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Yuxiong Jiang1,2, Jiajing Lu1,2*, Ying Li1,2* and Yuling Shi1,2*

1Department of Dermatology, Shanghai Skin Disease Hospital, Tongji University School of
Medicine, Shanghai, China, 2Institute of Psoriasis, Tongji University School of Medicine,
Shanghai, China
Background: Psoriasis is a chronic inflammatory skin disease with effects that

extend beyond the skin. Insulin resistance (IR) has been associated with

psoriasis, but it remains unclear how indicators related to the triglyceride

glucose (TyG) index, which were associate with IR, are associated with

the condition.

Objective: The purpose of this study was to investigate the association

between psoriasis and three TyG-related indicators: triglyceride glucose-

body mass index (TyG-BMI), triglyceride glucose-waist to height ratio (TyG-

WHtR), and triglyceride glucose-waist circumference (TyG-WC).

Methods: Data from adults aged 20 to 80 years in the National Health and

Nutrition Examination Survey (NHANES) from 2003 to 2006 and 2009 to

2014 were utilized. Institutional Review Board approval and documented

written consent was obtained from participants by NHANES (Protocol

#2005–06). The patients were divided into three groups based on TyG-

BMI, TyG-WC, and TyG-WHtR: Q1 (1st quintile), Q2 (2nd-3rd quintiles), and

Q3 (4th-5th quintiles). Differences between the groups were further

explored. Multivariate logistic regressions were used to investigate the

correlation between these three indicators and psoriasis, with results

expressed as odds ratios (OR) and 95% confidence intervals (CI). Subgroup

analysis and supplementary analysis was further conducted to explore

potential influencing factors.

Results: The study included 9,291 participants, of which 260 had psoriasis.

Compared Q2 and Q3 of TyG-BMI, TyG-WC, and TyG-WHtR to Q1, there

were significantly associate with psoriasis. Among the three indicators, TyG-

WC consistently had the highest OR values in Models 1 and 2 (Model 1: Q3OR

(95% CI) = 2.155 (1.442-3.220); Model 2: Q3 OR (95% CI) = 2.029 (1.341-

3.069)). While in Model 3, the TyG-BMI shows more significant relationship

with psoriasis (Model 3 of TyG-BMI: Q3 OR (95% CI) = 1.948 (1.300-3.000)).
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Similar results were observed in the majority of subgroups and in

supplementary analysis.

Conclusion: This study identified a stable and strong positive association

between TyG-related indicators (TyG-BMI, TyG-WC, and TyG-WHtR) and

psoriasis. This association persisted even after adjusting for multiple factors. It

is suggested that high IR is significantly associated with psoriasis.
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1 Introduction

Psoriasis is a chronic inflammatory skin disorder that affects

approximately 2-3% of the global population (1). It is characterized

by red, scaly patches on the skin, which can cause significant

physical and psychological distress for those affected. The exact

cause of psoriasis is not fully understood, but it is believed to be a

multifactorial disease with both genetic and environmental factors

playing a role (2).

Psoriasis has effects on the body that extend beyond the skin.

For instance, individuals with psoriasis have a heightened risk of

developing metabolic syndrome and cardiovascular disease (3).

Insulin resistance (IR) may play a pivotal role in this association.

In patients with psoriasis and metabolic syndrome, inflammatory

factors remain consistently elevated, further exacerbating IR and

potentially serving as a mechanism for the development of psoriasis

with metabolic syndrome (4). Thus, it is crucial to comprehend the

correlation between IR and psoriasis.

The traditional evaluation of IR is time-consuming and

laborious, typically utilizing the hyperinsulinemic-euglycemic

clamp (HIEC) as the gold standard. However, new tools for

evaluating IR have been developed in recent years, which greatly

facilitate their clinical application, such as the homeostasis model

assessment of insulin resistance (HOMA-IR) and the Quantitative

Insulin Sensitivity Check Index (QUICKI). One such tool is the

triglyceride glucose (TyG) index, which is receiving attention due to

its strong correlation with HIEC (5). Building upon the TyG index,

several new indicators for assessing IR have been developed to

provide a more accurate evaluation of its severity. These include the

triglyceride glucose-body mass index (TyG-BMI) (6), the

triglyceride glucose-waist to height ratio (TyG-WHtR) (7), and

the triglyceride glucose-waist circumference (TyG-WC) (8), all of

which have been reported as reliable alternative markers of IR.

