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ARTICLE INFO ABSTRACT

Keywords: Osteoarthritis and rheumatoid arthritis are both diseases of joints, but they have very different etiologies.
Osteoarthritis Osteoarthritis is a disease assumed to result from wear and tear over time, whereas rheumatoid arthritis is an
Rheumatoid arthritis autoimmune disease where the body’s immune system attacks joint tissues. Using NHANES data (1999-2015),
gl;;\NES we have compared the influence of age, sex, ethnicity, body mass index and smoking on these two very different
Race/ethnicity forms of arthritis. Incidence of both increases with age and are more frequent in females than males. There is
Smoking little apparent difference between osteoarthritis and rheumatoid arthritis in women of normal as comparted to

overweight, but both are more frequent in obese women, especially those over the age of 60. While osteoarthritis
is more frequent in whites, blacks have more rheumatoid arthritis, and Hispanics show an intermediate preva-
lence. Smoking significantly increased the incidence of both osteoarthritis and rheumatoid arthritis in women,
but increased prevalence of only RA in men. There was no effect of smoking on OA prevalence in males. It is
remarkable that two diseases of joints, which have quite different causes, should have so many commonalities.
The differences that exist appear to be due to a combination of inflammatory markers and access to health care.

1. Background

Arthritis is a serious and chronic disease that affects about 23% of the
adult US population (CDC, 2017a). The most common forms are rheu-
matoid arthritis (RA) and osteoarthritis (OA). The financial burden on
the economy due to the prevalence of RA, OA and other arthritic con-
ditions is high, particularly from work loss, disability and high cost of
medical treatment and management of the condition(s). RA is the most
common systemic autoimmune disease affecting about 0.5-1.0% of the
population (Helmick et al., 2008; Kobayashi et al., 2008). RA is a disease
in which the immune system attacks the joints and creates inflammation
that causes the tissues that line the joint to thicken. This results in
swelling and pain in and around the joints, leading to permanent
disability.

The precise pathogenesis of RA is unknown but it is widely believed
that both genetic and environmental factors play a role (Kobayashi et al.,
2008; Linn-Rasker et al., 2006; Parks et al., 2011). The major risk factors
include sex, age, and family history. Women are more likely to develop
RA compared to men. The sex ratio is typically around 3:1 for RA
prevalence. (Wolfe et al, 1968). Genetic (X-linked) factors and hormonal
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differences are suspected to play a role (O’Brien et al., 2007; Ostensen,
1999; Vanvollenhoven & Mcguire, 1994; Wilder, 1998). RA most
commonly begins between the ages of 40 and 60. Family history is an
important risk factor, but it is not clear whether this represents genetic
susceptibility or rather an environmental exposure that is common to
the family unit. A recent study also found that the risk of rheumatoid
factor (RF)-seropositive RA was associated with one of the classic ge-
netic risk factors for immune-mediated diseases, i.e. the shared epitope
of HLA-DR, is strongly increased by the presence of smoking (Padyukov
et al., 2004).

Osteoarthritis (OA), on the other hand, is a degenerative disease of
the joints that occurs when the cartilage or cushion between the joints
breaks down leading to pain, swelling and stiffness. OA is the most
common chronic condition of the joints, affecting over 30 million US
adults. Some risk factors include joint injury or overuse, gender, age,
being obese, race and genetics (CDC, 2017). It is highly prevalent among
the elderly. Symptoms include pain, swelling, and stiffness. Diagnosis of
OA involves the physical examination and range of motion tests of the
joints. Confirmation of diagnosis typically is done using joint aspiration,
x-ray, or magnetic resonance imaging (MRI). Several studies have found
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that the risk of developing OA increases with age and/or body mass
index (BMI) (Felson et al., 2000; Flugsrud et al., 2002; Sturmer et al.,
2000). Women consistently have higher risk of OA compared to men
(Lanyon et al., 2003; Prieto-Alhambra et al., 2014). Obesity is also a
major risk factor for OA (Powell et al., 2005). Many studies have
observed a positive association between BMI and OA (Cooper et al.,
1998; Felson et al., 1988; Oliveria et al., 1999; Spector et al., 1994). OA
pathogenesis is associated with both excessive joint loading and altered
biomechanical patterns together with hormonal and cytokine dysregu-
lation (King et al., 2013). The impact of BMI on both knee and hip OA
was assessed in two recent meta-analyses (Jiang et al., 2011, 2012). Both
found a dose-dependent relationship between BMI and the risk of OA. A
5-unit increase in BMI was associated with a 35% increased risk of knee
OA and an 11% increased risk of hip OA.

