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The prognostic impact of stress
hyperglycemia ratio for all-cause
mortality in patients with Psoriasis
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Aims The stress hyperglycemia ratio (SHR) is a valuable biomarker of acute hyperglycemia, significantly
correlated with unfavorable prognosis in various conditions. However, its impact on Psoriasis has not
been studied. We explored the association between SHR and long-term mortality in psoriasis patients.
Methods We conducted a prospective cohort study with 288 psoriasis patients from the 2003-2006

and 2009-2014 NHANES. Participants were divided into three groups based on SHR tertiles: T1

(SHR <0.870), T2 (SHR 0.870-0.958), and T3 (SHR > 0.958). Cox regression and Kaplan-Meier analyses
assessed the correlation between SHR and mortality, while restricted cubic splines explored non-linear
correlations. ROC analyses determined the optimal SHR cut-off value for predicting clinical outcomes.
Results Out of 288 Psoriasis patients, 38 all-cause deaths occurred during an average follow-up of
112.13 + 45.154 months. Kaplan-Meier analysis indicated that higher SHR values were linked to

an increased risk of all-cause mortality (log-rank P =0.049). A U-shaped relationship was observed
between SHR and all-cause mortality (P for non-linear=0.028). Spearman correlation revealed
significant associations between SHR and WC, BMI, neutrophil, monocyte, lymphocyte counts, SCr,
uric acid, DM and MetS (all P < 0.05). After adjusting for confounders, multivariate Cox regression
showed that SHR was associated with a 10.937-fold risk of all-cause mortality. ROC curve analysis
identified an optimal SHR cut-off value of 1.045 for predicting long-term all-cause mortality in psoriasis
patients. Conclusions Elevated SHR value independently correlates with all-cause mortality in Psoriasis
patients, displaying a U-shaped relationship with clinical endpoints. An optimal SHR cut-off value of
1.045 has been determined for predicting clinical outcomes.
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DM diabetes mellitus

MetS metabolic syndrome

CVD cardiovascular disease

ABG admission blood glucose

SHR stress hyperglycemia ratio

HbAlc hemoglobin Alc

NHANES National Health and Nutrition Examination Survey
NCHS National Center for Health Statistics

FPG fasting plasma glucose

CHD coronary heart disease

CKD chronic kidney disease

NCEP ATPIII  National Cholesterol Education Program Adult Treatment Panel III
BMI body mass index

MEC Mobile Examination Center

WBC white blood cell

TC total cholesterol

HDL-C high-density lipoprotein cholesterol
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LDL-C low-density lipoprotein cholesterol
TG triglyceride

CRP C-reactive protein

SCr serum creatinine

BUN blood urea nitrogen

AST aspartate aminotransferase

WwC waist circumference

HR hazard ratio

CI confidence interval

TOL tolerance

VIF variance inflation factor

PIR Poverty Income Ratio

ROC receiver operating characteristic
AUC area under the curve

Psoriasis, affecting over 60 million people worldwide, is a chronic inflammatory condition marked by itchy,
scaly, red plaques that can crack and bleed!. It is triggered by factors such as skin injuries, smoking, certain
drugs (including interferon and lithium), streptococcal infections, and stress, with a higher risk for those with
a family history?. The etiology of Psoriasis remains complex and unclear, involving a sophisticated interplay
between various immune cells and cytokines, with the IL-23-mediated activation of the T};17 pathway being
particularly significant in the disease’s pathogenesis>*. Previously considered a benign skin disease, Psoriasis is,
in reality, a cluster of systemic conditions linked to obesity, diabetes mellitus (DM), and adverse cardiovascular
events, resulting in a life expectancy up to five years shorter than those without Psoriasis®®. The poor long-term
prognosis of Psoriasis is likely due to higher inflammatory biomarkers compared to patients with rheumatoid
arthritis and systemic lupus erythematosus, leading to metabolic dysregulation and an increased incidence
of metabolic syndrome (MetS) and cardiovascular disease (CVD)”~!2. Therefore, developing cost-effective
parameters to predict unfavorable long-term outcomes in Psoriasis is crucial, reducing substantial health risks
for this population.

