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Introduction: Psoriasis is a chronic immune-mediated inflammatory disorder affecting both adults and children worldwide, with an
average prevalence of approximately 2%. Recent evidence suggests that several hematological inflammatory parameters and vitamin
levels may serve as accessible biomarkers for disease activity and severity assessment.

Methods: This single-center retrospective case—control study was conducted at Jordan University Hospital using electronic medical
record data from January 2019 to December 2023. The study included 142 patients with psoriasis and 277 age- and sex-matched
controls. Psoriasis severity was assessed using the Psoriasis Area and Severity Index (PASI). Hematological inflammatory indices—
including neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and systemic immune-inflammation index (SII)
—as well as vitamin D and vitamin B12 levels were evaluated.

Results: The mean age + standard deviation was 43.76 + 16.78 years, with no significant differences between psoriasis cases and
controls. Females accounted for 54.93% of psoriasis cases compared with 54.41% of controls. The mean PASI score was 9.02 + 9.00.
Approximately 51.79% of psoriasis patients were vitamin D deficient, while 17.82% had vitamin B12 deficiency. No significant
differences in psoriasis severity categories were observed across vitamin B12 or vitamin D levels (p = 0.808 and p = 0.184,
respectively). The mean NLR, PLR, and SII were 2.21, 124.6, and 588,441.8, respectively. These inflammatory indices did not
demonstrate statistically significant differences between psoriasis patients and controls (p > 0.05).

Conclusion: No significant associations were observed between psoriasis severity and inflammatory hematological indices (NLR,
PLR, SII) or vitamin deficiencies. These findings suggest limited standalone utility of these biomarkers for routine assessment of
psoriasis severity in this retrospective cohort.
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Introduction
Psoriasis is a chronic inflammatory immune-mediated disorder that affects adults and children worldwide, with an
average prevalence of 2%." It is a multisystemic disease and is associated with multiple comorbidities,*’ consequently
imposing detrimental effects on patients’ physical and psychological well-being.® The Psoriasis Area and Severity
Index (PASI) is still considered the clinical gold standard for measuring disease severity.'>!' However, there is growing
interest in using real-world evidence to confirm the value of objective, routinely available laboratory parameters that can
supplement these clinical scores, particularly for monitoring subclinical systemic inflammation.

The pathophysiology of psoriasis is complex and still not fully understood;® several factors play an important role in

the pathogenesis of the disease, including immune dysregulation, environmental factors, and genetic susceptibility.g’]z’13
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Psoriasis can present with various degrees of severity, which can be assessed using the PASI score, an essential tool
that enables us to assess disease severity by evaluating the degree of erythema, infiltration, and desquamation in the
involved skin areas.'®!!

Emerging evidence is demonstrating the potential use of several hematological parameters as diagnostic and prognostic
markers.'* The neutrophil-to-lymphocyte ratio (NLR); platelet-to-lymphocyte ratio (PLR); and the systemic immune-
inflammatory index (SII) are possible cost-effective markers that we could rely on as an important part of psoriasis
investigations.'*"'® Multiple studies established a positive association between several hematological parameters and disease
severity, yet some studies failed to detect this positive correlation.'*'>!”-'® This discrepancy underscores the need for further
investigation to determine the true clinical utility of these markers. Although clinical scores are considered the gold standard
for assessment, there is a growing demand for real-world evidence to validate routinely available laboratory parameters as
objective supplements in daily practice. Such biomarkers may offer an objective complement to clinical assessment,
particularly in monitoring the systemic inflammatory burden in patients treated with biologic agents, where traditional
clinical signs may not fully reflect underlying disease activity.

In addition to inflammatory indices, this study investigates the correlation between PASI-determined disease severity
and serum vitamin D and B12 levels. By combining these inflammatory and nutritional markers, we hope to determine
whether they serve as useful biomarkers and whether regular lab tests or targeted vitamin supplements provide real
clinical benefits for people with psoriasis.

Materials and Methods
Study Design and Setting

This is a single-center retrospective case—control study conducted at Jordan University Hospital. Clinical and laboratory
data were extracted from the electronic medical records (EMR) for the period from January 2019 to December 2023.
Investigators had full access to the EMR. No linkage with external databases was performed. Because this study was
based on retrospective electronic medical record data, laboratory testing was performed according to clinical indications

rather than a standardized research protocol, and residual confounding may remain.

