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Abstract
Background  The link between body roundness index (BRI) and osteoarthritis (OA) has yet to be validated. Our aim 
was to explore this connection between BRI and OA risk.

Methods  This cross-sectional study utilized the 1999–2018 National Health and Nutrition Examination Survey 
retrieved data. To assess the association between BRI and OA risk, we performed weighted multivariable regression 
analysis (MVRA), with smooth curve fitting for potential nonlinear association and subgroup analysis and interaction 
tests for relationships in specific subgroups. A 7:3 ratio was adopted for the random division of the acquired data into 
training and validation sets. Subsequently, least absolute shrinkage and selection operator regression, along with 
MVRA, were conducted for the training set to isolate variables for a prediction model. This model was visualized using 
the nomogram and was followed by evaluation. Finally, the validation set was utilized to validate the model.

Results  This study enrolled 12,946 individuals. Following the adjustment for all covariables, OA risk increased by 18% 
with every unit rise in BRI (odd ratio [OR] = 1.18; 95% confidence interval [CI]: 1.13–1.23; P < 0.0001). Upon regarding 
BRI as a categorical variable, it was divided into quartiles for subsequent analysis. In comparison to quartile 1, the risk 
of OA was increased in quartile 2 (OR = 1.58; 95% CI: 1.22–2.03; P = 0.0006), quartile 3 (OR = 1.83; 95% CI: 1.40–2.40; 
P < 0.0001) and quartile 4 (OR = 2.70; 95% CI: 1.99–3.66; P < 0.0001). Smooth curve fitting revealed no non-linear 
relationships. None of the subgroups showed a statistically significant interaction (all P > 0.05). After selecting the 
variables, a prediction model was developed. The prediction model exhibited favorable discriminatory power, high 
accuracy, and potential clinical benefits in training and validation sets.

Conclusions  The BRI was positively associated with OA risk. Our predictive model demonstrated that combining BRI 
with other easily accessible factors was helpful in assessing and managing high-risk OA groups.
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Introduction
Osteoarthritis (OA) is marked by cartilage deterioration, 
bone remodeling, osteophyte formation, and synovial 
inflammation [1, 2]. More than 360  million individuals 
are afflicted by OA, and its incidence continues to rise 
[3]. The disease can affect several joints, with the hip, 
knees, and hands being the most frequently afflicted [4]. 
Osteoarthritis is a primary factor of disability in individu-
als aged > 60 years and has a greater impact on women 
than on men [5, 6]. Individuals suffering from OA have 
a higher all-cause mortality risk and are more prone to 
mortality related to cardiovascular disease [7, 8]. Further-
more, OA is correlated with poor quality of life among 
elderly individuals and results in an immense individual 
and societal financial burden [9–11]. Therefore, preven-
tion of OA and identification of those at high risk are cru-
cial strategies for easing these burdens.

There are two primary categories of OA risk factors: 
person-level and joint-level [12]. Age, sex, genes, and 
obesity are factors at the person level, whereas injury, 
malalignment, and abnormal loading are factors at the 
joint level [12]. Some factors can be addressed through 
treatments or lifestyle changes, while others cannot. For 
example, age cannot be changed, while obesity can be 
more effectively managed through medical or behavioral 
therapies [13, 14]. The body mass index (BMI) represents 
a common obesity indicator, with its heightened values 
being strongly related to OA development [15–17]. The 
body roundness index (BRI) constitutes a novel anthro-
pometric marker used to measure obesity [18]. Unlike 
BMI, the BRI accounts for both height and waist circum-
ference (WC) and presents a more accurate indication 
of the ratio between body fat and visceral adipose tissue 
[19].

Currently, the link between BRI and OA has yet to be 
validated. Accordingly, this cross-sectional study aimed 
to uncover the connection between BRI and OA risk and 
evaluate BRI suitability as a predictor for high-risk OA 
groups.