Stress hyperglycemia, characterized by a temporary elevation in plasma glucose, is a contributor to various
critical illnesses, potentially linked to oxidative stress and endothelial dysfunction”‘”. However, there are
no precise determinants to accurately reflect acute glucose fluctuations, as the widely-used admission blood
glucose (ABG) is limited by chronic alterations in plasma glucose levels or acute stressors'>!>1618_Consequently,
the stress hyperglycemia ratio (SHR), which considers both ABG levels and hemoglobin Alc (HbAlc), was
introduced and has shown prognostic utility for adverse outcomes across various clinical conditions'*1%-22,
Despite this, whether the SHR can impact clinical outcomes in individuals with Psoriasis remains unclear.

Therefore, we conducted a large prospective cohort study using data from the National Health and Nutrition
Examination Survey (NHANES) to assess the correlation between SHR and long-term all-cause mortality in
psoriasis patients, potentially establishing SHR as a risk stratification parameter in managing these patients.

Methods

Study Population

The National Health and Nutrition Examination Survey (NHANES) is an ongoing cross-sectional study
conducted every two years to assess the health and nutritional status of the overall population. Under the
auspices of the National Center for Health Statistics (NCHS), the survey’s data is continuously updated on the
website: https://www.cdc.gov/nchs/nhanes. The study collects comprehensive data, including demographic
information, physical examinations, laboratory assessments, and health and nutrition questionnaires, using
advanced equipment to ensure the reliability and precision of the data.

Figure S1 illustrates the recruitment process for a total of 50,939 individuals from the years 2003-2006
and 2009-2014. Exclusions were made for those under the age of 18 (n=21,251), those with incomplete SHR
(fasting plasma glucose (FPG), HbAlc) data (n=13,984), those lost to follow-up (n=13), and those without
self-reported Psoriasis data or non-Psoriasis data. After the screening process, 288 individuals who met the
eligibility criteria for Psoriasis were included in the final analysis.

All surveys underwent thorough review and approval by the NCHS Ethics Review Committee, and all
participants provided written informed consent prior participation.

Calculation of SHR and grouping

The FPG was obtained in the morning after 9 h. Based on the previous research?®, the SHR is calculated using the
following equation by dividing ABG by the estimated average glucose, which eventually equals [(ABG (mmol/L)
/ [1.59 x HbAlc (%) —2.59] 2*. All subjects were subsequently divided into three groups (T1, T2, and T3) based
on tertile thresholds calculated according to SHR, which were determined to be 0.870 and 0.958.

All-cause mortality assessment

In our prognostic analysis, all-cause mortality was regarded as a primary outcome. According to the International
Classification of Disorders, Tenth Revision (ICD-10), all-cause mortality encompassed more than 10 diseases
ranging from cardiovascular diseases to nephritis, nephrotic syndrome, and nephrosis. Relevant mortality
information is accessible at the following website: https://www.cdc.gov/nchs/data-linkage/mortality.htm.
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Variable assessment

The NHANES demographic questionnaire was employed to acquire information from respondents concerning
gender, age, ethnicity, and level of education. Race/ethnicity was stratified into Mexican American, non-Hispanic
White/Black, and others (Hispanic, Asian and multiracial). Education status was simplified into three categories:
less than high school, high school degree, and more than high school. Smoking status is defined as never, former,
or current. Alcohol consumption is simply classified into yes or no. Information regarding a history of DM,
hypertension, heart failure, stroke, coronary heart disease (CHD), chronic kidney disease (CKD), and MetS was
collected through self-report questionnaires, among which MetS was defined according to the requirements
outlined by the National Cholesterol Education Program Adult Treatment Panel IIT (NCEP ATP III). Moreover,
blood pressure was measured three times by a qualified physician to determine the average value, and WC as
well as body mass index (BMI) measurements were obtained through standardized procedures at the Mobile
Examination Center (MEC) by trained health technicians. Additionally, various laboratory counts such as white
blood cell (WBC), neutrophil, lymphocyte, and monocyte, as well as levels of total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglyceride (TG), FPG, HbAlc,
C-reactive protein (CRP), serum creatinine (SCr), Uric acid, blood urea nitrogen (BUN), total bilirubin and
aspartate aminotransferase (AST) assessed in the NHANES laboratory.

