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Association between weight-adjusted-waist =

index and the prevalence of rheumatoid
arthritis and osteoarthritis: a population-based
study
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Abstract

Introduction The weight-adjusted-waist Index (WWI), an innovative metric for assessing obesity, exhibits superior
efficacy in appraising lean muscle and adipose tissue mass relative to both the Body Mass Index (BMI) and Waist
Circumference (WC). The objective of this research paper is to investigate the correlation between WWI and the inci-
dence of Rheumatoid Arthritis (RA) and Osteoarthritis (OA).

Methods In this population-based study, we collected data from adult participants aged 20-80 years using

the National Health and Nutrition Examination Survey (NHANES) conducted between 2011 and 2020 to analyze

the association between WWI and the occurrence of RA and OA. NHANES, a nationally representative cross-sectional
survey, is designed to evaluate the health and nutritional status of the U.S. population. The current research incor-
porates an extensive, nationally representative sample of U.S. adults, utilizing weighted multivariate linear regres-
sion and smoothed curve fitting techniques to examine linear and non-linear relationships. Threshold effects were
determined through a two-part linear regression model. Additionally, subgroup analyses and interaction tests were
conducted to explore the connection between WWI and the incidence of RA and OA.

Results Our findings reveal a linear positive correlation between WWI and OA prevalence, indicating that an increase
in WWI is linked to a heightened risk of OA. Conversely, a non-linear relationship was observed between WWI and RA
prevalence, exhibiting a significant threshold effect with a saturation value of 11.21 cm/~/kg. A positive associa-

tion was detected to the left of the saturation point, while no significant association was present between the two
variables to the right of the saturation point, suggesting a complex non-linear relationship between RA prevalence
and WWI.

Conclusions This investigation demonstrates a positive linear association between WWI and OA prevalence, as well
as a complex non-linear relationship with RA prevalence in U.S. adults aged 20-80 years.
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inflammation of synovial joints, ultimately resulting in
joint destruction and deformity [3]; it affects approxi-
mately 0.5-1% of the global population [4]. OA, on the
other hand, is a degenerative joint disorder primar-
ily involving synovial cartilage, subchondral bone, and
synovial membrane [5]; it is the most common form of
arthritis among over 100 types, afflicting around 3.8% of
the world’s population [6]. Despite being distinct types
of arthritis, RA and OA exhibit some shared clinical
features and a common inflammatory component, sug-
gesting the presence of overlapping pathophysiologi-
cal mechanisms [7, 8]. Research indicates that various
genetic and environmental factors contribute to their
development and progression [9]. Among these risk fac-
tors, some are difficult to modify, while others, such as
obesity, are more susceptible to medical and behavioral
interventions [10—12]. Obesity has long been recognized
as a substantial risk factor for the onset and progression
of OA, with a heightened body mass index (BMI) notably
linked to the occurrence of knee and hip OA [13]. How-
ever, the association between obesity and RA is less clear,
as some studies suggest a positive relationship, while oth-
ers find no significant connection [14].

The Weight-Adjusted Waist Index (WWI) is an
advanced anthropometric measure considered more
accurate than waist circumference and BMI for apprais-
ing obesity-related health hazards [15, 16]. Investigating
the correlation between WWI and the incidence of RA
and OA may provide valuable understanding of the influ-
ence of central obesity on the pathogenesis of these con-
ditions, ultimately contributing additional information
for the prevention and management of OA and RA.

The National Health and Nutrition Examination Survey
(NHANES) is a nationally representative cross-sectional
investigation aimed at evaluating the health and nutri-
tional status of the U.S. population [17]. To our knowl-
edge, no research has yet established a link between
WWTI and the occurrence of OA and RA. As a result, this
study seeks to analyze NHANES data from 2011 to 2020
to elucidate the association between WWI and the inci-
dence of RA and OA.

Methods

Data source and participants

NHANES, a recurring cross-sectional investigation con-
ducted biennially by the National Center for Health Sta-
tistics (NCHS) under the Centers for Disease Control
and Prevention (CDC), utilizes a complex, multi-stage
probability design to acquire a nationally representative
sample of non-institutionalized U.S. civilians. The sur-
vey’s objective is to assess the collective health status of
the nation’s population. NHANES participants submit
written consent forms, which are reviewed and approved
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by the NCHS Ethics Review Committee, adhering to
the principles outlined in the Declaration of Helsinki.
The survey methodology comprises an in-depth house-
hold interview, followed immediately by a meticulous
physical examination and blood collection at a dedicated
Mobile Examination Center (MEC). Due to its compre-
hensive approach, NHANES data has been extensively
employed for reliable estimations of the prevalence of
diverse chronic diseases and their related risk factors. All
NHANES data used in this study are publicly available
athttps://www.cdc.gov/nchs/nhanes/.

