1.96] 2012 -
Lammert et al. 0.6184 0.1331 20.9% 1.86 [1.43,2.41] 2013 -
Boonstra et al. 0.1823 0.275 13.9% 1.20[0.70, 2.06] 2013 A
Total (95% Cl) 100.0%  1.36[1.01,1.84] >
s 2 = - Chiz = - N . |2 = 759 } + } + + }
Heterogeneity: Tau? = 0.10; Chi = 20.03, df = 5 (P = 0.001); I* = 75% 04 02 05 1 2 5 10

Test for overall effect: Z = 2.00 (P = 0.05)

Former less PBC  Former more PBC

diagnostic codes alone without further case verification which
would result in a limited accuracy of case identification. The
study by Lammert et al. [12] was excluded because it was the
only study that did not match their controls to cases by age
and sex. Therefore, it was likely that the result of this study

Fig. 2. Forest plot of the meta-
analysis evaluating the risk of
primary biliary cholangitis
among ever smokers
compared with non-smokers.

Fig. 3. Forest plot of the meta-
analysis evaluating the risk of
primary biliary cholangitis
among former smokers
compared with non-smokers.
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Table I. Main characteristics of the studies included in this meta-analysis

Study Howel et al. [11] Parikh-Patel et al. [14]  Gershwin et al. [4] Prince et al. [15] Corpechot et al. [10]
Country/Year  UK/2000 USA/2001 USA/2005 UK/2009 France/2010
Total number 322 (100 patients with PBC 342 (201 patients with 2,073 (1,032 patients 5,014 (2,576 patients 731 (222 patients with
of participants  and 222 subjects without PBC and 141 subjects with PBC and 1,041 with PBC and 2,438 PBC and 509 subjects
PBQC) without PBC) subjects without PBC) subjects without PBC) without PBC)
Participants Cases: patients with PBC Cases: Cases were Cases: patients with PBC ~ Cases: patients with Cases: patients with
aged 18 years and older patients with PBC seen by hepatologists PBC were identified PBC were identified
who were first given the identified from internet  from one of the study from 2 sources (1) the from the database
diagnosis between January  support group for PBC 23 centers across the US  survey of consultant of the Saint-Antoine
1, 1993 and October 31, between November 1999  gastroenterologists hospital, Paris, France.
1995 and identified froma  Controls: individuals and June 2004. and hepatologists in
population-based register without PBC who the northeast England Controls: individuals
that covered 6 districts in were friends of cases Controls: individuals from 1997 to 2003 and without PBC
the UK. with PBC (names and without PBC selected (2) member list of the randomly selected
addresses of controls by random-digit-dialing UK PBC foundation from the Ipsos access
Controls: individuals were provided to method with sex, age, (cases with residency in  panels with sex, age,
without PBC identified investigators by cases)  ethnicity and geographic  the northeast area were ~ and geographic area-
from the Family health with sex and age- area-matched to cases excluded to avoid double matched to cases
service authority registers matched to cases counting)
of the same regions with sex
and age-matched to cases Controls: individuals
without PBC randomly
selected from electoral
roll datasets with sex and
age-matched to cases
Determination self-reported using health self-reported using self-reported using self-reported using self-reported using
of smoking questionnaire health questionnaire health questionnaire health questionnaire health questionnaire
status

Diagnosis of
PBC

Percentage of
females

Average age of
participants in
years

Confounder
adjusted in
multivariate
analysis

Quality
assessment
(Newcastle-
Ottawa scale)

At least 2 of the following
criteria: (1) presence of
AMA (>1:40), (2) abnormal
LFT (bilirubin, AST, and
ALP), (3) compatible liver
histology.

Cases: N/A
Controls: N/A

Cases: N/A
Controls: N/A

None

Selection: 4
Comparability: 1
Outcome: 2

self-reported; half

of them were also
verified by the presence
of AMA plus either
cholestatic pattern of
serum biochemical
tests or compatible liver
histology

Controls: N/A
Cases: N/A

Cases: 53
Controls: 54

Other autoimmune
disease, history of
tonsillectomy and
history of abdominal
surgery

Selection: 4
Comparability: 1
Outcome: 2

Presence of AMA plus
either cholestatic pattern
of serum biochemical
tests or compatible liver
histology.