Study Population and Participant Selection
A total of 663 patients with a diagnosis of psoriasis were initially identified in the EMR. Inclusion criteria for
cases were a confirmed diagnosis of chronic plaque psoriasis and the availability of complete clinical and
laboratory data. Patients with other psoriasis subtypes or incomplete data were excluded, resulting in 142 patients
included in the final analysis. Age- and sex-matched controls were selected from the same EMR database at an
approximate 2:1 ratio (n = 277). Controls had no history of psoriasis or other autoimmune diseases. Patients were
categorized into treatment groups based on their status at the initial clinical visit. To ensure baseline accuracy,
only patients who had completed their laboratory evaluations prior to the initiation of medical therapy at our
center were enrolled. Controls were selected based on the absence of psoriasis and other autoimmune diseases;
however, detailed chronic disease data for controls were not systematically extracted for this specific analysis.
Data regarding psoriasis disease duration were not consistently available in the electronic medical records and were
therefore not included in the analysis.

Bias

Selection bias was minimized by including all eligible chronic plaque psoriasis patients with complete data and selecting
age- and sex-matched controls from the same EMR. Measurement bias was reduced by using standardized PASI scoring
during clinic visits and laboratory values collected prior to systemic treatment. Potential confounders, including age and
sex were addressed through matching.
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Variables and Data Sources

Psoriasis severity was assessed using the PASI score, a validated scoring system that evaluates erythema, induration,
scaling, and affected body surface area. PASI scores were calculated during dermatology clinic visits. Severity was
categorized as mild (PASI <7), moderate (PASI 7-12), and severe (PASI >12), according to previously published clinical
thresholds.'*!"!

Laboratory variables included vitamin D, vitamin B12, and complete blood count (CBC). Vitamin D deficiency was
defined as serum 25-hydroxyvitamin D levels <20 ng/mL, vitamin D insufficiency as 20-29 ng/mL, and vitamin
D sufficiency as >30 ng/mL according to Endocrine Society guidelines. Vitamin B12 deficiency was defined according
to the hospital laboratory reference range.

From the CBC results, hematological inflammatory indices were calculated. The NLR was calculated as the absolute
neutrophil count divided by the absolute lymphocyte count, the PLR as platelet count divided by absolute lymphocyte
count, and the SII as (neutrophil count x platelet count) divided by lymphocyte count.

Potential confounders included age, sex, and comorbidities. All variables were extracted directly from the EMR.
Laboratory measurements were obtained prior to initiation of systemic therapy and were assessed using uniform methods
for cases and controls.

Vitamin D and vitamin B12 measurements were performed based on clinical indications as determined by the treating
physicians, rather than systematic screening. To minimize potential confounding, patients with documented hematologic
disorders, chronic gastrointestinal malabsorption syndromes, or active malignancy were excluded where identifiable in
the electronic records. However, due to the retrospective design, residual confounding related to unrecorded clinical
indications cannot be entirely excluded.

Data Cleaning and Management
Data were reviewed for completeness and accuracy. Patients with missing clinical or laboratory data were excluded from
the analyses. No formal validation of diagnostic codes was performed.

Statistical Analysis

Continuous variables were summarized as means + standard deviations, and categorical variables as frequencies and
percentages. PASI scores and vitamin levels were analyzed as continuous variables and categorized based on standard
thresholds. Comparisons between cases and controls were performed using independent samples #-tests or chi-square
tests, as appropriate. Odds ratios with 95% confidence intervals were calculated where applicable. Subgroup analyses
were conducted according to psoriasis severity and vitamin D and B12 status. No interaction or sensitivity analyses were
performed. Statistical analyses were conducted using IBM SPSS version 23 (IBM Corp., Armonk, NY, USA).