In this analysis, a total of 45,462 participants were
involved in five cycles (2011-2020) of the NHANES sur-
vey. Individuals below the age of 19 years (n=19,182)
were excluded. Furthermore, we omitted participants
with missing data on waist circumference (n=2,861),
weight (n=29), and arthritis information (n=2). Addi-
tionally, we did not investigate the association between
waist-to-weight index (WWI) and psoriatic arthritis, as
the prevalence of psoriatic arthritis was relatively low (85
cases, 0.36%). Ultimately, this study incorporated a sub-
stantial, nationally representative sample (n=23,303) of
adults aged 20-80 years in the United States. A flow dia-
gram illustrating the study is provided in Fig. 1 (The nadir
criteria for this study).

Collection and definition of data

In this study, the weight-adjusted waist index (WWI) was
established as an exposure variable. WW1I was computed
by dividing each participant’s waist circumference (WC)
in centimeters by the square root of their weight in kilo-
grams and rounding the result to two decimal places. To
assess the prevalence of osteoarthritis and rheumatoid
arthritis, we employed questionnaires featuring the fol-
lowing items:

+ "Has a doctor ever told you that you have arthritis?"
+ "What type of arthritis was it?"

The prevalence of osteoarthritis and rheumatoid arthri-
tis was designated as the outcome variables.

The multivariate adjusted model encapsulates the
potential association between the WWI index and oste-
oarthritis and rheumatoid arthritis. Covariates in our
study encompassed:

+ Age

o Sex

+ Race

+ Laboratory examinations [Alanine aminotransferase
(ALT), Blood urea nitrogen (BUN), Total Calcium,
Alkaline phosphatase,Total Cholesterol, Aspartate
aminotransferase (AST), Triglycerides, Low-density
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For supplementary information regarding confounding
factors, please visit: http://www.cdc.gov/nchs/nhanes/.
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Statistical analysis

Statistical analyses in this study were performed using
R (http://www.r-project.org) and EmpowerStats (http://
www.empowerstats.com), with a significance thresh-
old of P <0.05. Considering NHANES aims to generate
data representative of the non-institutionalized civilian
population in the United States, all estimates were cal-
culated using sample weights following NCHS analysis
guidelines. Weighted multiple linear regression analysis
was applied to explore the linear correlation between
WWTI and the incidence of RA and OA. In contrast,
smoothed curve fitting and threshold effect evaluation
were employed to assess the non-linear association
between WWI and the occurrence of RA and OA. The
study encompassed three models: Model 1 remained
unadjusted for variables, Model 2 was adjusted for sex,
race and age, and Model 3 was adjusted for all covari-
ates. Subgroup analyses were additionally carried out.

Results

Baseline characteristics

Upon applying the inclusion and exclusion criteria,
23,303 participants were incorporated into the study,
with a mean age of 49.29+17.43 years. The sample
consisted of 48.8% males and 51.2% females, as well as
36.52% non-Hispanic white individuals, 23.85% non-
Hispanic black individuals, 12.95% Mexican—Ameri-
can individuals, 10.68% other Hispanic individuals, and
16.00% individuals from other racial backgrounds. The
mean (SD) value of the WW1I was 11.09 (0.86) cm/Vkg.
The number and proportion of participants with osteo-
arthritis and rheumatoid arthritis were 2,670 (11.46%)
and 1,201 (5.15%), respectively. Table 1 summarizes
the clinical characteristics of participants, with strati-
fied groups based on WWTI quartiles (Q) displayed in
the columns. Participants in the highest quartile group
of the WWTI tended to be older, female, non-Hispanic
white, non-alcoholic, non-smokers, engaged in more
recreational activities, did not have sleep disorders,
worked fewer than 35 h per week, possessed a high
school education or higher, and did not have diabe-
tes, arthritis, rheumatoid arthritis, or osteoarthritis.
Our analysis revealed significant differences between
the studied groups. Specifically, they manifested ele-
vated levels of alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), alkaline phosphatase
(ALP), uric acid, total cholesterol, triglycerides, low-
density lipoprotein cholesterol (LDL-C), Body Mass
Index (BMI), weight, and waist circumference (WC).
Conversely, these groups displayed lower measures of
height, Poverty Income Ratio (PIR), total calcium, and
direct high-density lipoprotein cholesterol (HDL-C).
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It is thus clear from our data that there are consider-
able disparities among the groups under examination.
(Table 1).

