Open access Original research

Lifestyle factors associated with

incidence of rheumatoid arthritis in US
adults: analysis of National Health and
Nutrition Examination Survey database

BM)J Open

To cite: Ye D,Mao Y, Xu Y, et al.
Lifestyle factors associated

with incidence of rheumatoid
arthritis in US adults: analysis
of National Health and Nutrition
Examination Survey database
and meta-analysis. BMJ Open
2021;11:¢038137. doi:10.1136/
bmjopen-2020-038137

» Prepublication history and
additional material for this paper
is available online. To view these
files, please visit the journal
online (http://dx.doi.org/10.
1136/bmjopen-2020-038137).

Received 28 February 2020
Revised 29 October 2020
Accepted 06 November 2020

| '.) Check for updates

© Author(s) (or their
employer(s)) 2021. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

"Department of Epidemiology
and Biostatistics, College

of Basic Medical Sciences,
Zhejiang Chinese Medical
University, Hangzhou, Zhejiang,
China

ZInstitute of Basic Research

in Clinical Medicine, College

of Basic Medical Sciences,
Zhejiang Chinese Medical
University, Hangzhou, Zhejiang,
China

Correspondence to
Dr Chengping Wen;
wengcp@163.com

and meta-analysis

Ding Ye

ABSTRACT

Objective To quantify rheumatoid arthritis (RA) cases
attributable to selected non-genetic risk factors.

Design National Health and Nutrition Examination Survey
(NHANES) and meta-analysis.

Participants US adults.

Data sources The prevalence of exposure was obtained
from NHANES. Weighted analysis was performed to
account for the complex sampling design in NHANES.
PubMed and Web of Science up to 31 March 2019 were
searched to identify epidemiological studies reported the
association between non-genetic risk factors and RA in US
adults. Relative risk (RR) value and the corresponding Cl
were pooled by meta-analysis to evaluate the associations
between modifiable risk factors and RA. Population
attributable fraction (PAF) was calculated based on the
prevalence and RR data.

Results The weighted percentages of former smokers,
current smokers and overweight or obese people were
24.84%, 23.93% and 63.97%, and the average alcohol
consumption was 51.34 g/week. In the meta-analysis,

we found that former smokers (RR 1.22, 95% Cl 1.10 to
1.36) and current smokers (RR 1.47, 95% Cl 1.29 to 1.68)
had higher risks of RA. Overweight and obese individuals
had 1.27-fold (95% Cl 1.09 to 1.48) increased risk of RA.
Each per 50 g/week increment of alcohol consumption
was associated with 8% (95% Cl 0% to 16%) reduction

in the risk of RA. Therefore, PAF value of smoking was
14.00% (95% Cl 8.13% to 23.33%). Excess body mass
index (BMI) was found to account for 14.73% (95% Cl
5.45% 1o 23.50%) of RA incidence. The fraction of RA risk
attributed by low alcohol intake was 8.21% (95% Cl 0.31%
to 16.39%). Collectively, we found that 32.69% (95%

Cl 13.41% to 50.96%) of RA cases were attributable to
smoking, overweight or obesity and low alcohol drinking.
Conclusion Nearly 33% of RA incidence was attributed to
smoking, excess BMI and low alcohol drinking in USA. Our
findings could provide a basis for developing guidelines of
RA prevention and control in USA.

BACKGROUND

Rheumatoid arthritis (RA) is a systemic
disease that causes progressive articular
destruction and associated comorbidities in

," Yingying Mao," Yang Xu, Xueli Xu," Zhijun Xie,? Chengping Wen?

Strengths and limitations of this study

» This study is the first to comprehensively evaluate
the burden of rheumatoid arthritis (RA) incidence
attributable to well-known risk factors among US
adults.

» Population attributable fraction estimation was
based on the prevalence from National Health and
Nutrition Examination Survey database and relative
risk value by meta-analysis, which ensures data
quality and scale.

» Limitations of this study included that several other
known risk factors of RA exist but have not been
included in our study.

vascular, metabolic, bone and psychological
domains." RA affects at least twice as many
women as men, and although it can occur
at any age, the peak incidence is at the age
of 50 years.” Incidence varies considerably in
different regions and published work suggests
that North American and North European
countries have higher median incidence rates
than South European countries.”