Methods
Study population
Data were acquired from the National Health and Nutri-
tion Examination Survey (NHANES), a nationwide sur-
vey using a randomized, stratified, multistage method. 
Among the 101,316 participants in the 1999–2018 
NHANES, those with (1) missing OA data (N = 55,809), 
(2) missing WC or height data (N = 4,643), and (3) miss-
ing covariable data (N = 27,918) were excluded. Ulti-
mately, 12,946 participants were enrolled (Fig. 1).

Definition of BRI and OA
We used the following equation to define BRI: 
BRI = 364.2-365.5 × (1-[WC(m)/2π]2/[0.5×height(m)]2)½ 

[19]. Additionally, OA diagnosis was self-reported; if par-
ticipants responded in the affirmative to “Has a doctor 
or other health professional ever told you that you had 
arthritis?”, they were next asked, “Which type of arthri-
tis was it?”. Participants could be classified as having OA 
depending on their answer to the second question.

Covariables
The following covariables were selected according to 
prior studies and clinical experience: (1) demographic 
data (age, sex, race, education level, marital status, and 
family poverty-income ratio), (2) questionnaire data (dia-
betes, hypertension, smoking [minimum of 100 cigarettes 
over one’s lifetime], and alcohol status [consuming alco-
hol once a month or more], as well as moderate or vig-
orous activity), (3) laboratory data (albumin, alanine and 
aspartate aminotransferase, alkaline phosphatase, blood 
urea nitrogen, total calcium, phosphorus, total protein, 
uric acid, triglyceride, low- and high-density lipopro-
tein cholesterol, and total cholesterol), (4) dietary data 
(energy and protein take).

Statistical analysis
Complete data were accessible for all participants, after 
individuals with absent data about OA status and covari-
ables, together with those for whom the BRI could not 
be computed from WC and height, were eliminated. An 
appropriate sample weight was calculated, and the anal-
ysis considered the complex multistage survey design 
procedures. Continuous and categorical variables are 
represented as weighted mean [95% confidence interval 
(CI)] and proportions (95% CI), respectively. To com-
pare the BRI quartile groupings, either survey-weighted 
Chi-square or survey-weighted linear regression was 
used. Because of their potential to provide inaccurate 
inferential results, traditional regression approaches are 
unsuitable [20]. Particularly, the standard error and CI 
of parameter estimations might be drastically under-
stated. Therefore, to determine the link between BRI 
and OA risk, weighted multivariable regression analy-
sis (MVRA) was conducted. Models 1–3 progressively 
adjusted the covariables (details in Supplementary Mate-
rial). The results were reported as an odd ratio (OR) and 
95% CI. A trend test was used to enhance the reliability 
of the regression analysis results. Potential nonlinear 
associations were assessed by smooth curve fitting. Fur-
thermore, subgroup analysis and interaction tests were 
deployed to identify associations in particular subgroups. 
Subgroup analysis was stratified by age, sex, race, educa-
tion level, and moderate or vigorous activity, as well as 
marital, diabetes, hypertension, and smoking status.

A 7:3 ratio was adopted for the random division of the 
acquired data into training and validation sets. Least 
absolute shrinkage and selection operator (LASSO) 
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regression is a linear regression technique utilizing 
lambda penalty coefficients to pick out variables that did 
not have 0 regression coefficients and eliminate those 
that did [21, 22]. The selected variables were regarded as 
the most relevant. LASSO regression along with MVRA 
were employed for the training set, aiming at identify-
ing variables for a prediction model construction. After-
ward, the model was visualized using the nomogram and 
assessed with the receiver operator characteristic (ROC) 

curve, calibration curve, and decision curve analysis 
(DCA). Finally, the validation set was utilized to validate 
the model. The statistical analyses were conducted utiliz-
ing R software (http://www.R-project.org) and Empower-
Stats (www.empowerstats.com), considering P < 0.05 as 
statistically significant.

Fig. 1  Flowchart

 

http://www.R-project.org
http://www.empowerstats.com
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Results
Baseline characteristics
Overall, 12,946 individuals were enrolled. Significant dif-
ferences were observed among the BRI quartile groups in 
all investigated variables (all P < 0.05), except for smoking 
status and aspartate aminotransferase (Table 1).

