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Association between body roundness index s
and psoriasis among US adults: a nationwide
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Abstract

Background In clinical practice, psoriasis is a prevalent chronic inflammatory cutaneous disease featured with the
development of red plaque with silvery scales, which considerably affects cutaneous health and quality of life of those
afflicted.

Objective This research aimed to examine the association between the body roundness index (BRI) and psoriasis,
using data sourced from the National Health and Nutrition Examination Survey (NHANES).

Methods Our study used a cross-sectional design, including 8,479 adults, of whom 234 were diagnosed with
psoriasis. Multivariable logistic regression was used to analyze the relationship between BRI and psoriasis, with
stepwise adjustments for covariables.

Results Results from multivariable logistic regression analyses indicated a significant positive relationship between
BRI and the risk of developing psoriasis; specifically, after comprehensive adjustment for covariables, per 1 unit
increase in BRI was linked to an 119% rise in psoriasis risk (OR=1.11, 95% Cl=1.05-1.17). Furthermore, psoriasis patients
exhibited higher average BRI compared to non-psoriasis patients and a greater prevalence of comorbidities such as
hypertension and smoking.

Conclusion These findings suggest that higher BRI is positively correlated with the risk of psoriasis in the adult
population in the US. BRI could potentially act as a practical anthropometric index for more accurately predicting the
risk of developing psoriasis.
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Introduction

Psoriasis, a chronic inflammatory cutaneous condition, is
characterized by the development of red plaques with sil-
very scales, significantly affecting patients’ quality of life
and mental health [1]. Beyond its dermatological mani-
festations, psoriasis is linked to a variety of comorbid
conditions, encompassing cardiovascular diseases and
metabolic disorders, which contribute to substantial eco-
nomic burdens on both patients and healthcare systems
[2]. Current treatment options encompass topical thera-
pies, phototherapy, and systemic medications [3]; how-
ever, these modalities often exhibit limitations in efficacy
and adverse effects, necessitating a deeper understanding
of the disease’s underlying factors and mechanisms for
effective intervention and management.

Existing literature has established associations between
anthropometric indexes and psoriasis. Several studies
indicate that the risk of suffering psoriasis increases with
an increase in body mass index (BMI) [4-6]. For instance,
a longitudinal prospective study has substantiated that
elevations in BMI, as well as waist and hip circumfer-
ences are significantly correlated with an increased risk of
psoriasis [7]. Furthermore, a clinical trial with an open-
label and single-arm design revealed that obese indi-
viduals with psoriasis who achieved a 12% reduction in
body weight experienced a 50-75% decrease in psoriasis
area and severity index (PASI) scores, alongside notable
improvements in quality of life metrics [8].

Introduced by Thomas in 2013, the BRI represents a
newly proposed anthropometric index [9]. Compared
to BMI, BRI additionally takes waist circumference into
account, thereby providing a more holistic evaluation of
visceral fat distribution within the body. BRI has emerged
as a promising metric for evaluating body shape, current
research has shown that the BRI is associated with the
risk of various diseases, including metabolic syndrome,
cardiovascular diseases, and colorectal cancer [10-14].
Nonetheless, the connection between BRI and pso-
riasis remains ambiguous, and to date, no studies have
explored this relationship within the general population
of the United States. This study endeavors to shed light
on the potential association between BRI and psoriasis
by analyzing NHANES data, thereby underscoring the
importance of anthropometric indexes in understanding
psoriasis pathogenesis and risk assessment.

In summary, our work seeks to fill the existing knowl-
edge gap regarding the association between BRI and
psoriasis by utilizing a nationally representative dataset.
By investigating the interplay between demographic fac-
tors, anthropometric index, and clinical outcomes, this
research aims to provide valuable insights into the multi-
faceted nature of psoriasis and its management.
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Methods

Study population

The participant data was sourced from NHANES data-
base, an annual assessment implemented by the Centers
for Disease Control and Prevention (CDC), focused on
assessing the health and nutritional conditions of indi-
viduals in the US, across both adult and pediatric popu-
lations. This survey is distinguished by its integration of
interviews and physical assessments. NHANES com-
poses a vital initiative of the National Center for Health
Statistics (NCHS), which is tasked with sharing essential
health statistics nationwide.

