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Abstract
Background. As a chronic inflammatory disease, psoriasis affects not only the 
skin but also the metabolic profile of the patients. Biologic therapies, including 
tumor necrosis alpha (TNF-a) inhibitors and interleukin (IL)-12/23 and IL-17 
antagonists, have proven effective in the reduction of psoriasis severity; however 
their impact on the metabolic and chronic inflammatory profiles of the patients 
remains incompletely elucidated.
Methods. We performed a longitudinal case-control study on 106 psoriasis patients 
and an equal number of controls without the disease, as well as a prospective 
study on the patient group with the end point being 6 months of biologic therapy. 
Patients received either ixekizumab, secukinumab, guselkumab, certolizumab, 
ustekinumab, risankizumab, or adalimumab. Abdominal circumference, serum 
fasting glucose, triglycerides (TG), high-density lipoproteins (HDL), erythrocyte 
sedimentation rate (ESR) and C reactive protein (CRP) were measured for both 
patients and controls, with an additional measurement for patients after 6 months.
Results. At baseline, the number of psoriasis patients suffering from obesity, 
metabolic syndrome, and chronic inflammation significantly outnumbered 
controls (p<0.05), with the calculated odds ratio being 1.88, 6.83, and 81.84 
for these conditions in psoriasis, respectively. Biologic therapies increased the 
abdominal circumference of patients in a slight but significant fashion (p<0.05), 
as well as significantly improved HDL, CRP, ESR levels at 6 months (p<0.05). 
Moreover, after 6 months, the number of patients meeting the diagnostic criteria 
for metabolic syndrome and chronic inflammation was significantly lower than at 
baseline (p<0.001).
Conclusions. According to our results, biologic therapies improve the overall 
metabolic and inflammatory profiles of psoriasis patients, the most significant 
ameliorations being noticed for serum HDL, CRP, and ESR.
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Background
Pathogenesis of psoriasis
Psoriasis is a chronic, immune-mediated illness 

characterized by a hypertrophied and scaly appearing series 
of skin patches, caused by disturbed immune cells. The 
typical location for cutaneous lesions is the extensor surfaces 
of the limbs, the scalp, or the lumbosacral region [1]. In the 
pathogenesis of psoriasis, oxidative stress, reactive oxygen 
species [ROS], and a higher concentration of insulin-
like growth factor-1 (IGF-1) and epidermal growth factor 
(EGF) have been demonstrated. Several susceptibility loci 
for psoriasis have been identified through linkage studies 
(PSORS1-12). Psoriasis with an early onset is strongly 
associated with the HLA-Cw6 allele. Regarding biomarkers 
in psoriasis, additional research is ongoing. Leptin and 
resistin are considered potential biomarkers for the prediction 
of insulin resistance and atherosclerosis in obese psoriasis 
patients [2].

Metabolic syndrome
The metabolic syndrome denotes an accumulation 

of several interconnected pathologies that lead to an 
upsurge of the risk of severe complications such as 
atherosclerotic coronaropathies or cerebral stroke [3-5]. 
It is a cluster of known cardiovascular risk factors, such 
as obesity, dyslipidemia, hypertension, and impaired 
glucose tolerance. It is not a random occurrence that 
psoriasis and metabolic syndrome are linked. It appears 
that psoriasis and metabolic syndrome share overlapping 
pathogenic mechanisms, with systemic inflammation and 
the elevation of inflammatory markers being present in 
both [6]. Metabolic syndrome is commonly associated with 
overweight or obesity. The adipose tissue can be considered 
as a metabolically active endocrine organ which generates 
proinflammatory adipokines and cytokines, which in turn 
attract immune cells with the promotion of macrophage 
differentiation into M1 cellular subtypes. Such adipokines 
include TNF-a, IL-6, and leptin, the last of which acts on T 
cells, macrophages, and other immune cells to promote the 
production of a broad range of cytokines, resistin, chemerin 
fibrinogen, and CRP, as well as lower levels of anti-
inflammatory factors such as adiponectin. Dysglycemia, 
atherogenic dyslipidemia, and vascular dysfunction arise as 
a result of the actions of these factors [7,8]. For a diagnosis 
of metabolic syndrome to be established, at least three 
out of five criteria need to be present. According to the 
National Heart, Lung, and Blood Institute (NHLBI) and the 
American Heart Association (AHA), these are as follows:

- Fasting glucose ≥100 mg/dL (or receiving medical 
treatment for hyperglycemia);

- Blood pressure (BP) ≥130/85 mmHg (or receiving 
medical treatment for hypertension – HTN);

- Serum triglyceride (TG) level ≥150 mg/dL (or 
receiving medical treatment for hypertriglyceridemia);

- High-density lipoprotein (HDL) serum levels <40 
mg/dL in males or <50 mg/dL in females (or receiving 
medical treatment for low level HDL);

- Abdominal circumference ≥102 cm in males or 
≥88 cm in females (conditions differing slightly for those 
of Asian descent: ≥90 cm in males or ≥80 in females).

Chronic inflammation in psoriasis
Inflammation is a precisely controlled, well-regulated 

immune system response to various stimuli that provides 
protection and defense against both external and internal 
threats (such as pathogens, toxins, chemicals, cancer, and 
damaged cells) and promotes regeneration of damaged 
tissue [9]. Multiple factors have been implicated in the 
pathogenesis of psoriasis, including genetic predisposition 
(polymorphisms in genes regulating various immunological 
signaling pathways and processes), aberrant individual 
reactivity, epigenetic factors, oxidative stress, and skin 
microbiome alteration. These factors influence skin barrier 
functions; trigger errors in differentiation and proliferation 
of keratinocytes; promote skin infiltration by immune cells 
(T cells, macrophages, neutrophils, and dendritic cells); 
they enhance the production of IL-23, IL-22, IL-17A, TNF, 
INF, and IL-12; and drive the assembly of inflammasomes, 
thereby initiating and sustaining inflammation [10,11]. 
The notion of a systemic inflammatory syndrome refers to 
a concept standing at the basis of revolutionary therapies 
both upcoming and present, including for psoriasis [12,13]. 
It represents the totality of biological alterations that occur 
during an inflammatory disease. Its causes include, but are 
not limited to, infectious pathologies, autoimmune diseases 
(psoriasis, rheumatoid arthritis), and even malignancies. 
Within chronic inflammation, we encounter changes to the 
patient’s general state (asthenia, anorexia, fever, loss of 
appetite) as well as certain serum parameters. The diagnosis 
is however generally clinical, with confirmation through 
an increase in the erythrocyte sedimentation rate (ESR), a 
rise of C reactive protein (CRP) levels, and an upsurge of 
fibrinogen [14-16]. During chronic inflammation, platelets 
and leucocytes (mainly neutrophils) will rise in numbers, 
whereas erythrocytes will diminish in size. Out of these 
parameters, CRP and ESR are considered the most sensible 
for confirming chronic inflammation, despite them not being 
specific.