Results

Characteristics of Cases and Controls

Our study included 142 patients with psoriasis and 277 age- and gender-matched controls. The average age and standard
deviation were 43.76+£16.78 with insignificant differences between cases and controls (p = 0.881, Cohen’s d = - 0.02).
Regarding gender, 54.93% of cases were females, compared to 54.41% of controls (p = 1, odds ratio (OR) = 1.02, [95%
CI, 0.66—1.56]). The distribution of vitamin B12 levels, vitamin D levels, and recorded comorbidities among psoriasis
patients is presented in Table 1. About half (51.79%) of cases were vitamin D deficient, while 17.82% were deficient in
vitamin B12. Furthermore, 60% of psoriasis patients had no recorded comorbidities, with diabetes being the most
common co-morbidity in 17.86% of patients.

Features of Psoriasis and Clinical Predictors of Disease Severity
Among psoriasis patients, 36.43% and 23.57% were receiving topical and systemic therapy, respectively (Figure 1A).
The average PASI score and standard deviation were 9.02+9.00, with 42.14% experiencing a moderate-to-severe disease
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Table | Gender, Vitamin Levels, and Medical Conditions in Psoriasis Patients

Characteristic Cases Controls p-value (OR, [95% CI])
n % n %

Gender 1 (1.02, [0.66—1.56])
Female 78 | 5493 | I51 | 54.51
Male 64 | 45.07 | 126 | 45.49

Vitamin B2 (pg/mL) I (1.02, [0.47, 2.11])
Deficient 54 | 17.82 | 4l 17.75
Normal 249 | 82.18 | 190 | 82.25

Vitamin D (ng/mL) 0.88
Deficient 101 | 51.79 | 64 | 51.2
Insufficient 40 | 20.51 27 21.6
Sufficient 54 | 2769 | 34 | 272

Medical Conditions

No known comorbidities 84 60 NA NA NA
Diabetes mellitus 25 | 17.86 | NA NA NA
Hypertension 13 929 | NA NA NA
Polycystic ovarian syndrome | 0.71 NA NA NA
Dyslipidemia 5 357 | NA | NA NA
Hypothyroidism 10 | 7.14 | NA | NA NA

(Figure 1B). Less than one in ten (7.09%) of psoriasis patients had psoriatic arthritis (Figure 1C). Gender was not
associated with PASI scores or severity categories (p > 0.05).

Independent #-test highlighted a significant association between hypertension and PASI scores (p = 0.024, Cohen’s d =
0.58), with a lower mean score in hypertensive people compared to others. Chi-square analysis based on categories of
severity was insignificant with hypertension (p = 0.08). Additionally, both mean-based and category-based analyses
revealed non-significant variations in PASI scores among individuals who had no recorded comorbidities or patients who
had conditions such as diabetes mellitus, hypertension, dyslipidemia, hypothyroidism, or psoriatic arthritis (p > 0.05,
Table 2).

Among patients with deficient vitamin B12 levels, 25% had severe psoriasis compared to 17.2% of patients with
normal vitamin B12 levels (Figure 2A). In terms of vitamin D levels, 27.8% of patients with deficient levels, 15.4% with
insufficient levels, and 5.26% with sufficient levels exhibited severe psoriasis (Figure 2B). Chi-square analysis showed
insignificant differences in severity category across vitamin B12 and vitamin D levels (p = 0.808 and p = 0.184,
respectively). In line, pairwise independent #-test revealed insignificant differences in mean measurements of vitamin B12
and vitamin D across severity categories (p > 0.05).

Immune Cell Counts and Ratios Correlation with Case Status and Psoriasis Severity
The mean neutrophil and lymphocyte counts were 4604.77 cells/uL and 2350.73 cells/uL, respectively. However, these
parameters exhibited no significant differences when comparing cases and controls (p > 0.05). When examining the

neutrophil counts in untreated patients compared to patients receiving topical or systemic therapy, insignificant
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Figure | Psoriasis characteristics among participants. (A) Distribution of psoriasis treatment modalities (systemic, topical, and untreated). (B) Distribution of psoriasis
severity (mild, moderate, and severe). (C) Presence of psoriatic arthritis among participants (yes or no).
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differences were observed (p = 0.897 and p = 0.994, respectively). On the other hand, lower lymphocytes counts were
observed in untreated patients when compared to patients receiving topical treatment (p = 0.047, Cohen’s d = —0.47).
The mean NLR, PLR, and SII were found to be 2.21, 124.6, and 588441.8, respectively. However, these parameters
exhibited no significant statistical differences between cases and controls (p > 0.05, Figure 3). Similarly, both pairwise
t-tests and ROC analyses failed to reveal any correlation between NLR, PLR, SII, and PASI scores. Additionally, CRP
and ESR showed no significant differences between cases and controls, nor did they demonstrate variation across PASI

severity categories. The lack of association with disease severity was also observed after subsetting by treatment category
(p > 0.05, Figure 4).