For this study, data used from the psoriasis question-
naire surveys included in the NHANES database for five
cycles from 2003 to 2006 and 2009-2014, research sub-
jects are adults aged 20 and older. Inclusion and exclu-
sion of the study population according to the flowchart
in Fig. 1. Among the 50,938 eligible respondents for
analysis, 23,371 were excluded due to being under 20
years of age, 3,503 were excluded due to missing psoria-
sis questionnaire information, 2,151 were excluded due
to incomplete BRI data, and 13,434 were excluded due to
missing covariable information. The final sample size was
8,479 adults.

Assessment of psoriasis

Psoriasis diagnoses were performed by qualified der-
matologist through careful morphological evaluation
of skin lesions characterized by well-defined red plaque
with silvery scales. Data acquisition was facilitated via
an interviewer-assisted questionnaire. Specifically, par-
ticipants were asked, “Have you ever been informed by
a healthcare provider that you have psoriasis?” In this
analysis, individuals who responded affirmatively were
classified as with psoriasis, while those who declined to
answer or expressed uncertainty were classified as with-
out psoriasis.

Definition of BRI

BRI is a novel anthropometric index that assesses body
type by measuring height (in centimeters) and waist cir-
cumference (WC) (in centimeters). Information regard-
ing height and WC was extracted from the participants’
examination documentation. BRI is computed utilizing
the following formula:

(3)°

BRI = 364.2 — 365.5 x -
0.5Height

In the subsequent analysis, we will treat BRI as a con-
tinuous variable and perform multiple regression analy-
sis using quintiles within the BRI range according to the
method of Zhang et al. [14].
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Participants from NHANES
2003-2006 & 2009-2014
(N=50938)
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Fig. 1 Flowchart for inclusion of study participants

Assessment of covariables

Drawing from pertinent previous research, the covari-
able in this research involves age, gender, race/ethnicity,
education level, poverty income ratio (PIR), the level of
triglyceride (TG) and low-density lipoprotein (LDL),
smoking status, alcohol drinking status, personal medical
history of hypertension, diabetes, cardiovascular disease
(CVD) and survey cycle. These factors were gathered
through household interviews or laboratory examination.
The assessment of covariables is briefly described here;
for a detailed definition, please refer to the supplemen-
tary materials.

Statistical analysis

According to the analytical protocols provided by
NHANES, our investigation utilized a complex sampling
design along with appropriate sampling weights. For con-
secutive variables demonstrating a normal distribution,
descriptive statistics were expressed as meanzstandard
deviation (SD), while those not conforming to a normal
distribution were represented as median with interquar-
tile range (IQR). Categorical data was presented in terms
of frequency (percentage). Group comparisons for con-
secutive variables that adhere to a normal distribution
were conducted using an independent samples t-test.
The assessment of categorical variables was performed

incompelet data of any
covariates(N=13434)

using the chi-square test; however, in instances where the
assumptions necessary for the chi-square test were not
upheld, Fisher’s exact test was employed as an alternative
method.

Multivariable logistic regression analysis was under-
taken to evaluate the relationship between BRI and pso-
riasis. Model 1 represents the crude, unadjusted model.
Model 2 adjusts for basic demographic factors, including
age, gender, and race/ethnicity. Model 3 further incor-
porates adjustments for educational level, marital status,
PRI, smoking status, alcohol drinking status, history of
hypertension, diabetes, CVD status, TG, and LDL levels
based on the adjustments made in Model 2. We divided
the BRI into quintiles based on the method of Zhang et
al. and used the partial Mann-Kendall test to examine the
trend [14].

Additionally, restricted cubic spline (RCS) regressions
were performed to assess the dose-response relationship
between BRI and psoriasis after accounting for all covari-
ables noted in Model 3. In the RCS analysis, we set up
three knots at the 10th, 50th, and 90th percentiles of the
BRI to determine whether there is a nonlinear associa-
tion between BRI and psoriasis.