Biologic agents in psoriasis
Although topical and systemic therapies are used 

and relatively effective, biologic agents that directly 
intervene in the pathophysiological cascade are sometimes 
needed in more aggressive or severe forms of the disease. 
These are represented by the tumor necrosis factor alpha 
(TNF-a) inhibitors, and interleukin (IL)-12/23 and IL-
17 antagonists. TNF-a inhibitors include adalimumab, 
etanercept, infliximab, and certolizumab. Belonging to 
the IL-12/23 antagonists, ustekinumab, guselkumab, 
tildrakizumab, and risankizumab inhibit T-helper (Th) 
cells types 1 and 17. Lastly, ixekizumab, secukinumab, and 
brodalumab are all monoclonal antibodies that antagonize 
IL-17, which is produced by Th-17 and is a major nexus of 
the inflammatory process [17].
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Study aims
The first main objective of this study was to 

compare the prevalence of metabolic syndrome and chronic 
inflammation between psoriasis patients and non-affected 
controls. The second main goal was to determine the 
influence of biologic therapies upon the metabolic syndrome 
and chronic inflammation in psoriasis. Specifically, the aim 
was to establish whether biologic agents have any effect on 
the amelioration of the clinical and laboratory parameters 
that act as diagnostic criteria. A secondary objective was to 
compare the efficacy of biologic agents in this regard.

Methods
Patients and controls
For this study, 106 patients diagnosed with psoriasis 

were prospectively enrolled. For each patient with psoriasis, 
we attempted to select a compatible disease-free control of 
matching gender, background, and age category. All patients 
and controls were bio-naïve. Psoriasis Area Severity Index 
(PASI) and Dermatology Life Quality Index (DLQI) were 
determined for the patients, these being calculated by the 
main treating dermatologist (O.R.I.), with the reevaluation 
of psoriatic patients at 6 months of treatment. Controls were 
only evaluated at baseline, with the purpose of comparing 
the incidence of metabolic syndrome and inflammation 
with psoriasis patients.

A clinical examination was performed and biological 
samples were obtained (peripheral serum from venous blood) 
from all cases and controls. These included measuring the 
abdominal circumference and arterial blood pressure, as 
well as dosing serum TG, HDL, and glucose to establish the 
presence of metabolic syndrome on one hand, and ESR and 
CRP for chronic inflammation on the other. The presence of 
comorbidities such as arterial hypertension (HTN), type II 
diabetes, and psoriatic arthritis was noted, the association 
with each of these being coded on an ordinate scale from 
0 to 4, as seen in table I for ease of statistical analysis. The 
treatment was then established by the treating physician 
alongside with each individual patient, based on clinical 
features, risk profile, as well as individual preference. After 
6 months of therapy, psoriasis patients were reevaluated for 

all tested parameters and disease severity scores.
Moreover, we checked whether the age at the moment 

of presentation, duration of the disease, and background 
had any impact on the development of metabolic syndrome 
or chronic inflammation in psoriatic patients. Anonymized 
patient information was then gathered in an electronic 
spreadsheet in Microsoft® Excel for Mac.

Statistical analysis
For descriptive statistics, we employed the functions 

of Microsoft® Excel for Mac - including means, minimal 
and maximal values, standard deviations, and confidence 
intervals. Histograms, correlation graphs, and box plots 
were created in the SPSS analytical software. Statistical 
analysis was performed with the help of the SPSS 
analytical software. We used the Chi square test to compare 
the prevalence of associated comorbidities, metabolic 
syndrome and inflammation between the patient and control 
group, as well as to calculate the respective odds ratio (OR) 
for each instance. In testing for the association between 
psoriasis severity score and parameters for metabolic 
syndrome and inflammation, we employed Spearman’s 
Correlation test, Linear Correlation graphs, and the 
Nominal Logistic Regression test. Pearson’s R Coefficient 
and the Spearman Correlation were applied for testing the 
association between age and the measured parameters as 
well as psoriasis severity scores. The Mann-Whitney U 
Test and the Independent-Samples Kruskal-Wallis Test 
were used to verify the age distribution and mean between 
psoriasis patients with and without comorbidities. To 
reduce the chances of false positive results, we then applied 
the Bonferroni Correction. Differences in values between 
baseline and 6 months of therapy for the tested parameters 
were verified with the Related-Samples Wilcoxon Signed 
Rank Test. The Related-Samples McNemar Change Test 
was employed to check the differences in prevalence for 
obesity, metabolic syndrome, and inflammation within 
the patient group at baseline and study endpoint. The 
Independent-Samples Kruskal-Wallis Test was also utilized 
to compare the efficacy of the different biologic agents in 
terms of reducing CRP and ESR at 6 months of therapy. A 
p value of <0.05 was considered for statistical significance. 

                Table I. Grading system for statistical analysis.

Score Sex Background Metabolic 
syndrome

Chronic 
inflammation Comorbidities Treatment

0 Masculine Rural Absent Absent None Ixekizumab
1 Feminine Urban Present Present HTN Secukinumab
2 Type II diabetes Guselkumab
3 HTN + diabetes Certolizumab
4 Ustekinumab
5 Risankizumab
6 Adalimumab

                Abbreviations: HTN, arterial hypertension.
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Results
Demographics of patient and control groups
Within the psoriasis patient group, the male sex was 

predominant, counting 66 cases (62.26%), whereas the 
female patients were 40 in number (37.74%), the male-to-
female ratio being 1.65:1. Regarding the background, 36 
patients (33.96%) declared belonging to a rural region, the 
rest of 70 (66.04%) being from an urban area. The youngest 
of the study group was 19 years old, while the oldest was 
84, with a mean age of 49.5 years (standard deviation – SD 
14.13961 years, 95% confidence interval – CI [46.808 – 
52.192]). Length of disease was 1 and 52 years at extremes, 
the average being 15.27 years (SD 10.85 years, 95% CI 
[13.209 – 17.339]).