The two forms of arthritis differ in which joints are most affected. RA
most commonly affects the small joints of the hands and feet and is
usually symmetrical. OA usually affects weight-bearing joints, such as
knees and hips, and is commonly asymmetrical. However OA of the hand
is common, which may result in confusion with RA (Felson et al., 2000).
OA diagnosis is based on patient’s history and physical examinations,
with or without radiographic evidence such as x-ray, MRI, and
computerized tomography (CT) scan (Taruc-Uy & Lynch, 2013). The
most common symptoms of OA are intense pain worsened by movement
of extensive use, joint stiffness, and Heberden & Bouchard nodes in the
hands. Some physical examination findings in people with OA include
effusion, decreased range of motion and crepitus. RA diagnosis is also
based on the patient’s history and physical examination indicating sy-
novitis in multiple joints (Gibofsky, 2014), as well as antibodies, anti-
CCP and RF. Some misclassification undoubtedly occurs.

Smoking is a well-known risk factor for various diseases including RA
(Baka et al., 2009). The risk of RA is increased among smokers compared
to non-smokers and lifelong cigarette smoking is positively associated
with the risk of RA even among smokers with low lifelong exposure (Di
Giuseppe et al, 2014). Recent studies also show that the overall age- and
sex-adjusted prevalence of RA appears to have increased between 1995
and 2007 from 0.62% to 0.72% (Myasoedova et al., 2010). RA poses
significant clinical as well as economic burden. People with RA have
reduced life expectancy because of the comorbid conditions associated
with RA such as cardiovascular diseases, osteoporosis, and lung disease
compared to those without RA (Goodson et al., 2005).

The evidence on associations between smoking and OA is less clear.
Smoking has been reported to have a protective association with OA in
some studies (Hui et al., 2011; Leung et al., 2014). In the Framingham
Osteoarthritis Study, a study of elderly members of the Framingham
Heart Study, cohort, the occurrence of knee OA in 1983 — 1985 was
evaluated in relation to the smoking status at the first Framingham ex-
amination, 36 years earlier. After adjusting for various confounders
including age, sex, weight, knee injury history, physical activity, alcohol
consumption and weight change after the first examination, a protective
effect of smoking against OA remained (Felson et al., 1989). A recent
cross-sectional study in a Chinese population of 3,789 subjects also
observed a negative association between cigarette smoking and radio-
graphic knee OA, even after controlling for potential confounders
(Zhang et al., 2015). The protective effect of smoking on OA is widely
observed in cross-sectional studies.

However, no such association has been found in most cohort studies.
In the Clearwater Osteoarthritis Study, a cohort of 2,505 men and
women aged 40 years or older, adjusted point estimates ranged from
0.60 to 1.48 suggesting no significant association between smoking and
OA (Wilder et al., 2003). Similarly, a review of current literature
observed a protective effect in cross-sectional studies but not in longi-
tudinal studies. The cross-sectional findings have been attributed to
residual confounding (Dube et al., 2016). Increased BMI, obesity, and
bone injuries due to sporting activities have all been associated with OA.
Hence, the lower BMI and low physical sporting activities may be the
reason for the reduced risk of OA in smokers. However, this explanation
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has not been supported after adjustment for BMI and amount of physical
activity (Hui et al., 2011).