All statistical procedures were performed utilizing R
software (version 4.4.1, R Project for Statistical Comput-
ing, Vienna, Austria) alongside EmpowerStats (version
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4.1, Boston, Massachusetts). A two-sided P-value of less
than 0.05 was established as the threshold for statistical
significance across all tests.

Results

Basic characteristics

In this study, 8,479 adults aged 20 and older were
included according to flowchart of Fig. 1, meanwhile the
excluded participants data were listed in the Supplemen-
tary materials Table S1. The participants were categorized
into two distinct groups: those diagnosed with psoriasis
(n=234) and those without psoriasis (#=8,245). Notably,
Table 1 illustrates the significant differences observed
between the two-population concerning various demo-
graphic and health-related factors in terms of age, BRI,
smoking status, hypertension, and CVD characteristics.
The average age of individuals in the psoriasis group was
recorded at 49.7+16.0 years, which is significantly older
than the average age of 45.9+17.0 years for the without
psoriasis group (P<0.001). The BRI of the psoriasis group
was 6.0+2.6, significantly higher than that of the without
psoriasis group at 5.31+2.3(P<0.001). The psoriasis group
exhibited significantly higher proportions of smokers, as
well as a higher prevalence of hypertension and CVD,
compared to the group without psoriasis (P<0.05).

Association between BRI and psoriasis

To investigate the association between BRI and psoria-
sis, a multiple regression analysis was undertaken, and
after gradually adjusting for the influence of covariables,
we used the first quintile interval of BRI as a reference
control (Table 2). The analysis revealed a robust positive
association between the risk of psoriasis and BRI, imply-
ing that an increase in BRI is related to a heightened risk
of psoriasis (P<0.001). The unadjusted model 1 indicated
a positive association between BRI and psoriasis risk,
which persisted through adjusted models 2 and 3. In the
fully adjusted model 3, data indicated that for per 1 unit
increase in BRI, the risk of suffering psoriasis escalated
by 11% (OR=1.11, 95%CI=1.05-1.17). After fully adjust-
ing for covariables, the second quintile Q2 (BRI:3.42 to
<4.45, OR=1.45, 95%CI1=0.77-2.76) was not found to
be statistically significant difference from the reference
group Q1. However, significant differences emerged
starting from the third quintile Q3 (BRI:4.45 to <5.45,
OR=1.74, 95%CI=1.02-2.98), with even more pro-
nounced differences in Q4 (BRI:5.45 to <6.96, OR=1.87,
95%CI=1.13-3.11) and Q5 (BRI:>6.96, OR=2.04,
95%CI=1.26-3.29). As the BRI increases, the risk of suf-
fering psoriasis in the population significantly increases.
In all three multiple regression models, the results of the
trend test indicate that with the increase of BRI, the risk
of psoriasis in the population shows a statistically signifi-
cant trend of increasing (P for trend <0.05).
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RCS analyses

To examine potential nonlinear association between
BRI and psoriasis, we conducted an RCS analysis using
model 3 with comprehensive adjustment for covariables
(Fig. 2). The findings revealed that there is no significant
nonlinear association between BRI and psoriasis (P-non-
linear=0.387); however, a positive dose-response rela-
tionship was identified (P-overall=0.009).

Subgroup analyses

Subsequently, subgroup analyses were performed to
ascertain whether the relationship between BRI and
psoriasis varied across different subgroups. The findings
from the subgroup analysis indicated that there were no
statistical differences among various subgroups(”>0.05),
thereby reinforcing the stability of the positive associa-
tion between BRI and psoriasis across all examined pop-
ulations (Fig. 3).