RA is considered to be a multifactorial
disease, resulting from the interaction of both
genetic and environmental factors.* Multiple
lifestyle and dietary risks factors have been
found to be associated with RA.”™ One of the
ways in which individuals may respond to an
environmental exposure is through changes
in their epigenome to have a profound effect
on gene expression, such as post-translational
histone modifications and DNA methylation,
to influence the risk of RA.’ The weight of risk
factors to the burden of RA in a given popu-
lation is critical for better understanding of
the relative importance of risk factors and for
prioritisation of public health efforts.

The population attributable fraction (PAF)
is an epidemiological measure widely used
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to assess the public health impact of certain risk factors
in populations.'” Several studies illustrate preventive
measures will have distinct effects on the societal and on
the individual level. For example, evidence in Sweden
showed that smoking seems to be responsible for 20%
of all RA, 35% of all antibodies to citrullinated protein
antigen-positive RA and for 55% of all cases of RA in indi-
viduals carrying double HLA-DRBI SE alleles.'’ The PAF
calculation could also be generalised to the joint effects
of two or more exposures, which is expected to be less
than the sum of the PAF for each exposure, because
individuals exposed to all of the exposures should not
be counted multiple times.'”> However, most of these
studies were limited because they included only a single
risk factor. Comprehensive evaluation of the burden of
RA attributable to potentially modifiable risk factors is
essential in prioritising resources and planning preven-
tive measures against RA.

It should be noted that there may be ethnic and
geographical variations in the association of each risk
factor with RA. However, no systematic assessment of the
preventable risk factors on RA is available for USA so far.
Therefore, this study aimed to estimate the numbers and
proportions of RA incidence among US adults that could
be attributable to the documented risk factors. It also
provides the opportunity to evaluate the potential to draw
together preventative health messages for RA.

METHODS

RA incidence data

Estimated deaths and mortality by RA in USA in 2016 was
obtained from WHO Global Health Estimates (GHE)
project.” GHE 2016 presents results for 183 WHO
Member States, encompassing all those with a popula-
tion of 90 000 or greater in 2016, which confirms and
expands previous WHO analyses of global health trends
and improvements for years 2000-2016. The specific
data sources and methods are described in the website."*
Overall, 2.3 thousand people aged more than 15 years

died with RA, and the total death rate of RA was 0.88 per
100 000.

RA incidence data were estimated by applying inci-
dence mortality rates (IMR) to the data on RA deaths.
We obtained IMR from a meta-analysis involving a total
of 11 longitudinal studies, which used Poisson regression
to model IMR."” The IMR value was calculated as follows:
number of deaths at the end of the study divided by the
product of the mean number of RA patients during the
study multiplied by the mean patient follow-up. The
pooled IMR was 2.0/100 after the year of 1983. Thus, the
total number of RA cases was 114.8 thousand at an esti-

mated incidence of 0.44 per 1000 among US adults.

Selection of risk factors
We included the convincing and probable risk factors
in our study to estimate the joint effect on RA risk. The
risk factors which met the following explicit criteria were
included: (1) it was one of the 84 behavioural, environ-
mental and occupational, and metabolic risks defined by
Global Burden of Disease Study 2016'%; (2) there was suffi-
cient evidence on the presence and magnitude of likely
causal associations with RA risk from systematic reviews
and meta-analysis, or high-quality epidemiological studies
and (3) data on risk factor exposure were available from
representative surveys in USA.

Two independent investigators (Mao Y and Ye D)
performed the literature search, and the risk factors
included in our study were listed in table 1.

Prevalence of risk factors

Prevalence of exposure data was extracted from nation-
ally representative studies in USA. As the current health
effects of risk factors are a result of the accumulative
patterns of past exposure to the risk factors, we assumed
an average latency time of 10 years for risk factors and RA.
Thus, priority was given to prevalence data of exposure
referring to around 2006. In addition, we also conducted
a sensitivity analysis with respect to different lag-time.