These equivocal associations infer that the protective effect is a false-
negative. Similarly, the inhibitory role of smoking was only observed
among current smokers and not ever-smokers or ex-smokers, implying
that smoking and OA do not display a dose-response relationship,
further suggesting no causal relationship between smoking and OA (Hui
et al., 2011). The review of evidence of publications on the effect of
smoking on OA by Felson et al. (2000) suggests adjusting for BMI as a
confounder only shows the direct effect of smoking but does not high-
light the effect of smoking through BMI. Therefore, BMI should be
assessed as a mediator or effect modifier.

The main objectives of this study are to utilize the NHANES data set
to examine the association of selected risk factors, such as age, race/
ethnicity, BMI, sex, and smoking, with the risk of developing RA and/or
OA. Since the etiology of RA and OA differ, there may be significant
differences in effects of these risk factors on the outcomes. Very few
studies have compared the risk of RA or OA across race/ethnicity in the
United States. Significant differences in genetic factors influencing sus-
ceptibility, outcome, or severity of disease may exist across race/
ethnicity. A higher RA prevalence has been reported in Native American
populations while a lower prevalence has been reported in some Asian
populations (Silman & Pearson, 2002). Furthermore, the association
between smoking and OA reported in the literature is inconsistent. Use
of NHANES, as a national random survey of Americans with over-
sampling of several ethnic groups offers the possibility of obtaining a
broad understanding of those factors which influence the development
of these two major forms of arthritis.

2. Materials & methods

Data from the National Health and Nutrition Examination Survey
(NHANES) collected between 1999 and 2016 were used. Designed to
assess the health and nutritional status of non-institutionalized civilians
in the US, this continuous, cross-sectional survey utilizes interviews and
physical examinations to estimate prevalence of health behaviors and
diseases. There are many publications using NHANES data for study of
dietary data (Ahluwalia et al., 2016), symptoms, tests and diagnosis of
various diseases (Koru-Sengul et al., 2011), as well as prevalence and
trends of various types of arthritis in the US (Park et al., 2018). Interview
data focused on self-reported arthritis, smoking, and sociodemographic
information; supplemented with physical measurements of height and
weight were used to address the research questions. NHANES data is
publicly available on the web, and therefore IRB review and approval
are not required for its use.

The study sample included NHANES participants, ages 20 and older,
who provided a definitive answer to the question “has a doctor or other
health professional ever told you that you have arthritis?” Participants
who answered “don’t know” or refused to answer were excluded. For
participants who reported arthritis, a subsequent question asked,
“Which type of arthritis was it?” The responses to this question were
categorized as follows: RA, OA, psoriatic arthritis, other arthritis, don’t
know the type of arthritis, and refused to answer the question.

Sociodemographic characteristics extracted from NHANES for ana-
lyses included age, sex, living in poverty, and race/ethnicity. All infor-
mation was self-reported. Living in poverty is a variable calculated by
NHANES based on household income and household occupants. Three
categories of income were used: Below twice the official level of poverty,
between twice and three-time the level of poverty and above three-time
the level of poverty. Four race/ethnicity classes were identified as non-
Hispanic white, non-Hispanic black, Hispanic and other.

Smoking history was assessed by answer to the question “Have you
smoked at least 100 cigarettes in your entire life?”

Measures of height, weight, and waist circumference were obtained
during the physical examination. Body mass index (BMI) was computed
by NHANES. The standard cut points were used for BMI: <18.5 kg/m?,
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18.5 to 24.9 kg/m?, 25 to 29.9 kg/m?, and >30 kg/m?, for underweight,
normal weight, overweight, and obese, respectively.

All analyses were performed with SAS statistical software (version
9.4, SAS Inc., Cary, NC, USA). Differences in covariate distributions
between those with RA, OA and those free of disease were compared
using Wald and Pearson tests for continuous and categorical variables
respectively, taking survey weights into account. Continuous variables
were log-transformed, if needed, to achieve normality prior to testing
the differences in means. A survey-weighted logistic regression was
carried out to evaluate the aims stated above. Significant variables (set
at a significance of 0.05) revealed by bivariate analysis were further
analyzed by multivariate analysis.

Analysis of NHANES de-identified data does not require Institutional
Review Board (IRB) approval or informed consent by subjects.

