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Abstract

Objective—Cigarette smoking is shown to reduce serum urate. However its impact on risk of
gout is unknown. We examined the relationship between cigarette smoking and gout risk
prospectively examined in this Asian cohort.

Methods—We analyzed the data from the Singapore Chinese Health Study, a cohort of 63,257
Chinese aged 45-74 years at recruitment in 1993-98. Information on cigarette smoking and other
lifestyle factors was collected through in-person interview at recruitment. This analysis included
53,213 participants who participated in either follow-up 1 (1999-2004) and/or follow-up 2
interviews (2006—2010). Cox proportional hazards models were used to assess the relationship
between cigarette smoking and gout risk.
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Results—A total of 2,244 incident cases of physician-diagnosed gout were identified after a
mean follow-up of 11.1 years. Among men, compared to never smokers, the risk of gout in current
smokers was decreased by 27% [hazard risk (HR)=0.73; 95% confidence interval (C1)=0.63-0.84].
This risk reduction was greater in lean male smokers (HR=0.69; 95% CI=0.57-0.83) than
overweight smokers (HR=0.87; 95% CI=0.67-1.13) (p for interaction=0.09). This inverse
association with smoking was rapidly attenuated to become null even in former smokers who had
recently quit smoking. Conversely, there was no association between smoking and gout risk in
women. In a companion cross-sectional study, current smokers had significantly lower levels of
serum urate than former and never smokers, and this observation was present in men and not
women.

Conclusion—Current smoking is associated with lower risk of gout in men in this Asian cohort.
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Gout, a clinical consequence of hyperuricemia, is the commonest inflammatory arthritides
with increasing health burden in Asia and globally.[1-5] Several epidemiologic studies
showed that serum urate (SU) levels were lower in cigarette smokers than non-smokers.[6—
11] Only one recent publication from the Framingham Heart Study (FHS) cohort has
examined the association between smoking and risk of gout and reported a lower risk of
gout among smokers, only in men but not in women.[12] However, information on dose and
duration of smoking was not available in the FHS. Although this study has adjusted for
potential confounders, including obesity, alcohol intake, hypertension and diabetes, dietary
risk factors of gout were not adjusted for. This could affect the validity of the findings since
smokers are known to have different diet from non-smokers.[13-18] Furthermore, alcohol
consumption is an established risk factor for gout, and in populations where alcohol
consumption is high, cigarette smoking and alcohol intake are often closely correlated such
that residual confounding effect of alcohol cannot be ruled out.

The Singapore Chinese Health Study is a cohort with a wide range of smoking duration and
dosage, but rare excessive alcohol intake (usually defined as =four drinks per day) against a
very low prevalence (11.7%) of weekly or more frequent intake of alcohol (the standard
definition of regular alcohol intake).[18] The present study examined the relation of
smoking, including smoking intensity and duration, and smoking cessation, with the risk of
gout in the middle-aged to elderly Chinese in Singapore.

METHODS
Study population

The Singapore Chinese Health Study is a population-based prospective cohort of 63,257
Chinese adults (27,959 men and 35,298 women) aged 45-74 years at baseline (1993-1998).
The study participants, recruited from the public housing estates, were restricted to two
major dialect groups in Singapore: Hokkien and Cantonese, who originated from Fujian and
Guangdong Provinces in Southern China, respectively. This study was approved by the
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Institutional Review Boards at the National University of Singapore and the University of
Pittsburgh.

Between 1999 and 2004, 52,322 participants were re-contacted for telephone interview at
follow-up 1 for an update of lifestyle factors such as height, weight, tobacco use and medical
history.[19] At follow-up 2, telephone interview was conducted between 2006 and 2010,
39,528 participants were re-contacted for update of lifestyle factors and medical history
(Figure 1). All interviews were tape-recorded and subjected to quality checks by the study
investigators.