In the control group, the male-female ratio was 
1.35:1, with 61 males (57.54%) and 45 (42.45%) females 
being included. Seventy-four individuals (69.81%) came 
from an urban background, with the remaining 34 living in 
a rural environment (30.19%). The age extremes were 18 
years and 74 years, respectively, the calculated mean being 
43.93 years (SD 14.11 years, 95% CI [41.254 – 46.626]).

Comorbidities within patient and control groups
Sixty patients presented metabolic syndrome at 

baseline (56.6%), while 39 had HTN (36.8%) at the initiation 
of biologic therapy. Similarly, 44 (41.5%) of cases were 
diagnosed with obesity initially, compared to 40 (37.7%) 
at the end of the study interval. At 6 months, the number 
of with hypertension remained unchanged, although the 
number of individuals with metabolic syndrome decreased 
to 40 (37.7%). Abdominal circumference of psoriasis 
patients ranged between 62 and 150 cm at the start of 
therapy, averaging at 97.11 cm (SD 15.717, 95% CI [94.118 
– 100.102]), and at 6 months it ranged between 63 and 152 
cm with an average of 97.66 cm (SD 16.078, 95% CI [94.6 
– 100.72]). Within the same group, TG had values between 
80 and 310 mg/dL with a mean of 172.58 mg/dL (SD 
60.182, 95 CI [161.123 – 184.037] at first measurement 
and between 85 and 300 mg/dL with an average of 173.44 
mg/dL (SD 65.718, 95% CI [46.808 – 52.192]) at 6 months 
of therapy. The serum HDL levels at the start of treatment 
varied between 26 and 78 mg/dL, averaging at 46.93 mg/
dL (SD 14.418, 95% CI [44.185 – 49.685]), then 26 and 
85 mg/dL with a mean of 48.88 mg/dL (SD 16.484, 95% 

CI [45.742 – 52.018]) after 6 months, respectively. Lastly, 
serum fasting glucose ranged between 70 and 144 mg/dL 
with an average of 96.91 mg/dL at initial measurement 
(SD 15.902, 95% CI [93.883 – 99.937]), and at 6 months 
measured between 75 and 150 mg/dL with a mean of 95.98 
mg/dL (SD 17.676, 95% CI [92.615 – 99.345]).

Within the study group, 100 patients were diagnosed 
with chronic inflammation at the beginning of therapy 
(94.3%), as opposed to only 31 (29.2%) after 6 months. 
We obtained an ESR average of 21.84 mm/h with extremes 
being 10 and 35 mm/h (SD 5.265, 95% CI [20.838 – 
22.842]) at first evaluation, then 11.15 mm/h with limits 
of 5 and 27 mm/h at the 6-month mark (SD 5.186, 95% 
CI [10.079 – 12.221]). Regarding CRP, the initial mean 
was 3.397 mg/dL and varying between 0.18 and 12 mg/
dL (SD 1.957, 95% CI [3.024 – 3.769]), whereas at 6 
months it was 0.5127 mg/dL with a minimum of 0.02 and 
a maximum value of 2.84 mg/dL, respectively (SD 0.469, 
95% CI [0.423 – 0.602]). Regarding controls, 29 (27.4%) 
and 17 (16%) presented obesity and metabolic syndrome, 
respectively. Chronic inflammation was noticed in only 18 
(17%) of controls. Out of the psoriatic patient group, 57 
(53.8%) had neither HTN nor diabetes, 33 (31.1%) had 
only HTN, 10 (9.4%) had only diabetes, and 6 (5.7%) both 
HTN and diabetes. Additionally, 4 patients also presented 
psoriatic arthritis (3.8%).  As for the comorbidities in the 
control group, 85 (80.2%) of individuals had none, 14 
(13.2%) only HTN, 4 (3.8%) diabetes, and 3 (2.8%) both 
HTN and diabetes (Table II). Figure 1 shows the mirrored 
histograms for the measured parameters of metabolic 
syndrome within the patient group at start and 6 months 
of therapy. Figure 2 shows histograms for ESR and CRP 
values at the same intervals.

The lowest initial PASI score among the patients 
was 13, the highest being 33. Meanwhile, DLQI scores 
ranged between 10 and 30. After 6 months of treatment, 
these intervals were reduced from 0 to 8 and from 0 to 9 for 
PASI and DLQI, respectively.

Regarding the agents employed, 37 patients 
(34.91%) received ixekizumab, 21 (19.81%) secukinumab, 
5 (4.72%) guselkumab, 5 (4.72%) certolizumab, 7 (6.6%) 
ustekinumab, 16 (15.09%) risankizumab, and 15 (14.15%) 
adalimumab.

Table II. Frequency of comorbidities in patient and control groups at baseline (percentages in brackets).

Comorbidity
Patients – Baseline Controls

No. (%) No. (%)
Obesity 44 (41.5) 29 (27.4)
Neither HTN nor Diabetes 57 (53.8) 85 (80.2)
HTN 33 (31.1) 14 (13.2)
Type 2 Diabetes 10 (9.4) 4 (3.8)
HTN plus Type 2 Diabetes 6 (5.7) 3 (2.8)
Metabolic Syndrome 60 (56.6) 17 (16)
Systemic Inflammation 100 (94.3) 18 (17)

                                 Abbreviations: HTN, hypertension.
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Figure 1. Histograms of the comparative values at therapy initiation (left) and after 6 months (right) for the studied components of 
the metabolic syndrome: abdominal circumference (in cm) – first row, serum triglyceride (TG, in mg/dL) – second row, high-density 
lipoproteins (HDL, in mg/dL) – third row, and fasting glucose (in mm/dL) – last row. Abscissa: corresponding values of measured 
parameters; Ordinate: total frequency of values.
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Figure 2. Histograms of the comparative values at therapy initiation (left) and after 6 months (right) for the components of chronic 
inflammation: erythrocyte sedimentation rate (ESR, in mm/h) – first row, C reactive protein (CRP, in mg/dL) – second row. Abscissa: 
corresponding values of measured parameters; Ordinate: total frequency of values.

Table III. Detailed characteristics of the patient group (units of measure between brackets).
Abd. 
Circ. TG HDL Glucose ESR CRP Abd. Circ. – 

6 mo.
TG –       
6 mo.

HDL –     
6 mo.

Glucose –   
6 mo.

ESR –    
6 mo.

CRP –       
6 mo.