Statistical analyses
Data analyzed in our investigation has been conducted using suitable sample weights following the guidelines
outlined in the NHANES database. Mean +standard deviation was utilized for continuous variables, while
counts and percentages (%) were applied for the categorical variables. An ANOVA was conducted to compare
the continuous variables between SHR tertile groups. Depending on the circumstance, Pearson’s chi-squared
(x2) test or Fisher’s exact test was used to compare categorical variables. The Spearman correlation test was used
to seek linear relations between SHR and other clinical risk factors as well as a multicollinearity analysis was
applied. Univariate Cox proportional hazards regression modeling was used to analyze independent clinical risk
factors associated with all-cause mortality in psoriasis respondents by selecting the potential risk factors listed
in Table 2 (Age, Sex, Ethnicity, Waist circumference (WC), BMI, WBC, Neutrophil, Lymphocyte, Monocyte,
CRP, FPG, HbAc, SCr, Uric acid, BUN, AST, DM, MetS, SHR as continuous and SHR tertile). The multivariate
analysis employed the forward stepwise regression methodology to compensate for significant clinical variables
(P<0.10) identified in the univariate study and previously known risk factors. The estimated hazard ratio (HR)
and 95% confidence interval (CI) were applied in the analysis. The evaluation of time-related mortality was
visualized using the Kaplan-Meier technique, and differences were ascertained using log-rank testing. A limited
cubic spline regression for HR was conducted to examine the link between SHR and mortality in the non-
linear relationship. Additionally, the ideal SHR cut-off value and matching area under the curve (AUC) were
determined using the receiver operating curve (ROC) analysis in order to forecast clinical outcomes based on
the Youden index. A subgroup analysis investigated the relationship between the SHR and the stratified factors
(age, race, education levels, marital status, Poverty Income Ratio (PIR), WC, WBC, Monocyte, BUN, DM, and
MetS). An interaction P-value was also introduced to test for subgroups’ heterogeneity.

All statistical analysis was performed using Statistical Package for Social Sciences (SPSS) v.25, and figures
were created using GraphPad version 9. Ink. Every analysis used a two-sided approach, and a P-value of less than
0.05 was deemed statistically significant.

Results

After thoroughly analyzing the raw data from NHANES, we ultimately recruited 288 respondents diagnosed with
Psoriasis. Among them, males comprised 47.6% of the total population, with an average age of 49.41 +16.217
years. The most prevalent ethnicity was non-Hispanic white, while non-Hispanic black was the least represented.

Baseline characteristics

Table 1 presents the clinical characteristics and laboratory parameters of the study population, classified by T1,
T2, and T3 according to SHR tertiles. Compared to patients with lower SHR values, those with higher SHR
values were more likely to have higher BMI and WC, a higher proportion of non-Hispanic white ethnicity, higher
education levels, and a higher prevalence of DM. Additionally, individuals with higher SHR values demonstrated
higher levels of lymphocytes, FPG, and HbAlc (all P<0.05). Despite the lack of significant differences across
SHR tertile groups, individuals with higher SHR values tended to be older, frequent alcohol drinkers, and have a
history of hypertension, heart failure, CHD, MetS, as well as elevated laboratory parameters such as neutrophils,
TG, CRP, SCr, uric acid, AST, and total bilirubin.

Predictive factors of all-cause mortality

A total of 38 patients experienced all-cause mortality during the mean follow-up period of 112.13+45.154
months. We conducted univariate and multivariate Cox regression analysis to identify underlying risk indicators,
considering various factors. In univariate Cox regression analysis, SHR emerged as a significant prognostic
indicator with a 2.343-fold increased risk (HR 2.343; 95% CI 1.026-5.353, P=0.043) alongside confounders.
Subsequently, a multivariate Cox regression analysis included some parameters with a P value below 0.1 and
previously known risk factors. After adjusting for potential confounders, the T3 group remained associated with
a significantly increased 10.937-fold risk of all-cause mortality (HR 10.937; 95% CI 1.314-91.014, P=0.027)
(Table 2). Furthermore, we applied three models and display HR with 95% confidence intervals (CI) categorized
by SHR tertiles for all-cause mortality across the all models in Table S1, the fully adjusted model (Model 2)
analysis of all-cause mortality shows that categorical SHR values were generally associated with mortality risk,
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SHR tertile