Association between BRI and OA risk
The weighted MVRA results indicated that a greater BRI 
was correlated with an elevated OA risk (Table 2). A sta-
tistically significant positive association was shown in 
models 1 (OR = 1.23; 95% CI: 1.20–1.27; P < 0.0001) and 
2 (OR = 1.18; 95% CI: 1.14–1.23; P < 0.0001), which was 
consistent (OR = 1.18; 95% CI: 1.13–1.23; P < 0.0001) even 
after adjustment for all covariables. This indicates that 
OA risk increased by 18% with every unit rise in BRI. 
Then, BRI was regarded as a categorical variable and 
divided into quartiles for subsequent analysis. In com-
parison with the risk in quartile 1, OA risk increased in 
quartiles 2 (OR = 1.58; 95% CI: 1.22–2.03; P = 0.0006), 
3 (OR = 1.83; 95% CI: 1.40–2.40; P < 0.0001) and 4 
(OR = 2.70; 95% CI: 1.99–3.66; P < 0.0001). The risk of OA 
was exacerbated within increased BRI quartile groups 
(P-for-trend < 0.0001). Furthermore, smooth curve fit-
ting revealed no non-linear associations (Supplementary 
Fig. 1). Sensitivity analysis showed that BRI was preferred 
over BMI in predicting OA (area under the curve 0.652 
vs. 0.594, P < 0.05, Supplementary Fig. 2).

Subgroup analysis
To thoroughly identify the reliability of this positive asso-
ciation and identify any subpopulation differences, we 
conducted subgroup analysis and interaction tests. Sub-
group analysis was stratified by age, sex, race, education 
level, and moderate or vigorous activity, as well as mari-
tal, diabetes, hypertension, and smoking status. Across 
all subgroups, individuals exhibiting elevated BRI dem-
onstrated a continuously heightened risk of osteoarthritis 
(all OR > 1 and all P < 0.05, Supplementary Fig. 3). In age-
stratified analysis, the OR between BRI and OA risk was 
1.17 (95% CI: 1.12–1.23; P < 0.0001) for individuals aged 
50 years or less, whereas the OR was 1.17 (95% CI: 1.13–
1.21; P < 0.0001) for those aged older than 50 years. Addi-
tionally, in sex-stratified analysis, the OR between BRI 
and OA risk was 1.18 (95% CI: 1.13–1.23; P < 0.0001) for 
male and 1.17 (95% CI: 1.13–1.21; P < 0.0001) for female. 
However, none of the subgroups showed a statistically 
significant interaction (all P > 0.05).

Selection of variables
In the training set, the factors from baseline characteris-
tics, other than BRI, were subjected to LASSO regression 
to identify potential predictors of OA (Fig. 2). Nine vari-
ables (age, sex, education level, diabetes, hypertension, 

smoking status, blood urea nitrogen, phosphorus and 
total protein) were selected based on the lambda.1se 
from 10-fold cross-validation. The nine variables were 
incorporated into MVRA for further analysis (Table 3).

Nomogram development for risk prediction
After identifying the variables of interest, we constructed 
a prediction model, which was visualized using a nomo-
gram. The constructed model for predicting the risk 
of OA included the following predictors: BRI, age, sex, 
education level, diabetes, hypertension, smoking sta-
tus, blood urea nitrogen, phosphorus and total protein 
(Fig. 3). The score for each predictor was computed and 
subsequently aggregated to obtain a total score. A verti-
cal line was extended downwards from the total score to 
reflect the corresponding OA risk, with a higher score 
reflecting heightened risk.