Mean 97.11 172.58 46.93 96.91 21.84 3.3971 97.66 173.44 48.88 95.98 11.15 0.5127
Std. Error of 
Mean 1.527 5.845 1.4 1.545 0.511 0.19014 1.562 6.383 1.601 1.717 0.504 0.04556

Median 99.5 178 43 93.5 21 3.135 98.5 175 42 90 9 0.38
Std. Deviation 15.717 60.182 14.418 15.902 5.265 1.95763 16.078 65.718 16.484 17.676 5.186 0.46907
Variance 247.035 3621.845 207.891 252.886 27.717 3.832 258.512 4318.821 271.728 312.438 26.891 0.22
Skewness 0.411 0.259 0.568 0.929 0.369 1.057 0.386 0.301 0.59 1.518 1.236 2.07
Std. Error of 
Skewness 0.235 0.235 0.235 0.235 0.235 0.235 0.235 0.235 0.235 0.235 0.235 0.235

Kurtosis 0.989 -0.921 -0.845 0.438 -0.435 2.505 0.947 -1.074 -0.979 1.258 1.138 5.893
Std. Error of 
Kurtosis 0.465 0.465 0.465 0.465 0.465 0.465 0.465 0.465 0.465 0.465 0.465 0.465

Range 88 230 52 74 25 11.82 89 215 59 75 22 2.84
Minimum 62 80 26 70 10 0.18 63 85 26 75 5 0.02
Maximum 150 310 78 144 35 12 152 300 85 150 27 2.84
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The results of the descriptive analysis within the 
patient group are available in table III.

Correlation between psoriasis and comorbidites
The first step was to compare the prevalence of 

obesity between the two groups. Twenty-nine controls 
(27.36%) and 44 cases (41.51%) presented obesity. Chi 
square test revealed a statistically significant correlation 
between psoriasis and obesity (p=0.030 < 0.05), calculated 
OR being 1.88. Metabolic syndrome was present in 60 
psoriatic patients (56.6%) and in 17 controls (16.04%). 
The correlation between psoriasis and metabolic syndrome 
had a very powerful statistical significance (p<0.0001) 
and an OR of 6.83. Concerning chronic inflammation, 
100 out of the patient group had this condition (94.34%), 
compared to 18 controls (16.98%). The correlation 
between psoriasis and chronic inflammation had a very 
powerful statistical significance (p<0.0001), the OR being 
81.84. Performing the Chi square test, we also found a 
positive correlation between psoriasis and the presence 
of HTN (p<0.000), with an OR of 3.0. Upon comparing 
the frequency of comorbidities (either HTN or diabetes or 
both) between cases and controls, we obtained a statistical 
significance for psoriasis patients (p < 0.000).

The next step was to compare the prevalence 
of obesity between the two groups. Only 29 controls 
presented obesity (27.36%), whereas this condition was 
present in 44 cases (41.51%). Chi square test revealed 
a statistically significant correlation between psoriasis 
and obesity (p=0.030, < 0.05), calculated OR being 1.88. 
Similarly for the metabolic syndrome, which was present 
in 60 psoriatic patients (56.6%) versus only 17 controls 
(16.04%), the correlation had a very powerful statistical 
significance in favor of psoriasis (p<0.0001). OR in this 
case was 6.83. As for chronic inflammation, 100 of the 
patient group had this condition (94.34%), as opposed 
to just 18 controls (16.98%). The correlation between 
psoriasis and chronic inflammation had a very powerful 
statistical significance (p<0,0001), the OR being as high 
as 81.84. Performing the Chi square test, we also found 
a positive correlation between the presence of the tested 
comorbidities (either HTN or diabetes or both) and the 
diagnosis of psoriasis (p < 0.000).

Then, we tested for an association between 
background and the presence of comorbidities in psoriasis. 
Thirty (42.86%) out of 70 patients from the urban area 
were obese, in contrast to the 14 (38.89%) out of the 
36 from the rural regions. Performing the Chi square 
test did not yield any statistically significant association 
(p=0.695, > 0.05). However, in the control group where 

obesity was present in 26 (35.13%) out of 74 individuals 
from the urbanized areas and only in 3 (9.38%) of the 32 
from the rural background, applying the same test showed 
a positive correlation between the urban background and 
obesity (p=0.006, < 0.05) with an OR of 5.24. Concerning 
metabolic syndrome, this was present in 37 (52.85%) 
cases from the urban area and in 23 (63.89%) from those 
in rural communities. Chi square test did not prove any 
significant association between background and metabolic 
syndrome in this group (p=0.278 > 0.05). The control 
group included 14 (18.92%) of persons from the urban 
area and 3 (9.38%) from rural regions with metabolic 
syndrome, without there being a statistically significant 
correlation (p=0.219 > 0.05).

Association between psoriasis severity and 
diagnostic parameters for the metabolic syndrome and 
systemic inflammation

We tested the correlation between PASI and 
DLQI on the one hand and the parameters for metabolic 
syndrome (abdominal circumference, TG, HDL, and 
glucose) and inflammation on the other (ESR and CRP) 
by using Spearman’s correlation and corresponding linear 
inversion graphs. According to these tests, no significant 
correlations were established between either PASI or 
DLQI scores and abdominal circumference (p=0.96 
and p=0.15, respectively), TG (p=0.43 and p=0.75, 
respectively), HDL (p=0.43 and p=0.38, respectively), or 
glucose (p=0.06 and p=0.79, respectively). We obtained 
statistically significant correlations of moderate intensity 
between PASI and ESR (R=0.61, p<0.00), DLQI and ESR 
(R=0.56, p<0.00), and DLQI and CRP (R=0.66, p<0.00), 
as well as a very strong correlation between PASI and 
CRP (R=0.77, p<0.00). Linear correlation graphs can be 
viewed in figure 3.

By performing nominal logistic regression, we 
tested for any correlations between PASI and DLQI 
scores on one hand, and the diagnostic parameters for 
both metabolic syndrome (abdominal circumference, 
glucose, TG, HDL) and systemic inflammation (ESR, 
CRP) on the other. Regarding PASI, we observed 
statistical significance only in the correlation with CRP 
(p<0.000), with a tendency for significance between 
PASI and abdominal circumference (p=0.08). Concerning 
DLQI, there was statistical significance for the correlation 
with abdominal circumference (p=0.008 < 0.05), ESR 
(p=0.003 < 0.05), and CRP (p<0.000). The results of both 
linear regression and nominal logistic regression can be 
viewed in table IV.
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Figure 3. Linear correlation graphs between PASI (left column) and DLQI (right column) on the one hand, and abdominal circumference 
(top row), serum triglycerides (TG – second row), high-density lipoproteins (HDL – third row), glucose (fourth row), erythrocyte 
sedimentation rate (ESR – fifth row), and C reactive protein (CRP – final row) on the other. The only statistically significant correlations 
were between PASI and ESR, PASI and CRP, DLQI and ESR, and DLQI and CRP. Abscissa: PASI (left) or DLQI (right) score. Ordinate: 
values on respective measurement scales.
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Table IV. Results for Linear Regression and Nominal Logistic Regression test results between psoriasis severity scores PASI and DLQI 
and metabolic syndrome (abdominal circumference, TG, HDL, and glucose) and inflammation (ESR and CRP).