Given the need for more reliable evidence regarding the

association between insulin resistance and psoriasis in patients,

the aim of this study was to assess this association using various

indicators related to TyG, and to provide valuable insights into the

relationship between insulin resistance and psoriasis.
02
2 Methods

2.1 Study design

The research design of this study was based on a cross-sectional

study design, and the data analyzed were obtained from the

National Health and Nutrition Examination Survey (NHANES).

NHANES is a large, nationwide survey that assesses the health

status of citizens by collecting demographic, health, economic, and

various other types of data (9). Institutional Review Board approval

and documented written consent was obtained from participants by

NHANES (Protocol #2005–06). The survey was conducted with the

approval of the National Center for Health Statistics Ethics Review

Committee, and all participants provided written informed consent.

The exclusion criteria of main analysis included: 1) without

psoriasis information; 2) age <20 years old (psoriasis data on

participants <20 years of age are missing in 2003–2004, and

2005–2006 cycles); 3) missing data on fasting blood glucose,

triglycerides, BMI, smoking status, drinking status, hypertension,

diabetes, waist circumference, stand height and race/ethnicity.

Ultimately, 9291 participants were included for analysis (Figure 1).
2.2 Data collection

All analysis data were directly extracted from the database and

included variables such as age, gender, education, BMI, height, waist

circumference, smoking history, alcohol history, hypertension

history, diabetes history, and psoriasis history. We extracted data

for a total of five cycle years (a span of 10 years), specifically from

2003 to 2006 and from 2009 to 2014. Additionally, blood samples

were collected from all participants in the early morning to analyze

fasting blood glucose, fasting insulin and triglyceride levels.

Smoking and drinking status were categorized as “Never,”

“Current,” or “Past.” The educational level was divided into two

categories: high school and below, and college and above, as stated

in the questionnaire. BMI, waist circumference, and height

measurements were conducted at a mobile examination center.
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Glucocorticoids usage was defined if the participants responded

affirmatively to the question, “Ever taken prednisone or cortisone

daily” (10). Psoriasis information was also obtained through self-

reports on a health questionnaire, where participants were asked,

“Have you ever been told by a health care provider that you had

psoriasis?” A response of “yes” indicated a case of “psoriasis.” (11).

Hypertension was diagnosed by systolic pressure/diastolic pressure

≥ 140/90 mmHg, or self-reported physician diagnosis of

hypertension, or self-reported use of hypertension medication.

Diabetes was diagnosed by glycosylated hemoglobin ≥ 6.5%, or

self-reported physician diagnosis of diabetes, or self-reported use of

insulin (12). The waist-to-height ratio (WHtR) was defined as the

waist circumference (WC) divided by standing height.

Additionally, the calculation formula for the TyG index was as

follows: TyG = Ln [fasting triglyceride (mg/dL) × fasting blood

glucose (mg/dL)/2] (13). TyG-BMI was calculated as TyG index

multiplied by BMI (6); Tyg-WC was calculated as TyG multiplied

by WC (14); TyG-WHtR was calculated as TyG multiplied by

WHtR (7); HOMA-IR = (fasting insulin (mU/L) × fasting blood

glucose (mg/dL)/18)/22.5 (15); QUICKI = 1/[log (fasting insulin

(mU/mL)) +log (fasting blood glucose (mg/dL))] (16).
Frontiers in Immunology 03
2.3 Statistical analysis

Continuous variables described by a normal distribution are

expressed as mean ± standard deviation (mean± sd). Non-normally

distributed data is expressed as the median (interquartile range

[IQR]). Categorical variables are expressed as numbers (n) and

percentages (%). To further examine the association between TyG-

related indicators and psoriasis, we divided all patients into three

equal groups based on quintile of TyG-BMI, TyG-WC, and TyG-

WHtR. The 1st quintile was defined as Q1. And the 2nd-3rd, and

4th-5th quintiles was regarded as a single group, respectively

defined as Q2 and Q3. Although sampling weights are usually

taken into consideration to produce representative and unbiased

statistics during the analysis of a complex survey, it could also

reduce the precision of the estimates. Besides, sampling weights

could even bring some extent introduces over-adjustment bias (17–

19). Thus, we performed analysis without incorporating sampling

weights, consistent to some previous research using NHANES data

(17–19). We used the Chi-square test or the Kruskal-Wallis H test

to compare in different groups. Based on previous literature,

covariates included age, gender, education level, smoking status,
FIGURE 1

Flow chart of participant selection. BMI, body mass index; NHANES, National Health and Nutrition Examination Survey; TyG index, triglyceride
glucose index.
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drinking status, hypertension, diabetes, and race/ethnicity (20–22).