Total patient (N=288) | T1 (N=89) T2 (N=103) T3 (N=96) P value
General characteristics
Age (years) 49.41+16.217 4991+16.297 | 48+16.328 50.46 +16.087 0.533
WC (cm) 103.18+17.232 99.22+15.506 | 103.99+17.149 | 106.02+18.320 | 0.026
Male, n (%) 137 (47.6) 38 (42.7) 46 (44.7) 53 (55.2) 0.179
SBP (mmHg) 123.85+17.686 123.22+17.779 | 124.50 +18.041 | 123.75+17.404 | 0.900
DBP (mmHg) 70.04+11.129 70.17+11.084 | 71.62+11.288 | 68.18+10.854 0.140
BMI 30.62+7.510 29.96 +7.561 30.90+7.109 30.94+7.607 0.610
PIR, (%) 2.66+1.770 2.71+1.873 2.91+1.736 2.36+1.678 0.097
Ethnicity, n (%) 0.005
Mexican American 47 (16.3) 11 (12.4) 16 (15.5) 20 (20.8)
Non-Hispanic White 155 (53.8) 41 (46.1) 53 (51.5) 61 (63.5)
Non-Hispanic Black 34(11.8) 18 (20.2) 11 (10.7) 5(5.2)
Other Ethnicity 52 (18.1) 19 (21.3) 23 (22.3) 10 (10.4)
Education levels, n (%) 0.007
Less than high school 63 (22.0) 14 (15.7) 19 (18.6) 30 (31.3)
High school diploma 60 (20.9) 14 (15.7) 21 (20.6) 25 (26.0)
More than high school 164 (57.1) 61 (68.5) 62 (60.8) 41 (42.7)
Marital status, n (%) 0.349
Married 153 (53.3) 52 (58.4) 49 (48.0) 52 (54.2)
Single or separated 134 (46.7) 37 (41.6) 53 (52.0) 44 (45.8)
Smoking status, n (%) 0.804
Never 135 (47.0) 41 (46.1) 51 (50.0) 43 (44.8)
Former 95 (33.1) 31 (34.8) 29 (28.4) 35 (36.5)
Current 57 (19.9) 17 (19.1) 22 (21.6) 18 (18.8)
Alcohol consumption 0.957
Yes 209 (77.4) 61 (76.3) 77 (77.8) 71 (78.0)
No 61 (22.6) 19 (23.8) 22(22.2) 20 (22.0)
Comorbidities
DM, n (%) 38 (13.9) 9(10.5) 9(9.3) 20 (22.2) 0.020
Hypertension, n (%) 134 (46.9) 41 (46.1) 47 (46.1) 46 (48.4) 0.932
Heart failure, n (%) 15 (5.3) 2(2.3) 4 (4.0) 9(9.4) 0.093
Stroke, n (%) 10 (3.5) 4(4.5) 2(4.5) 4(4.2) 0.567
CHD, n (%) 18 (6.3) 5(5.6) 5 (5.0) 8(8.4) 0.576
CKD, n (%) 9(3.2) 2(2.3) 4(4.0) 3(3.1) 0.817
MetS, n (%) 132 (45.8) 33 (37.1) 47 (45.6) 52 (54.2) 0.066
Laboratory parameters
WBC(10°/L) 7.21+2.122 7.21+2.255 7.37+2.321 7.04+1.748 0.522
Neutrophil (%) 59.70+9.196 58.02+9.691 59.86+8.769 61.07+£9.026 0.077
Lymphocyte(%) 28.44+8.065 29.75+8.117 28.81+7.762 26.83+8.151 0.041
Monocyte(%) 8.02+2.281 8.23+2.488 7.66+2.076 8.22+2.269 0.129
TC (mmol/L) 5.08+1.040 5.12+1.075 5.10+1.059 5.01+0.993 0.754
HDL-C (mmol/L) 1.36+0.448 1.42+0.514 1.31+0.363 1.36+0.464 0.279
LDL-C (mmol/L) 3.00+0.900 3.06+0.968 3.05+0.941 2.89+0774 0.370
TG (mmol/L) 1.63+1.472 1.39+0.744 1.62+1.241 1.85+2.058 0.066
SHR as continuous 0.93+0.129 0.80+0.065 0.90+0.026 1.07+£0.100 <0.001
FPG (mmol/L) 6.03+1.878 5.27+0.923 5.61+0.571 7.17+2.733 <0.001
Hb1AC (%) 5.71+0.910 5.81+£0.773 5.54+0.402 5.81+1.313 0.004
CRP (mg/dL) 0.56+1.164 0.42+0.603 0.52+0.920 0.71+1.653 0.469
SCr (umol/L) 78.49+20.795 78.72+19.502 75.96 +17.009 | 81.02+25.077 0.229
Uric acid (umol/L) 337.73+87.057 330.36+76.779 | 332.97 +80.398 | 349.51+101.219 | 0.261
BUN (mmol/L) 4.57+1.997 4.94+2.192 4.30+1.569 4.54+2.183 0.088
AST (U/L) 24.67 +£9.167 24.70+7.083 23.56+8.580 25.81+11.175 0.273
Total bilirubin (umol/L) | 12.20+4.914 11.87 +4.609 11.94+4.482 12.77 £5.575 0.373
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Table 1. Clinical characteristics of the study population stratified by SHR Tertile. SHR Stress hyperglycemia
ratio, WC waist Circumference, SBP systolic blood pressure, DBP diastolic blood pressure, BMI body mass
index, PIR poverty income ratio, DM diabetes mellitus, CHD coronary heart disease, CKD chronic kidney
disease, MetS metabolic syndrome, WBC white blood cell, TC total cholesterol, HDL-C high-density
lipoprotein-cholesterol, LDL-C low-density lipoprotein-cholesterol, TG triglyceride, FPG fasting plasma
glucose, HbA Ic hemoglobin Alc, CRP C-reactive protein, SCr serum creatine, BUN Blood urea nitrogen, AST
aspartate transaminase.