Discussion

Through a cross-sectional study of NHANES data, the
findings demonstrated a significant positive association
between the BRI and psoriasis. After comprehensive
adjustment for covariables, individuals presenting with a
higher BRI are at an increased risk for developing psoria-
sis. BRI is an emerging anthropometric index designed to
more accurately reflect an individual’s body shape and fat
distribution. The calculation method of BRI emphasizes
the importance of waist circumference, which, compared
to traditional BMI, better represents abdominal fat dis-
tribution, thereby reflecting the accumulation of visceral
fat and associated metabolic risks. Obesity is a com-
plex metabolic disease, typically defined as an excessive
buildup of body fat that adversely affects overall health,
leading to various conditions such as cardiovascular
diseases, diabetes, certain cancers, mental health, and
psoriasis [15, 16]. The relationship between obesity and
psoriasis has been confirmed by numerous studies [17—
19], with the risk of psoriasis significantly higher in obese
patients compared to those of normal weight. A large-
scale retrospective cohort study indicated that the risk
of psoriasis escalates in obese individuals, particularly
among individuals with a BMI>30, where the incidence
of psoriasis markedly rose [6]. Another study shows that
obesity not only increases the incidence of psoriasis but
may also lead to worsening of the condition and poor
treatment response [20]. Abdominal obesity (i.e., excess
visceral fat) is more strongly associated with psoria-
sis, which may be related to the inflammatory cytokines
released by visceral fat, such as leptin and tumor necro-
sis factor-alpha (TNF-«). These cytokines can promote
inflammatory responses and exacerbate the symptoms of
psoriasis [21], in contrast, the increase in subcutaneous
fat has a relatively small impact on psoriasis [22]. Several
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Table 1 Characteristics of participants in the NHANES 2003-2006 and 2009-2014 cycles

Characteristic Participants ?
Total Without Psoriasis With Psoriasis Pvalue
(N=8479) (N=8245) (N=234)
Age, mean+SD 46.0+16.9 459+17.0 49.7+£16.0 <0.001
Gender, N (%) 0.813
Male 4112(48.5) 4000(49.1) 112(48.2)
Female 4367(51.5) 4245(50.9) 122(51.8)
Year cycle 0459
2003-2004 1091(12.9) 1060(15.5) 31(184)
2005-2006 1277(15.1) 1241(16.9) 36(204)
2009-2010 2159(25.5) 2099(21.2) 60(19.5)
2011-2012 1882(22.2) 1824(22.8) 58(24.1)
2013-2014 2070(24.4) 2021(23.6) 49(17.6)
Race and ethnicity® N (%) <0001
Mexican American 1988(23.4) 1951(13.2) 37(7.2)
Non-Hispanic Black 4011(47.3) 3863(70.1) 148(82.4)
Non-Hispanic White 1703(20.1) 1671(10.4) 32(6.5)
Other 777(9.2) 760(6.3) 17(3.9)
Educational level, N (%) 0.251
High school or less 1945(22.9) 1898(15.9) 47(14.4)
Some college 1880(22.2) 1830(22.2) 50(17.9)
College graduate or higher 4654(54.9) 4517(62.0) 137(67.8)
Marital status, N (%) 0.781
Married 4455(52.5) 4329(57.0) 126(56.7)
Never married 1645(19.4) 1613(18.3) 32(16.6)
Living with partner 756(8.9) 736(8.2) 20(7.4)
Others © 1623(19.1) 1567(16.4) 56(19.3)
Family PIR, N (%) 0431
<13 2637(31.1) 2562(21.1) 75(20.1)
13to<35 3091(36.5) 3025(35.6) 66(31.8)
>35 2751(32.4) 2658(43.3) 93(48.1)
Smoking status, N (%) 0.025
No 4703(55.5) 4592(55.0) 111(46.3)
Yes 3776(44.5) 3653(45.0) 123(53.7)
Alcohol drinking, N (%) 0.447
No 2259(26.6) 2205(21.7) 54(18.8)
Yes 6220(734) 6040(78.3) 180(81.2)
Hypertension, N (%) <0.001
No 5333(62.9) 5218(66.1) 115(49.3)
Yes 3146(37.1) 3027(33.9) 119(50.7)
Diabetes, N (%) 0.956
No 7440(87.7) 7239(90.7) 201(90.8)
Yes 1039(12.3) 1006(9.3) 33(9.2)
CVD, N (%) 0.027
No 8216(96.9) 7998(97.3) 218(94.7)
Yes 263(3.1) 247(2.7) 16(5.3)
TG (mmol/L), mean +SD 1215+67.6 12124675 129.7+69.5 0.057
LDL (mmol/L), mean+SD 11434353 1143+355 1155+356 0611
BRI, mean+SD 53423 53+23 60£26 <0.001

