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ABSTRACT

Introduction: Lower concentrations of serum bilirubin, an endogenous antioxidant, have been associated with risk of many
smoking-related diseases, including lung cancer and cardiovascular disease, and current smokers are reported to have lower
bilirubin levels than nonsmokers and past smokers. This study evaluates the effects of smoking cessation on bilirubin levels.

Methods: In a secondary analysis of a 6-week placebo-controlled trial of naltrexone for smoking cessation, indirect and total
bilirubin concentrations were evaluated at baseline and following smoking cessation. Individuals who were continuously absti-
nent for 6 weeks (n = 155) were compared to those who were not (n = 193). Participants reported smoking >20 cigarettes daily at
baseline and received smoking cessation counseling, 21 mg nicotine patch daily, and either placebo or 1 of 3 doses of naltrexone
(25, 50, or 100mg) for 6 weeks. Change in indirect and total bilirubin following the quit date was measured at Weeks 1, 4, and
6 compared to baseline.

Results: Individuals who were continuously abstinent from smoking, independent of naltrexone condition, showed a sig-
nificantly greater mean increase in indirect (~unconjugated) bilirubin (0.06 mg/dl, SD = 0.165) compared to those who did not
(mean = 0.02, SD = 0.148, p = .015). Similar results were obtained for total bilirubin (p = .037).

Conclusions: Smoking cessation is followed by increases in bilirubin concentration that have been associated with lower risk

of lung cancer and cardiovascular disease.

INTRODUCTION

Although it is widely known that unconjugated bilirubin can
be elevated in hemolytic diseases and can be neurotoxic at
very high levels in newborns (Watchko & Tiribelli, 2013),
unconjugated bilirubin, the primary form of bilirubin circu-
lating in healthy individuals, is also a powerful antioxidant
(Rizzo et al., 2010; Stocker, Yamamoto, McDonagh, Glazer,
& Ames, 1987) at levels within the normal reference range.
Thus, while seemingly counterintuitive, bilirubin has been
inversely associated with risk of a number of disorders,
including pulmonary disease (Horsfall et al., 2011), cardio-
vascular disease (Hopkins et al., 1996; Madhavan, Wattigney,
Srinivasan, & Berenson, 1997), diabetes (Cheriyath et al.,
2010), rheumatoid arthritis (Fischman et al., 2010), colon
cancer risk (Zucker, Horn, & Sherman, 2004), and all-cause
and cancer mortality (Temme, Zhang, Schouten, & Kesteloot,
2001). Of note, bilirubin concentrations recently emerged
from metabolic profiling as the strongest predictor of lung
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cancer risk in smokers following a multiphase validation
study (Zhang et al., 2013).

The concordance between the negative health consequences
of smoking, including those recently highlighted by the Surgeon
General (U.S. Department of Health and Human Services,
2014) and those associated with lower bilirubin concentra-
tions, is striking. Numerous studies have found that smokers
have lower bilirubin levels than nonsmokers (Hopkins et al.,
1996; Madhavan et al., 1997; Merz, Seiberling, & Thomann,
1998; Van Hoydonck, Temme, & Schouten, 2001; Zucker
et al., 2004). The possibility that smoking leads to reductions
in bilirubin, which in turn may contribute to smoking-related
disease though diminished availability of this endogenous anti-
oxidant, is intriguing. One possible mechanism for bilirubin
reduction among smokers that has been suggested (van der Bol
et al., 2007), but not proven (Zevin & Benowitz, 1999), is that
of induction of UGT 1A1 by nicotine and/or other constituents
of tobacco smoke. UGT 1Al is the uridine diphosphate glu-
curonosyltransferase isoform, which catalyzes conjugation of
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bilirubin, the major metabolic pathway responsible for its dis-
position. A report of reduced toxicity of the chemotherapeutic
agent irinotecan in smokers, in association with reduced con-
centrations of its active metabolite, SN-38 (Benowitz, 2007,
van der Bol et al., 2007), provides conceptual support for this
mechanism. The disposition of irinotecan’s active metabolite
is, like bilirubin, mediated by UGT 1A1. With smoking ces-
sation, enzyme induction may dissipate leading to increase in
bilirubin concentrations.