Univariate Cox regression Multivariate Cox regression

HR (95% CI) P value | HR (95% CI) P value
age 1.084 (1.057-1.112) <0.001 | 1.151(1.070-1.238) <0.001
Sex 1.200 (0.635-2.269) 0.575 0.239 (0.059-0.971) 0.045
Ethnicity 0.664 (0.158-2.790) 0.576 0.470 (0.031-7.205) 0.587
wC 1.033 (1.015-1.051) <0.001 | 1.082(1.037-1.128) <0.001
BMI 1.040 (1.001-1.082) 0.047
WBC 1.044 (0.909-1.200) 0.541
Neutrophil 1.029 (0.991-1.068) 0.137
Lymphocyte 0.937 (0.896-0.980) 0.004
Monocyte 1.221 (1.077-1.384) 0.002 1.645 (1.224-2.209) 0.005
CRP 1.206 (1.028-1.414) 0.021 1.172 (0.947-1.449) 0.144
FPG 1.284 (1.000-1.650) 0.050 1.559 (0.683-3.559) 0.292
HbAlc 0.946 (0.552-1.621) 0.840 0.377 (0.064-2.237) 0.283
SCr 1.026 (1.012-1.041) <0.001
Uric acid 1.007 (1.004-1.011) <0.001
BUN 1.251 (1.108-1.412) <0.001 | 0.528 (0.319-0.875) 0.013
AST 1.026 (0.998-1.054) 0.067
DM 4.981 (2.461-10.083) | <0.001 | 0.934 (0.168-5.193) 0.027
MetS 3.255 (1.613-6.568) 0.001 1.492 (0.330-6.742) 0.603
SHR as continuous | 28.944 (2.819-297.168) | 0.005 44.311 (0.118-16670.495) | 0.210
SHR tertile
T1 Reference
T2 1.147 (0.461-2.854) 0.767 | 17.373(1.742-173.255) 0.015
T3 2.343 (1.026-5.353) 0.043 10.937 (1.314-91.014) 0.027

Table 2. Univariate and Multivariate Cox regression analysis for mortality of study population. Univariate
analysis enrolled previously known risk factors and those with a P-value< 0.05 in the baseline. Multivariate
analysis enrolled both previously known risk factors and those with a P-value< 0.1 in the univariate analysis.
Abbreviation:HR hazard ratio, WC waist Circumference, BMI body mass index, WBC white blood cell, CRP
C-reactive protein, FPG fasting plasma glucose, HbA Ic hemoglobin Alc, SCr serum creatine, BUN Blood
urea nitrogen, AST aspartate transaminase, DM diabetes mellitus, MetS metabolic syndrome, SHR Stress
hyperglycemia ratio.

exhibiting a significantly higher risk (HR: 10.937, 95% CI: 1.314-91.014, P<0.001), while no significant trend
observed across tertiles (P for trend > 0.05).