Association between WWI and osteoarthritis prevalence
Table 2 illustrates the relationship between WWI and
osteoarthritis. In comparison to the reference level (Q1),
the association between WWI and osteoarthritis was
significantly positive in Model 1 without adjustment for
covariates [OR=2.03 (1.74, 2.37) for Q2, OR=3.10 (2.68,
3.58) for Q3, and OR=5.01 (4.36, 5.76) for Q4]. Further-
more, after adjusting for covariates such as gender, age,
and race, this positive association remained (P >0.05),
with an OR of 1.57 (1.34, 1.84) for Quartile 4. Addition-
ally, after adjusting for other covariates, this positive
association persisted, with an OR of 1.37 (1.16, 1.63) for
Quartile 4.

Moreover, the smooth curve fitting results revealed no
discernible non-linear association between WWI and
OA prevalence (Fig. 2: Association between WWI and
osteoarthritis prevalence).

Association between WWI and rheumatoid arthritis
prevalence

Similarly, Table 3 displays the relationship between WW1
and rheumatoid arthritis. In comparison to the reference
level (Q1), the association between WWI and rheuma-
toid arthritis was significantly positive in Model 1 with-
out adjustment for covariates [OR=2.00 (1.60, 2.50) for
Q2, OR=3.24 (2.63, 3.98) for Q3, and OR=4.04 (3.29,
4.94) for Q4]. Furthermore, after adjusting for covariates
such as gender, age, and race, this positive association
remained (P >0.05), with an OR of 2.02 (1.62, 2.54) for
Quartile 4. Additionally, after adjusting for other covari-
ates, this positive association persisted, with an OR of
1.43 (1.13, 1.82) for Quartile 4.

Conversely, the smooth curve fitting results indicated
a non-linear association between WWI and RA preva-
lence (Fig. 3: Association between WW!I and rheumatoid
arthritis prevalence).

Subgroup analysis between WWI and osteoarthritis
prevalence

No significant differences were observed between
WWI and osteoarthritis prevalence in other subgroup
strata, except for race and working hours (P for interac-
tion>0.05, Table 4). Specifically, the results indicate that
the positive association between WWI and osteoarthritis
prevalence was consistently robust in subgroup analyses
stratified by age, sex, education, alcohol abuse, smoking,
appropriate recreational activity, and sleep disturbance
(Table 4). Moreover, non-Hispanic black participants and
those who worked more than 35 h per week exhibited a
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Table 1 Basic characteristics of participants by weight-adjusted-waist index quartile

Characteristics Weight-adjusted-waist index(cm/vkg)
Q1 (8.37-9.97) Q2 (9.97-10.62) Q3(10.62-11.26) Q4 (11.26-14.79)
N=5826 N=5825 N=5825 N=5827

Age 37.69+£14.16 47.17+£15.60 53.28+16.27 59.04+16.04
Sex

Male 3551 (60.95%) 3150 (54.08%) 2768 (47.52%) 1903 (32.66%)

Female 2275 (39.05%) 2675 (45.92%) 3057 (52.48%) 3924 (67.34%)
Races

Mexican American 420 (7.21%) 708 (12.15%) 931 (15.98%) 959 (16.46%)

Other Hispanic 447 (7.67%) 616 (10.58%) 711 (12.21%) 715(12.27%)

Non-Hispanic White 2030 (34.84%) 2010 (34.51%) 2072 (35.57%) 2398 (41.15%)

Non-Hispanic Black 1824 (31.31%) 1378 (23.66%) 1265 (21.72%) 1091 (18.72%)

Other Race 1105 (18.97%) 1113 (19.11%) 846 (14.52%) 664 (11.40%)
Laboratory examination

ALT(U/L) 2243+17.45 25.08+19.41 25.40+18.60 2391+23.76

AST(U/L) 24.13+14.85 2439+13.54 24.70+£17.87 2432+1832

ALP (IU/L) 63.93+£20.36 68.97£21.81 73.58+23.71 78.23+30.30

BUN(mg/dL) 1297 £4.34 13.68£5.11 14.20£5.81 15.34+7.07

Total Calcium (mg/dL) 939+033 9.34+035 9.34+037 9.33+0.38

Uric acid (mg/dL) 5.18+1.30 538+1.38 547+143 560+144

Total Cholesterol (mg/dL) 182.20+36.46 192.334+39.92 192.46+41.67 190.17+42.53

Triglyceride (mg/dL) 105.20+59.51 116.80+72.13 121.91+80.66 12436+64.11

LDL-C (mg/dL) 108.84+22.35 112.61+23.84 112.24+24.78 110.85+24.47

Direct HDL-C(mg/dL) 57.04+16.00 5341+£16.18 51.81+£15.66 50.86+14.09
Diabetes status