Prediction model evaluation and validation
An area under the ROC curve of 0.830 (95% CI: 0.818–
0.842) showcased that the prediction model possessed 
favorable discriminatory power in the training set 
(Fig.  4A). The calibration curve, generated using 1,000 
bootstraps, exhibited a strong alignment between actual 
and predicted probabilities, which suggested that the pre-
diction model was accurate in the training set (Fig. 4B). 
As shown by the DCA, if the risk threshold was less than 
0.58, the predictive model provided a net benefit in the 
training set (Fig. 4C). Furthermore, the prediction model 
also exhibited favorable discriminatory power, high accu-
racy, and potential clinical benefits in the validation set 
(Supplementary Fig. 4).

Discussion
In this cross-sectional study involving 12,946 individu-
als from the 1999–2018 NHANES, BRI was positively 
correlated to OA risk, which remained stable in different 
population settings. To predict the OA risk, a nomogram 
model was constructed using the following factors: BRI, 
age, sex, education level, diabetes, hypertension, smok-
ing status, blood urea nitrogen, phosphorus and total 
protein. The model exhibited favorable discriminatory 
power, high accuracy, and potential clinical benefits in 
training and validation sets. These findings underscore 
the model’s value for evaluating OA risk.

Like osteoporosis, OA is an escalating public health 
concern [23, 24]. Obesity constitutes a crucial risk factor 
for OA onset and progression [25–27]. Indeed, the asso-
ciation between BMI, a conventional measure of obesity, 
and OA has been extensively reported. Nevertheless, 
BMI is not capable of precisely reflecting fat distribution 
or differentiating between adipose and lean tissue [28]. 
The fact that people with comparable levels of adiposity 
(as measured by BMI) exhibit considerable variations of 
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Table 1  Weighted demographic baseline characteristics of the participants
Characteristics Body roundness index P-value