Immune Cell Ratios Correlation with Vitamin Bl2 and Vitamin D Deficiency

The correlation between immune cell ratios and vitamin B12 and vitamin D deficiency was examined. In both the total
sample and cases, no significant differences in immune cell ratios were found across categories of vitamin D levels (all
p > 0.05). Similarly, neither PLR nor SII showed associations with vitamin B12 deficiency in either the overall sample or
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Table 2 The Impact of Medical Conditions on Psoriasis Severity

Medical Conditions PASI p-value (Cohen’s d) Mild Moderate Severe p-value
meantsd n (%) n (%) n (%)
No known comorbidities | 9.07 +8.85 0.938 (-0.01) 48 (57.14) | 19 (22.62) | 17 (20.24) 0914
Diabetes mellitus 8.73 £10.78 0.878 (0.04) 15 (60) 5 (20) 5 (20) 0.97
Hypertension 4.97 +5.88 0.024 (0.58) Il (84.62) 0 (0) 2 (15.38) 0.08
Dyslipidemia 5.74 +6.52 0.315 (0.43) 4 (80) 0 (0) 1 (20) 0.46
Hypothyroidism 10.05 +9.83 0.736 (-0.12) 5 (50) 3 (30) 2 (20) 0.784
Psoriatic Arthritis 5.91+4.72 0.072 (0.45) 8 (80%) I (10%) I (10%) 0.351

Note: Bold values reflect statistically significant associations, p < 0.05

cases (all p > 0.05). However, NLR was notably higher in vitamin B12-deficient cases compared to those with normal

vitamin B12 levels (2.32+1.67 vs 2.02+1.31, p = 0.044, Cohen’s d = 0.2).

Discussion

Psoriasis is a chronic inflammatory multisystemic immune-mediated disorder, that is associated with multiple
comorbidities.*”'*2% Although the exact etiology of the disease is complex and remains unclear, it was proven that
multiple factors significantly contribute to the pathogenesis including autoimmune mechanisms, genetic susceptibility,

and environmental factors.®'>'* Chronic inflammation plays a pivotal role in psoriasis pathogenesis.'**'** The
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Figure 3 Average immune cell ratios and inflammatory markers in cases and controls.

inflammatory mediators can extend beyond the skin, affecting various organ systems, including the hematopoietic
system.”?

Elevated white blood cell counts, particularly neutrophilia, have been frequently observed in psoriasis patients.**
Neutrophils are key players in the inflammatory cascade, contributing to tissue damage and exacerbating psoriatic
lesions.?” In a study conducted by Rodriguez-Rosales et al, it was mentioned that there is a unique neutrophil profile in
the circulation of psoriasis patients, and it highlighted the dominant contribution of neutrophil-mediated inflammation,
which can be a valuable target for future therapeutic interventions.”® Moreover, it was proven that T lymphocytes have
a crucial part in the development of the disease.”’” Nevertheless, the prevalence of lymphopenia was higher in patients
with psoriasis compared to healthy patients in a hospital-based cross-sectional study conducted by Wang et al.>’

Recently, multiple studies investigated the correlation between inflammatory parameters and psoriasis.'*'*'*%* Some
divergent and inconsistent results were obtained, but the majority of the literature signified a positive association between
the aforementioned parameters. An observational study that was conducted in the US, analyzed data from a large cohort
of participants,'* and denoted the presence of a positive correlation between NLR and disease severity.'* Furthermore,
a significant positive correlation between NLR and PASI score was found in a case-control study carried out in Ho Chi
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Figure 4 Average immune cell ratios and inflammatory markers according to disease severity.