Tested variables
Linear Regression (Pearson’s Correlation) Nominal regression

Pearson’s R Significance (p) Covariance Statistic -2 Log likelihood 
of reduced model

Chi-
Square p

PASI and Abdominal 
circumference -0.005 0.96 -0.32 -0.05 351.19 26.95 0.08

PASI and TG 0.079 0.42 19 0.81 336.49 12.25 0.83
PASI and HDL 0.077 0.43 -4.44 -0.79 336.73 12.49 0.82
PASI and glucose 0.179 0.06 11.36 1.86 332.76 8.52 0.97
PASI and ESR 0.61 <0.00 12.71 7.77 344.35 20.1 0.33
PASI and CRP 0.77 <0.00 6.03 12.43 389.39 65.15 0.00
DLQI and Abdominal 
circumference -0.14 0.15 -12.43 -1.47 422.58 38.35 0.008

DLQI and TG 0.03 0.75 10.69 0.33 407.49 23.26 0.28
DLQI and HDL -0.087 0.38 -6.97 -0.89 409.29 25.06 0.19
DLQI and glucose 0.027 0.79 2.35 0.27 402.79 18.56 0.55
DLQI and ESR 0.56 <0.00 16.41 6.9 425.47 41.24 0.003
DLQI and CRP 0.66 <0.00 7.19 8.97 436.64 52.4 0.000

Negative values represent inversely linear correlations. Bolded lines show statistically significant correlations. Abbreviations: PASI, 
psoriasis area severity index; DLQI, dermatology life quality index; TG, triglycerides; HDL, high-density lipoproteins; ESR, erythrocyte 
sedimentation rate; CRP, C reactive protein.

Table V. Tested correlations between age and the components of measured metabolic syndrome and chronic inflammation parameters, 
as well as the psoriasis severity scores PASI and DLQI. 

Test Value Standard error T (approximate) p
Age and 
abdominal circ.

Pearson’s R 0.316 0.096 3.399 <0.001
Spearman Correlation 0.358 0.092 3.909 <0.000

Age and TG Pearson’s R 0.325 0.082 3.509 <0.001
Spearman Correlation 0.306 0.089 3.278 <0.001

Age and HDL Pearson’s R -0.311 0.094 -3.333 <0.001
Spearman Correlation -0.263 0.098 -2.781 <0.006

Age and glucose Pearson’s R 0.329 0.088 3.553 <0.001
Spearman Correlation 0.286 0.093 3.047 <0.003

Age and ESR Pearson’s R 0.169 0.100 1.753 0.083
Spearman Correlation 0.166 0.094 1.713 0.090

Age and CRP Pearson’s R 0.444 0.051 5.053 <0.000
Spearman Correlation 0.532 0.071 6.405 <0.000

Age and PASI Pearson’s R -0.076 0.098 -0.776 0.439
Spearman Correlation -0.090 0.100 -0.917 0.361

Age and DLQI Pearson’s R -0.261 0.091 -2.762 <0.007
Spearman Correlation -0.248 0.094 -2.608 0.010

Abbreviations: Abd. Circ, abdominal circumference; TG, serum triglycerides; HDL, high density lipoproteins; ESR, erythrocyte 
sedimentation rate; CRP, C reactive protein; PASI, psoriasis area severity index; DLQI, dermatology life quality index.
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Correlations between age and diagnostic 
parameters for the metabolic syndrome and systemic 
inflammation

We also searched for any correlations between patient 
age on the one side and abdominal circumference, serum 
TG, HDL, fasting glucose, ESR, CRP, PASI, and DLQI 
scores at therapy onset on the other. For this purpose, we 
used Pearson’s R Coefficient and the Spearman Correlation. 
Regarding age and abdominal circumference, we observed 
a directly proportional relationship of moderate intensity 
and strong statistical significance (p<0.001). A similar 
association was noticed between age and TG (p<0.001). A 
directly proportional correlation of low intensity according 
to the Spearman Correlation, although moderate based on 
Pearson’s R Coefficient was found between age and fasting 
glucose (p<0.001 and p<0.003, respectively). Between 
age and serum HDL we obtained a statistically significant 
inversely proportional association of low intensity 
according to the Spearman Correlation, but of moderate 
intensity if considering Pearson’s R Coefficient (p<0.001 
and p<0.006, respectively). No statistically significant 
correlation could be found between age and ESR (p=0.083 
– Pearson and p=0.09 – Spearman, respectively). However, 
there was a directly proportional moderate intensity 
association between age and CRP according to Pearson’s 
R coefficient (p<0.000) and of high intensity based on 
Spearman’s Coefficient (p<0.000). Lastly, we identified 
an inversely proportional correlation of low intensity 
but strong statistical significance between age and DLQI 
(p<0.007 – Pearson, and p=0.01 – Spearman), however not 
with PASI (p=0.439 and p=0.361, respectively). The results 
of these tests are found in table V.

We established the null hypothesis that the distribution 
of ages was equivalent in both categories of obesity (absence 
and presence thereof, respectively). Based on the Mann-
Whitney U test, the null hypothesis was rejected with a 
strong statistical significance (p<0.0001). A similar result 
was observed when testing the median age between the two 
categories of obesity (p=0.035 < 0.05), patients without 
the condition having a lower age median than the absolute 
median of 49 years (45 years of age), whereas those with 
obesity had a higher median (53 years of age).