Q1 Q2 Q3 Q4
Age (years) 37.99 (37.27 ,38.71) 45.01 (44.29 ,45.74) 48.78 (48.11 ,49.46) 48.96 (48.16 ,49.76) < 0.0001
Sex (%) < 0.0001
Male 50.17 (48.03 ,52.30) 56.88 (54.42 ,59.30) 56.34 (54.07 ,58.57) 41.95 (39.93 ,44.00)
Female 49.83 (47.70 ,51.97) 43.12 (40.70 ,45.58) 43.66 (41.43 ,45.93) 58.05 (56.00 ,60.07)
Race (%) < 0.0001
Hispanic 9.37 (8.06 ,10.88) 13.22 (11.48 ,15.18) 15.88 (13.84 ,18.15) 14.24 (12.23 ,16.51)
Non-Hispanic white 72.69 (70.39 ,74.88) 72.61 (70.18 ,74.92) 70.32 (67.66 ,72.85) 70.21 (67.26 ,73.00)
Non-Hispanic black 10.59 (9.30 ,12.05) 7.91 (6.83 ,9.13) 8.79 (7.63 ,10.10) 11.70 (10.09 ,13.54)
Other 7.34 (6.36 ,8.46) 6.26 (5.29 ,7.40) 5.02 (3.96 ,6.33) 3.85 (2.97 ,4.98)
Education level (%) < 0.0001
< high-school 11.57 (10.00 ,13.35) 12.29 (10.95 ,13.78) 15.62 (14.00 ,17.38) 16.52 (14.87 ,18.31)
High-school 19.44 (17.32 ,21.75) 22.66 (20.29 ,25.23) 25.39 (23.44 ,27.46) 25.28 (23.18 ,27.50)
> high-school 68.99 (65.81 ,71.99) 65.04 (62.23 ,67.76) 58.99 (56.33 ,61.59) 58.20 (55.83 ,60.53)
Marital status (%) < 0.0001
Live with others 59.43 (56.96 ,61.85) 67.77 (65.39 ,70.07) 70.90 (68.52 ,73.17) 64.34 (61.88 ,66.74)
Live alone 40.57 (38.15 ,43.04) 32.23 (29.93 ,34.61) 29.10 (26.83 ,31.48) 35.66 (33.26 ,38.12)
Diabetes status (%) < 0.0001
Yes 1.41 (0.99 ,2.01) 3.97 (3.22 ,4.88) 7.77 (6.74 ,8.95) 14.48 (13.02 ,16.08)
No/Borderline 98.59 (97.99 ,99.01) 96.03 (95.12 ,96.78) 92.23 (91.05 ,93.26) 85.52 (83.92 ,86.98)
Hypertension status (%) < 0.0001
Yes 11.05 (9.77 ,12.47) 23.39 (21.47 ,25.43) 32.52 (30.40 ,34.73) 46.21 (43.79 ,48.64)
No 88.95 (87.53 ,90.23) 76.61 (74.57 ,78.53) 67.48 (65.27 ,69.60) 53.79 (51.36 ,56.21)
Smoking status (%) 0.0639
Yes 46.26 (43.59 ,48.95) 48.69 (46.44 ,50.94) 49.39 (47.01 ,51.77) 50.16 (47.82 ,52.50)
No 53.74 (51.05 ,56.41) 51.31 (49.06 ,53.56) 50.61 (48.23 ,52.99) 49.84 (47.50 ,52.18)
Moderate or vigorous activity (%) < 0.0001
Yes 72.36 (70.02 ,74.59) 64.92 (62.47 ,67.29) 57.01 (54.55 ,59.44) 49.34 (46.84 ,51.83)
No/Unable to do activity 27.64 (25.41 ,29.98) 35.08 (32.71 ,37.53) 42.99 (40.56 ,45.45) 50.66 (48.17 ,53.16)
Alcohol status (%) < 0.0001
Yes 71.20 (68.86 ,73.44) 68.16 (65.88 ,70.37) 60.54 (57.90 ,63.13) 48.84 (46.08 ,51.62)
No 28.80 (26.56 ,31.14) 31.84 (29.63 ,34.12) 39.46 (36.87 ,42.10) 51.16 (48.38 ,53.92)
Osteoarthritis presence < 0.0001
Yes 5.21 (4.38 ,6.18) 10.65 (9.31 ,12.17) 14.46 (12.91 ,16.17) 20.91 (18.83 ,23.16)
No 94.79 (93.82 ,95.62) 89.35 (87.83 ,90.69) 85.54 (83.83 ,87.09) 79.09 (76.84 ,81.17)
Family poverty–income ratio 3.21 (3.11 ,3.31) 3.29 (3.20, 3.38) 3.13 (3.04 ,3.21) 2.89 (2.80, 2.99) < 0.0001
Albumin (g/dL) 4.39 (4.37, 4.41) 4.31 (4.29, 4.32) 4.24 (4.22, 4.25) 4.09 (4.07, 4.11) < 0.0001
Alanine transaminase (U/L) 21.70 (20.94 ,22.46) 26.47 (24.75 ,28.20) 27.65 (26.81 ,28.48) 28.51 (27.67 ,29.36) < 0.0001
Aspartate aminotransferase (U/L) 24.27 (23.48 ,25.05) 25.24 (24.62 ,25.86) 25.50 (24.74 ,26.27) 25.26 (24.61 ,25.92) 0.0756
Alkaline phosphatase (U/L) 61.59 (60.61 ,62.57) 66.42 (65.45 ,67.39) 70.25 (69.08 ,71.42) 74.45 (72.95 ,75.95) < 0.0001
Blood urea nitrogen (mg/dL) 12.44 (12.22 ,12.66) 13.33 (13.11, 13.56) 13.56 (13.35, 13.77) 13.58 (13.31 ,13.85) < 0.0001
Total calcium (mg/dL) 9.44 (9.42, 9.46) 9.39 (9.38, 9.41) 9.36 (9.34, 9.38) 9.31 (9.28, 9.33) < 0.0001
Phosphorus (mg/dL) 3.71 (3.68, 3.73) 3.61 (3.59, 3.63) 3.58 (3.56, 3.60) 3.60 (3.57, 3.62) < 0.0001
Total protein (g/dL) 7.21 (7.18, 7.23) 7.15 (7.12, 7.17) 7.14 (7.11, 7.17) 7.07 (7.04, 7.09) < 0.0001
Uric acid (mg/dL) 4.94 (4.88 ,4.99) 5.37 (5.32 ,5.43) 5.67 (5.60 ,5.74) 5.93 (5.86, 6.00) < 0.0001
Triglyceride (mg/dL) 90.22 (87.95 ,92.48) 119.86 (116.80 ,122.92) 132.88 (129.03 ,136.74) 141.28 (137.45 ,145.11) < 0.0001
Low-density lipoprotein cholesterol 
(mg/dL)