Abbreviations SD: standard deviation; PIR: poverty impact ratio; CVD: cardiovascular disease; TG: triglyceride; LDL: low-density lipoprotein; BRI: body roundness
index

? Data are presented as unweighted number (weighted percentage) unless otherwise specified
b Race and ethnicity were self-reported
¢Included widowed, divorced, or separated
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Table 2 Associations of body roundness index with psoriasis among adults aged > 20 years (N=8479)

Prevalence (95% Cl) Model 12 Model 2° Model 3¢
OR (95% Cl) P value OR (95% ClI) P value OR (95% Cl) Pvalue

Per 1 unit increase 3.09(2.55,3.64) 11(1.06,1.18) <0.001 1.11(1.05,1.17) <0.001 11(1.05,1.17) <0.001
Quintiles

Q1(<342) 1.88(1.13,2.62) 1(Ref.) 1(Ref) 1(Ref)

Q2(3.42 to <4.45) 2.72(1.67,3.77) 146(0.78,2.74) 0.240 1.40(0.74,2.71) 0.294 1.45(0.77,2.76) 0.256

Q3(4.45 to <5.45) 3.36(2.104.61) 1.82(1.04,3.17) 0.039 1.75(1.01,3.04) 0.051 1.74(1.02,2.98) 0.047

Q4(5.45 to <6.96) 3.59(2.42,4.77) 1.95(1.18,3.23) 0.012 1.89(1.13,3.14) 0.018 1.87(1.13,3.11) 0.019

Q5(>6.96) 4.13(3.00,5.27) 2.25(1.40,3.63) 0.001 2.16(1.31,3.57) 0.004 2.04(1.26,3.29) 0.005
P for trend <0.001 <0.001 0.002

Abbreviations OR: odds ratio; Cl: confidence interval; Q: quintiles
@Model 1: Unadjusted
b Model 2: Adjusted for age, gender, and race/ethnicity

€ Model 3: Full adjusted for the variables in Model 2 plus educational level, marital status, PIR, education level, Smoking status, alcohol drinking, hypertension,

diabetes, CVD status, TG and LDL level

- 20
Estimation P-overall = 0.009
P 95% CI P-nonlinear = 0.387
- 15
o 4] ]
® o 3
P 10 2
bl 2
o X
2-
-5
0 . : T +0
4 8 12 16

Body roundness index

Fig. 2 The dose-response relationship between BRI and psoriasis after full adjustment. The solid curved line represents the estimates for the association

of psoriasis with BRI, and dashed line range is the 95% Cl

studies have demonstrated the relationship between BMI
and psoriasis [23-25]. Our research indicates that BRI
is positively correlated with an increased risk of psoria-
sis among American adults, and that BRI may be a bet-
ter predictor of psoriasis than BMI due to its better
response to visceral fat accumulation. Indeed, the waist-
to-hip ratio (WHR) is also an important indicator com-
monly used in clinical practice to assess body shape and
fat distribution [26]. Research shows that the BRI has a
significant association with the WHR in predicting the
risk of cardiovascular diseases and diabetes. An increase
in the WHR is positively correlated with the occurrence
of cardiovascular diseases, insulin resistance, and diabe-
tes [27-29]. Recent studies have also indicated that BRI

can also predict the risk of these diseases. Therefore, both
the waist-to-hip ratio and the BRI have their advantages
in risk assessment for diseases; the former is more tra-
ditional and widely used, while the latter is an emerging
assessment method that may provide a more comprehen-
sive risk evaluation. Additional prospective studies are
necessary to validate these findings.