Baseline exposure assessment

At recruitment, each participant was interviewed in person by a trained interviewer using a
structured questionnaire, which focused on history of tobacco and alcohol use, dietary
habits, physical activity, medical history. Current diet was assessed using a validated 165-
item, semi-quantitative food frequency questionnaire. Body weight and height at baseline
were self-reported during the interview; and body mass index (BMI) was calculated as
weight in kilograms divided by height in meters squared (kg/m?). There were 9,781 cohort
subjects with unknown weight, 97 with unknown height, and 192 with both unknown weight
and height. For those with missing weight and/or height, BMI was calculated using imputed
weight and/or height derived from the linear regression equation: Weight = /ntercept +
gradient x height, where values for the /intercept and gradient were derived from gender-
specific regression models based on the entire cohort participants with known heights and
weights. This method of imputed BMI was reported in detail previously.[20] Physical
activity levels were estimated by questions about numbers of hours per week spent on
moderate activities such as brisk walking, bowling, bicycling on level ground, tai chi or chi
kung.

Smoking and smoking cessation categories

At baseline interview, the participants were asked, “Have you ever smoked at least one
cigarette a day for one year or longer?” Never smokers included those who replied “no”,
former smokers included those who answered “yes, but I quit smoking”, and current
smokers included those who answered “yes, and | currently smoke”. Both former and
current smokers were then asked about number of cigarettes smoked per day (six pre-
determined categories: <6, 7-12, 13-22, 23-32, 33-42, 243) and number of years of
smoking (four pre-determined categories: <10, 10-19, 20-39, =40). Former smokers were
further asked about the duration of cessation (seven pre-determined categories: <1, 1-2, 34,
5-9, 10-14, 15-19, =20 years). At the follow-up 1 interview, participants were asked the
following question, “Have you ever smoked more than 100 cigarettes in your lifetime?”
Those who answered “no” were classified as never smokers; those who answered “yes” were
asked a second question, “Have you smoked at least one cigarette in the past 30 days?”
Those who answered “no” were classified as former smokers and those who answered “yes”
were classified as current smokers.
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Laboratory measurements

During April 1994 to December 1999, a random 3% of the cohort participants donated blood
and single-void urine specimens for research. The biologic specimens used in this analysis
of association between SU and smoking were collected from the first 486 subjects (216 men
and 270 women) who donated blood. Details of the biospecimen collection, processing and
storage procedures have been described.[21] SU was measured using the direct enzymic
assay in which urate was oxidized by uricase to allantoin and hydrogen peroxide, and the
resultant intensity of the red chromogen measured at 545 nm absorbance.[22]

Incident gout cases

Specifically, at both follow-up interviews, the participants were asked “Have you been told
by a doctor that you have gout?” If the response was “yes”, participants were also asked,
“Please also tell me the age at which you were first diagnosed?” The interviewers confirmed
that the participants had gout but not other arthritis by verifying with the participants that the
diagnosis of gout was based on joint pain and swelling attributed to reported hyperuricaemia
by their physicians.

A total of 54,341 participants participated in either or both follow-up interviews (52,322 in
follow-up 1 and 39,528 in follow-up 2). A major reason for not participating in the follow-
up interview was mortality. Hence, as expected, compared to those who participated in at
least one follow-up interview, those who did not participate (n=8,916) were older at
recruitment (61.1 years versus 55.8 years). They were also more likely to be male and ever
smokers, and to have lower education level but a higher prevalence of self-reported
hypertension and diabetes at baseline. Participants with prevalent gout diagnosed before
baseline (n=1,119) or with missing age of gout diagnosis (n=9) were excluded from this
study, leaving 53,213 participants for the current analysis (Figure 1).