Considering the established link between bilirubin levels
and health, modest increases in bilirubin within the reference
range following smoking cessation may contribute to some
of the health benefits of quitting smoking, possibly through
its documented antioxidant effects. Epidemiological studies
have found that past smokers have higher bilirubin concentra-
tions than current smokers (Jo, Kimm, Yun, Lee, & Jee, 2012;
Schwertner, 1998; Van Hoydonck et al., 2001), suggesting that
smoking cessation may lead to increases in bilirubin. Despite
this provocative finding, no one has yet examined the temporal
relationship between smoking cessation and changes in biliru-
bin in a longitudinal analysis.

In this study, we tested the hypothesis that smoking cessa-
tion leads to increases in bilirubin. Specifically, we compared
change in bilirubin concentration for smokers who successfully
quit smoking for 6 weeks to those who failed to maintain absti-
nence in a secondary analysis of a clinical trial of naltrexone
for smoking cessation (O’Malley et al., 2006).

METHODS

Participants

Smokers were identified from a large placebo-controlled trial
of naltrexone for smoking cessation (O’Malley et al., 2006).
Three hundred and eighty-five participants who reported
smoking at least 20 cigarettes daily with an expired carbon
monoxide (CO) > 10 ppm were enrolled and provided data
post-randomization. The 348 individuals who at baseline had
total bilirubin within the reference range (<1.2mg/dl) and data
on both total and indirect bilirubin at baseline and during treat-
ment are the subject of these analyses.

Participants were enrolled between November 2000 and
April 2003. The Institutional Review Boards of Yale University,
the VA Connecticut Healthcare System, and University of
Connecticut approved the study, and participants gave written
informed consent. Exclusion criteria included significantly ele-
vated serum aminotransferase activities; current serious neuro-
logical, psychiatric, or medical illness; current substance use
disorder excluding nicotine dependence; and history of opiate
dependence or current use. Women who were pregnant, nurs-
ing, or unwilling to use reliable contraception were excluded.

Procedures

Detailed methods are in the original report (O’Malley et al.,
2006). As part of eligibility determination, participants received
a physical examination and routine laboratory testing including
serum bilirubin levels. Participants were randomly assigned to
receive either placebo or three doses of naltrexone (25, 50,
or 100mg daily) for 6 weeks; all received smoking cessation
counseling and 21 mg nicotine patch. At weekly appointments,
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smoking was assessed by self-report and expired CO. Blood
samples were obtained for liver function tests, including biliru-
bin, at 1, 4, and 6 weeks following the quit date. Assays were
performed by Quest Laboratories on the Beckman Coulter
automated analyzer using a variation of the diazo reaction,
with caffeine and a surfactant as accelerators for total biliru-
bin. Assay coefficients of variation for total and direct (~con-
jugated) bilirubin were 5.3% and 5.5%, respectively. Indirect
(~unconjugated) bilirubin was computed as [total — direct bili-
rubin]; if total = direct (11 samples), indirect was set to 0.01.

Participants were classified as having quit smoking based
on self-reported abstinence after the quit date, confirmed by
expired CO levels < 10 ppm.

Statistical Analyses

Baseline characteristics, including bilirubin levels, were com-
pared for those who were continuously abstinent (n = 155) and
those who were not (n = 193) using chi-square tests or analysis
of variance. Change in indirect (~unconjugated) bilirubin from
baseline (e.g., Week X — baseline) was computed for Weeks
1, 4, and 6 and was compared using General Linear Mixed
Models. The models included quit status, week (1, 4, 6), and
the interaction of quit status and week. Medication condition
and gender were included as covariates. Because epidemiologi-
cal studies often report total bilirubin (the sum of direct plus
indirect bilirubin), we also examined the effects of quitting on
total bilirubin.

RESULTS

Study Participants

Quitters were older and had lower expired CO levels at baseline
(Table 1). There were no differences in other baseline variables,
including bilirubin and aspartate and alanine aminotransferase
(AST and ALT) values. Although unable to maintain continu-
ous abstinence for 6 weeks, the nonquitters showed substantial
reductions in smoking. During treatment, they reported smok-
ing 25% (SD = 30.94) of days with a mean of 3.6 (SD = 5.75)
cigarettes/day compared to 26 at baseline.