To further investigate the association, we established three models:

Model 1 did not include any covariates, Model 2 only adjusted for

age and gender, and Model 3 included all covariates for analysis.

Multivariate logistic regression was used to assess the association

between different TyG-related indicators and psoriasis in these

three models, with odds ratios (OR) and 95% confidence intervals

(CI) used to indicate the strength of the relationship. Besides, we

also used restricted cubic splines to explore the non-linear dose-

response relationship between TyG-related indicators and psoriasis,

selecting knots that minimized the akaike information criterion

(23). Additionally, we conducted several subgroup and interaction

analyses to identify potential contributing factors. Given the high

values of TyG-BMI and TyG-WC, they were transformed by natural

logarithm (Ln-transformed) in subgroup analysis, which did not

change the original trend of the data. We conducted a

supplementary analysis, calculating the HOMA-IR and QUICKI

indices of the patients and determining the OR values under

different models. Due to generally right-skewed distribution of all

TyG-related indicators, HOMA-IR, and QUICKI, thus these

variables were converted into natural logarithms during the

supplementary analysis. Because the use of corticosteroids can

significantly impact insulin resistance, we included corticosteroids
Frontiers in Immunology 04
as a covariate in Model 3 to further analyze the relationship of TyG-

related indicators in psoriasis in supplementary analysis. R 4.2.1 was

used for all statistical analyses. All tests were two-sided, and P value

< 0.05 was considered statistically significant.
3 Results

3.1 Characteristics of the participants

Among the 9291 participants in our main analysis, we grouped

these participants based on whether or not they had psoriasis and

then compared their baseline conditions. A total of 260 patients

with psoriasis were identified. The psoriasis patients were found to

have a higher average age, greater BMI, larger waist circumference,

and higher WHtR compared to the non-psoriasis participants.

Additionally, a higher proportion of psoriasis patients reported

being smokers. Furthermore, psoriasis patients had a higher

incidence of hypertension and higher triglyceride levels. All TyG-

related indicators were also found to be significantly higher in

psoriasis patients compared to non-psoriasis participants (Table 1).

These results suggest that patients with psoriasis may have more

obvious insulin resistance. Then, we divided all patients into Q1,
TABLE 1 Comparison of characteristics of psoriasis patients and non-psoriasis participants.

Characteristics Total (n=9291) Non-psoriasis (n=9031) Psoriasis (n=260) P value

Gender, n (%) 0.596

Female 4745 (51.1%) 4608 (51.0%) 137 (52.7%)

Male 4546 (48.9%) 4423 (49.0%) 123 (47.3%)

Age (year), mean ± sd 46.2 ± 16.9 46.1 ± 16.9 49.2 ± 16.1 0.003

BMI (kg/m2), mean ± sd 28.9 ± 6.8 28.9 ± 6.8 30.5 ± 7.4 < 0.001

Waistline (cm), mean ± sd 98.7 ± 16.3 98.6 ± 16.3 103.0 ± 17.1 < 0.001

Stand height (cm), mean ± sd 168.0 ± 10.0 168.0 ± 10.0 167.5 ± 9.6 0.436

WHtR, mean ± sd 0.59 ± 0.10 0.59 ± 0.10 0.62 ± 0.10 < 0.001

Education level, n (%) 0.139

High school and below 4314 (46.4%) 4205 (46.6%) 109 (41.9%)

College and above 4977 (53.6%) 4826 (53.4%) 151 (58.1%)

Race/ethnicity, n (%) < 0.001

Mexican American 1511 (16.3%) 1488 (16.5%) 23 (8.8%)

White 4282 (46.1%) 4122 (45.6%) 160 (61.5%)

Black 1841 (19.8%) 1807 (20.0%) 34 (13.1%)

Other Hispanic 789 (8.5%) 770 (8.5%) 19 (7.3%)

Other race 868 (9.3%) 844 (9.3%) 24 (9.2%)

Smoking, n (%) 0.020

Never 5143 (55.4%) 5017 (55.6%) 126 (48.5%)

Current 2034 (21.9%) 1977 (21.9%) 57 (21.9%)

(Continued)
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Q2, and Q3 groups based on their TyG-BMI, TyG-WC, and TyG-

WHtR, and then compared the differences among these groups.

