? frontiers ‘ Frontiers in Immunology

@ Check for updates

OPEN ACCESS

EDITED BY
Giusto Trevisan,
University of Trieste, Italy

REVIEWED BY
Jing Luo,

Tsinghua University, China

Sara Trevisini,

Department of Dermatology, Italy
Franco Kokelj,

Consultant, Trieste, Italy

*CORRESPONDENCE
Tao Lu
lutaocih@126.com

RECEIVED 11 January 2024
AcCePTED 15 May 2024
PUBLISHED 04 June 2024

CITATION
Ding Q, Li X, Lin L, Xie X, Jing W, Chen X,
Chen J and Lu T (2024) Association between
systemic immunity-inflammation index and
psoriasis among outpatient US adults.

Front. Immunol. 15:1368727.

doi: 10.3389/fimmu.2024.1368727

COPYRIGHT

© 2024 Ding, Li, Lin, Xie, Jing, Chen, Chen and
Lu. This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other forums
is permitted, provided the original author(s)
and the copyright owner(s) are credited and
that the original publication in this journal is
cited, in accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Immunology

TvPE Original Research
PUBLISHED 04 June 2024
po110.3389/fimmu.2024.1368727

Association between systemic
immunity-inflammation index
and psoriasis among outpatient
US adults

Qike Ding, Xiaoting Li, Lihong Lin, Xiaoping Xie, Wenjuan Jing,
Xinyu Chen, Jiadong Chen and Tao Lu*

Department of Dermatology, The First Affiliated Hospital of Shantou University Medical College,
Shantou, Guangdong, China

Background: Psoriasis is a chronic dermatological condition characterized by a
complex pathogenesis that impacts approximately 3% of adults in the United
States and brings enormous social burdens. For many diseases, the systemic
immune-inflammatory index (SIl), defined as neutrophils X platelets/
lymphocytes, has been recognized as a prognostic indicator. Therefore, we
conducted a cross-sectional study to assess the association between Sl and
psoriasis among outpatient US adults.

Methods: In this cross-sectional study, we used data on the US adults 20 to 59
years of age from the National Health and Nutrition Examination Survey
(NHANES) spanning 2003-2006 and 2009-2014. Sample-weighted logistic
regression and stratified analysis of subgroups were used.

Results: Among the 16,831 adults, there were 8,801 women and 8,030 men, with
a psoriasis prevalence rate of 3.0%. A fully adjusted model revealed a positive
association between a Sl higher than 479.15 x 10°/L and a high risk of psoriasis.
According to subgroup analysis and interaction testing (p for interaction > 0.05),
age, sex, alcohol drinking status, marital status, and body mass index (BMI) were
not significantly correlated with this positive association.

Conclusion: Our findings suggested that Sl higher than 479.15 x 10°/L was
positively associated with a high risk of psoriasis among outpatient US adults. To
the best of our knowledge, this is the first cross-sectional study using NHANES
data focused on the risk of higher Sll on psoriasis among outpatient US adults.
The outcomes of this cross-sectional serve to supplement previous research,
indicating a need for larger-scale prospective cohorts for further validation.
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1 Introduction

Psoriasis is a chronic dermatological condition characterized by
a complex pathogenesis and impacts approximately 3% of adults 20
years or older in the United States (1, 2). Research findings suggest
that the prevalence of psoriasis among adults in the United States
has remained relatively stable since 2003, showing no significant
differences (2). Furthermore, psoriasis imposes considerable
financial and social burdens, accounting for the largest global
burden of disability due to skin diseases (3).

In the systemic inflammatory system of the human body,
immune cells play a critical role in various diseases. Many studies
have raised that integrated peripheral lymphocyte, neutrophil, and
platelet counts may be more effective in predicting the
inflammatory state. Importantly, SII, which possesses considerable
clinical application, was calculated by counting three types of
circulating immune cells: lymphocytes, platelets, and neutrophils
(4, 5). Moreover, SII was initially identified as a prognosis of kidney
stones, hepatic steatosis, and cancer investigations (6). Psoriasis is a
chronic skin disorder with systemic involvement and inflammatory
etiopathogenesis. The treatment of psoriatic skin lesions has seen
notable effectiveness with interleukin-17 (IL-17), IL-23, and tumor
necrosis factor-alpha (TNF-o) inhibitors (7). However, the impact
of SII on psoriasis in the outpatient US population is not completely
clarified, and its prognostic ability for psoriasis remains largely
unknown. We hypothesized that SII could predict the risk of
psoriasis, and we aimed to investigate the association between SII
and psoriasis.