Association of SHR and clinical outcomes for all-cause mortality

Figure 1 displays the Kaplan-Meier curve, demonstrating that individuals in the higher SHR group (T3) faced a
significantly increased risk of primary outcomes compared to those with lower SHR levels (log-rank P=0.049).
According to the Cox proportional hazards regression analysis mentioned above, an adjusted smoothed
U-shaped restricted cubic spline plot was generated after adjusting for factors such as age, PIR, WC, ethnicity,
education levels, marital status, MetS, BUN, WBC, and monocyte percentage. This plot revealed a significant
non-linear correlation between SHR and adverse primary outcomes (P for non-linear =0.028) (Fig. 2).

Correlation between the SHR and other risk factors

Table S2 presents the results of a Spearman correlation test conducted to examine the relationships between
SHR and other clinical risk factors. The findings revealed a positive association between SHR and WC (r=0.205;
p<0.001), BMI (r=0.120; p=0.045), neutrophil count (r=0.123; p=0.037), monocyte count (r=0.012;
p=0.008), SCr (r=0.145; p=0.014), and uric acid (r=0.167; p=0.005), as well as a negative correlation with
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Fig. 1. Survival free from all-cause mortality according to SHR tertiles.
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Fig. 2. Multivariable adjusted spline curves for associations of the SHR with all-cause in patients with
Psoriasis. Hazard ratios adjusted for age(as a continuous variable), race, PIR(as a continuous variable), WC(as a
continuous variable), ethnicity, education levels, marital status, MetS, BUN(as a continuous variable), WBC(as
a continuous variable), and monocyte count(as a continuous variable). The solid line and red area represent

the estimated values and their corresponding 95% CI. SHR stress hyperglycemia ratio, HR hazard ratio, CI
confidence interval.
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Fig. 3. Receiver operating characteristic analysis of the ability of the SHR to predict all-cause mortality in
Psoriasis population. SHR stress hyperglycemia ratio, AUC area under the curve, CI confidence interval.

lymphocyte count (r = -0.144; p=0.014). In additon, we conducted multicollinearity analysis in Table S3.
Notably, we discovered that the tolerance (TOL) of neutrophil and lymphocyte are far smaller than 1 as well
as variance inflation factor (VIF) considerably higher than 10 (neutrophil: TOL 0.049; VIF 20.538; P=0.694)
(lymphocyte: TOL 0.053; VIF 18.857; P=0.638), which indicated that there existed multicollinearity between
neutrophil and lymphocyte.

The optimal cut-off value of SHR for predicting outcomes among Psoriasis

Figure 3 illustrates the ROC analysis of SHR for predicting the potential hazards of poor clinical outcomes in
patients with Psoriasis. The optimal SHR cut-off value for predicting Psoriasis was determined to be 1.045,
yielding an AUC of 0.615 (95% CI: 0.517-0.547; P=0.023).

Impact of SHR on subgroups

Figure S2 examines the correlation between SHR and all-cause mortality risk through stratification and
interaction analysis for various variables, including sex, education levels, marital status, smoking status,
alcohol consumption, history of DM, heart failure, stroke, CHD, and MetS. We observed that, except for the
education levels subgroup (P for interaction=0.857), marital status subgroup (P for interaction=0.192), and
stroke subgroup (P for interaction=0.262), SHR interacted significantly in most of the psoriasis subgroups (P
for interaction < 0.05) which may be inferred that a higher SHR value had a strong correlation with increased
all-cause mortality in males (HR: 4.612, 95% CI 1.032-20.611, P=0.022), patients frequently consumed alcohol
(HR: 3.150, 95% CI 1.037-9.570, P < 0.001). However, despite no significance being observed in smoking status,
DM and MetS subgroup (all P> 0.05), elevated SHR value more likely to affect the all-cause mortality in those
patients who were current smokers (HR: 2.888, 95% CI 0.204-24.825) and had a history of DM (HR: 2.364, 95%
CI 0.506-11.039) as well as MetS (HR: 2.798, 95% CI 0.935-8.373).