Applying the Independent-Samples Kruskal-Wallis 
test, we investigated whether the distribution and median 
age were the same between the psoriasis patients without 
additional HTN or type II diabetes, and those with HTN, 
diabetes, and simultaneous HTN and diabetes, respectively. 
Based on the test results, we rejected the null hypothesis 
stating that the distribution of ages was equal between these 
patient categories (p<0.000). Similarly, the median ages 
between the categories differed significantly (p<0.000), 
with lower ages found in the group with neither HTN or 
diabetes. Moreover, when testing between category pairs, 
we obtained a statistically significant difference for age 
distribution between those having neither comorbidities 

and those with HTN (p=0.000), diabetes (p<0.023), as well 
as HTN and diabetes concomitantly (p<0.004). Applying 
the Bonferroni correction for multiple tests, a statistical 
significance remained only between those without the 
comorbidities and the group with HTN (p<0.001), and 
concomitant HTN and diabetes respectively (p=0.021). 
Figure 4 shows the differences in age distribution between 
these patient categories.

Figure 4. Box plot graph displaying the comparison of age 
medians between psoriatic patients without hypertension (HTN) 
or diabetes and those with hypertension, type II diabetes, and 
HTN and concomitant diabetes, respectively. Overall median is 
49 years. Ordinate: age in years.

Then we checked whether the advanced age of 
psoriasis patients was linked to a higher prevalence of 
metabolic syndrome or chronic inflammation. Using the 
Chi square test for each individual patient age, we obtained 
a statistically significant correlation for both (p=0.026 < 
0.05 and p<0.001, respectively).

Effects of biologic therapy in metabolic syndrome 
and chronic inflammation

Using the Related-Samples Wilcoxon Signed Rank 
Test we analyzed the differences between the initial values 
and those at 6 months of therapy for the investigated 
parameters. As such, we noticed a statistically significant 
difference between abdominal circumference at the 
two points (p= 0.002, < 0.05), the values being slightly 
increased at 6 months. Regarding serum TG, we did not 
find any statistically significant variation (p=0.727, > 0.05). 
Nevertheless, there was a significant difference for HDL, 
most patients (62 cases, or 58.49%) having a higher value 
at 6 months than at initial evaluation (p<0.001). Differences 
between serum fasting glucose were nonsignificant 
(p=0.248 > 0.05), even though most patients presented 
lower values at 6 months (57 patients, or 53.77%).
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Applying the Related-Samples McNemar Change 
Test, we then verified the differences in dichotomic value 
distribution for the presence of HTN, obesity, metabolic 
syndrome, and inflammatory syndrome at the two temporal 
points. Thus, there were no statistically significant differences 
regarding HTN, the difference consisting of only one patient 
who measured in the normotensive range at 6 months (p=1). 
There was a difference in the number of obese patients, yet 
not significant (p=0.125, >0.05). Regarding the metabolic 
syndrome, the difference between the two points in time 
was statistically significant (p<0.001), most patients (66 or 
62.26%) not meeting the necessary criteria for diagnosis at 6 
months. Also, at the 6-month mark, the number of patients no 
longer meeting the criteria for chronic inflammation (75 or 
70.75%) was markedly higher than those with this condition, 
the difference between the two moments showing statistical 
significance (p<0.000).

To compare the efficacy of the seven agents utilized, 
we checked the difference in values of ESR (dESR) and 
CRP (dCRP) between treatment onset and 6 months of 
therapy. By employing the Independent-Samples Kruskal-
Wallis Test and the null hypotheses stating that the dESR 
and dCRP values were equivalent between the groups of 
patients treated with the respective biologic agents, we could 
reject both hypotheses with a strong statistical significance 
(p=0.019, < 0.05 and p=0.007, < 0.01), respectively. 
Therefore, regarding dESR, the most marked differences 

corresponded to the groups treated with ixekizumab and 
ustekinumab (Figure 5A). Similarly, the group treated with 
ixekizumab presented the highest values of dCRP (or the 
greatest difference in CRP between the two measurements), 
followed by the group receiving guselkumab, whereas those 
treated with Certolizumab had the lowest CRP difference 
between measurements (Figure 5B).

Discussion
The association between psoriasis and metabolic 

syndrome has been intensely and repeatedly debated, 
especially for more severe forms of psoriasis such as the 
erythrodermic variant [18-21]. Psoriasis is characterized by 
elevated IL-6 levels, which can stimulate CRP production 
and promote adiposity, hypertension, and insulin resistance. 
[8]. Proinflammatory adipokines such as chemerin, leptin, 
and resistin were found to be increased in psoriasis and 
linked to insulin resistance [22]. Even so, a lesser studied 
aspect is the effect of biologic therapies in psoriasis 
on this syndrome itself and its components. Similarly, 
psoriasis has been redefined as the result of a systemic 
inflammation [23]. This reaction has been incriminated in 
the appearance of comorbidities linked to psoriasis such 
as obesity, insulin resistance, and cardiovascular disease 
[24,25]. This proinflammatory/prothrombotic status has 
also been identified in psoriasis, especially among patients 
with increased disease activity. However, elevated levels of 

Figure 5. Applying the Independent-Samples Kruskal-Wallis Test for the evaluation of differences in erythrocyte sedimentation rate 
(dESR) (A) and C reactive protein (dCRP) (B) between treatment onset and 6 months of therapy for each biologic agent used. The most 
significant decreases in ESR are found for Ixekizumab and Ustekinumab. The most significant decreases in CRP belong to ixekizumab 
and guselkumab, and the least marked to certolizumab. Abscissa: A) dESR, difference (in mm/h) between the two measurements; B) 
dCRP, difference (in mm/h) between the two moments.
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proinflammatory markers have been noticed even during 
remission, confirming the chronic inflammatory substrate 
of psoriasis and the susceptibility of patients to metabolic 
and cardiovascular comorbidities. Thus, the coexistence 
of metabolic syndrome may negatively impact the clinical 
course of psoriasis and vice-versa [7,8,26].