10.3389/fimmu.2024.1368727

2 Methods
2.1 Data sources

Information on psoriasis was only provided in the National
Health and Nutrition Examination Survey (NHANES) 2003-2006
cycles for individuals aged 20-59 and in the 2009-2014 cycles for
individuals aged 16-80. In this cross-sectional study, deidentified
data for participants aged 20-59 were extracted from the NHANES
2003-2006 and 2009-2014 cycles. The study was deemed exempt by
the Shantou University Medical College institutional review board
as it used publicly available deidentified data, and informed consent
was waived. This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guideline. Data were analyzed from July to November 2023.

2.2 Study design and population

From the NHANES 2003-2006 and 2009-2014 cycles, a total of
50,938 participants were enrolled. First, we selected 17,766
participants aged 20-59. Subsequently, we excluded 914
participants with missing SII data and 21 participants with
missing psoriasis data. Finally, a total of 16,831 participants were
involved. Of the 16,831 participants, there were 8,443 participants
with SII lower than 479.15 x 10°/L and 8,388 participants with SII
higher than 479.15 x 10°/L. The flowchart of participant enrollment
is presented in Figure 1.

Total NHANES participants
n=50938

Excluding participants <20 and >59 years old

A

n=33172

Remaining sample size
n=17766

Excluding missing SII data

A 4

n=914

Remaining sample size
n=16852

R Excluding missing psoriasis data

A 4

n=21

16831 Available for analysis

| ,

y

8443 with SII lower
than 479. 15 x 10°/L

8388 with SII higher
than 479.15 x 10°/ L

FIGURE 1
Flow diagram of the screening and enrollment of study participants
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2.3 Assessment of Sl and psoriasis

Psoriasis was defined as an affirmative response to the question,
“Have you ever been told by a healthcare provider that you had
psoriasis?” The SII was calculated using the peripheral neutrophil,
lymphocyte, and platelet counts, defined as (platelet count x
neutrophil count)/lymphocyte count (8). For all the analyses, we
set the cutoff value at 479.15 x 10°/L (9).

2.4 Covariates

The following covariates were included in this cross-sectional
study: sociodemographic variables (age, sex, race and ethnicity,
family income, educational level, and marital status), NHANES
cycles, body mass index (BMI), alcohol drinking status, and
smoking status (10-12). First, races and ethnicities were
categorized into the following four groups: Mexican American,
non-Hispanic White, non-Hispanic Black, and Other. Based on the
family poverty income ratio, family income was categorized into the
following three levels: low income (<1.3), medium income (>1.3 to
3.5), and high income (>3.5). Educational level was categorized into
the following three levels: high school or less, some college, and
college graduate or higher. Marital status was categorized into the
following two groups: married and not married. Smoking status was
categorized into the following three groups: never smoked (or
smoked <100 cigarettes), former smoker (smoked at least 100
cigarettes but has quit), and current smoker (still smoking) (13).
Finally, alcohol drinking status was determined by the question, “In
any 1 year, have you had at least 12 drinks of any type of alcoholic
beverage?” Participants who answered “yes” were defined as alcohol
drinkers (14).

2.5 Statistical analysis

In accordance with NHANES analytic guidelines, our analyses
considered the complex sampling design and sampling weights
(15). We calculated the sampling weight using the following
formula: fasting subsample 10-year mobile examination center
(MEC) weight = fasting subsample 2-year MEC weight/5 (14).
We used quartiles to describe the continuous variables with non-
normal distribution and performed the Wilcoxon rank-sum test for
comparison. We described the categorical variables using
unweighted frequency and weighted percentage and conducted a
chi-square test for comparison.

We checked for multicollinearity using the variance inflation
factor (VIF) method. If the VIF was 5 or higher, it meant there was
multicollinearity present. Model 1 was adjusted for sociodemographic
variables and NHANES cycles. Model 2 was adjusted for
sociodemographic variables, NHANES cycles, BMI, alcohol
drinking status, and smoking status. Additionally, we conducted
interaction and subgroup analyses using logistic regression models,
stratified by age group, sex, alcohol drinking status, marital status,
and BMI group.
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We used R version 4.3.1 for all the statistical analyses, and we
considered a significance level of p < 0.05 to show that the results
were statistically significant.

3 Results

This cross-sectional study involved 50,938 participants from
2003-2006 and 2009-2014. First, 33,172 participants <20 and >59
years old were excluded. Then, 914 adults were excluded for missing
SII data. After excluding 21 adults with missing psoriasis data, 16,831
participants were finally enrolled. As shown in Table 1, the prevalence
rate of psoriasis was 3.0% in this cross-sectional study. Of the 16,831
adults, there were 8,801 women and 8,030 men. Compared with SII
lower than 479.15 x 10°/L, adults with SIT higher than 479.15 x 10°/L
were more likely to be non-Hispanic White, to be current smokers,
and to have an educational level of high school or less.