Minh City Hospital.?® However, a meta-analysis conducted by Paliogiannis et al suggested that there is a significant
correlation between NLR, PLR, and the presence of psoriasis, but not its severity'® Another study failed to detect
a positive association between PASI scores and NLR or PLR, this discrepancy was thought to be due to the fact NLR and
PLR reflect the inflammatory status of the patient, not the severity.'>

Concerning SII, multiple studies found significantly higher values in psoriasis patients.””>' Moreover, it was identified as
a prognostic inflammatory indicator for psoriasis and psoriatic arthritis based on a study conducted by Yorulmaz et al, where
a positive correlation was found between SII and both PASI scores and psoriatic arthritis.'® Another study found significantly
higher values of SII among patients with PASI > 4.5, and also among patients with involvement of nails and genitalia.**
Additionally, SII values were significantly higher among pustular psoriasis when compared to other subtypes in a study conducted
by Ibrahim et al.*®> On the other hand, a study conducted in China found a higher level of SIT among psoriasis patients, but no
significant correlation between its level and psoriasis severity.*! In our study, NLR, PLR, and SII exhibited no significant statistical
differences between cases and controls, and no correlation between the aforementioned parameters and PASI scores. Recent real-
world studies have also evaluated routinely available hematological indices as potential predictors of treatment response and
safety in biologic-treated psoriasis cohorts. In particular, analyses involving monoclonal antibodies such as guselkumab and
bimekizumab have explored whether baseline inflammatory markers may help predict therapeutic outcomes or adverse events.
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These findings suggest that although simple inflammatory indices may not consistently correlate with baseline disease severity,
their potential role in longitudinal monitoring and treatment stratification warrants further investigation. Therefore, the clinical
utility of these markers may depend more on dynamic assessment over time rather than cross-sectional severity evaluation
alone.**?’

The association between psoriasis severity and vitamin D level was also investigated in numerous studies.***” A case-control
study reported that serum vitamin D levels were significantly lower in psoriasis patients, in addition to finding a significant
negative correlation between vitamin D level and PASI score.>® Similarly, a meta-analysis that was conducted by Hollis et al
identified that psoriasis patients have lower levels of vitamin D, yet their PASI scores failed to improve after vitamin
D supplementation.*” Additionally, vitamin B12 levels among psoriasis patients were assessed in multiple studies.*® ** Most
of the studies did not find significant differences between psoriasis patients and controls, which aligns with our study
findings.****! Moreover, a trial of vitamin B12 injections did not show any benefit among psoriasis patients.*> On the other
hand, some studies found a significantly lower vitamin B12 level among psoriasis patients,**** but there was no significant
correlation with psoriasis severity.”® Our study revealed insignificant differences in mean measurements of vitamin B12 and
vitamin D between cases and controls, nor across psoriasis severity categories. The NLR correlation with vitamin D and vitamin
B12 deficiencies was studied in multiple inflammatory and metabolic conditions.***” Multiple studies found a significant
negative correlation between vitamin D level and NLR.*****" Bas et al found the rate of NLR higher in vitamin D deficiency
patients,** and Wang et al found the NLR ratio significantly higher among diabetic and prediabetic patients who are vitamin
D deficient.*® Additionally, a study in Turkey found no significant correlation between vitamin B12 deficiency and NLR.*
Interestingly, NLR was notably higher in vitamin B12-deficient but not vitamin D-deficient psoriasis patients compared to those
with psoriasis patients who have normal vitamin levels in our study.

Limitation

This is a single-center retrospective study, and the study sample was small. Routinely collected EMR data were used, which were
not originally created to answer our research question, potentially introducing misclassification, unmeasured confounding, and
missing data. Future iterations of the study could include a prospective design with a larger sample among multiple hospitals to
clarify the association between these hematological parameters and disease severity, reflected in the PASI score. This will
consequently provide valuable evidence for potential improvements in the diagnostic and therapeutic monitoring of the disease.

Conclusion

In conclusion, the hematological and nutritional markers we studied showed limited ability to predict psoriasis severity
on their own in our real-world group. However, this does not mean they lack clinical value. Our results show that these
biomarkers are complex and may be more useful when combined with other clinical and laboratory measures in broader
assessment models. More prospective studies are needed to better understand their role in different patient groups and to
see how they can support current treatment monitoring, especially for patients on systemic and biologic therapies.
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