The relationship mechanism between BRI and pso-
riasis may require further exploration, but there are still
some possible explanations. Adipose tissue is not only
a site for energy storage, but recent studies suggest that
it is also an active endocrine organ capable of secret-
ing various inflammatory cytokines, for instance TNF-a
and interleukin-6 (IL-6). These cytokines are generally
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Fig. 3 Subgroup analysis of the effect of body roundness index on psoriasis (N=8479)

elevated in obese patients, leading to the occurrence of
systemic chronic low-grade inflammation. Research
shows that obesity-related inflammatory factors can
activate the immune system, promoting the onset and
worsening of psoriasis [30]. In addition, the increase of
inflammatory factors in the skin microenvironment of
obese patients may exacerbate the abnormal prolifera-
tion of keratinocytes, thereby promoting the pathological

changes of psoriasis [31]. In the state of obesity, the func-
tions of macrophages and lymphocytes in adipose tis-
sue are altered, leading to immune system dysregulation
[32]. Research shows that obesity can lead to the activa-
tion of the NLRP3 inflammasome, further increasing
the risk of metabolic diseases and autoimmune diseases
such as psoriasis [33]. Recent research results indicate
that obesity can induce dysregulation of skin-resident
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PPARy (+) Treg cells and promote the exacerbation of
IL-17 A-mediated psoriatic inflammation [17]. Obesity
is one of the main causes of metabolic syndrome, which
is closely related to the occurrence of psoriasis. Studies
have shown that obese patients often accompany meta-
bolic abnormalities such as hypertension, hyperglyce-
mia, and hyperlipidemia, all of which can exacerbate
the symptoms of psoriasis [34]. In addition, the systemic
inflammatory response caused by metabolic syndrome
may exacerbate the pathological process of psoriasis by
promoting an inflammatory state in the skin [35].

Our research has the following advantages. First, to
our knowledge, we established the relationship between
BRI and psoriasis for the first time in published studies.
Moreover, we determined the linear association between
BRI and the risk of psoriasis through multiple regression
analysis and RCS curve analysis. These results can help us
better understand the association between BRI and pso-
riasis. Studies using the NHANES database have repre-
sentative samples with multi-ethnic advantages, and the
large sample size also makes our results more stable and
generalizable. Therefore, BRI, as a straightforward and
user-friendly evaluation tool within clinical practice, can
quickly reflect the trend of abdominal obesity in patients
and assist clinicians in taking intervention measures
such as enhancing dietary habits and promoting physical
activity to mitigate the risk of developing psoriasis.

However, our research also has considerable limita-
tions. Firstly, the lack of clinical validation of our findings
poses a challenge to the generalizability of the results, as
the data was derived from a cross-sectional design. This
methodology inherently constrains our capacity to deter-
mine causal relationships between BRI and psoriasis.
Furthermore, potential biases related to the NHANES
dataset, such as sampling variations and the absence of
biological markers, may limit the accuracy of our conclu-
sions. Additionally, the reliance on self-reported mea-
sures for certain variables may introduce reporting biases
that could influence the observed associations. These
factors collectively underscore the necessity for future
research to incorporate longitudinal studies and experi-
mental designs that can provide a more robust under-
standing of the association between BRI and psoriasis.

Conclusions

Our study demonstrated that a higher BRI is positively
correlated with the risk of psoriasis in the adult popu-
lation in the US. BRI may regarding as a convenient
anthropometric index for more accurately predicting the
risk of developing psoriasis. Future studies should delve
into the underlying mechanisms and potential benefits of
BRI concerning psoriasis through longitudinal and foun-
dational research.
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Abbreviations

BRI Body roundness index

NHANES  National health and nutrition examination survey
OR Odd ratio

us United States

BMI Body mass index

PASI Psoriasis area and severity index

cDC Centers for disease control and prevention
NCHS National center for health statistics

IRB Institutional review board

WC Waist circumference

PIR Poverty income ratio

LDL Low-density lipoprotein

TG Triglyceride

SD Standard deviation

CVD Cardiovascular disease

RCS Restricted cubic spline

WHR Waist-to-Hip Ratio
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