Statistical analysis

Person-years for each participant were calculated from date of baseline interview to date of
reported gout diagnosis or the latest follow-up interview, whichever occurred first. Cox
proportional hazards regression was used to calculate hazard ratio (HR) and its 95%
confidence interval (CI) for developing gout by smoking status, duration and dose. All
models included age, sex, dialect (Hokkien/Cantonese), year of baseline interview (1993—
1995, 1996-1998), educational level (none, primary, secondary or higher), moderate
physical activity (<0.5, 0.5-3.9, =4 hours/week), alcohol consumption (none, monthly,
weekly, daily), BMI (<20.0, 20.0-23.9, 24.0-27.9, =28.0 kg/m?), and self-reported history of
physician-diagnosed hypertension, diabetes, coronary heart disease (CHD) and stroke at
baseline. We also adjusted for dietary intakes of red meat, poultry, fish and shellfish, dairy
products, soy foods, non-soy legumes, fruits and vegetables (all in quartiles). These
covariates were selected because they were potential or established risk factors of gout
previously reported in this cohort or in the literature.[23] Interaction with smoking status
was explored for gender and BMI categories (<25 kg/m2 and =25 kg/m2) separately.
Heterogeneity of the smoking/gout associations was tested with an interaction term (product
between smoking status categories and factor of interest) in the models.
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The distribution of SU concentration was positively skewed, which was normalized to a
large extent by logarithmic transformation. All statistical analyses were performed on the
log-transformed values, and we reported their geometric means and corresponding 95%
confidence intervals (Cl). To examine the relationship between SU and smoking status, we
used the multiple linear regression model with adjustment for potential confounders. All
statistical analyses were conducted using SAS Version 9.2 (SAS Institute, Inc., Cary, North
Carolina). All reported p values are two-sided and p <0.05 was considered statistically
significant.

After a mean of 11.1 (SD 3.7) years of follow-up, 2,244 out of 53,213 participants (1,190 at
follow-up 1 and 1,054 at follow-up 2) reported to have incident gout. Mean age at diagnosis
was 61.4 (SD 8.2, range 45-87) years. Mean time interval between date of interview at
diagnosis and diagnosis of gout was 6.3 (SD 3.8, range 1-17) years. The age-adjusted
incidence rates of gout were 502 per 100,000 person-years in men and 295 per 100,000
person-years in women.

Compared to never smokers, former and current smokers were more likely to be males, older
at recruitment and consume more alcohol. Former smokers had highest prevalence of
diabetes, hypertension, CHD and stroke at recruitment while current smokers had the lowest
BMI (Table 1). Comparing to non-cases, gout cases were more likely to be male and to have
higher BMI, attained higher level of education and consumed more alcohol. Gout cases also
had higher prevalence of hypertension and CHD at recruitment (Table 1).

Table 2 presents the association between cigarette smoking and gout risk for all cohort
subjects and separately among men and women. Compared with never smokers, current
smokers had a 20% lower risk of gout (HR 0.80; 95% CI 0.70-0.91). This association was
only present in men (HR 0.73; 95% CI 0.63-0.84), but not in women (HR 1.13; 95% ClI
0.85-1.51). This sex difference in the smoking-gout association was statistically significant
(o for interaction = 0.01). The risk of gout in former smokers was similar to never smokers
in both genders.

We further investigated the relationship between smoking intensity and duration and gout
risk (Table 2). Among male current smokers, the risk of gout was equivalent across different
categories of smoking duration or intensity (Table 2). Among former smokers, there was no
association between duration of smoking cessation and gout risk. There was no association
between smoking intensity, duration or cessation and gout risk among women. We further
limited our analysis to those without baseline history of diabetes, hypertension, coronary
heart disease and stroke (n=38,306), since these are chronic diseases that are related to
smoking. The results remained essentially unchanged; among men, compared to never
smokers, the association was reduced in current smokers (HR 0.77; 95% CI 0.64-0.91) but
null among former smokers (HR 1.02; 95% CI 0.84-1.24). Among women, the associations
were null in both current smokers (HR 1.07; 95% CI 0.73-1.58) and former smokers (HR
0.91; 95% CI 0.47-1.77).

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2017 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Teng et al. Page 6

Since obesity is a strong risk factor for gout [24] and current smokers had lower body
weight,[18] we further investigated if BMI modified the association between smoking and
gout risk among men (Table 3). We used BMI =25 kg/m? as the cut-off to divide the subjects
into those with normal weight or overweight/obesity according to the current WHO
recommendation.[25] In this analysis, we only included 19,387 men with self-reported body
weight and height at baseline. We found a marginally significant interaction between BMI
and smoking with risk of gout (p for interaction = 0.09): the associations between current
smoking and gout risk were stronger in individuals with BMI <25 kg/m2 (HR 0.69; 95% ClI
0.57-0.83) compared to those with BMI =25 kg/m? (HR 0.87; 95% CI 0.67-1.13).