3. Results

Fig. 1 shows the flow diagram for this study. We limited analysis to
individuals 20 years and older and excluded those who did not have a
medical exam because this provided BMI data. Respondents were asked
if they had arthritis, and if so, was it OA, RA, psoriatic arthritis (PA),
other arthritis, and whether they did not know what kind. While it is
likely that most who reported that they did not know what kind had OA,
we excluded these from further consideration because our goal was a
comparison of risks for confirmed OA and RA. We also lumped those
with PA in with “other” because those numbers were small. Over the full
period there were 47,031 persons who had the medical exam and were
included in our study. Of these there were 4,298 reported cases of OA,
2,482 reported case of RA, 1,337 individuals with other types of
arthritis, and 4,218 individuals who did not know what type of arthritis
they had. A total of 34,696 persons reported that they did not suffer from

Participants

N = 49,512 I

Analysis Sample

Analysis Sample
(Medical Exam)

Ages 20+ years | === -
Insufficient data on Arthritis (N = 112)

| Data errors (N = 4)
l— ——————————— I M160A Don’t know (N = 94)
I M160A Refused ( N = 1)
|LM190 or M191 or M195 Refused (N = 13)

1
______________ -

Preventive Medicine Reports 20 (2020) 101242

arthritis. Table 1 gives the information available in NHANES for all
available years on self-reported arthritis.

Table S1 gives the information available in NHANES for all available
years on self-reported arthritis (see supplementary document). Fig. S1
shows the prevalence of OA (A) and RA (B) by sex. OA is more common
than RA, but both increase with age and are more common in women.
There is a clearly greater increase in OA with age than is the case for RA.
Fig. S2 shows the associations with degree of obesity for OA in females
(A) and males (B) and RA in females (C) and males (D). Obesity is
associated with a higher prevalence of both OA and RA in both men and
women, although there were only small differences for both OA and RA
between persons that were overweight as compared to those with a BMI
of less than 25. Associations with degree of poverty are shown in Fig. S3.
For OA there are only minor differences up until age 60 in both females
(A) and males (B), but then rates increase in those of the lowest socio-
economic group. For RA, the differences are greater and are apparent
even at age 30 years. Prevalence of OA and RA are a function of ethnicity
is shown in Fig. S4. There are greater differences between OA and RA
here. Both female (A) and male (B) OA is much more common in non-
Hispanic whites, while both female (C) and male (D) RA is much more
common in non-Hispanic blacks. Hispanics show little difference with
blacks in rates of OA but are intermediate with the other racial groups
for RA. Fig. S5 shows the effects of smoking. Prevalence of both OA and
RA is greater in women smokers than non-smokers, and smokers also
have an elevated rate of RA among men. However, there was little or no
difference in prevalence of OA among men.

In the bivariate and multivariate analyses, females had an increased
risk of RA compared to males (1.55; 95% CI: 1.43 — 1.69 and 1.84; 95%
CIL: 1.67 - 2.02 respectively) (Table 1). Stratified by age, the increased
risk persisted in females compared to males. Being non-Hispanic black
and over 50 years was also statistically significantly associated with

(Interview) -
N = 49,400
1_ ___________ :_Did not have Medical Exam (N = 2,369) :

N =47,031
OA RA Other Type Don’t Know Type No Arthritis Interview
N = 4,522 N = 2,615 N =1,395 N = 4,451 N = 36,417 Sample
9.15% 5.29% 2.82% 9.01% 73.72% Unweighted
9.73% 4.10% 2.80% 7.57% 75.80% Weighted
OA RA Other Type Don’t Know Type No Arthritis Medical Exam
N = 4,298 N =2,482 N =1,337 N =4,218 N = 34,696 Sample
9.14% 5.28% 2.84% 8.97% 73.77% Unweighted
9.85% 4.13% 2.81% 7.64% 75.57% Weighted

Fig. 1. The flow diagram for this study.
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Table 1
Unadjusted and adjusted odds ratios between sociodemographic and behavioral characteristics and rheumatoid arthritis (RA).