Our analysis revealed that regardless of which indicator was used

for classification, Q3 patients consistently exhibited a higher

prevalence of psoriasis , older age, higher BMI, waist
Frontiers in Immunology 05
circumference, and WHtR. Additionally, they had a lower

educational level, were more likely to smoke and consume

alcohol, had a higher prevalence of hypertension and diabetes,

and exhibited higher levels of fasting blood glucose and

triglycerides compared to Q1 and Q2 patients (Table 2).
TABLE 1 Continued

Characteristics Total (n=9291) Non-psoriasis (n=9031) Psoriasis (n=260) P value

Past 2114 (22.8%) 2037 (22.6%) 77 (29.6%)

Drinking, n (%) 0.348

Never 1256 (13.5%) 1226 (13.6%) 30 (11.5%)

Current 6478 (69.7%) 6299 (69.7%) 179 (68.8%)

Past 1557 (16.8%) 1506 (16.7%) 51 (19.6%)

Diabetes, n (%) 0.456

No 8110 (87.3%) 7887 (87.3%) 223 (85.8%)

Yes 1181 (12.7%) 1144 (12.7%) 37 (14.2%)

Hypertension, n (%) < 0.001

No 5801 (62.4%) 5674 (62.8%) 127 (48.8%)

Yes 3490 (37.6%) 3357 (37.2%) 133 (51.2%)

Fasting blood glucose (mg/dL), mean ± sd 105.3 ± 32.4 105.12 ± 32.4 108.4 ± 33.0 0.112

Triglyceride (mg/dL), mean ± sd 132.7 ± 118.4 132.3 ± 117.6 147.0 ± 141.5 0.048

TyG-BMI, mean ± sd 251.1 ± 67.1 250.6 ± 66.8 268.4 ± 73.7 < 0.001

TyG-WC, mean ± sd 856.0 ± 177.1 854.6 ± 176.6 905.1 ± 187.8 < 0.001

TyG-WHtR, mean ± sd 5.1 ± 1.1 5.1 ± 1.1 5.4 ± 1.1 < 0.001
fro
n, number; BMI, body mass index; WHtR, waist to height ratio; sd, standard deviation; TyG-BMI, triglyceride glucose-body mass index; TyG-WC, triglyceride glucose-waist circumference; TyG-
WHtR, triglyceride glucose-waist to height ratio.
TABLE 2 Differences among groups were compared according to TyG-related indicators.

Characteristics TyG-BMI TyG-WC TyG-WHtR

Q1 Q2 Q3 P
value

Q1 Q2 Q3 P
value

Q1 Q2 Q3 P
value

Number 1857 3715 3719 1858 3715 3718 1847 3711 3733

Psoriasis, n (%) 31
(1.7%)

104
(2.8%)

125
(3.4%)

0.001 30
(1.6%)

103
(2.8%)

127
(3.4%)

< 0.001 30
(1.6%)

103
(2.8%)

127
(3.4%)

< 0.001

Female, n (%) 1078
(58.1%)

1719
(46.3%)

1948
(52.4%)

< 0.001 1202
(64.7%)

1887
(50.8%)

1656
(44.5%)

< 0.001 962
(52.1%)

1735
(46.8%)

2048
(54.9%)

< 0.001

Age (year),
median (IQR)

37
(25, 52)

46
(33, 60)

47
(35, 60)

< 0.001 34
(25, 47)

46
(33, 59)

49
(36, 62)

< 0.001 33
(25, 46)

46
(33, 59)

50
(37, 63)

< 0.001

BMI (kg/m2),
median (IQR)

21.5
(20.1,
22.7)

26.47
(24.9,
28.0)

33.6
(30.9,
37.9)

< 0.001 22.0
(20.2,
23.8)

26.6
(24.5,
29.0)

33.0
(29.8,
37.7)

< 0.001 22.0
(20.2,
23.7)

26.6
(24.5,
28.9)

33.1
(29.8,
37.7)

< 0.001

Waistline (cm),
median (IQR)

79.5
(75.0,
84.2)

93.6
(88.5,
99.0)

110.6
(103.7,
119.9)

< 0.001 79.1
(75.0.,
82.9)

93.6
(89.1,
98.2)

110.9
(104.6,
119.9)

< 0.001 79.5
(75.0,
84.1)

93.8
(88.5,
99.3)

110.5
(103.1,
119.8)

< 0.001

WHtR, median (IQR) 0.47
(0.45,
0.50)

0.56
(0.53,
0.59)

0.66
(0.62,
0.72)

< 0.001 0.47
(0.45,
0.5)

0.56
(0.53,
0.59)

0.66
(0.61,
0.72)

< 0.001 0.47
(0.44,
0.50)