Yes 164 (2.81%) 520 (8.93%) 900 (15.45%) 1578 (27.08%)

No 5588 (95.91%) 5179 (88.91%) 4709 (80.84%) 4040 (69.33%)

Borderline 74 (1.27%) 126 (2.16%) 216 (3.71%) 209 (3.59%)
Education level

Less than high school 754 (12.94%) 1073 (18.42%) 1397 (23.98%) 1681 (28.85%)

High school 1185 (20.34%) 1274 (21.87%) 1377 (23.64%) 1421 (24.39%)

Above high school 3887 (66.72%) 3478 (59.71%) 3051 (52.38%) 2725 (46.77%)
Smoking status

Now 2129 (36.54%) 2230 (38.28%) 2055 (35.28%) 1998 (34.29%)

Former 436 (7.48%) 518 (8.89%) 565 (9.70%) 713 (12.24%)

Never 3261 (55.97%) 3077 (52.82%) 3205 (55.02%) 3116 (53.48%)
Alcohol abuse (Ever have 4/5 or more drinks every day)

Yes 831 (14.26%) 964 (16.55%) 1042 (17.89%) 992 (17.02%)

No 4995 (85.74%) 4861 (83.45%) 4783 (82.11%) 4835 (82.98%)
Sleep disorders

Yes 1091 (18.73%) 1424 (24.45%) 1675 (28.76%) 2037 (34.96%)

No 4735 (81.27%) 4401 (75.55%) 4150 (71.24%) 3790 (65.04%)
Moderate recreational activities

Yes 2979 (51.13%) 2589 (44.45%) 2325(39.91%) 1862 (31.95%)

No 2847 (48.87%) 3236 (55.55%) 3500 (60.09%) 3965 (68.05%)
Arthritis

No 5200 (89.26%) 4605 (79.06%) 4029 (69.17%) 3324 (57.04%)

Yes 626 (10.74%) 1220 (20.94%) 1796 (30.83%) 2503 (42.96%)
Osteoarthritis

No 5559 (95.42%) 5307 (91.11%) 5070 (87.04%) 4697 (80.61%)

Yes 267 (4.58%) 518 (8.89%) 755 (12.96%) 1130 (19.39%)
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Characteristics

Weight-adjusted-waist index(cm/vkg)

Q1 (8.37-9.97)

Q2(9.97-10.62)

Q3(10.62-11.26) Q4 (11.26-14.79)

N=5826 N=5825 N=5825 N=5827

Rheumatoid arthritis

No 5704 (97.91%) 5586 (95.90%) 5448 (93.53%) 5364 (92.05%)

Yes 122 (2.09%) 239 (4.10%) 377 (6.47%) 463 (7.95%)
Working hours (Usually work 35 or more hours per week)

Yes 2190 (37.59%) 2261 (38.82%) 2121 (36.41%) 1994 (34.22%)

No 3636 (62.41%) 3564 (61.18%) 3704 (63.59%) 3833 (65.78%)
PIR 267+161 269+1.57 2491154 222+143
Physical examination

Weight (kg) 74.07 +17.08 80.72+19.90 84.36+22.04 88.91+24.89

BMI (kg/m?) 2497 +4.81 2826+5.62 3047+6.52 33.74+7.82

Height (m) 1.72+£0.09 1.68+0.09 1.66+£0.09 1.62+0.09

Waist Circumference (cm) 85.50+10.71 96.41+£11.89 103.59+1341 113.75£16.15

WWI (cm/~/kg) 9.99+0.40 10.81£0.17 11.37£0.17 12.18+£042

Mean £ SD for continuous variables

Abbreviation: Q quartile, PIR ratio of family income to poverty, BMI body mass index, LDL-C low-density lipoprotein cholesterol, BMD bone mineral density, HDL-C high-
density lipoprotein cholesterol, AST aspartate aminotransferase, ALT alanine aminotransferase, ALP alkaline phosphatase, BUN blood urea nitrogen

Table 2 Association between weight-adjusted-waist index (cm/vkg) and osteoarthritis prevalence

Exposure Model 1 [OR (95% Cl)] Model 2 [OR (95% Cl)] Model 3 [OR (95% Cl)]
WWI (quartile)
Quartile 1 reference reference reference
Quartile 2 2.03(1.74,2.37) 1.26 (1.07,1.48) 1.17(0.99, 1.38)
Quartile 3 3.10(2.68, 3.58) 1.39(1.19,1.63) 1.26 (1.07, 1.48)
Quartile 4 5.01(4.36,5.76) 1.57(1.34,1.84) 1.37(1.16,1.63)
P for trend <0.0001 <0.0001 0.0002