Covariates Bivariate Multivariate

Odds Ratio 95% confidence interval p-value Adjusted Odds Ratio 95% confidence interval p-value
Sex
Male 1 1
Female 1.55 1.43 1.69 <0.0001 1.84 1.67 2.02 <0.0001
Ages 60 + years
Male 1 1
Female 1.91 1.71 2.13 <0.0001 1.98 1.74 2.25 <0.0001
White* 1 1
Black* 1.87 1.64 2.13 <0.0001 1.68 1.45 1.95 <0.0001
Hispanic 1.16 1.01 1.32 0.0350 0.99 0.85 1.16 0.9205
Ages 50-59 years
Male 1 1
Female 1.55 1.28 1.87 <0.0001 1.59 1.29 1.95 <0.0001
White* 1 1
Black* 1.45 1.16 1.81 0.0011 1.33 1.05 1.69 0.0193
Hispanic 0.93 0.73 1.18 0.5434 0.83 0.64 1.07 0.1535
Ages 20-49 years
Male 1 1
Female 1.85 1.53 2.24 <0.0001 1.74 1.43 2.12 <0.0001
White* 1 1
Black* 0.99 0.80 1.22 0.9094 0.85 0.68 1.06 0.1516
Hispanic 0.62 0.49 0.77 <0.0001 0.51 0.40 0.64 <0.0001
Race/Ethnicity
White* 1 1
Black* 1.36 1.24 1.50 <0.0001 0.85 0.68 1.07 0.1576
Hispanic 0.83 0.75 0.92 0.0003 0.51 0.40 0.64 <0.0001
Household economic status
300% + of poverty line 0.80 0.70 0.92 0.0020 0.86 0.74 1.00 0.0442
200% to 299% of poverty line 1 1
< 200% of poverty line 1.44 1.27 1.64 <0.0001 1.57 1.37 1.80 <0.0001
Smoking history
No 1 1
Yes 1.56 1.44 1.69 <0.0001 1.52 1.38 1.68 <0.0001
Body mass index
Healthy or underweight 1 1
Overweight 1.19 1.06 1.34 0.0037 1.13 0.99 1.28 0.0687
Obese 1.90 1.71 2.12 <0.0001 1.89 1.68 2.13 <0.0001

*Non-Hispanic White and non-Hispanic Black.

increased risk of RA; while no statistically significant risk was observed
in non-Hispanic blacks between 20 and 49 years old (adjusted OR: 0.85;
95% CI: 0.68, 1.07). Lower socio-economic status (SES) was significantly
associated with increased risk of RA in this population. Smoking and
being overweight or obese were also significant risk factors for RA.

Table 2 shows both unadjusted and adjusted odds ratios between risk
factors and osteoarthritis (OA). Similar risk factors and associations to
the RA results were observed in the OA bivariate and multivariate an-
alyses. Being female was significantly associated with an increased risk
of OA compared to males in all stratified age groups. Non-Hispanic
Blacks who were over 50 years old were at an increased risk for OA.
Smoking and being obese were also statistically significantly associated
with an increased risk of OA. The risk for OA was not statistically sig-
nificant by household economic status, although the risk was higher in
those in the higher SES category.

4. Discussion

Despite the very different mechanisms leading to the development of
OA and RA, we find using the NHANES dataset that many of the risk
factors are common to both forms of arthritis. Prevalence of both in-
creases with age, although it rises more steeply at older age for OA as
would be expected due to wear and tear. Both occur more frequently in
women than men. However, the sex difference we find using NHANES
data is not nearly as large as literature reports of a three-fold difference
(Wolfe et al., 1968). The reasons for this are unclear. One possibility is
that the random survey used by NHANES provides a more accurate
distribution than seen in a hospital or clinic-based study, which often
reflects greater use of medical care by women than by men.

Nevertheless, we do find rates in women to be higher than men.

The basis for this is likely the known sex differences in inflammatory
markers, such a C-reactive protein (CRP). CRP is commonly used as an
indicator of systemic inflammation and is higher in women than men
even after accounting for obesity (Khera et al., 2009). Both OA (Azamar-
Llamas et al., 2017) and RA (MacDonald et al., 2009) are clearly asso-
ciated with inflammation of the joints, mediated by adipokines and
other pro-inflammatory cytokines.