Since participants may change smoking status over the course of observation period from
baseline to follow-up 1, we performed sensitivity analyses with an update of smoking status
and other potential confounders fitted as time-dependent covariates in Cox regression
analysis, in order to control for change in smoking status, as well as modification in BMI,
alcohol consumption and history of diabetes, hypertension, coronary heart disease and stroke
during follow-up 1. The results remained essentially the same as the results from using
smoking status and other information at baseline interview. Among men, compared to never
smokers, only continuous smokers had a decreased HR of 0.72 (95% CI 0.62-0.84), while
the association was null among former smokers with HR of 1.08 (0.94-1.24). The reduced
risk in current smokers was also stronger among lean men with BMI <25 kg/m? (HR 0.64;
95% CI 0.54-0.76) compared to those with BMI =25 kg/m? (HR 0.90; 95% CI 0.69-1.17) (p
for interaction=0.009). There was no clear association between changes in smoking status
and risk of gout among women as a whole or by BMI categories; the HR (95% CI) for
former smokers in women was 1.11 (0.77-1.59) and that for current smokers was 1.13
(0.85-1.52).

In the analysis of smoking status and SU, after adjusting for other potential confounders
including lifestyle and diet, among men, SU levels were lower in current smokers and
former compared to never smokers (p for trend=0.03) (Table 4). The difference in SU levels
between current and never smokers in men was statistically significant (p=0.04). SU was
higher in overweight men (BMI =25 kg/m?2) compared to leaner men (BMI <25 kg/m?).
However, the association between smoking status and SU was observed in lean men but not
in overweight men. Among lean men, current smokers had lower SU levels than never-
smokers. We did not observe any material difference in SU levels by dose (comparing 1-12
versus >12 cigarettes per day) or duration of smoking (comparing <20 years to 20 years or
more) among men (results not shown). Women had a statistically significant ~25% lower SU
concentration than men. There was no material difference in SU levels by smoking status
among women (Table 4). Exclusion of four participants who had history of gout with age of
diagnosis prior to the blood collection and therefore might be receiving urate-lowering
therapy did not alter the results.

DISCUSSION

The present study represents to date the most comprehensive examination of the relation of
smoking, including dose, duration and cessation, using prospective data from a population-
based cohort in Asia. The results showed that current smoking was inversely associated with
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risk of gout in men but not in women. This inverse association with smoking was rapidly
attenuated to null even in former smokers who had recently quit smoking for less than a
year. SU levels were reduced in current smokers compared to former and never smokers.
However, again, this association was only observed in men but not in women. The relations
of current smoking with risk of gout and SU were both stronger in lean men compared to
their overweight counterparts.

Our findings concur with the observation from the FHS, which showed an inverse
association between current smoking and risk of gout in men but a null association in
women.[12] Furthermore, this risk reduction among male smokers in our study was not
explained by differences in the prevalence of dietary and lifestyle risk factors or
comorbidities. The FHS did not examine the effect of dose, duration and cessation on risk of
gout. In our study, among male current smokers, the risk of gout was comparable across
different categories of smoking duration or intensity.

Several studies have demonstrated that smoking lowers SU.[6-11] Although the FHS also
reported lower SU in smokers compared to non-smokers, they did not differentiate the
results by gender. In the US Atherosclerosis Risk in Communities study, where 63% of the
8,342 participants were women, the investigators reported a non-statistically significant
increase in risk of incident hyperuricemia in current smokers compared to never smokers,
without stratification by gender.[26] A cross-sectional study showed that the difference in
SU levels between smokers and non-smokers was much greater in men than in women.[6]
The Coronary Artery Risk Development in Young Adults study showed that while there
were fewer smokers among hyperuricemic men than among normouricemic men, the reverse
was observed in women.[27] Hence, our finding of a null effect of smoking on the risk of
gout or SU levels in women concurred with these studies. We also showed that the null
association in women could not be explained by fewer pack-years among women compared
to men, as previously suggested.[12] The differential gender effect of smoking with risk of
gout or SU levels deserves further investigation.