0.56
(0.53,
0.58)

0.66
(0.62,
0.72)

< 0.001

(Continued)
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TABLE 2 Continued

Characteristics TyG-BMI TyG-WC TyG-WHtR

Q1 Q2 Q3 P
value

Q1 Q2 Q3 P
value

Q1 Q2 Q3 P
value

Education level, n (%) < 0.001 < 0.001 < 0.001

High school and below 708
(38.1%)

1696
(45.7%)

1910
(51.4%)

671
(36.1%)

1728
(46.5%)

1915
(51.5%)

660
(35.7%)

1647
(44.4%)

2007
(53.8%)

College and above 1149
(61.9%)

2019
(54.3%)

1809
(48.6%)

1187
(63.9%)

1987
(53.5%)

1803
(48.5%)

1187
(64.3%)

2064
(55.6%)

1726
(46.2%)

Race/ethnicity, n (%) < 0.001 < 0.001 < 0.001

Mexican American 186
(10.0%)

605
(16.3%)

720
(19.4%)

208
(11.2%)

602
(16.2%)

701
(18.9%)

166
(9.0%)

557
(15.0%)

788
(21.1%)

White 923
(49.7%)

1680
(45.2%)

1679
(45.1%)

847
(45.6%)

1617
(43.5%)

1818
(48.9%)

901
(48.8%)

1674
(45.1%)

1707
(45.7%)

Black 320
(17.2%)

711
(19.1%)

810
(21.8%)

374
(20.1%)

768
(20.7%)

699
(18.8%)

407
(22.0%)

772
(20.8%)

662
(17.7%)

Other Hispanic 117
(6.3%)

342
(9.2%)

330
(8.9%)

137
(7.4%)

341
(9.2%)

311
(8.4%)

112
(6.1%)

316
(8.5%)

361
(9.7%)

Other race 311
(16.7%)

377
(10.1%)

180
(4.8%)

292
(15.7%)

387
(10.4%)

189
(5.1%)

261
(14.1%)

392
(10.6%)

215
(5.8%)

Smoking, n (%) < 0.001 < 0.001 < 0.001

Never 1081
(58.2%)

2060
(55.5%)

2002
(53.8%)

1163
(62.6%)

2106
(56.7%)

1874
(50.4%)

1102
(59.7%)

2075
(55.9%)

1966
(52.7%)

Current 484
(26.1%)

753
(20.3%)

797
(21.4%)

424
(22.8%)

806
(21.7%)

804
(21.6%)

485
(26.3%)

769
(20.7%)

780
(20.9%)

Past 292
(15.7%)

902
(24.3%)

920
(24.7%)

271
(14.6%)

803
(21.6%)

1040
(28%)

260
(14.1%)

867
(23.4%)

987
(26.4%)

Drinking, n (%) < 0.001 < 0.001 < 0.001

Never 262
(14.1%)

468
(12.6%)

526
(14.1%)

260
(14.0%)

508
(13.7%)

488
(13.1%)

231
(12.5%)

457
(12.3%)

568
(15.2%)

Current 1380
(74.3%)

2653
(71.4%)

2445
(65.7%)

1407
(75.7%)

2625
(70.7%)

2446
(65.8%)

1446
(78.3%)

2669
(71.9%)

2363
(63.3%)

Past 215
(11.6%)

594
(16.0%)

748
(20.1%)

191
(10.3%)

582
(15.7%)

784
(21.1%)

170
(9.2%)

585
(15.8%)

802
(21.5%)

Diabetes, n (%) < 0.001 < 0.001 < 0.001

No 1812
(97.6%)

3397
(91.4%)

2901
(78.0%)

1838
(98.9%)

3425
(92.2%)

2847
(76.6%)

1823
(98.7%)

3460
(93.2%)

2827
(75.7%)

Yes 45
(2.4%)

318
(8.6%)

818
(22.0%)

20
(1.1%)

290
(7.8%)

871
(23.4%)

24
(1.3%)

251
(6.8%)

906
(24.3%)

Hypertension, n (%) < 0.001 < 0.001 < 0.001

No 1499
(80.7%)

2451
(66.0%)

1851
(49.8%)

1572
(84.6%)

2453
(66.0%)

1776
(47.8%)

1570
(85.0%)

2466
(66.5%)

1765
(47.3%)

Yes 358
(19.3%)

1264
(34.0%)

1868
(50.2%)

286
(15.4%)

1262
(34.0%)

1942
(52.2%)

277
(15.0%)

1245
(33.5%)