Model 1: no covariates were adjusted. Model 2: age;gender;race were adjusted. Model 3: age; gender; race; diabetes; PIR; ALT; AST; ALP; BUN; total calcium; uric acid;
total cholesterol; triglyceride; LDL-C; direct HDL-C; diabetes status; education level; smoking status; alcohol abuse; sleep disorders; moderate recreational activities

were adjusted

Abbreviation: PIR ratio of family income to poverty, BMI body mass index, LDL-C low-density lipoproteincholesterol, HDL-C high-density lipoprotein cholesterol, AST
aspartate aminotransferase, ALT alanine aminotransferase, ALP alkaline phosphatase, BUN blood urea nitrogen

higher risk of osteoarthritis with increased WWI com-
pared to other races and those who worked fewer than
35 h per week (p <0.001); however, this effect size was not
significant within each group.

Subgroup analysis between WWI and rheumatoid arthritis

prevalence

No significant differences were observed between WW1I
and rheumatoid arthritis prevalence in other subgroup
strata, except for age (P for interaction>0.05, Table 5).
Specifically, the results demonstrated that the positive
association between WWI and rheumatoid arthritis
prevalence was consistently robust in subgroup analyses
stratified by age, sex, race, education, alcohol use, smok-
ing, appropriate recreational activities, sleep disturbance,

and work hours (Table 5). Additionally, participants
aged <65 years exhibited a higher risk of rheumatoid
arthritis than those aged > 65 years with increased WW1I
(p <0.001).

Non-linearity and saturation effect analysis between WWI
and rheumatoid arthritis prevalence

The smooth curve fit disclosed a non-linear associa-
tion between WWI and rheumatoid arthritis (Fig. 3).
Additionally, a breakpoint (K) of 11.21 (cm/vkg) was
determined through saturation effect analysis. To the
left of the breakpoint, a positive correlation between
WWI and rheumatoid arthritis prevalence was observed
(OR=1.53, 95% CI 1.26—1.86; P for trend <0.0001). Con-
versely, no statistically significant association between
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Fig. 2 Association between WWI and osteoarthritis prevalence

WWI and rheumatoid arthritis was identified to the
right of the breakpoint (OR=0.97, 95% CI 0.85, 1.11; P
for trend=0.6473). The log-likelihood ratio test P value
was <0.001 (Table 6).

Discussion

The primary findings of our study can be summarized
as follows: First, a significant positive linear correlation
was identified between WWI and OA prevalence, indi-
cating that an increase in WWTI is strongly associated
with a rise in OA prevalence. Second, a non-linear rela-
tionship was discovered between WWT and RA preva-
lence, with distinct associations between RA prevalence
and WWTI observed on the left and right sides of the
breakpoint (WWI=11.21 cm/vkg). WW1I was positively
associated with RA prevalence on the left side of the
breakpoint, while the association on the right side of
the breakpoint was not statistically significant.
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The Weight-adjusted-waist index (WWTI) offers
numerous advantages over the traditional Body Mass
Index (BMI) in assessing individual health risk factors.
By accounting for waist circumference—a direct meas-
ure of visceral fat—the WWI addresses the shortcom-
ing of BMI that might overlook individuals with excess
body fat who have a normal overall weight. WWT effec-
tively captures critical health-related changes such
as age-related shifts from muscle mass to fat, particu-
larly around the waist, which can often occur with-
out significant changes in overall weight, leading to an
unchanged BMI. Moreover, the WWI better accommo-
dates gender-specific weight distributions and varying
fat distribution patterns across ethnicities, facilitating
a more nuanced risk assessment. Notwithstanding the
practical challenges associated with waist measure-
ments required by WWI, its proficiency in capturing
comprehensive health profiles reinforces its superiority.