The results of the sample-weighted logistic regression analyses
are displayed in Table 2. A positive association between a SII higher
than 479.15 x 10°/L and a high risk of psoriasis was revealed in
model 2 (OR, 1.55; 95% CI, 1.20-2.01, p = 0.001).

We found that SII was not positively associated with psoriasis
among participants aged 20-39 (OR, 1.41; 95% CI, 0.88-2.26,
p = 0.147) and those not married (OR, 1.50; 95% CI, 0.98-2.29, p =
0.059). In addition, we found that SII was positively associated with
psoriasis in the sex, alcohol drinking status, and obesity subgroups.
The results of the subgroup analyses are displayed in Figure 2.

4 Discussion

Many studies have found the significant contribution of chronic
inflammation to the progression of psoriasis (16, 17). The immune
system’s role as a prognostic determinant in the pathogenesis of many
diseases has been recognized over a long period of time. SII was
determined by tallying up the numbers of three different types of
immune cells: lymphocytes, platelets, and neutrophils. The SII level,
which reflects inflammatory responses, shows potential as a valuable
diagnostic biomarker for evaluating overall inflammatory activity. A
retrospective study suggests SII could function as a prognostic
indicator for adults with psoriasis (18). However, it is still not clear
if there is a link between SII levels and psoriasis among outpatient US
adults. Our previous study, published in JAMA Dermatology,
indicated that in outpatient US adults, psoriasis was positively
associated with non-alcoholic fatty liver disease (NAFLD) (14). A
recent study has shown a positive association between SII and
hyperlipidemia among outpatient US adults (9). Hyperlipidemia is
recognized as a risk factor for NAFLD. Therefore, it raises the
question of whether there is a positive association between SII and
psoriasis. In this cross-sectional study, our findings suggest that
participants with SII higher than 479.15 x 10°/L had a higher risk
of psoriasis after fully adjusting. Furthermore, SII characterized by a
non-intrusive methodology, cost-effectiveness, and easy accessibility
is a widely available method. Therefore, SII can be identified as a
biomarker for psoriasis in the outpatient US adult population.
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TABLE 1 Characteristics of participants in the NHANES 2003-2006 and 2009-2014 cycles.

Characteristic FEREEE P )
Total (N = 16,831) <479.15 (N = 8,443) >479.15 (N = 8,388)
Age (median [IQR]) 40.00 [30.00, 49.00] 39.00 [29.00, 50.00] 40.00 [30.00, 49.00] 0.375
BMI (median [IQR]) 27.41 [23.84, 32.10] 26.86 [23.48, 31.20] 28.10 [24.19, 33.04] <0.001
‘ Sex ‘ ‘ <0.001
Male 8,030 (49.1) 4,515 (54.2) 3,515 (44.2)
Female 8,801 (50.9) 3,928 (45.8) 4,873 (55.8)
‘ Marital status ‘ ‘ 0.013
Married 8,545 (54.7) 4,322 (56.1) 4,223 (53.4)
Not married 8,286 (45.3) 4,121 (43.9) 4,165 (46.6)
‘ Educational level ’ ‘ 0.012
High school or less 7,546 (38.1) 3,694 (37.2) 3,852 (39.1)
Some college 5,309 (33.0) 2,663 (32.5) 2,646 (33.5)
College graduate or higher 3,963 (28.9) 2,081 (30.4) 1,882 (27.4)
‘ Race and ethnicity® ‘ ‘ <0.001
Mexican American 2,939 (9.7) 1,346 (9.4) 1,593 (9.9)
Non-Hispanic White 7,220 (65.8) 3,183 (62.1) 4,037 (69.4)
Non-Hispanic Black 3,610 (11.8) 2,267 (15.1) 1,343 (8.6)
Other 3,062 (12.7) 1,647 (13.4) 1,415 (12.0)
‘ Family income® ‘ ‘ 0.577
Low 5,236 (22.8) 2,573 (22.4) 2,663 (23.1)
Medium 5,435 (34.3) 2,706 (34.2) 2,729 (34.4)
High 5,033 (42.9) 2,587 (43.4) 2,446 (42.5)
‘ Alcohol drinker® ‘ ‘ 0.563
No 5,509 (20.6) 2,787 (20.4) 2,722 (20.8)
Yes 11,322 (79.4) 5,656 (79.6) 5,666 (79.2)
‘ Smoking status® ’ ‘ 0.001
Never 9,627 (55.6) 4,979 (57.3) 4,648 (53.9)
Former 2,902 (19.3) 1,421 (19.2) 1,481 (19.5)
Current 4,295 (25.1) 2,039 (23.5) 2,256 (26.6)
‘ Psoriasis’ ‘ ‘ <0.001
Yes 438 (3.0) 174 (2.3) 264 (3.7)
No 16,393 (97.0) 8,269 (97.7) 8,124 (96.3)

NHANES, National Health and Nutrition Examination Survey; BMI, body mass index (calculated as kilograms divided by meters squared); SII, systemic immune-inflammatory index; IQR,
interquartile range.