In the case of negative
AMA, diagnosis can
still be made with
positive ANA or ASMA
and presence of both
cholestatic pattern
biochemical tests

and compatible liver
histology.

Cases: 93
Controls: 92

Cases: 58
Controls: 58

None

Selection: 4
Comparability: 2
Outcome: 3

At least 2 of the
following criteria: (1)
persistently cholestatic
LET over 3 months,

(2) presence of AMA
(>1:40 or greater twice
or more), (3) compatible
liver histology

Cases: 93
Controls: N/A

Cases: N/A
Controls: N/A

Age, alcohol intake, hair
dye, appendectomy;,
tonsillectomy, thyroid
disease, celiac disease,
UTIL shingles and
obstetric pruritus

Selection: 3
Comparability: 1
Outcome: 2

Presence of
biochemical evidence
of prolonged
cholestasis, presence
of AMA, and
compatible liver
histology

Cases: 89
Controls: 85

Cases: 60
Controls: 59

None

Selection: 4
Comparability: 2
Outcome: 2

Study

Varyani et al. [16]

Mantaka et al. [13]

Lammert et al. [12]

Boonstra et al. [9]

Country

Total number of
participants

UK/2012

11,105 (1,009 patients with
PBC and 10,096 subjects
without PBC)

Greece/2012

260 (111 patients with
PBC and 149 subjects
without PBC)

J Gastrointestin Liver Dis, June 2019 Vol. 28 No 2: 197-203

USA/2013

1,138 (522 patients with PBC
and 616 patients without PBC)

The Netherlands/2013

592 (464 patients with PBC and
128 patients without PBC)
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Table I (continued)

Participants

Determination of
smoking status

Diagnosis of PBC

Percentage of females

Average age of
participants in years

Confounder adjusted
in multivariate
analysis

Quality assessment
(Newcastle-Ottawa
scale)

Cases: patients with PBC
identified from the GPRD
database which included
over 50 million patient years
of data from primary care
physicians across the UK
from 1987 to 2008

Controls: individuals without
PBC randomly selected from

the same database with sex
and age-matched to cases

retrieved from the database

Presence of diagnostic codes
of PBC in the database

Cases: 88
Controls: 88

Cases: 63
Controls: 63

None

Selection: 4
Comparability: 1
Outcome: 2

Cases: patients with PBC
seen at the Department
of Gastroenterology

and Hepatology of the
University Hospital of
Heraklion, Crete Greece,
from March to October,
2007

Controls: individuals
without PBC who were
recruited from the same
hospital with sex, age
and residence-matched
to cases

self-reported using direct
interview

Compatible clinical
presentation, liver
histology and biochemical
parameters

Cases: 85
Controls: 85

Cases: 65 Controls: 65

None

Selection: 3
Comparability: 2
Outcome: 3

Cases: patients with PBC
identified from the MCPGE
Registry which included PBC
patients who followed at Mayo
Clinic and other hospitals across
the US

Controls: individuals without
PBC who were recruited from
general internal medicine clinic
of the Mayo Clinic

self-reported using health
questionnaire

Biochemical cholestasis for
more than 6 months and
compatible liver histology with
or without the presence of AMA

Cases: 91
Controls: 75

Cases: N/A
Controls: N/A

None

Selection: 3
Comparability: 1
Outcome: 2

Cases: patients with PBC
identified from the databases
of 44 hospitals which covered
50% of the population of the
Netherlands from 2008 to 2011

Controls: individuals without
PBC who were recruited

from outpatient clinic of 4
participating hospitals with sex
and age-matched to cases

self-reported using health
questionnaire

Combination of compatible
clinical presentation, elevation
of liver ALP for at least 6
months and presence of AMA
(21:40)

Cases: 90
Controls: 84

Cases: 63
Controls: 61

None

Selection: 4
Comparability: 1
Outcome: 2

Abbreviations: ALP: alkaline phosphatase; AMA: antimitochondrial antibody; ANA: antinuclear antibody; ASMA; anti-smooth muscle antibody, AST:
aspartate transaminase; GGT: gamma glutamyltranspeptidase; GPRD: the United Kingdom General Practice Research Database; LFT: liver function test;

MCPGE: Mayo Clinic PBC Genetic Epidemiology; PBC: primary biliary cholangitis; UTT: urinary tract infection.