106.55 (105.01 ,108.09) 119.64 (118.14 ,121.15) 122.04 (120.49 ,123.60) 116.95 (115.29 ,118.62) < 0.0001

High-density lipoprotein cholesterol 
(mg/dL)

60.64 (59.82 ,61.46) 54.39 (53.55 ,55.23) 51.41 (50.72 ,52.09) 48.86 (48.21 ,49.51) < 0.0001

Total cholesterol (mg/dL) 185.22 (183.55 ,186.89) 198.01 (196.29 ,199.73) 200.03 (198.24 ,201.82) 194.08 (192.06 ,196.10) < 0.0001
Energy take (kcal/day) 2293.38 (2254.53 

,2332.23)
2196.64 (2157.91 
,2235.38)

2185.39 (2146.42 
,2224.35)

2061.39 (2027.06 
,2095.71)

< 0.0001

Protein take(gm/day) 87.07 (85.40 ,88.73) 85.69 (83.93 ,87.44) 84.95 (83.28 ,86.62) 81.10 (79.76 ,82.44) < 0.0001
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metabolic disturbance provides strong support for these 
phenomena [29, 30]. In addition, as the field of obesity 
research progressed, the obesity paradox was character-
ized [31–33]. The current evidence suggests that obesity 
may be protective in older people or people with certain 

specific diseases and is linked to a reduction in mortality, 
i.e., the obesity paradox [34]. The reasons for the obesity 
paradox are still unclear; however, the bulk of research 
observing the obesity paradox has used BMI as the sole 
measure of obesity, which may not provide sufficient 
accuracy [35]. Improving comprehension of alternations 
in body composition and fat distribution should enable 
the accurate prediction of the connection between obe-
sity, disease, and death in older individuals [35–37]. It is 
important to note that WC and waist-to-hip ratio (WHR) 
are also commonly employed as markers of obesity. Still, 
WC or WHR do not allow for accurate differentiation 
between subcutaneous and visceral fat [38]. Lipid-accu-
mulation-product levels could function as an important 
biomarker for validating obesity. A cross-sectional study 
involving 7,492 individuals identified that at levels below 
120.00  cm × mmol/L, lipid-accumulation-product is a 
potential indicator of OA [30]. Recently, the BRI has been 
regarded as a reliable and innovative measure for assess-
ing obesity, providing a more realistic reflection of body 

Table 2  Association between BRI and OA risk
Odd ratio (95% confidence interval), P-value
Model 1 Model 2 Model3

Continuous 
BRI

1.23 (1.20, 1.27) < 0.0001 1.18 (1.14, 
1.23) < 0.0001

1.18 (1.13, 
1.23) < 0.0001

Categories 
BRI
Quartile 1 Reference Reference Reference
Quartile 2 2.17 (1.75, 2.69) < 0.0001 1.57 (1.24, 

2.00) 0.0003
1.58 (1.22, 
2.03) 0.0006

Quartile 3 3.08 (2.48, 3.82) < 0.0001 1.84 (1.43, 
2.37) < 0.0001

1.83 (1.40, 
2.40) < 0.0001

Quartile 4 4.81 (3.86, 5.99) < 0.0001 2.86 (2.24, 
3.65) < 0.0001

2.70 (1.99, 
3.66) < 0.0001

P-for-trend < 0.0001 < 0.0001 < 0.0001
BRI, body roundness index

Table 3  MVRA for the variables of interest
Estimate Std. Error z value Odd ratio 95%CI-low 95%CI-upp P-value