Our novel finding is the stronger inverse association between smoking and gout risk/SU in
lean compared to overweight men, although SU levels were higher in overweight men
overall. Adiposity is one of the strongest risk factor for gout, and adiposity is associated with
hyperinsulinemia, which can in turn lead to hyperuricemia through reduced urinary urate
clearance.[28 29] Hence, it is plausible that smoking may be less effective in suppressing
gout attacks or in lowering SU in overweight men.

Cigarette smoking poses an oxidative stress, and may thereby deplete uric acid, one of the
most important anti-oxidant scavengers of reactive oxygen species.[8] Cyanide in tobacco
smoking may also inhibit xanthine oxidase responsible for urate formation in purine
metabolism.[30 31] Asymptomatic hyperuricemia is a preamble of gout which is
characterized by monosodium urate (MSU) crystals deposition. Ultrasound studies have
shown presence of MSU deposits in asymptomatic hyperuricemic patients who never
experienced gout arthritis.[32 33] MSU crystals have been identified in previously
uninvolved joints during the inter-critical stage of gout.[34] Emerging data allude to the
possibility of agonistic effect of nicotine on macrophage immune function via alpha 7-
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nicotinic acetylcholine receptor (a7 nAChR), a major exogenous ligand for nicotine.[35 36]
One experimental study using lipopolysaccharide-primed peritoneal mouse and human
macrophages showed that a7 nAChRs-signaling inhibits NLRP3 inflammasome activation
by preventing mitochondrial DNA release.[37] Hence, in addition to urate-lowering, we
propose that the risk reduction by cigarette smoking may also be mediated by the
suppression of the intense inflammatory response to MSU. The rapid loss of the inverse
association between smoking and gout risk with smoking cessation suggests the reversibility
of underpinning mechanisms.

Our study has several strengths. We were able to assess smoking status at recruitment and
two separate time-points and therefore ascertain its association with risk of gout more
reliably. Other strengths include its large sample size, the prospective study design in
eliminating recall bias inherent in case-control studies, and adjustment for relevant lifestyle
and diet factors as potential confounders. Conceivable limitations are that the outcome of
gout was self-reported and we did not have data on gout treatment and SU levels of all
participants. We employed the same case definition used in other large cohort studies
whereby gout was defined by “yes” to the question “Have you been told by a doctor to have
gout?”.[38 39] Furthermore, our interviewers were trained to enquire if the joint pain and
swelling from gout was attributed to reported hyperuricemia by their physicians in order to
increase the accuracy of self-reported physician-diagnosed gout. Mandating MSU
identification as the gold standard for diagnosis of gout is not practical in population based
studies. Utilizing the preliminary American College of Rheumatology criteria may
undermine the sensitivity of case definition in primary care setting.[40 41] Using this case
definition, we have previously published the association between gout and mortality risk [3],
as well as the association between diet and risk of gout [23] from this cohort. Two
population-based cohorts in US have also shown that self-report of physician-diagnosed gout
could have moderate to good reliability and sensitivity, and could therefore be an adequate
proxy for the actual prevalence or incidence in epidemiological studies.[38 42] Finally, we
admit that the small number of female smokers may have resulted in the null association
between smoking and risk of gout among women.

In conclusion, this study provides epidemiologic evidence for an inverse association between
current cigarette smoking and gout risk. While we certainly do not advocate smoking as a
means of reducing the risk of gout, further studies are needed to verify this finding and
elucidate the suppressive effects of nicotine on the pathophysiology of gout.
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SIGNIFICANCE
1. Current smoking was associated with reduced risk of gout in men but not in
women, and this reduction in risk was attenuated within one year of smoking
cessation.
2. This inverse association with smoking appeared to be stronger in lean

smokers than in their more overweight counterparts.
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Flowchart of cohort participation
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Table 3

Cigarette smoking in relation to risk of gout among men stratified by body mass index (BMI) level, The
Singapore Chinese Health Study, 1993-2010