Table 1 Exposure rate of risk factors among US adults
Main analysis Sensitivity analysis
Risk factor Crude Weighted (SE) Crude Weighted (SE)
Smoking status (%)
Never 52.79 51.23 (1.36) 51.91 50.48 (1.89)
Former 25.32 24.84 (1.04) 26.39 24.65 (1.35)
Current 21.90 23.93 (1.22) 21.70 24.87 (1.08)
BMI, kg/m? (%)
<25.0 53.63 36.03 (1.30) 55.43 37.79 (0.70)
25.0-29.9 23.44 31.40 (0.82) 25.04 33.57 (1.06)
>30.0 22.93 32.57 (1.44) 19.53 28.64 (1.03)
Alcohol consumption (g/week) 44.63 51.34 (2.75) 58.63 59.79 (2.50)

BMI, body mass index.
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Prevalence data analysed in this study were extracted
from the National Health and Nutrition Examination
Survey (NHANES), which used a complex, multistage,
probability sampling design to collect nationally represen-
tative sample of civilian, non-institutionalised US popu-
lation and had become a continuous programme since
1999. A stratified, multistage probability cluster process
was employed as the sampling strategy.'” NHANES 2005—
2006 was used to estimate the prevalence of risk factors.
For sensitivity analysis, we also calculated the exposure
rate in other 2-year survey cycle.

Smoking status was defined as never, former and
current smoker.'® Individuals who reported that they had
never smoked or smoked less than 100 cigarettes during
their lifetimes were classified as never smokers. Former
smokers were defined as participants who smoked at
least 100 cigarettes during their lifetimes and were not
currently smoking at the time of the survey. Participants
who reported smoking at least 100 cigarettes in their life-
times and smoked either every day or some days at the time
of the survey were classified as current smokers." Body
mass index (BMI) was calculated as weight in kilograms
divided by height in metres squared. Alcohol consump-
tion was classified as never for those who reported <12
drinks ever.”

Relative risk data
To evaluate the relative risk (RR) of risk factors and RA
in the US population, we conducted a systematic search
through databases of PubMed and Web of Science up to
31 March 2019, and the search strategy was presented
in online supplemental table 1. We conducted a meta-
analysis to pool the RRs of epidemiological studies which
reported the association between the risk factors and
risk of RA in US population. The studies that fulfilled
the following criteria were included for meta-analysis:
(1) the study design was cohort, case—control or nested
case—control study conducted in US population; (2) RR,
and the corresponding 95% Cls should be provided or
sufficient data to calculate them were reported; (3) if
several reports were from the same study, only the one
with largest sample size was included. Two authors (Xu
Y and Xu X) extracted detailed information including
first author, year of publication, study design, sample
size, gender, age, category of each risk factor, RR and
95% CI. We extracted RR estimates from the maximally
adjusted model to reduce the risk of possible unmea-
sured confounding. In addition, estimates for an alterna-
tive comparison of the categories was calculated by the
method of Hamling et al*' Two researchers (Xu Y and
Xu X) independently rated the quality of the included
studies using the Newcastle-Ottawa Scale with scores
ranging from 0 to 9 points.22 Studies with a quality score
more than seven points were considered as high quality.
We calculated study specific slopes (linear trends) and 95%
ClIs from the natural logs of the reported RRs and CIs across
categories of BML* We also pooled the categories with BMI

more than 25 to evaluate the association between excess BMI
and risk of RA for PAF estimation.

As different studies used different units to express
alcohol intake, the conversion was performed using the
method developed by Fedirko et al* (one drink=12.5 g;
one ounce=28.35 g and 1 mL=0.8 g). A dose-response
analysis on the association between alcohol drinking and
risk of RA was carried out using both linear and nonlinear
models on the natural logarithm of the RR using the
method by Orsini N.* The midpoint of the categories
was used in the dose-response analysis. When the highest
category was open ended, the midpoint was calculated
as 1.2 times its lower bound.*® Data fitting was based on
restricted cubic spline models using the fixed percentiles
5%, 35%, 65% and 95% as knot locations.

Population attributable fraction

PAF is the proportion of RA in the total population that
can be avoided by modifying or removing the exposure
of certain risk factors. For protective factors, the PAF was
calculated for the group without the exposure.

PAF can be calculated by the formula proposed by
27

Levin,”" among which P is the prevalence of exposure in a
population, such as overweight and obesity.
_ Px(RR1)
PAF = men) 1

For multicategorical variable in risk factors such as
smoking, PAF was estimated by the following formula.”

> Pix(RR)
PAF - ZP;’X (RR1—1)+1

RR, was the RR at group i, and P, was the prevalence of
group.