Discussion

This prospective cohort investigation is the first to examine the underlying hypothesis that SHR may deteriorate
clinical outcomes for individuals with Psoriasis over an extended period. The novel findings of our study can be
summarized as follows: Initially, it was confirmed that among respondents with Psoriasis, higher SHR levels were
associated with an increased risk of death from all causes. Secondly, after controlling for pertinent confounding
factors, SHR showed a non-linear connection with a U-shaped pattern with hazard ratios and was independently
linked to the long-term risk of all-cause mortality in patients with Psoriasis. Additionally, a Spearman correlation
revealed a strong relationship between SHR and several common risk variables of Psoriasis, such as WC, BMI,
neutrophil count, monocyte count, lymphocyte count, SCr, and uric acid. Furthermore, with an AUC of 0.615,
ROC curve analysis revealed that the optimal cut-off value for predicting clinical outcomes in the psoriasis
group was 1.045. Overall, this study underscores the notion that Psoriasis is more than just a skin condition,
highlighting SHR as a significant predictor of poor long-term all-cause mortality among psoriasis patients. These
findings can guide rapid screenings and facilitate more intensive medical care for those psoriasis patients at risk.
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Psoriasis is a chronic immune-mediated inflammatory disease with characteristic cutaneous alterations and
systemic manifestations®. Psoriasis can take a serious and life-threatening course due to systemic inflammatory
complications and its association with various comorbidities?®. According to a large amount of newly published
research, individuals with Psoriasis had a higher death risk when compared to the control groups®’~>°. Despite
significant advances in standardized treatment measures for Psoriasis in recent years and a marked decrease in
mortality rates among patients with Psoriasis, mortality rates remain higher than the general population?!. Colaco
et al. conducted a population-based, retrospective cohort study involving 176,858 patients with Psoriasis (2,524
deaths), revealing a mortality rate 1.44 per 1000 population. This elevated death rate is partially attributed to
an increased prevalence of cardiovascular, infectious, and neoplastic disorders, as noted by Yevgeniy R. Semenov
et al.3. Additionally, Psoriasis, while primarily a skin and joint disease, is linked to several comorbidities such
as CVD, bowel disease, MetS, and DM. These associated conditions significantly accelerate the rate of all-cause
mortality, emphasizing the importance of comprehensive medical care that addresses both the dermatological
and systemic health risks faced by psoriasis patients*>~*. In our investigation, over an average follow-up period
of 112 months, 13.1% of all-cause mortalities were observed among Psoriasis respondents, totaling 38 cases.
Given the significant mortality risks associated with Psoriasis, it is crucial to identify cost-effective predictive
factors for mortality to enable effective risk stratification within this cohort.

Stress hyperglycemia, featured by a momentary elevation in blood glucose levels in response to illness-related
stress, is a common occurrence among critically ill patients'>. A study enrolling a total of 1099 patients diagnosed
with ST-elevated myocardial infarction who underwent percutaneous coronary intervention from 2016 to 2021
discovered that stress hyperglycemia was significantly associated with an increased risk of in-hospital death and
all-cause mortality*®. Furthermore, Tziomalos K et al. reported that patients with stress hyperglycemia had worse
functional outcomes compared to both patients with Type 2 DM and those without either stress hyperglycemia
or Type 2 DM, suggesting that stress-induced hyperglycemia could serve as a significant prognostic factor, even
in the presence of diabetes®”. However, due to the influence of chronic glucose status, measurements of ABG
or FPG may not fully capture acute hyperglycemic conditions'®. Consequently, Roberts et al. introduced SHR
as a novel biological biomarker specifically for acute hyperglycemia, demonstrating strong correlations with
clinical outcomes across various patient populations!”-*®. SHR not only reflects the severity of an emergency
but also indicates glucose dysregulation. Poor blood glucose regulation can jeopardize patient outcomes by
exacerbating endothelial dysfunction, reducing platelet nitric oxide reactivity, aggravating microvascular
blockage, and causing additional hyperglycemic-induced vascular injury'®. Yang et al.!® evaluated the impact of
SHR on outcomes among 5,562 acute coronary syndrome patients, demonstrating that SHR was independently
associated with both short-term and long-term adverse cardiovascular outcomes. Furthermore, another study
found a U-shaped relationship between SHR and all-cause mortality, CVD, and heart failure rehospitalization in
patients with acute decompensated heart failure and DM*°. Additionally, according to the findings of Wei Xu et
al., SHR is significantly correlated with in-hospital mortality in patients with CAD and may be a useful indicator
of in-hospital mortality, especially in individuals with pre-DM and DM?*%. A large cohort study involving
2875 Chinese adults found that both high and low-stress hyperglycemia ratios (SHR) were associated with
poor prognosis during hospitalization in non-surgical patients with heart failure and type 2 DM, particularly
in those with impaired kidney function upon admission*!. Moreover, it has been reported that in patients with
myocardial infarction with nonobstructive coronary arteries, elevated SHR is directly linked to a higher risk of
major adverse cardiac events, particularly in those diagnosed with DM*2. However, the potential application
of SHR for predicting mortality risk in psoriasis patients has not been previously studied. In this study, which
included 288 patients, SHR was examined as a prognostic factor for the first time in the psoriasis group over
a follow-up duration of 112 months. The results revealed a significant correlation between elevated SHR levels
and an increased risk of all-cause mortality. Notably, SHR exhibited a non-linear, U-shaped relationship with
hazard ratios after adjusting for relevant confounding variables and was independently associated with long-
term all-cause mortality risk in psoriasis patients. Additionally, an ROC curve analysis, with an AUC of 0.615,
identified 1.045 as the optimal cut-off value for predicting clinical outcomes in the psoriasis group. Patients
with higher SHR values showed a significant association with higher mortality rates, particularly among male
responders and individuals who regularly consume alcohol, compared to those with lower SHR values. These
findings suggest the potential application of SHR in risk assessment among psoriasis patients, highlighting the
importance of managing SHR levels for their health benefits.