BMI <25 kg/m? BMI 225 kg/m?
(n=14,534) (n=4,853)

Cases HR2(95% Cl) Cases HR?(95% Cl)
Smoking status
Never smoker 370 1.00 193 1.00
Former smoker 167 0.99 (0.82-1.19) 102 1.13 (0.89-1.45)
Current smoker 190 0.69 (0.57-0.83) 91 0.87 (0.67-1.13)

Years of smoking among current smokers

Never smoker 370 1.00 193 1.00
<19 years 3 0.28(0.09-0.88) 2 0.30 (0.07-1.21)
20-39 years 121 0.71 (0.57-0.88) 72 1.03 (0.77-1.36)
240 years 66  0.72(0.54-0.96) 17  0.60 (0.36-1.01)
Number of cigarettes per day among current smokers
Never smoker 370 1.00 193 1.00
1-12 cig/day 76 0.77(0.60-0.99) 30  0.83(0.56-1.22)
13-22 cig/day 76 0.63(0.49-0.81) 43  0.92(0.65-1.30)
223 cig/day 38 0.70 (0.49-0.99) 18 0.82 (0.50-1.36)

All models included age (years), sex (whole cohort), dialect (Hokkien/Cantonese), year of baseline interview (1993-1995, 1996-1998), educational
level (none, primary, secondary or higher), moderate physical activity (<0.5, 0.5-3.9, 24 hours/week), alcohol consumption (none, monthly, weekly,
daily), self-reported history of hypertension, diabetes, stroke and coronary heart disease, and dietary intakes of red meat, poultry, fish and shellfish,
dairy products, soy foods, non-soy legumes, fruits and vegetables (all in quartiles).
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Table 4

The geometric mean of serum urate in pmol/L (95% confidence interval) by smoking status consumption in
the Singapore Chinese Health Study

Serum urate (95% CI)

1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

N Model 1* Model 2**
All
Never smokers 351 339.4(325.3-354.1) 340.5(326.4-355.3)
Former smokers 57  326.2 (303.9-350.1) 328.3 (305.7-352.4)
Current smokers 78  323.6 (304.0-344.4) 323.8 (303.8-345.1)
P-value (Trend) 0.12 0.10
Men
Never smokers 95 3727 (352.4-394.2) 373.7 (353.1-395.4)
Former smokers 55  353.5(330.3-378.3)  353.7 (329.9-379.1)
Current smokers 66  346.3 (325.9-368.0)  347.2 (325.9-369.8)

P-value (Trend)

0.03

0.04

Lean men (BMI<25 kg/m?)

Never smokers 75  371.1(347.9-395.9) 373.6 (349.7-399.0)

Former smokers 41  357.7 (329.7-388.0)  354.8 (326.3-385.8)

Current smokers 58  339.2 (317.4-362.6) 342.8 (319.9-367.4)
P-value (Trend) 0.02 0.03

Overweight men (BMI 225 kg/m?)

Never smokers 20  393.7 (337.0-459.8) 387.8 (328.1-458.3)

Former smokers 14  353.0 (293.4-424.7)  375.5 (304.9-462.3)

Current smokers 8  380.9 (301.5-481.2) 387.5(299.7-501.0)
P-value (Trend) 0.46 0.90
Women

Never smokers 256  297.7 (273.4-324.2)  300.8 (275.5-328.3)

Former smokers 2 325.9 (236.8-448.4)  329.8 (238.6-456.0)

Current smokers 12 307.8 (264.3-358.4)  306.8 (262.3-358.8)
P-value (Trend) 0.55 0.70

1duosnuen Joyiny

Model adjusted for age at blood taking (years), dialect (Hokkien/Cantonese), educational level (none, primary, secondary or higher), alcohol
consumption (none, monthly, weekly, daily), self-reported history of hypertension, diabetes, coronary heart disease and stroke, body mass index

(kg/mz) (except in the analysis of lean and overweight men)

Model 2**: further adjusted for dietary intakes of red meat, poultry, fish and shellfish, dairy products, soy foods, non-soy legumes, fruits and
vegetables (all in quartiles).
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