Table 3 Association between weight-adjusted-waist index (cm/vkg) and rheumatoid arthritis prevalence

Exposure Model 1 [OR (95% ClI)] Model 2 [OR (95% CI)] Model 3 [OR (95% Cl)]
WWI (quartile)
Quartile 1 reference reference reference
Quartile 2 2.00(1.60, 2.50) 1.49(1.19,1.87) 1.34(1.07, 1.69)
Quartile 3 3.24(2.63,3.98) 1.95(1.57,243) 1.60 (1.27, 2.00)
Quartile 4 4.04 (3.29,4.94) 2,02 (1.62,2.54) 143(1.13,1.82)
P for trend <0.0001 <0.0001 0.0145

Model 1: no covariates were adjusted. Model 2: age;gender;race were adjusted. Model 3: age; gender; race; diabetes; PIR; ALT; AST; ALP; BUN; total calcium; uric acid;
total cholesterol; triglyceride; LDL-C; direct HDL-C; diabetes status; education level; smoking status; alcohol abuse; sleep disorders; moderate recreational activities

were adjusted

Abbreviation: PIR ratio of family income to poverty, BMI body mass index, LDL-C low-density lipoproteincholesterol, HDL-C high-density lipoprotein cholesterol, AST
aspartate aminotransferase, ALT alanine aminotransferase, ALP alkaline phosphatase, BUN blood urea nitrogen
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Table 4 Association between weight-adjusted-waist index (cm/vkg) and osteoarthritis prevalence

OR (95% CI) P for interaction
Stratified by gender 03371
Males 1.20(1.07,1.35)
Females 1.12(1.03,1.21)
Stratified by race 0.0400
Mexican American 1.06 (0.82, 1.35)
Other Hispanic 1.05(0.82,1.33)
Non-Hispanic White 1.05 (O 96, 1 16)
Non-Hispanic Black 1.37(1.19,1.57)
Other Race 1.16 (O 93, 1.45)
Stratified by age 02178
<65 0.34(0.20,0.48)
>65 0.24(0.17,0.31)
Stratified by diabetes 0.3539
Yes 1.18(1.02,1.37)
No 1.13(1.05,1.22)
Borderline 0.91 (0.66, 1.26)
Stratified by education level 0.8132
Less than high school 1.18(1.02,1.37)
High school 1.13(0.99, 1.30)
Above high school 1.12(1.03,1.22)
Stratified by smoking status 0.3015
Now 1.26 (1.02,1.55)
Former 1.15(1.05,1.26)
Never 1.06 (0.95, 1.19)
Stratified by alcohol abuse 0.0588
Yes 1.17(1.08, 1.25)
No 0.98 (0.83,1.16)
Stratified by sleep disorders 0.3993
Yes 1.16 (1.06, 1.26)
No 1.10(1.00, 1.21)
Stratified by working hours (Usually work 35 or more hours per week) 0.0268
Yes 1.19(1.10, 1.28)
No 1.01(0.90, 1.14)
Stratified by moderate recreational activities 0.2370
Yes 1.08 (0.97, 1.20)
No 1.17.(1.08,1.27)

In subgroup analyses stratified by sex, race, age, diabetes status,education level; smoking status, alcohol abuse, sleep disorders, moderate recreational activities, The
model adjusted for covariates such age; gender; race; diabetes; PIR; ALT; AST; ALP; BUN; total calcium; uric acid; total cholesterol; triglyceride; LDL-C; direct HDL-C;
diabetes status; education level; smoking status; alcohol abuse; sleep disorders; moderate recreationalactivities, but the modeldid not adjust for the stratification

variables themselves

Abbreviation: PIR ratio of family income to poverty, BMI body mass index, LDL-C low-density lipoproteincholesterol, HDL-C high-density lipoprotein cholesterol, AST
aspartate aminotransferase, ALT alanine aminotransferase, ALP alkaline phosphatase, BUN blood urea nitrogen

However, it should not be used in isolation, but as a part
of a wider health assessment strategy, and should always
be complemented by professional medical advice. While
discussing the WWI, it’s vital to note a crucial concep-
tual distinction—the term, in a stricter sense, should
be ‘Body Mass-adjusted-waist index’ as we are assess-
ing body mass rather than weight, with 'weight’ being
a vector quantity representing both magnitude and

direction. However, in medical and public health lit-
erature, ‘'weight’ is conventionally used to denote body
mass measured on a scale, leading to the prevalence of
the term WWI. For consistency with existing literature
and common usage, we use WWI, but we acknowledge
this conceptual distinction and advocate for mindful
usage and interpretation of such terms in health-related
research and practice.
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and rheumatoid arthritis prevalence
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Table 6 Saturation effect analysis of WWIi(cm/vkg) on rheumatoid
arthritis prevalence

OR (95% CI) P for interaction Model:Saturation effect analysis

Stratified by gender 0.2617 WWI turning point (K) 11.21
Males 1.21(1.05,1417) <Keffect1 1.53 (1.26, 1.86) < 0.0001
Females 1.10(0.98,1.23) > K effect2 0.97(0.85,1.11) 0.6473