The association between high SHR and poor outcomes among psoriasis patients is unclear. Previous
data indicated that Psoriasis can be potentially life-threatening due to complications such as sepsis and
multisystem organ failure?>*4. These findings are consistent with our study, which shows that patients with
high SHR demonstrate a higher prevalence of comorbidities, including DM, potentially linked to endothelial
dysfunction, leading to poorer prognosis in some cases. Secondly, older age, greater WC, and systemic
inflammation characterized by monocytes were identified as independent risk factors for all-cause mortality in
psoriasis patients and were more prevalent among those with high SHR. Additionally, SHR exhibited a linear
correlation with impaired renal function, as indicated by SCr and uric acid levels and inflammation, represented
by neutrophil and lymphocyte counts, which may also be associated with poor prognosis. Therefore, further
research is urgently needed to validate these findings in a broader psoriasis cohort and to identify the underlying
mechanisms by which high SHR leads to poor prognosis in this population.

Strengths and limitations

The strength of this study is that it is the first to evaluate the role of SHR during a long follow-up span and
determine a U-shaped relationship between the SHR and mortality as well as obtain its cut-of value in predicting
poor clinical outcomes among Psoriasis patients, which facilitates to estimate the role of SHR and the potential
ability to predict poor clinical outcomes. The results enable physicians to regulate the risk factors better, enhance
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goal-directed medical therapy, follow up on targeted patients more precisely, and enhance the quality of life for
Psoriasis patients.

However, it is important to acknowledge a few limitations associated with our study. First and foremost,
the current study’s limited sample size may have constrained its results, and larger prospective investigations
are required to ensure the validity of these conclusions. Second, we were unable to generalize the results to
other populations worldwide since the ethnicity examined in our research was limited to the United States.
Additionally, individuals lacking complete data were eliminated to determine the SHR value and select the
targeted Psoriasis group, thus leading to selection bias. Moreover, even after considering a wide range of possible
confounders, the impact of unmeasured confounders could not be completely avoided. Furthermore, we did
not consider any additional non-insulin-based insulin resistance indicators in our original research, which
was limited to examining the relationship between SHR and mortality. Last, since only ABG and HbAlc are
available, our study cannot dynamically monitor the varying actual stress hyperglycemia while disregarding its
long-term state.

Conclusion

This prospective cohort study indicates for the first time that SHR is an independent risk predictor associated
with an unfavorable long-term prognosis of all-cause mortality in psoriasis patients. The study identified a
cut-off value for predicting poor clinical outcomes and demonstrated a U-shaped correlation between SHR
and clinical endpoints. These findings contribute to a more reliable and cost-effective stratification of high-risk
psoriasis patients.

Data availability

The National Health and Nutrition Examination Survey dataset is publicly available at the National Center for
Health Statistics of the Center for Disease Control and Prevention (https://www.cdc.gov/nchs/nhanes/index.h
tm). The data analyzed in this study can be obtained from the corresponding author with a reasonable request.
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