Intercept -2.4254 0.6397 -3.7918 0.0884 0.0252 0.3098 0.0002
Age 0.0571 0.0026 21.9492 1.0588 1.0534 1.0642 < 0.0001
Sex (female) 0.8419 0.0783 10.7493 2.3208 1.9905 2.7059 < 0.0001
Education level (high-school) 0.1898 0.1091 1.7389 1.2090 0.9762 1.4973 0.0820
Education level (> high-school) 0.3855 0.0934 4.1261 1.4703 1.2243 1.7658 < 0.0001
Diabetes status (No/Borderline) -0.2204 0.1025 -2.1499 0.8022 0.6562 0.9807 0.0316
Hypertension status (no) -0.5759 0.0761 -7.5693 0.5622 0.4843 0.6526 < 0.0001
Smoking status (no) -0.3804 0.0739 -5.1458 0.6836 0.5914 0.7902 < 0.0001
Blood urea nitrogen 0.0203 0.0060 3.3805 1.0205 1.0086 1.0326 0.0007
Phosphorus 0.1566 0.0686 2.2816 1.1695 1.0223 1.3379 0.0225
Total protein -0.4958 0.0762 -6.5049 0.6091 0.5246 0.7072 < 0.0001
CI, confidence interval

Fig. 2  Lasso regression for variables of interest: (A) regression coefficient profile diagram. (B) cross-validation curve
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fat and visceral adipose tissue proportions through rela-
tively easy computation [19].

The link between BRI and various diseases has been 
thoroughly investigated [39–46]. For example, Gao et 
al. reported that BRI exhibited a positive connection to 

colorectal cancer risk, and it was effective in risk predic-
tion [39]. Additionally, Zhang et al. observed that BRI 
displayed a positive link with overactive bladder and 
that BRI exhibited a superior discriminatory capacity for 
overactive bladder compared to other anthropometric 

Fig. 4  Prediction model evaluation: (A) ROC curve. (B) calibration curve. (C) DCA

 

Fig. 3  Nomogram for predicting OA risk
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parameters [40]. A prospective cohort study involving 
13,209 participants reported that BRI trajectory is posi-
tively related to the occurrence of cardiovascular disease 
[41]. In the present study, BRI exhibited a positive con-
nection with OA risk. As factors like age and sex influ-
ence the development of OA, we included them in the 
prediction model to improve the efficient assessment and 
management of high-risk OA groups.

The exact mechanism by which obesity can result 
in OA remains uncertain; however, mechanical fac-
tors might be partly liable for OA development. Indeed, 
obesity raises the mechanical loads on weight-bearing 
(WB) joints (including the knee and hip joints) [47, 48]. 
Moderate mechanical loading is beneficial for preserv-
ing articular cartilage homeostasis [49, 50]. Cartilage 
homeostasis is disrupted, and normal joint morphology 
is deformed, when abnormal excessive mechanical load-
ing happens, thereby participating in OA development 
and advancement [51]. Several inflammatory pathways 
and related factors, such as IL-1β, TNF-α, and NF-κB, 
may be activated by the overloading of joints, resulting 
in irreversible degradation of the matrix and contribut-
ing to apoptosis [52–54]. Nevertheless, obesity is strongly 
related to OA in non-WB joints, including the hand [55, 
56]. Considering only mechanical factors appears to 
be inadequate to account for the connection between 
obesity and OA occurrence in non-WB joints [50, 57]. 
Consequently, it has been speculated that adipose tis-
sues are critical in this context. Adipose tissue-produced 
adipokines (leptin and adiponectin, among others) and 
inflammatory cytokines (IL-6 and TNF-α, among others) 
participate in cartilage degeneration, synovitis, and bone 
erosion, eventually resulting in OA [58, 59]. In addition, 
the degenerative process of OA is substantially influenced 
by obesity-related insulin resistance [60]. One possible 
explanation for how insulin resistance contributes to OA 
is the hyperglycemic state that occurs because of insulin 
resistance [54]. Hyperglycemia has been suggested to ele-
vate inflammation, destroy subchondral bone, and cause 
chondrocyte dysfunction [61]. Moreover, by promoting 
the advanced glycation end-product formation and their 
buildup in articular cartilage, hyperglycemia creates an 
unhealthy environment that may facilitate the develop-
ment of OA [62, 63]. Low-grade systemic inflammation, 
resulting from obesity-related gut dysbiosis, is being 
increasingly acknowledged as a contributing factor to OA 
[25, 64–66].