For continuous variables in risk factors such as alcohol
consumption (started at zero), PAF was obtained by multi-
plying the RR for unit exposure and the average exposure
level (d), shown in the following formula, assuming a log-
linear relationship between exposure and RA risk.”
exp[In(RR;) x d]-1

PAF = exp[In(RR;) x d]

We calculated the fraction of new cases of individual
RA attributable to selected risk factors by applying the
combined PAF. It can be estimated by the following
formula,12 where r=individual risk factor and N is number
of risk factors.

multiple PAF = 1 — [T (1 — PAR)

Statistical analysis
In the data analyses for prevalence of the risk factors
in NHANES, the sampling weights for interview
(WITMEC2YR) and study design variables (SDMVPSU
and SDMVSTRA) were applied. Weighted analyses were
conducted to consider the complex sampling design and
to obtain appropriate SEs.

Summary RR was synthesised to evaluate the associa-
tion between each risk factor and risk of RA. The hetero-
geneity among studies was assessed using the Cochran
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Table 2 Basic characteristic of included studies in the meta-analysis on the association between selected risk factors and RA

Cases/cohort size

Study Study design or controls Gender Age Source population Involved risk factors
Voigt et al, 1994%* Case-control 349/1457 Female 18-64 Group Health Cooperative ~ Smoking, BMI, alcohol
of Puget Sound drinking
Karlson et al, Cohort 7687/377481 Female 18-99 Women'’s Health Cohort Smoking
1999% Study
Criswell et al, Cohort 158/31336 Female 55-69 lowa Women’s Health Study Smoking
2002%
Cerhan et al, Cohort 158/31336 Female 55-69 lowa Women'’s Health Study BMI, alcohol drinking
2002
Krishnan et al, Case—control 644/1509 Male and 25-NA  Behavioural risk factor Smoking
2003 female surveillance system
Mikuls et al, Case-control 605/255 Male and NA Consortium for the Smoking
2010% female Longitudinal
Evaluations of African
Americans with Early
Rheumatoid Arthritis
Crowson et al, Nested case— 813/813 Male and 18-NA  Rochester Epidemiology Smoking
2013%° control female Project
Luetal,2014*  Cohort 826/109896 Female 30-55  Nurses’ Health Study BMI
355/108727 Female 25-42 Nurses’ Health Study Il
Lu et al, 2014* Cohort 580/82472 Female 30-55 Nurses’ Health Study Alcohol drinking
323/110737 Female 25-42 Nurses’ Health Study I
Lamichhane et al, Cohort 185/76668 Female 50-79 Women'’s Health Initiative Smoking, BMI, alcohol
2018 Observational Study drinking
Liu et al, 2019*' Cohort 1002/117182 Female 30-55 Nurses’ Health Study Smoking
526/113550 Female 25-42 Nurses’ Health Study I
Parks et al, 2019* Cohort 478/49406 Male and NA Individuals in Agricultural Smoking
female Health Study and their
spouses

BMI, body mass index; NA, not applicable; RA, rheumatoid arthritis.

Q test” and I” statistic,”’ with a statistically significant
heterogeneity defined as p<0.10 or I* >50%. A random-
effects model’ was applied when a statistically significant
value was presented; otherwise the fixed-effects model®
was used. Sensitivity analysis was performed to evaluate
the stability of the association by sequential removal of
each study from the analysis. Publication bias was assessed
using Egger’s test and Begg’s test. A funnel plot was gener-
ated, of which symmetry suggested no evidence of publi-
cation bias. The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses checklist for reporting system-
atic reviews and meta-analyses was used.

Statistical tests were performed using SAS V.9.2 software
(SAS) and STATA V.12.0 software (StataCorp). A p<0.05
was considered significant.

Patient and public involvement
Patients or the public were not involved in the design,
conduct, reporting or dissemination of our research.

RESULTS

Distribution of risk factors

Of the 6437 individuals aged more than 15 years sampled
for NHANES 2005-2006, the total percentages of never

smokers, former smokers and current smokers were
52.79%, 25.32% and 21.90% (table 1). For BMI, the
percentages of overweight and obesity were 23.44% and
22.93%, respectively. The average alcohol consumption
was 3.57 drink/week, approximately equal to 44.63 g/
week. Table 1 also presents the weighted proportion of
smoking status, and the weighted means of BMI and
alcohol consumption, which were used for PAF calcu-
lation in subsequent analysis. If a lag-time of 15 years
instead of 10 years between the selected risk factors and
risk of RA was considered, we used NHANES 2001-2002
dataset for sensitivity analysis, and the corresponding
result was shown in table 1.