Belonging to an urban background was linked to a 
higher risk of obesity among controls, although the same 
could not be said about the psoriasis patient group. This 
could be due to a significantly higher proportion of obese 
individuals in the psoriasis group overall, the risk of obesity 
being almost twice as high when compared to controls 
(OR 1.88). The patient group also presented a much higher 
prevalence of metabolic syndrome (OR 6.83), as well as 
chronic inflammation (OR 81.84) in contrast to controls. 
Regarding the metabolic syndrome, this was significantly 
more common in the psoriatic patient group described by 
Girisha et al. when compared to their own controls, even 
though obesity and an altered glycemic state were similar 
between the two sets of individuals [27]. On the other hand, 
another research obtained significant differences between 
cases and controls concerning TG and altered glycemic state, 
not merely the prevalence of metabolic syndrome [28]. A 
populational study conducted in Italy on 1376 patients with 
psoriasis revealed a much higher rate of obesity and diabetes 
mellitus in patients from highly urbanized areas when 
contrasted to those from rural communities [29]. The higher 
prevalence of obesity and metabolic syndrome in urban 
areas may be the result of rapidly rising usage of motorized 
transport, urban development, and decreased opportunities 
for regular physical activity in housing and occupational 
contexts. Our modern “obesogenic” environments, with their 
combination of improper diet and physical inactivity, have 
severe implications for obesity levels, as well as the impact 
they have on other chronic diseases like type 2 diabetes and 
ultimately metabolic syndrome [29]. A plausible reason why 
our own results did not correspond with the findings of other 
authors may be attributable to differences in dieting habits 
and physical activity among the studied territories. As such, 
psoriasis does correlate with a significantly higher risk of 
developing metabolic syndrome and practically a guarantee 
of incurring chronic inflammation before treatment with 
targeted biologic agents.

The presence of comorbidities such as HTN and 
diabetes in psoriatic patients was linked with a more 
advanced age, particularly when HTN and diabetes were 
simultaneously present. Analogously, Fernandez-Torres et 
al. showed that the elderly psoriatic patients had a higher 
prevalence of HTN, diabetes, and altered glycemic states 
[30], despite that Li and coworkers revealed the contrary 
regarding diabetes [31]. In a similar way, an advanced age 
was linked to a higher risk of presenting with metabolic 
syndrome or chronic inflammation. The association between 
metabolic syndrome and advanced age in psoriasis has been 
described in psoriatic patients in previous studies [32,33]. 

While there is no definitive explanation to this association, 
it is possible that, with advanced age and a longer disease 
duration, the accumulation of inflammatory cytokines, 
a poorer diet, and clinical depression favor the onset of 
metabolic syndrome [34-36]. A higher BMI was also 
correlated with more advanced age at disease onset or at the 
occurrence of psoriatic arthritis [37].

Although nonspecific, CRP is recognized as the most 
sensitive indicator of inflammation, with the degree of its 
elevation correlating to the extent of tissue injury and the 
severity of inflammation. [38] CRP is an easily administered 
routine laboratory measurement, making it also a useful 
parameter. It is postulated as predictors of clinical disease 
course and progression, so accurate detection of CRP levels 
may be clinically significant. In addition, numerous studies 
have examined the role of CRP in psoriasis. Two studies by 
Vanizor et al. indicate that psoriasis patients have substantially 
elevated CRP levels compared to healthy controls. [39,40]. 
Mallbris et al. observed a positive correlation between CRP 
and total plasma cholesterol in psoriasis patients with elevated 
CRP levels compared to healthy controls [41] Furthermore, 
Vadakayil et al. demonstrated that CRP was statistically 
significantly higher in psoriatic patients compared to the 
control population [42].

After biologic therapy, we noticed a very slight but 
statistically significant increase in the patients’ abdominal 
circumference. Contrarywise, despite the number of obese 
patients being lower at the conclusion point in the study, 
this reduction in number was not statistically significant. 
According to Pinter and coworkers, psoriatic patients 
receiving secukinumab presented a decrease in abdominal 
circumference, BMI, and average body weight concurrently 
with an increased treatment response [43]. It is very likely 
that, alongside a proper diet and physical exercise, the 
effect of biologic therapies indeed improves these clinical 
aspects. A randomized controlled trial (RCT) showed that 
a low calory regimen can increase the efficacy of biologic 
therapy with TNF-a inhibitors in psoriasis [44]. The 
multicenter prospective Psobioteq trial demonstrated that 
biologic therapy is more frequently abandoned by obese 
patients as compared to non-obese individuals, the most 
cited cause being the inefficacy of the treatment [45]. And 
according Enos et al., the presence of obesity and diabetes 
were correlated with an inferior response to biologic 
agents, particularly TNF-a and IL-17 antagonists [46]. For 
this very purpose, the METABOLyx, trial, which is still 
ongoing as of writing this manuscript, aims to compare the 
difference in efficacy between secukinumab as a singular 
treatment and secukinumab plus personalized lifestyle 
improvement therapies [47]. Intriguingly, TNF-a inhibitors 
were incriminated as heightening bodyweight, unlike IL-
12/23 antagonists such as ustekinumab [48]. Since most of 
our cases were treated with ixekizumab, this could possibly 
explain why the average waist circumference was also 
higher after treatment in our patient group. Because of the 
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multiple conflicting results, the effects and offshoots of 
biologic agents on obesity and BMI in psoriasis should be 
assessed further.

Biologic treatment led to a statistically significant 
increase of HDL, thus improving the patients’ lipidic 
profiles. This effect of biologics on HDL in psoriasis was 
also observed by Trakaki et al. [49], as well as Olejniczak-
Staruch and collaborators. [50]. The latter of these two 
studies additionally demonstrated a statistically significant 
reduction of TG and low-density lipoprotein (LDL) levels 
following TNF-a inhibitor therapy. HTN and cardio-
metabolic comorbidities have been identified as factors that 
diminish the probability of a favorable response to biologic 
therapy [50], also being associated with a lower treatment 
compliance [51]. Despite this, a pathologically heightened 
TG level has not been identified as a risk factor for biologic 
therapy inefficiency in the study made by Enos et al. [46]. 
On a more optimistic note, biologics have been described 
as cardioprotective agents, lessening the chances of 
cardiovascular events [52], improving endothelial function 
and arterial rigidity in psoriasis patients [53]. Likewise, 
biological agent therapy seems to decrease the risk of 
myocardial infarction in individuals with psoriasis [54]. 
As such, the benefits of biologic therapy in psoriasis are 
important, though incompletely established.