Changes in Bilirubin Associated With Smoking
Cessation

Quitting was a significant predictor of change of indi-
rect (~unconjugated) bilirubin (F(1,342) = 6.01, p = .015).
Individuals who were continuously abstinent had a greater
average increase at all three timepoints (0.06 mg/dl,
SD = 0.165) than those who were not abstinent (0.02 mg/dl,
SD = 0.148). The change in indirect bilirubin from baseline
was unrelated to week (p = .427), the interaction of quit sta-
tus and week (p = .614), naltrexone condition (p = .267), or
sex (p = .307). Adding the interaction of naltrexone and quit
status (F(1,339) = 1.41, p = .239) did not modify the relation-
ship between quit status and indirect bilirubin change. Change
in total bilirubin showed similar findings to indirect bilirubin
with quitting being significantly predictive (F(1,342) = 4.39,
p = .037; mean change = 0.05mg/dl, SD = 0.181 for quitters
and mean = 0.02, SD = 0.178 for nonquitters). Figure 1 pre-
sents the mean change in indirect bilirubin for quitters and
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Table 1. Baseline Characteristics of Participants Who Quit Smoking for 6 Weeks (Quit) Versus Those Who Did
Not (Smoked)
Variable Quit? (n = 155) Smoked (n = 193) p value
Age, mean (SD), years 47.8 (10.62) 45.1(11.36) .03
Female, no. (%) 74 (47.7) 98 (50.8) 57
Race, White, no. (%) 137 (88.4) 167 (86.5) .60
Body mass index, mean (SD) 27.9 (4.57) 27.7 (5.22) 75
Education, no. (%) .35

High school graduate or less 52 (34.4) 77 (42.1)

Some college 60 (39.7) 66 (36.1)

College graduate or more 39 (25.8) 40 (21.9)
Cigarettes smoked/day, mean (SD) 26.0 (8.56) 26.9 (8.92) 31
Years smoking, mean (SD) 30.5 (10.76) 28.8 (10.94) .16
Expired CO, mean (SD), ppm 23.5(13.29) 26.2 (10.49) .03
Serum cotinine, mean (SD), ng/ml 301.8 (120.34) 308.2 (119.51) .63
Percent days abstinent from alcohol, mean (SD) 80.3 (27.66) 80.4 (29.89) .96
Drinks per drinking day, mean (SD) 1.9 (1.85) 1.9 (2.05) 72
Bilirubin total, mean (SD), mg/dI° 0.45 (0.167) 0.44 (0.164) .67
Bilirubin indirect (~unconjugated), mean (SD), mg/dI® 0.29 (0.139) 0.29 (0.132) .66
AST, mean (SD), units/L° 19.4 (7.47) 19.2 (6.39) .79
ALT, mean (SD), units/L¢ 22.7 (15.96) 20.4 (10.29) .10

Note. ALT = alanine aminotransferase; AST = aspartate aminotransferase; CO = carbon monoxide.
3Quit status was defined by self-report of no smoking over 6 weeks of treatment and expired CO < 10 ppm.

bConversion factor to SI units = 17.1.
¢Conversion factor to SI units = 1.0.
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Mean change in indirect (~unconjugated) bilirubin from baseline at Weeks 1, 4, and 6 by quit status. Means and stand-

ard errors by quit status and week. The main effect of quit status was significant (p = .015). The effect of week (p = .427) and the

interaction of week and quit status (p = .614) were not significant.

nonquitters by week and illustrates that the increase in bili-
rubin occurred as early as 1 week after quitting. Multivariate
adjustment for other baseline variables that differed between
quitters and nonquitters did not alter the findings. Post-
cessation changes in AST and ALT did not differ by quit
status (p values > .65).

DISCUSSION

Our data establish the temporal relationship between quit-
ting smoking and increases in serum bilirubin concentra-
tions using a longitudinal design. Increases of the magnitude
observed (e.g., 0.06 mg/dl), within normal levels of bilirubin
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(up to 1.2mg/dl), have been associated with clinical benefits.
For example, a meta-analysis of the association of bilirubin
and cardiovascular disease in men found that an increase of
0.06 mg/dl was associated with a 6.5% reduction in the risk of
cardiovascular disease (Novotny & Vitek, 2003). Similarly, a
0.1 mg/dl increase in total bilirubin was associated with an 8%
and an 11% decrease in lung cancer risk for men and women,
respectively (Horsfall et al., 2011).