1968
(52.7%)

Fasting blood glucose
(mg/dL),
median (IQR)

92.0
(86.0,
98.0)

97.0
(90.3,
104.4)

103.0
(95.4,
117.0)

< 0.001 91.0
(86.0,
97.0)

97.0
(90.9,
104.0)

105.0
(96.0,
118.0)

< 0.001 91.2
(86.0,
97.0)

97.0
(91.0,
104.0)

104.0
(96.0,
119.0)

< 0.001

Triglyceride (mg/dL),
median (IQR)

69.0
(53.0,
91.0)

100.0
(74.0,
137.0)

144.0
(100.0,
208.0)

< 0.001 65.5
(51.0,
86.0)

98.0
(73.0,
130.0)

150.0
(107.0,
216.0)

< 0.001 65.0
(51.0,
85.0)

98.0
(74.0,
130.0)

150.0
(107.0,
215.0)

< 0.001
F
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n, number; BMI, body mass index; WHtR, waist to height ratio; IQR, interquartile range; TyG-BMI, triglyceride glucose-body mass index; TyG-WC, triglyceride glucose-waist circumference;
TyG-WHtR, triglyceride glucose-waist to height ratio.
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3.2 Associations between TyG-related
indicators and psoriasis

Table 3 presents the OR and their corresponding 95%

confidence intervals, which depict the association between various

TyG-related indicators and psoriasis. These associations were

analyzed using three different models. The results revealed an

independent positive association between TyG-BMI, TyG-WC,

and TyG-WHtR and psoriasis in various models. Additionally,

Q2 and Q3 of all indicators exhibited a significant positive

relationship with psoriasis in comparison to Q1 (Table 3). This

suggests that higher TyG-related indicators serve as independent

risk factors for psoriasis. Among the three indicators, TyG-WC

displayed a greater OR value in Models 1 and 2 (Model 1, Q3 OR

(95% CI) = 2.155 (1.442-3.220); Model 2, Q3 OR (95% CI) = 2.029

(1.341-3.069)). While in Model 3, the TyG-BMI shows more

significant relationship with psoriasis (Model 3 of TyG-BMI: Q3

OR (95% CI) = 1.948 (1.300-3.000)). The restricted cubic spline

analysis (Figure 2) also demonstrated a positive linear correlation

between TyG-BMI, TyG-WC, and TyG-WHtR with psoriasis in all

models (P-value < 0.05, P-nonlinear > 0.05).

Subsequently, we conducted a subgroup analysis to further

explore the relationship between TyG-related indicators and

psoriasis (Figure 3). In the vast majority of stratified populations,
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the relationship between TyG-related indicators and psoriasis was

similar, as no significant interaction was observed (P for interaction

>0.05). However, for patients with hypertension and

hypertriglyceridemia, higher TyG-WC and TyG-WHtR did not

indicate a higher risk of psoriasis. On the other hand, TyG-BMI

still showed a positive relationship trend as it had no interaction

with hypertension and hypertriglyceridemia (P for interaction

>0.05). What’s more, subgroup analysis results suggest that even

if a patient does not have diabetes, an elevated TyG-related index

still represents a higher risk of psoriasis.
3.3 Supplementary analysis

To further elucidate the relationship between IR and psoriasis,

we conducted a comparison of TyG-related indicators with

HOMA-IR and QUICKI. The findings revealed that TyG-related

indices exhibited a more significant relationship with psoriasis

compared to traditional IR evaluation indices such as HOMA-IR

and QUICKI (Supplementary Table S1).

The use of glucocorticoids can significantly impact insulin

resistance. Therefore, we included the use of glucocorticoids as a

covariate in Model 3 to further elucidate the roles of IR in psoriasis.

However, due to the limited availability of data on the use of

glucocorticoids in the NHANES database (2005-2006, 2009-2010,

and 2013-2014), we will present the analysis of glucocorticoids as a

supplementary analysis. The results demonstrated that even after

adjusting for all covariates, including glucocorticoid usage, all TyG-

related indicators remained positively associated with psoriasis

(Supplementary Table S2).
4 Discussion

Psoriasis and IR are both significant health issues and they have

a relationship with each other. The etiology of these two diseases is

multifactorial, however, they do share certain similarities. One

common triggering factor in both diseases is inflammation (24).

For instance, thiazolidinediones have been shown to effectively

improve insulin resistance and also contribute to plaque

regression in patients with psoriasis (25). In addition,

methotrexate can also have a pharmacological effect by directly

acting on PPAR-gamma (26). Given that methotrexate is an

important therapeutic drug for psoriasis, this further underscores

the significant role of insulin resistance in the condition. Therefore,

it is necessary to explore the correlation between IR and psoriasis.