Association between selected risk factors and RA

The flow chart of study inclusion and exclusion was shown
in online supplemental figure 1. Nine studies®** were
included to evaluate the association between smoking
status and risk of RA among US adults, among which there
were five cohort studies, three case—control studies and
one nested case—control study (table 2). Four studies had
a score of 8, three studies scored 7 and two study scored
6, respectively (online supplemental table 2). Compared
with never smokers, former smokers (I°=57.4%, RR=1.22,
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Author

Past smoker

%
RR (95% CI)  Weight

Voigt et al.. 1994 T— 1.28 (0.96, 1.71) 5.21
Karlson et al., 1999 = 1.06 (0.99, 1.13) 10.23
Criswell et al., 2002 —_— 1.30 (0.82, 2.06) 2.92
Krishnan et al.. 2003 - 1.27 (0.78, 2.06) 2.67
Mikuls et al., 2010 e 1.34 (0.91, 1.97) 3.70
Crowson et al., 2013 —_— 1.40 (1.11,1.76) 6.41
Lamichhane et al.. 2018 —f 1.08 (0.80, 1.46) 4.93
Liuetal, 2019 _— 1.36(1.21,1.52) 9.28
Parks et al_, 2019 = 1.14(0.92,1.42) 6.72
Subtotal (I-squared = 57.4%, p = 0.016) <> 1.22 (1.10, 1.36) 52.07
1
1
Curren smoker !
Voigt et al., 1994 —— 1.33 (1.00, 1.77) 5.27
Karlson et al., 1999 = 1.18 (1.06, 1.31) 9.46

Criswell et al., 2002

| ———%———> 220(1.43,3.38) 321

Krishnan et al., 2003 —— 1.43 (0.99, 2.06) 3.96

Mikuls et al., 2010 —_— 1.56 (1.07,2.27) 3.86

Crowson et al., 2013 —_—— 1.48 (1.13,1.93) 5.66

Lamichhane et al., 2018 + 1.34 (0.75, 2.39) 2.03

Liu et al., 2019 —— 1.46 (1.26, 1.70) 8.38

Parks et al., 2019 | —— 1.86 (1.46,2.37) 6.11

Subtotal (I-squared = 60.1%, p = 0.010) <> 1.47 (1.29, 1.68) 47.93
1

Overall (I-squared = 68.0%, p = 0.000) < 1.34 (1.22, 1.47) 100.00
1

T * T
296 1 3.38

Figure 1

95% CI 1.10 to 1.36) and current smokers (I?=60.1%,
RR=1.47, 95% CI 1.29 to 1.68) in the meta-analysis
(figure 1). In sensitivity analysis, omission of one study at
a time did not materially alter the results, with RR ranging
from 1.05 to 1.41 in former smoking and from 1.24 to
1.75 in current smoking, respectively. The Begg’s test
(p=0.917 for past smoking; p=0.917 for current smoking)
and Egger’s test (p=0.174 for past smoking; p=0.062 for
current smoking) did not suggest evidence of potential
publication bias.

Four studies® 10 % reported the association between
BMI and risk of RA, including three cohort studies and
one case—control study (table 2). One study had a score
of 8, two studies scored 7 and one study scored 6, respec-
tively (online supplemental table 2). The linear regres-
sion model indicated a high goodness of fit for the risk of
RA, with the RR of 1.09 (95% CI 1.04 to 1.15) for every 5
kg/ m? increase in BML. In the categorical meta-analysis,
excess BMI was found to be higher risk of RA (I?°=44.0%,
RR=1.27, 95% CI 1.09 to 1.48; figure 2). Sensitivity anal-
ysis suggested that RRs ranged from 0.92 to 1.70, as the
study by Lu et al** had a strong effect on the combined
effect estimates. The Begg’s test (p=1.000) and Egger’s
test (p=0.772) did not suggest evidence of potential publi-
cation bias.