In our study, the mean increase in indirect bilirubin follow-
ing smoking cessation reached 0.06 mg/dl, whereas those who
were not abstinent had a significantly lower average increase
(0.02mg/dl). The increase with quitting is consistent with the
differences in bilirubin levels observed between past and cur-
rent smokers in cross-sectional epidemiological studies. For
example, in a Belgian population (Van Hoydonck et al., 2001),
the mean total bilirubin level was 0.06 mg/dl higher for for-
mer smokers (mean = 0.47, SD = 0.25) compared to current
smokers (mean = 0.41, SD = 0.19). Our findings demonstrate
that this benefit occurs with short-term abstinence. Indeed, the
mean differences observed in our study may be an underesti-
mation since participants who were not continuously abstinent
reduced their smoking. The half-lives of tobacco-associated
polycyclic aromatic hydrocarbon metabolites, which may have
mediated the hypothesized enzyme induction, are less than
10hr (St. Helen et al., 2012). Thus, a bilirubin increase as early
as 1 week seems plausible.

One implication of the findings is that smoking cessation
increases in bilirubin may be one mechanism for some of the
short-term benefits of quitting smoking, such as improved
endothelial function (Morita et al., 2006) and reduced car-
diovascular risk (Rigotti, 1996). Future studies, potentially
using animal models, are needed to determine if the associa-
tion between bilirubin and health effects of smoking cessation
is causal. Even if not causal, bilirubin change could be con-
sidered as part of a panel of biomarkers to motivate smoking
cessation. Many of the health consequences of smoking are
distant and uncertain (e.g., the person may or may not get lung
cancer or coronary disease in the future). Having a biomarker
that correlates with future consequences could help increase
motivation to change by making the potential health benefits
of quitting more immediately apparent. Studies in alcohol-
dependent patients have documented that feedback about
gamma-glutamyl transpeptidase as a marker of alcohol-related
liver damage can lead to reductions in drinking (Kristenson,
1987; Nilssen, 1991). In smokers, studies have shown that
reviewing arterial scanning images with patients to discuss
smoking-related cardiovascular disease risk improved ces-
sation (Hollands, Hankins, & Marteau, 2010) while another
showed benefits on cessation from providing feedback about
“lung age” based on spirometry results (Parkes, 2008). Since
bilirubin measurements are included in standard chemistry
panels, this biomarker could be translated easily to the clinic.
Future research might also explore using bilirubin change to
evaluate the consequences of other tobacco products.

Our study cannot disentangle the role of nicotine from other
constituents in tobacco smoke on bilirubin concentrations.
We suspect that non-nicotine constituents of tobacco smoke
may be an important variable because increases in bilirubin
occurred even though participants were using nicotine patches.
Whether or not greater increases would occur in the absence
of nicotine replacement or with other smoking cessation
medications remains to be determined. Concurrent treatment
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with naltrexone, which undergoes conjugation in the liver,
did not modify the findings; quitters showed larger mean
increases in bilirubin than nonquitters irrespective of
naltrexone dose.

As a secondary analysis of a clinical trial, there are limita-
tions on the precision with which we were able to test our
hypotheses. For example, fasting status, which affects bili-
rubin levels (White, Nelson, Pedersen, & Ash, 1981), was
uncontrolled. In addition, our sample was composed pri-
marily of Caucasians who reported smoking >20 cigarettes;
thus, the findings may not generalize to lighter or minority
smokers.

In conclusion, our study is the first to document that smok-
ing cessation leads to increases in bilirubin concentrations
using a longitudinal design. This finding is consistent with
cross-sectional studies suggesting a direct role for smoking
cessation in increasing bilirubin concentrations. Moreover, we
demonstrate that these changes occur shortly after quitting and
posit that these modest increases in bilirubin, an endogenous
antioxidant, may contribute to some of the early benefits of
quitting smoking.
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