This large, nationally representative, cross-sectional study

evaluates the association between TyG-related indicators and

psoriasis. Our study reveals a positive association between high

TyG-BMI, TyG-WC, and TyG-WHtR, and psoriasis in adult U.S.

citizens. This positive association remains stable even after

adjusting for age, gender, educational experience, smoking,

drinking, hypertension, and diabetes. Additionally, further

subgroup analysis demonstrates that this positive relationship still

persists in most subgroups and supplementary analysis. To the best
TABLE 3 Multivariate regression analysis of TyG-related indicators
with psoriasis.

Exposures Model 1
Crude OR
(95% CI)

Model 2
Adjusted OR
(95% CI)

Model 3
Adjusted OR
(95% CI)

TyG-BMI

Q1 Ref. Ref. Ref.

Q2 1.696
(1.132-2.543)

1.610
(1.070-2.424)

1.679
(1.126-2.574)

Q3 2.049
(1.377-3.048)

1.933
(1.295-2.886)

1.948
(1.300-3.000)

TyG-WC

Q1 Ref. Ref. Ref.

Q2 1.738
(1.153-2.619)

1.650
(1.087-2.506)

1.683
(1.121-2.599)

Q3 2.155
(1.442-3.220)

2.029
(1.341-3.069)

1.928
(1.269-3.011)

TyG-WHtR

Q1 Ref. Ref. Ref.

Q2 1.729
(1.147-2.606)

1.612
(1.062-2.448)

1.638
(1.093-2.527)

Q3 2.133
(1.427-3.188)

1.930
(1.275-2.920)

1.906
(1.257-2.971)
Model 1 adjust for: None; Model 2 adjust for: age, gender; Model 3 adjust for: age, gender,
education, smoking, drinking, hypertension, diabetes, and race/ethnicity; Abbreviation: OR,
odds ratios; 95% CI, 95% confidence intervals; TyG-BMI, triglyceride glucose-body mass
index; TyG-WC, triglyceride glucose-waist circumference; TyG-WHtR, triglyceride glucose-
waist to height ratio; Ref., reference.
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B
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A

FIGURE 2

(A) Restricted cubic spline fitting for the association between different TyG-related indicators with psoriasis in model 1. (B) Restricted cubic spline
fitting for the association between different TyG-related indicators with psoriasis in model 2. (C) Restricted cubic spline fitting for the association
between different TyG-related indicators with psoriasis in model 3.
FIGURE 3

Forest maps of subgroup analysis. Fasting plasma triglyceride concentrations may be categorized as normal (<150 mg/dL), borderline (150-199 mg/
dL), high triglyceride (HTG>200 mg/dL); n, number; OR, odds ratios; 95% CI, 95% confidence intervals; BMI, body mass index; TyG-BMI, triglyceride
glucose-body mass index; TyG-WC, triglyceride glucose-waist circumference; TyG-WHtR, triglyceride glucose-waist to height ratio; HTG,
high triglyceride.
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of our knowledge, this study is the first to explore the relationship

between TyG-related indicators and psoriasis.

The TyG index and its associated indicators have recently been

extensively explored in cardiovascular disease (27, 28). Also,

anthropometric data, such as BMI, WC, and WHtR, are accepted

as predictors of obesity and IR. Recently, novel TyG-related

indicators of the TyG index combined with anthropometric data

have been derived, namely TyG-BMI, TyG-WC, and TyG-WHtR.

Therefore, combining anthropometric and metabolic indices may

be more reliable than TyG alone (29). A recent study confirmed that

TyG-WHtR is more helpful than TyG in identifying high-risk

prediabetes (30). In a large retrospective study with 214493

participants, it was found that the TyG-BMI were significantly

associated with prehypertension (31). Additionally, TyG-BMI,

TyG-WC, and TyG-WHtR had higher predictive performance for

non-alcoholic fatty liver disease in the general population (32).

Therefore, in this study, TyG-BMI, TyG-WC, and TyG-WHtR were

used to determine the correlation between IR and psoriasis.