Likewise, a total of four studies were included
in the dose-response meta-analysis of the association
between alcohol consumption and risk of RA among
US adults (table 2). There were three cohort studies

34 40 43 45

Forest plot of the association between smoking and risk of RA. RA, rheumatoid arthritis; RR, relative risk.

and one case—control study. Two studies scored 8 and
two study scored 7, respectively (online supplemental
table 2). As no evidence of a non-linear relationship was
found (p, i i =0-321), we used linear model to assess
the association between alcohol consumption and risk
of RA (figure 3). The linear dose-response relationship
was statistically significant for RA (RR (95% CI) per 50 g/
week increment: 0.92 (0.84 to 1.00)) with low heteroge-
neity (p=0.690). Sensitivity analysis and publication bias
test were not available in the dose-response meta-analysis.

PAFs of selected risk factors
The estimated PAFs were summarised in table 3. Smoking
was one of the main RA risk factors in US adults with a
PAF of 14.00% (95% CI 8.13% to 23.33%), with an esti-
mation of 16 072 attributable RA incident cases. Excess
BMI accounted for 14.73% (95% CI 5.45% to 23.50%) of
RA risk (16 910 cases). The fraction of RA risk attributed
by alcohol intake was 8.21% (95% CI 0.31% to 16.39%),
with the estimated cases of 9425. Overall, we estimated
that 32.69% (95% CI 13.41% to 50.96%) of the total inci-
dent RA cases in 2016 were attributable to the combined
effects of smoking, high BMI and no alcohol drinking.
In sensitivity analysis, the proportion of RA risk attribut-
able to smoking, high BMI and no alcohol intake would
be 14.14% (95% CI 8.28% to 23.44%), 14.38% (95% CI
5.30% to 22.99%) and 9.49% (95% CI 0.36% to 18.82%),
respectively. Collectively, the above three risk factors
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Author

%

RR (95% CI) Weight

Vogit et.al, 1994

1.09 (0.77, 1.54)  19.36

Cerhan et al., 2002 —_—— 1.03 (0.76, 1.39) 26.14
Luetal., 2014 —;—*— 1.37 (1.04, 1.80) 30.91
Lamichhane et al., 2018 —;—'— 1.63 (1.19,2.23) 23.58
Overall (I-squared = 44.0%, p = 0.147) <> 1.27 (1.09, 1.48)  100.00

T
448 1

T
2.23

Figure 2 Forest plot of the association between overweight/obesity and risk of RA. RA, rheumatoid arthritis; RR, relative risk.

contributed to 33.46% (95% CI 13.45% to 52.14%) of RA

cases.

DISCUSSION
This study comprehensively estimates the burden of RA
incidence attributable to well known risk factors among
US adults. Overall, we estimated that 32.69% of RA inci-
dent cases were attributable to the combined effect of
smoking, excess BMI and no alcohol intake. Smoking and
excess BMI accounted for the most fraction of RA inci-
dence, and the robustness of PAF with respect to different
lag-time was confirmed by sensitivity analysis.

Smoking is by far the most recognised risk factor for
RA. The biological effect of smoking in the risk of RA was

1.10
1.00

0.90

0.80

0.70

Relative Risk

0.41

found to interact with human leukocyte antigen-DRBI1
shared epitope (HLA-DRB1 SE) alleles in triggering and
persuading immunity against citrullinated proteins.46 In
our meta-analysis for previous epidemiological studies
conducted in US adults, we found consistent association
between smoking and risk of RA, with pooled RRs of 1.22
in former smokers and 1.47 in current smokers, although
we found modest heterogeneity. The complexity of partic-
ipant characteristics may possibly explain the difference,
for example, reproductive factors among female partic-
ipants, while most of these variables were not available
for subgroup analysis and meta-regression analysis. The
magnitude of PAF value (14.00%) between smoking and
RA is similar to, or smaller than, those in three previous

T T T
100 150 200

Alcohol intake, grams/week

Figure 3 Dose-response relationship between alcohol consumption and risk of RA. RA, rheumatoid arthritis.
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Table 3 Number and proportion of RA cases attributable to
selected risk factors in USA (2016), aged more than 15 years

PAF (95% CI) Cases
Smoking 14.00% (8.13% to 23.33%) 16 072
Excess BMI 14.73% (5.45% to 23.50%) 16 910
Alcohol drinking 8.21% (0.31% to 16.39%) 9425
Total 32.69% (13.41% to 50.96%) 37 528

BMI, body mass index; PAF, population attributable fraction; RA,
rheumatoid arthritis.

studies of US women. For example, among 65 457 women
with sufficient data of familial RA or lupus in the Nurses’
Health Study, smoking more than 10 pack-years was
found to account for 14% of RA risk.*” It is estimated that
smoking contributes 18% and 25% of the population-
attributable risk of RA in Towa Women’s Health Study™
and Nurses’ Health Study.” The discrepancy may mainly
due to that our RR estimation was based on meta-analysis
from original studies among both men and women, which
was more stable and comprehensive than one single study.