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI Year IV, Random, 95% CI
Parikh-Patel et al. 0.7398 03232 7.9% 2.10[1.11,3.95] 2001 -
Gershwin et al. -0.454 0.1428 14.6% 0.64 [0.48, 0.84] 2005 —_—
Prince et al. (1) 0.3646 0.1103 16.0% 1.44 [1.16, 1.79] 2009 —_—
Corpechot et al. 0.2267 0.2171  11.5% 1.25[0.82, 1.92] 2010 -1
Prince et al. (2) 0.3365 0.0538 17.8% 1.40 [1.26, 1.56] 2010 -
Mantaka et al. -0.2385 0.313  82% 0.79[0.43, 1.45] 2012 - * |
Lammert et al. 0.3207 0.1816 13.0% 1.38[0.97, 1.97] 2013 | .
Boonstra et al. 00953 02306 11.0%  1.10[0.70,1.73] 2013 — Fig. 4. Forest plot of the meta-
analysis evaluating the risk of
Total (95% CI) 100.0%  1.18[0.94,1.50] o ' ‘ primary biliary cholangitis
Heterogeneity: Tau? = 0.08; Chi* = 33.30, df = 7 (P < 0.0001); I* = 79% 0:5 0:7 1 1"5 é among current smokers

Test for overall effect: Z = 1.41 (P = 0.16)

was confounded by difference in baseline demographic data.
Exclusion of these two studies from the full analysis did not
significantly alter the pooled result (pooled OR 1.37; 95% CI,
1.16 - 1.62) and decreased between-study heterogeneity to
moderate level (I 59%).

Evaluation for publication bias

The meta-analysis of the risk of PBC among ever smokers
was used for the evaluation for publication bias as it was the
meta-analysis with the highest number of included studies. The
graph was symmetric and was not suggestive of publication
bias (Fig. 5). In addition, publication bias was not detected by
Egger’s regression test with p-value of 0.44.

Current less PBC  Current more PBC compared with non-smokers.

DISCUSSION

The current study is the first systematic review and meta-
analysis that comprehensively investigated the relationship
between PBC and smoking and found an approximately 30%
increased risk of PBC among individuals who ever smoked.
There are some plausible explanations for this observation.

First, cigarettes contain multiple cytotoxic and antigenic
components that have detrimental effects on human body
[21]. In fact, there is a report of a cluster of cases of PBC near
a toxic waste site that produced chlorinated hydrocarbons-
contaminated air. These chlorinated hydrocarbons, such as
benzene, are also found in cigarettes [22].
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Fig. 5. Funnel plot of the meta-analysis evaluating
the risk of primary biliary cholangitis among ever
smokers compared with non-smokers.

Second, smoking is known to increase pro-inflammatory
interleukins (such as IL-1, IL-6 and IL-8) and tumor necrosis
factor alpha, which could disrupt the homeostasis of T cells,
resulting in abnormal Th1 adaptive immune response [23-26].
This may have an implication in the pathogenesis of PBC, as
Th1 cells are the predominant type of lymphoid aggregates seen
in the liver of patients with this disease [27, 28].

It should be noted that subgroup analysis of this systematic
review and meta-analysis found that the significantly increased
risk of PBC was observed in former smokers but not in current
smokers. It is difficult to find a biological mechanism to explain
as to why smoking cessation would heighten the risk. The more
likely explanation is that smokers who develop serious health
consequences are more likely to quit smoking [29, 30], resulting
in a lower number of current smokers and higher number of
former smokers among cases with PBC.

Although the quality of the studies included in the current
analysis was high as reflected by the high Newcastle-Ottawa
scores and the literature review process was comprehensive,
there are some limitations that should be acknowledged.

First, statistical heterogeneity was high in the meta-analysis.
We believe that variation in quality of the included studies was
one of the factors for the high between-study heterogeneity
as sensitivity analysis excluding studies with obvious
methodological drawback can reduce the heterogeneity to
a moderate level. Second, all of the included studies were
conducted in Western countries. Therefore, generalizability
of the results to other populations is limited. Third, most
studies included in this meta-analysis did not adjust their
effect estimates for potential confounders. Therefore, it is also
possible that the observed relationship is not causal and is a
function of confounding effect.

CONCLUSION

The current study found a significantly increased risk of
PBC among individuals who ever smoked, adding to the already
long list of potential harmful health consequences of smoking.
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