Stratified by race 0.3966 Log-likelihood ratio <0.001
Mexican American 141 (1.08,1.85) Age; gender; race; diabetes; PIR; ALT; AST; ALP; BUN; total calcium; uric acid; total
Other Hispanic 1.06 (0.80, 1.41) cholesterol; triglyceride; LDL-C; direct HDL-C; diabetes status; education level;
Non-Hispanic White 122 (105, 1.42) smoking status; alcohol abuse; sleep disorders; moderate recreational activities

were adjusted
Non-Hispanic Black 107(092,1.25) Abbreviation: PIR ratio of family income to poverty, BMI body mass index, LDL-C
Other Race 1.07 (0.77,1.48) low-density lipoproteincholesterol, HDL-C high-density lipoprotein cholesterol,

Stratified by age ( | 0.0024 xzs;ﬁ;;i: ;E&nagzgszfézss}éég::nlne aminotransferase, ALP alkaline
<65 043(0.27,0.59
>65 0.14 (0.04, 0.24)

Stratified by diabetes 08234 To the best of our knowledge, this is the premier
Ves 119 (0.99, 1.44) cross-sectional study examining the association
No 114(1.02,1.27) between WWI and the prevalence of OA and RA.
Borderline 1.03 (0.64, 165) Widely accepted criteria for defining obesity encom-

Stratified by education level 06737 pass BMI and WC [17, 18]. Numerous investigations
Less than high school 110(0.93, 130) have identified a positive correlation between BMI,
High school 122 (1,03, 1.45) WC, and the incidence of OA and RA. On one hand,
Above high school 113 (099, 1.28) a meta-analysis by Jiang et al., incorporating 21 stud-

Stratified by smoking status 03642 ies, deduced that BMI was significantly and positively
Now 121(107,138) correlated with OA prevalence, with a 5-unit increase
Former 107 (0.93,1.24) in BMI associated with a 35% rise in OA prevalence
Never 1,05 (080, 139) [19]. However, this meta-analysis also exhibited con-

Stratified by alcohol abuse 01062 siderable heterogeneity, warranting further studies
Yes 118(107,131) for validation. Moreover, Park et al. discovered that
No 098 (0.80, 1.20) elevated BMI and larger WC augmented the risk of

Stratified by sleep disorders 01973 knee OA in a dose-dependent manner, analyzing data
Yes 120 (1,06, 1.35) from 1,139,463 adults aged 50 years and older sourced
No 1,06 (093, 122) fr‘om the Korean Nat’ior}al Health Insurance Ser-

Stratified by working hours (Usually work 350or 03751 vice (KNHIS) and classifying them as generally obese

more hours per week) and centrally obese based on BMI and WC, respec-
Yes 120 (1.04,1.39) tively [20]. On the other, Marchand et al. incorpo-
No 112(1.01,1.24) rated 108,505 participants aged 25-42 years without

Stratified by moderate recreational activities 04829 RA from The Nurses’ Health Study II (NHSII) and
Yes 110 (096, 1.27) conducted a 25-year follow-up survey from 1989 to
No 117(1.05, 1.30) 2015. They ultimately inferred that long-term weight

In subgroup analyses stratified by sex, race, age, diabetes status,education level;
smoking status, alcohol abuse, sleep disorders, moderate recreational activities,
The model adjusted for covariates such age; gender; race; diabetes; PIR; ALT; AST;
ALP; BUN; total calcium; uric acid; total cholesterol; triglyceride; LDL-C; direct
HDL-C; diabetes status; education level; smoking status; alcohol abuse; sleep
disorders; moderate recreationalactivities, but the modeldid not adjust for the
stratification variables themselves

Abbreviation: PIR ratio of family income to poverty, BMI body mass index, LDL-C
low-density lipoproteincholesterol, HDL-C high-density lipoprotein cholesterol,
AST aspartate aminotransferase, ALT alanine aminotransferase, ALP alkaline
phosphatase, BUN blood urea nitrogen

gain was strongly associated with an increased risk of
RA, with weight gain>20 kg linked to over a three-
fold increased RA risk [21]. Additionally, Fergusond
et al. utilized UK Biobank data to include 502,682 par-
ticipants aged 40—70 years in a cross-sectional study,
establishing that a higher waist circumference corre-
lated with a higher rheumatoid arthritis prevalence.
Importantly, this relationship persisted after adjust-
ing for BMI, highlighting the potential significance of
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central obesity in autoimmune diseases such as RA.
[22]. However, as research has progressed, some schol-
ars have identified an obesity paradox when using BMI
and WC as obesity measures [23-25]. The obesity par-
adox suggests that obesity does not necessarily shorten
patients’ expected survival time, and that overweight
individuals may have a slightly lower risk of death
compared to those of normal weight, and in some
cases, may even exhibit beneficial effects. This paradox
has led researchers to question the validity of BMI and
WC as obesity measures. Consequently, it is crucial to
identify an obesity index that eliminates the obesity
paradox. The WWTI is a recently developed anthropo-
metric index considered a reliable obesity measure, in
addition to BMI and WC, due to its simplicity of cal-
culation and ability to differentiate between lean and
fat [26, 27]. Contemporary studies have demonstrated
the WWT’s capacity to distinguish between lean and
fat, and its application has expanded to various areas,
including bone metabolism-related disorders and
obesity. In our study, we discovered a linear positive
correlation between WWI and OA prevalence, and a
non-linear relationship with RA prevalence, with a
breakpoint of 11.21, indicating a significant threshold
effect between WWI and RA prevalence.