It is not surprising that obesity is a major risk factor for OA, which we
confirm for both women and men. Elevated weight is expected to put
more demands on joints, but this is not the only known factor, as in-
flammatory markers also play a major role with OA (Azamar-Llamas
et al., 2017). Obesity is equally important in prevalence of RA (Albrecht
et al., 2016), and this is apparent even at young ages in our data, as
shown in Fig. S3. Obesity is associated with elevations in CRP and other
inflammatory markers (George et al., 2017) and this is almost certainly
the reason that both OA and RA are elevated in prevalence among obese
individuals. Valentine et al. (2009) have shown that the association
between central obesity and CRP is stronger in women than men, but the
percent fat is the strongest predictor of systemic inflammation in men

5. The role of socio-economic status

For OA, the prevalence rates were somewhat higher among more
affluent persons, while for RA rates were higher in the lowest socio-
economic group. The reasons for these differences are not clear, and they
may reflect factors beyond just risk of arthritis. More affluent individuals
are more likely to access medical care, but poor people are more often
dependent upon use of the small joints in the hands for their livelihood.
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Table 2
Unadjusted and adjusted odds ratios between sociodemographic and behavioral characteristics and osteoarthritis (OA).

Covariates Bivariate Multivariate

Odds Ratio 95% confidence interval p-value Adjusted Odds Ratio 95% confidence interval p-value
Sex
Male 1 1
Female 1.89 1.77 2.02 <0.0001 1.52 1.28 1.81 <0.0001
Ages 60 + years
Male 1 1
Female 2.55 2.33 2.78 <0.0001 2.71 2.45 2.99 <0.0001
White* 1 1
Black* 0.55 0.47 0.64 <0.0001 0.47 0.41 0.54 <0.0001
Hispanic 0.42 0.36 0.48 <0.0001 0.38 0.33 0.43 <0.0001
Ages 50-59 years
Male 1 1
Female 1.93 1.63 2.27 <0.0001 2.12 1.78 2.54 <0.0001
White* 1 1
Black* 0.56 0.43 0.73 <0.0001 0.53 0.42 0.66 <0.0001
Hispanic 0.40 0.30 0.52 <0.0001 0.38 0.30 0.48 <0.0001
Ages 20-49 years
Male 1 1
Female 1.54 1.31 1.82 <0.0001 1.52 1.28 1.81 <0.0001
White* 1 1
Black* 0.57 0.44 0.74 <0.0001 0.51 0.40 0.63 <0.0001
Hispanic 0.31 0.23 0.40 <0.0001 0.32 0.25 0.41 <0.0001
Race/Ethnicity
White* 1 1
Black* 0.44 0.40 0.48 <0.0001 0.49 0.44 0.54 <0.0001
Hispanic 0.33 0.30 0.36 <0.0001 0.37 0.33 0.41 <0.0001
Household economic status
300% + of poverty line 1.00 0.91 1.10 0.9895 1.03 0.92 1.16 0.5686
200% to 299% of poverty line 1 1
< 200% of poverty line 0.87 0.79 0.95 0.0035 1.05 0.94 1.17 0.4159
Smoking history
No 1 1
Yes 1.40 1.32 1.50 <0.0001 1.37 1.26 1.48 <0.0001
Body mass index
Healthy or underweight 1 1
Overweight 1.33 1.22 1.46 <0.0001 1.33 1.20 1.48 <0.0001
Obese 1.93 1.77 2.10 <0.0001 2.21 2.00 2.44 <0.0001

*Non-Hispanic White and non-Hispanic Black

The elevated prevalence of RA among the poor may reflect the degree of
disability and how it influences employment, leading to increased
diagnosis. There has not been much study of associations between rates
of arthritis and socioeconomic status, although Brennan-Olsen et al.
(2017) reported that all forms of arthritis were elevated among people
with lower education.