As a result of biologic therapy, the number of patients 
meeting the diagnostic criteria for metabolic syndrome and 
chronic inflammation was significantly lower at 6 months 
than at treatment initiation (56.6% vs. 37,7%, p<0.001 
and 94.3% vs. 29.2%, p<0.000, respectively). TNF-a 
antagonists had already been noticed to improve metabolic 
profiles of patients [55]. Tildrakizumab, an IL-23 antagonist, 
apparently has a comparable efficacy and safety in patients 
with and without metabolic syndrome [56]. Although in 
our study we obtained a significant reduction in ESR and 
CRP in psoriasis patients with the help of biologics, the 
study conducted by Akdogan et al. did not yield the same 
results [57]. And according to the same article, biologics 
led to a significant increase in the number and percentage 
of acidophils in peripheral blood of patients. Even so, the 
prognostic value of acidophils remains unknown. The study 
of Rahman and collaborators also failed to show a significant 
reduction in ESR and CRP in their patients [58]. However, 
in individuals with psoriatic arthritis and treatment naïve, 
secukinumab seemingly resulted in significantly lower 
ESR and CRP levels when compared to patients who failed 
multiple prior treatments [59]. Interestingly, a higher CRP at 
treatment start is apparently correlated with a better clinical 
response in psoriatic arthritis [60]. Even so, this association 
is not consistent throughout the literature, as neither is the 
one between the response to therapy and factors such as 
patient age at disease onset and the duration of the disease, 
sex, ethnicity, or geographical location [61]. A perceived 
risk of biologics is developing malignancies after the 
chronic inflammation related to psoriasis, followed by the 

immunosuppression induced by the treatment itself [62,63].
However, at least in theory, this risk could be counteracted 
in time by the anti-inflammatory effect. To the extent of our 
knowledge and after rigorous literature research, there are 
no other studies performed on the effects of biologic therapy 
on the amelioration of parameters constituting the diagnostic 
criteria of the metabolic syndrome in psoriasis. Additionally, 
the studies focusing strictly on the criteria for chronic 
inflammation diagnosis in psoriasis and their improvement 
after biologic therapy are very limited in number. Therefore, 
a series of unknowns persist when referring to biologics 
in psoriasis. At least in the group of patients included, the 
therapy employed was effective in reducing the number 
of patients fulfilling the diagnostic criteria for metabolic 
syndrome and chronic inflammation.

It is becoming increasingly apparent that the efficacy, 
effectiveness, and safety profiles of various biologics vary, 
highlighting the need to determine which patients and under 
what circumstances each drug should be administered. There 
are, nonetheless, a number of studies which directly compare 
different biologics against one another, especially within the 
same class [64]. Although anti-IL-17 agents have a faster 
onset of clinical improvement than anti-IL-23 drugs, a direct 
comparison between secukinumab and risankizumab showed 
analogous results at week 16 and superiority of risankizumab 
at week 52 [65]. Regarding IL-23 inhibitors, there seems 
to be little difference in effectiveness between individual 
agents. In an indirect comparison between guselkumab 
and Risankizumab, Rugierro et al. found that both were 
comparably effective in reducing PASI and body surface area 
(BSA) in psoriasis patients [66]. A similar result was obtained 
between guselkumab, risankizumab, and tildrakizumab, 
with no significant differences in score reduction or rates of 
attaining PASI75, 90, or 100 responses (75%, 90%, or 100% 
reduction in PASI score, respectively) [67]. Despite being 
considered the first biologic class introduced in the treatment 
of psoriasis, TNF-a inhibitors have proven inferior to newer 
classes such as IL-17 antagonists [68].  A Bayesian network 
meta-analysis by Sawyer and collaborators concluded that 
brodalumab, ixekizumab, risankizumab and guselkumab 
outperformed other biologics regarding short-term effects 
[64]. The authors also found that there were significant 
differences in efficacy among biologics belonging to the 
same class. Another recent meta-analysis, which included a 
total of 167 studies and 58,912 randomized patients across 
multiple systemic treatment regimens, showed that anti-IL-17 
agents had a higher proportion of patients achieving PASI90 
compared to all other therapies, except for IL-23 inhibitors 
[69]. Biologic treatments were superior to all other forms of 
therapy in reaching PASI90, with infliximab, ixekizumab, 
risankizumab, and bimekizumab demonstrating the highest 
rates of PASI90 attainment compared to placebo. These four 
agents were equally effective when measured against each 
other. Bimekizumab, ixekizumab and risankizumab also 
proved superior to other IL-17 antagonists (secukinumab 
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and brodalumab), as well as guselkumab. Infliximab, IL-
17 inhibitors (bimekizumab, ixekizumab, secukinumab 
and brodalumab) and IL-23 inhibitors risankizumab and 
guselkumab), except tildrakizumab, demonstrated a higher 
proportion of patients reaching PASI 90 than ustekinumab 
and three anti-TNF alpha agents (adalimumab, certolizumab, 
and etanercept). Adalimumab and ustekinumab were more 
effective than etanercept, while ustekinumab surpassed 
certolizumab [69]. Because of the many differences and the 
heterogeneous nature of the studies included in these meta-
analyses, it is difficult, if not impossible, to reach a definitive 
conclusion regarding the efficacy of biologics in the same 
classes. However, as a general finding, IL-17 and IL-23 
antagonists seem equally effective, being superior to most 
TNF-a inhibitors.

To the best of our knowledge, this is the first study 
in the reported literature that demonstrates a significant 
reduction in the number of psoriatic patients presenting 
diagnostic criteria for metabolic syndrome after biologic 
therapy. Moreover, this research reinforced the evidence that 
biologics aid in the amelioration of chronic inflammation. 
Despite the promising results of this study, the relatively 
low number of patients included might prove a potential 
limitation. Certain correlations could have proven 
statistically significant with a higher volume of cases. Even 
so, the results presented suggest that biologics are effective 
in the amelioration of the metabolic and inflammatory 
profiles of psoriasis patients, significantly reducing the 
number of patients eligible for both conditions. Biologics 
also proved effective in ameliorating HDL, CRP and ESR 
levels. We are optimistic in that this research may help 
contribute to the developing body of knowledge regarding 
the global efficacy of biologics vis-à-vis the metabolic and 
inflammatory profiles caused and exacerbated by psoriasis.

Conclusions
This study revealed a markedly higher prevalence 

of obesity, metabolic syndrome and chronic inflammation 
in the psoriasis patient group as opposed to the unaffected 
controls. Biologic therapies were correlated with a very 
slight but statistically significant increase in abdominal 
circumference, yet no effect on obesity at 6 months 
of therapy. Additionally, biologics raised serum HDL 
in patients in a significant fashion, without however 
significantly reducing serum TG or fasting glucose. Even 
so, the number of patients meeting the requirements for 
the diagnosis of metabolic syndrome was significantly 
lower at the 6-month mark than at the start of treatment. 
Regarding ESR and CRP, post-treatment improvements 
were statistically significant, suggesting an amelioration 
of the inflammatory profiles in these patients, especially 
in those treated with Ixekizumab. Nontheless, due to 
conflicting data in the literature, differences in effectiveness 
of biologics on the long term remain unknown.
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