“Data are presented as unweighted number (weighted percentage) unless otherwise indicated.

PRace and ethnicity were self-reported.

“Categorized into the following three levels based on the family poverty income ratio: low income (<1.3), medium income (>1.3 to 3.5), and high income (>3.5).

9Determined by answering the following question: “In any 1 year, have you had at least 12 drinks of any type of alcoholic beverage?”

°Smoking status was categorized into the following three groups: never smoked (or smoked <100 cigarettes), former smoker (smoked at least 100 cigarettes but has quit), and current smoker
(still smoking).

fPsoriasis was defined as an affirmative response to the question, “Have you ever been told by a healthcare provider that you had psoriasis?”
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TABLE 2 Association of Sll with psoriasis among participants in the NHANES 2003-2006 and 2009-2014 cycles.

Unweighted participants/total
participants, no.

OR (95% Cl)

Sl > 479.15 SIl < 479.15
Crude model 264/8,388 174/8,443 ‘ 1.63 (1.29-2.07) ‘ <0.001
Model 1°* 247/7,830 167/7,859 ‘ 1.58 (1.22-2.04) ‘ <0.001
Model 2° 225/7,067 149/7,030 1.55 (1.20-2.01) ‘ 0.001

NHANES, National Health and Nutrition Examination Survey; OR, odds ratio; SII, systemic immune-inflammatory index; BMI, body mass index.
*Adjusted for sociodemographic variables (age, sex, race and ethnicity, family income, educational level, and marital status) and NHANES cycles.
PAdjusted for sociodemographic variables, NHANES cycles, BMI, alcohol drinking status, and smoking status.

Subgroup SI12479.15 SI<479.15 Adjusted OR (95%Cl) P P for interaction
Age 0.598
20-39 88/3728 68/3602 1.41(0.88-2.26) 0147  —l—
40-59 137/3339 81/3428 1.67(1.22-2.29) 0.002 ——
Sex 0.53
Female 132/4058 60/3177 1.67(1.14-2.45) 0.009 ——
Male 93/3009 80/3853 1.48(1.03-2.14) 0.034 ——
Alcohol drinker 0.177
No 53/1761 321731 2.14(1.28-3.57) 0.004 —a—
Yes 172/5206 117/5299 1.46(1.11-1.91) 0.007 -
Marital status 0.646
Married 115/3602 73/3503 1.59(1.13-2.25) 0.009 ——
Not Married 110/3465 76/3437 1.50(0.98-2.29) 0.059 ——
Obesity 0.559
No 119/4205 84/4608 1.52(1.06-2.19) 0.024 ——
Yes 106/2862 65/2332 1.73(1.18-2.55) 0.006 ——
0.'5 1 ;
FIGURE 2
Association between Sl and psoriasis. Each stratification was adjusted for age, sex, race and ethnicity, family income, educational level, marital
status, NHANES cycles, BMI, alcohol drinking status, and smoking status except the stratification factor itself. Squares indicate odds ratios (ORs), with
horizontal lines indicating 95% Cls. Obesity was defined as BMI > 30. Sll, systemic immune-inflammatory index; NHANES, National Health and
Nutrition Examination Survey; BMI, body mass index.

This is the first cross-sectional study focused on the risk of
higher SII on psoriasis in the outpatient US population. Due to our
consideration of the NHANES design for obtaining nationally
representative estimates in the United States, our findings should
be applicable to the outpatient population of US adults.

Our subgroup analysis showed that participants with SII higher
than 479.15 x 10°/L and obesity had a higher risk of psoriasis. Due
to the restricted sample size of participants in this cross-sectional
study, it is advisable to interpret these results with caution, and
more well-designed prospective studies are warranted.

5 Limitations

As a cross-sectional study, the reliability of drawing causal
conclusions is not robust, and we cannot completely rule out the

Frontiers in Immunology

potential impact of residual confounding from unmeasured
variables. While NHANES is a nationally representative survey,
the generalizability of our conclusions to other countries is
uncertain, and further research is needed to explore the precise
associations among them.

6 Conclusions

Our findings suggest a positive association between a SII higher
than 479.15 x 10°/L and a high risk of psoriasis among outpatient
US adults. SII characterized by a non-intrusive methodology, cost-
effectiveness, and easy accessibility is a widely available method.
Therefore, SII can be identified as a biomarker for psoriasis in the
outpatient US adult population.
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