In the present study, following the adjustment for all 
covariables, OA risk increased by 18% with every unit rise 
in BRI. This finding provides insight into understanding 
the relationship between BRI and OA risk. Considering 
that BRI is a readily quantifiable and valuable indicator 
of obesity, it is advisable for the public to routinely mea-
sure BRI. For individuals with high BRI, effective obesity 

control, especially abdominal fat, may positively influ-
ence the prevention of OA. Moreover, sensitivity analysis 
showed that BRI was preferred over BMI in predicting 
OA (area under the curve 0.652 vs. 0.594, P < 0.05). Doc-
tors are advised to remain vigilant regarding individuals 
with a normal BMI but high BRI, as they may also expe-
rience high risk for OA. We developed an OA risk pre-
diction model with favorable discriminatory power, high 
accuracy, and potential clinical benefits. Consequently, 
we encourage nurses to investigate BRI and other eas-
ily accessible factors in newly admitted patients. Then, 
according to the prediction model, OA risk in newly 
admitted patients can be assessed. Care for high-risk OA 
groups should be enhanced, and imaging should be done 
to further examine joint condition, if needed.

Our study possesses several advantages: For the first 
time, this study demonstrated a positive connection 
between BRI and OA risk. Furthermore, we classified the 
BRI into quartiles and conducted trend tests to confirm 
the reliability and precision of the data analyses. Finally, 
by using the BRI and other easily accessible factors, we 
developed a simple, rapid, and cost-effective predictive 
model to evaluate and manage high-risk OA groups. 
Nonetheless, realizing the limitations of our study is cru-
cial. First, determination of whether participants had OA 
was based on self-reported interview questions, which 
could lead to recall bias and social desirability bias as 
well as affect the validity of our findings. Previous stud-
ies have also frequently used self-reported OA diagnoses 
because of the high concordance (85%) reported between 
self-reported and clinically confirmed OA cases [67–69]. 
However, future research should confirm our findings by 
precisely recognizing OA using clinical symptoms, physi-
cal examination, and imaging data. Second, because of 
constraints in the NHANES dataset, we disregarded a 
few factors that may influence OA, like occupational sta-
tus, detailed medication use, and genetic factors. These 
factors might influence the relationship between BRI and 
OA risk. Moreover, these factors could hold predictive 
ability, but they were not included in our model. Our hos-
pital plans to comprehensively investigate occupational 
status, detailed medication use, genetic factors, and other 
potential OA-related factors in our own database. Third, 
the cross-sectional design limited the definite determi-
nation of a causal connection between BRI and OA risk. 
Further studies should investigate the causal connection 
between BRI and OA risk through longitudinal or pro-
spective study designs.

Conclusion
In this study, BRI was positively related to OA risk. Our 
predictive model demonstrated that combining BRI with 
other easily accessible factors could be helpful in assess-
ing and managing high-risk OA groups. Considering that 
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BRI is a readily quantifiable and valuable indicator of 
obesity, it is advisable for the public to routinely measure 
BRI. For individuals with high BRI, effective obesity con-
trol, especially abdominal fat, may positively influence 
the prevention of OA. Further studies should investigate 
the causal connection between BRI and OA risk through 
longitudinal or prospective study designs. Additionally, 
our hospital plans to comprehensively investigate fur-
ther OA-related factors in our own database, which could 
deepen the public’s understanding of the relationship 
between BRI and OA risk, as well as further refine pre-
dictive models.
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