Although high BMI is a less established RA risk factor
than smoking, there is growing interest in understanding
the association between excess weight and disease risk,
as the prevalence of overweight and obesity is increasing
worldwide at an alarming rate.*’ Adipocytes present
in overweight and obese individuals have been shown
to secrete inflammatory markers,”’ including tumour
necrosis factor-o. and interleukin-6, which have been
implicated in RA pathogenesis. In our meta-analysis,
categorical and continuous BMI were both found to be
associated with increased risk of RA. The PAF value of
overweight and obesity on RA reached 14.73%, and the
result of sensitivity analysis for estimating PAF using the
prevalence in 2001 remained robust. Our estimation was
higher than Sparks’s study,*” which could be explained by
the source of prevalence of overweight and obesity.

Previous studies found that low to moderate level of
alcohol consumption was inversely and significantly asso-
ciated with the development of RA in a dose-respondent
manner.’ The mechanism behind this association may be
that alcohol could downregulate the immune response
and decrease production of proinflammatory cytokines.*
In the current dose-response meta-analysis, a decreased
risk of RA was found with an RR of 0.92 for every 50 g/
week increase in alcohol consumption. Moreover, the
fraction of RA risk attributed by no alcohol intake was
8.21%. Only one similar study was available in USA,*
and showed that low alcohol intake (none or <6 g/day)
accounted for 12% of RA risk. Thus, more research is
needed to elucidate the burden of alcohol consumption
on risk of RA among US adults.

In terms of actionable prevention for RA, currently
there is likely enough evidence to recommend that to
reduce risks for RA that individuals should stop smoking
and maintain optimal body weight. The decision of

whether alcohol drinking is beneficial becomes a
trade-off, because it might increase the proportion of
heavy drinkers and thereby enhance the risk of other
diseases such as strokes, some cancers, cirrhosis of the
liver or injuries. But at least that moderate drinking will
not increase risk of RA.

The main strength of our study was the systematic
assessment of RA causes among US adults, which inte-
grated prevalence data from nationally representative
studies with meta-analysis on the association between
selected risk factors and risk of RA. However, our results
have several limitations, because there were several
sources of uncertainty in the PAF estimates. First, RA
incidence was lacking, and was estimated from mortality
data using IMR. Limited by the available IMR estima-
tion near the year of 2016, the current study used the
IMR value estimated by pooling seven cohorts after the
year of 1983 from a previous meta-analysis published in
2013."° For the downward trend in IMR over time, as the
availability of new treatments such as methotrexate and
biological disease-modifying antirheumatic drugs, intro-
duced huge benefits for the treatment of RA and these
drugs are associated with survival benefits, the outdated
IMR value from previous study may result in underesti-
mation of RA incidence. Second, several other known
risk factors of RA exist but have not been included in our
study. For example, further emerging evidence suggests
that diet might be associated with risk of RA, but the
results were inconsistent. Third, we cannot exclude the
possibility of residual confounding on account of the
nature of the included observational studies in the meta-
analysis, although most of the studies adjusted for major
risk factors of RA. Fourth, we estimated the PAF value
under the assumption that there would be no change in
the lifestyle factors over time, which is often unrealistic.
Fifthly, we did not adjust the PAFs for the potential inter-
action of the selected risk factors (eg, the joint effects of
smoking and alcohol drinking), because few data from
USA can be available to provide the accurate RRs for
interaction between these risk factors. Combined PAF for
the three risk factors, however, was estimated in our study.
Furthermore, as PAF value can vary from one population
to another because of the impact of other risk factors and
the interaction with environmental and genetics factors,
the PAF calculation in the current study was estimated
among US adults, confining its representativeness.

CONCLUSION

We estimated RA incident cases attributable to smoking,
overweight or obesity and alcohol drinking, informing key
intervention targets to reduce RA risk in the region. The
effect of unselected risk factors on RA is still unknown.
It is needed to continue more fundamental research on
other lifestyle factors to illuminate the questions.
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