Although the exact causal relationship between IR and psoriasis

has not been fully established, observational studies have shown

that waist circumference has the strongest association with

psoriasis, followed by high-density lipoprotein and triglyceride

levels. Additionally, patients with persistent metabolic syndrome

have a higher risk of developing psoriasis (33). Our own study

supports these findings. However, the precise mechanism

underlying this relationship is not fully understood. Although

there are two-sample Mendelian randomization studies from a

genetic perspective, metabolic syndrome, WC, and hypertension

are risk factors for the development of psoriasis (34). One

compelling hypothesis is that increased levels of inflammatory

markers in individuals with IR may lead to a heightened risk of

psoriasis. Both IR and psoriasis involve various inflammatory

pathways, such as the Th17-mediated inflammatory pathway (35).

Many similar cytokines contribute to the pathogenesis of both

conditions. Furthermore, insulin resistance may contribute to the

development of psoriatic metabolic disorders and skin

inflammation by reducing the levels of anti-inflammatory

adipokines, for example adiponectin (36, 37). Genetics also play a

role in the correlation between psoriasis and metabolic syndrome.

There are common susceptibility genes and genetic loci shared

between the two conditions. For example, mutations in the IL-12B,

IL-23R, and IL-23A genes are associated with both susceptibility to

psoriasis and an increased risk of developing diabetes (38). Another

genome-wide association study demonstrated that genes related to

dyslipidemia, hypertension, and cardiovascular disease are

associated with an increased risk of psoriasis (39). These findings

collectively suggest a significant correlation between insulin

resistance and psoriasis.

Our study has significant advantages. Firstly, we utilized a large

nationwide sample size and implemented appropriate covariate

adjustment, thereby enhancing the reliability of our findings.

Secondly, our study comprehensively assessed the individual

impact of TyG-related indicators on psoriasis risk, addressing a

gap in previous research. Lastly, the availability of TyG-related

indicators for assessing insulin resistance is based on routine clinical

care, eliminating the need for specific insulin testing or HIEC, thus
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making it a readily accessible and cost-effective biomarker with

potential clinical applications.

However, there are a few limitations worth noting in our study.

Firstly, the cross-sectional study design restricts our ability to

establish a causal relationship between insulin resistance and

psoriasis. Secondly, the selection of psoriasis cases was based on

self-reported questionnaires, which introduces the potential for

recall bias. Finally, despite adjusting for some confounders, there

may still be residual or unmeasured confounders affecting our

results. Therefore, future longitudinal prospective studies with

comprehensive data collection are crucial to confirm the

association between TyG-BMI, TyG-WC, and TyG-WHtR and

the risk of psoriasis.
5 Conclusions

In a nationally representative sample of U.S. adults, a stable and

strong positive association was observed between TyG-related

measures, specifically TyG-BMI, TyG-WC, and TyG-WHtR, and

psoriasis. This association persisted even after adjusting for multiple

factors. However, future high quality cohort studies should aim to

verify this relationship in a wider population.
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38. Eirıś N, González-Lara L, Santos-Juanes J, Queiro R, Coto E, Coto-Segura P.
Genetic variation at IL12B, IL23R and IL23A is associated with psoriasis severity,
psoriatic arthritis and type 2 diabetes mellitus. J Dermatol Sci (2014) 75:167–72.
doi: 10.1016/j.jdermsci.2014.05.010

39. Lu Y, Chen H, Nikamo P, Qi LH, Helms C, Seielstad M, et al. Association of
cardiovascular and metabolic disease genes with psoriasis. J Invest Dermatol (2013)
133:836–39. doi: 10.1038/jid.2012.366
frontiersin.org

https://doi.org/10.1186/s12933-023-02030-z
https://doi.org/10.1186/s12933-023-02030-z
https://doi.org/10.1186/s12889-023-16813-2
https://doi.org/10.3389/fpubh.2023.1086771
https://doi.org/10.3389/fcvm.2023.1139842
https://doi.org/10.3389/fendo.2023.1083032
https://doi.org/10.1038/s41598-021-03174-2
https://doi.org/10.1111/1346-8138.16910
https://doi.org/10.1111/jdv.16273
https://doi.org/10.1111/jdv.16273
https://doi.org/10.1590/2359-3997000000316
https://doi.org/10.1111/j.1600-0625.2010
https://doi.org/10.1016/j.jdermsci.2014.05.010
https://doi.org/10.1038/jid.2012.366
https://doi.org/10.3389/fimmu.2023.1325557
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Positive association between different triglyceride glucose index-related indicators and psoriasis: evidence from NHANES
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Data collection
	2.3 Statistical analysis

	3 Results
	3.1 Characteristics of the participants
	3.2 Associations between TyG-related indicators and psoriasis
	3.3 Supplementary analysis

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