The most striking differences between OA and RA that we observe in
the NHANES data are for race/ethnicity. For OA, prevalence is much
greater among non-Hispanic whites for both females and males, with
little differences between US Hispanics and blacks. Similar observations
have been reported by Deshpande et al. (2016) using data from the
National Health Interview Survey. In contrast, for RA, rates are much
higher among blacks for both females and males, and lowest among
whites. Others have seen this result and have suggested that African
Americans may have enriched single nucleotide polymorphisms that
promote RA relative to whites (Hughes et al., 2010). In addition, blacks
may be less likely than whites to get early treatment, leading to more
severe disease (McBurney and Via, 2012). This factor should not, how-
ever, alter the prevalence. There has been little or no attention to rela-
tive prevalence of RA in Hispanics. Our observations suggest that rates
among Hispanics are intermediate between those of blacks and whites.

6. Smoking and arthritis

NHANES data show that smoking increases prevalence of both OA
and RA in females and RA in males. The effects of smoking on RA have
been previous reported (Di Giuseppe et al., 2014; Anderson et al., 2016).
There is also a large literature showing that air pollution increases the
risk of RA (Gan et al., 2013; Hart et al., 2013; De Roos et al., 2014; Chang

et al., 2016). Anderson et al. (2016) suggest that smoking and air
pollution act via common mechanisms by inducing pro-inflammatory
triggers in the joints.

The literature on the effects of smoking on OA is less consistent, with
some reporting protective associations (Felson et al., 1989; Zhang et al.,
2008) and some finding no effect (Wilder et al., 2003; Haugen et al.,
2017). Our results indicate no evidence of a protective effect. We find a
clear increased prevalence of OA in female smokers, which is consistent
with the general hypothesis that pro-inflammatory factors are common
between RA and OA. But we do not have a good explanation as to why
this positive association was seen only in women. We are not aware of
previous studies that has looked at sex differences in prevalence of OA in
relation to smoking.

A limitation of the study is that all data are self-reported. There is
also the lack of statistical power to carry out multi-way interactions with
potential interacting variables. However, it is unlikely that these in-
teractions would be informative. Our overall results indicate many
common risk factors for OA and RA, which is consistent with the hy-
pothesis that inflammatory markers such as CRP are important in both
forms of arthritis. Both increase with age and obesity. Yet there are some
differences in relation to level of poverty, race/ethnicity, and smoking.
These may reflect behavioral, occupational, and genetic factors.

The results should be interpreted with consideration of the study’s
limitations. NHANES data is obtained through multistage random
sampling of the US civilian, noninstitutionalized population. The
response proportion for NHANES has decreased in recent years raising
concern about potential nonresponse bias. Unfortunately, even NHANES
researchers have had difficulty determining the potential magnitude of
bias related to selection and information bias (https://www.cdc.
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gov/nchs/data/bsc/bscpress_fakhouri_january 2018.pdf). A  study
comparing arthritis prevalence derived using multiple surveys found
that some differences in arthritis prevalence exist, however the esti-
mates were within about three percent (Murphy et al., 2017). Measures
of association likely are impacted by misclassification. For example,
underestimates of arthritis among younger adults may occur because
they have not been diagnosed. Comparing surveys found measures of
association between race/ethnicity and arthritis being consistent.
Another limitation of the study is that all data are self-reported. Self-
report of arthritis is thought to underestimate the true prevalence (Sachs
et al., 2005). While we lacked statistical power to carry out multi-way
interactions with potential interacting variables, we did assess three-
way interactions routinely and noted when they appeared to add
important information; given the findings it is unlikely that more com-
plex interactions would be informative. Confounding was assessed
through adjustment of key demographic factors using logistic regres-
sion; there was remarkably minimal confounding once interactions with
age and sex were included in the graphs and statistical models. Our
overall results indicate many common risk factors for OA and RA, which
is consistent with the hypothesis that inflammatory markers such as CRP
are important in both forms of arthritis. Both increase with age and
obesity. Yet there are some differences in relation to level of poverty,
race/ethnicity and smoking. These may reflect behavioral, occupations
and genetic factors.
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