Obesity has been associated with the development
and progression of osteoarthritis (OA) and rheumatoid
arthritis (RA); however, the underlying mechanisms are
multifaceted and complex [28]. In OA, the mechanical
loading hypothesis posits that being overweight places an
increased burden on weight-bearing joints, particularly
the knee and hip, leading to cartilage degeneration and
subsequent joint damage [29]. Moreover, adipose tissue is
believed to function as an active endocrine organ, secret-
ing adipokines such as leptin and adiponectin, which
contribute to synovial inflammation, cartilage break-
down, and matrix metalloproteinase production, thereby
exacerbating OA’s pathological changes [30]. In the con-
text of RA, obesity may contribute to its pathogenesis by
fostering a chronic pro-inflammatory state, characterized
by elevated levels of tumor necrosis factor-a (TNF-a)
and interleukin-6 (IL-6), which in turn stimulate autoan-
tibody production and inflammatory cell activation [31].
Moreover, obesity is related to an increased risk of devel-
oping RA, potentially due to adipokine dysregulation and
impaired resolution of inflammation, resulting in per-
sistent synovitis and joint destruction [32]. Besides the
molecular and cellular mechanisms mentioned earlier,
obesity has also been connected to the activation of the
nucleotide-binding oligomerization domain-like recep-
tor protein 3 (NLRP3) inflammasome, a critical intracel-
lular signaling complex involved in the innate immune
response [33, 34]. The NLRP3 inflammasome promotes

Page 10 of 12

the production of pro-inflammatory cytokines, such as
IL-1B and IL-18, which further exacerbate OA and RA
through synovial inflammation and cartilage degen-
eration [35]. Furthermore, activation of the NLRP3
inflammasome has been shown to be associated with
obesity-induced insulin resistance, which may indirectly
influence the pathogenesis of OA and RA by aggravating
systemic inflammation [36, 37]. Additionally, the role of
the gut microbiome in the development of OA and RA
should not be underestimated. Obesity is linked to dysbi-
osis of the gut microbiota, leading to increased intestinal
permeability and the translocation of bacterial lipopoly-
saccharides (LPS) into circulation, thus provoking sys-
temic inflammation. Emerging evidence suggests that the
gut microbiota may contribute to the pathogenesis of OA
and RA by modulating host immune responses, inflam-
mation, and metabolism [38—-40].

Our study has several strengths and limitations. The
primary strengths include the following: first, the sample
size in this study was sufficiently large, providing greater
statistical power and enhancing the reliability of the find-
ings. Second, the study adjusted for numerous poten-
tial confounders to ensure more accurate associations
between risk factors and the prevalence of OA and RA.
Third, we identified a non-linear relationship between
WWI and RA risk, offering additional evidence for a
threshold effect. This study also presents several limita-
tions. First, the cross-sectional nature of the study hin-
ders the establishment of causality and may be influenced
by confounding factors. Second, relying on self-reported
diagnoses of OA and RA might reduce the accuracy of
prevalence estimates, although previous studies have
confirmed the acceptable accuracy of questionnaires. The
study focused on the US population and did not consider
variations in prevalence and risk factors across countries
and ethnicities. As only participants from one ethnically
limited country were included, generalizing our findings
may be inappropriate.

Conclusion

The findings of this investigation indicate a linear positive
association between WWI and OA prevalence, as well
as a non-linear relationship with RA prevalence among
US adults, demonstrating a significant threshold effect.
Nonetheless, further longitudinal studies incorporat-
ing a more diverse cohort are necessary to validate these
results.

Abbreviations

Wwi Weight-Adjusted Waist Index
BMI Body mass index

WC Waist circumference

BMD Bone mineral density
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HDL-C High-density lipoprotein cholesterol

LDL-C Low-density lipoprotein cholesterol
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BUN Blood urea nitrogen
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