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Abstract
Background: Vitamin D has been implicated in asthma pathophysiology through immunomodulatory and anti-inflammatory 
mechanisms, although evidence regarding its association with asthma control remains inconsistent. There are no data for the 
Albanian population that we can use to investigate the level of serum 25(OH)D and its correlation with clinical variables in asthma 
patients
Methods and Results: This cross-sectional study included 163 adult patients diagnosed with bronchial asthma who were ambulatory, 
consulted, or hospitalized in the University Hospital Center Tirana, Albania, between November 2024 and October 2025. Asthma 
control was assessed using the Asthma Control Visual Analogue Scale (AC-VAS; 0-25). Serum 25(OH)D concentration was 
measured by chemiluminescent immunoassay (CLIA). The primary outcome variable was asthma control measured by the AC-
VAS score. Serum 25(OH)D (ng/mL) was analyzed both as a continuous variable and as a categorical variable. Associations were 
examined using non-parametric tests, linear regression analysis, and moderation analysis (PROCESS macro) to explore potential 
effect modification by vitamin D status.
Serum 25(OH)D levels were 18.35±8.72 ng/mL, indicating a high prevalence of deficiency. Spearman’s rank correlation analysis 
demonstrated a statistically significant negative correlation between age and serum 25(OH)D levels (ρ = −0.24, P = 0.003). Serum 
25(OH)D levels were positively associated with AC-VAS scores, although this association did not reach statistical significance 
(P = 0.097). Spearman’s rank correlation analysis demonstrated a statistically significant negative correlation between AC-VAS 
scores and age (ρ = −0.19, P = 0.015), as well as between AC-VAS scores and body mass index (BMI) (ρ = −0.17, P = 0.031). 
In the multivariable-adjusted general linear model, age remained independently and negatively associated with AC-VAS scores 
(B = −0.048, SE = 0.022; P = 0.030). Serum 25(OH)D levels (B = 0.039, SE = 0.036; P = 0.269) and BMI (B = −0.065, SE = 
0.057; P = 0.253) were not significantly associated with asthma control after adjustment. Asthma phenotype remained statistically 
significantly associated with AC-VAS scores in the adjusted model (global test P = 0.031). Among the phenotype categories, 
phenotype 6 was independently associated with higher AC-VAS scores than phenotype 1 (B = 3.612, SE = 1.198; P = 0.003). The 
moderation analysis indicated that the association between BMI and asthma control differed according to 25(OH)D category, with 
a significant conditional effect observed only at serum 25(OH)D levels ≥ 20 ng/mL.
Conclusion: Vitamin D deficiency was highly prevalent among Albanian adults with asthma but was not independently associated 
with asthma control. Asthma control was associated with age, body mass index, and asthma phenotype. Vitamin D did not show a 
direct effect but appeared to modify the association between BMI and asthma control, suggesting a context-dependent role. Further 
longitudinal and interventional studies are required to confirm these findings and clarify their clinical implications. (International 
Journal of Biomedicine. 2026;16(2):201-206.)
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Introduction
Asthma is a clinically heterogeneous syndrome 

characterized by chronic airway inflammation and airway 
hyperresponsiveness, its hallmark features. Distinct aggregations 
of demographic and clinical attributes have been delineated 
as “clinical asthma phenotypes,” generally showing limited 
correlation with discrete underlying pathobiological mechanisms 
or differential therapeutic responsiveness.1 Vitamin D may 
influence asthma through effects on lung development, immune 
regulation, and airway smooth-muscle remodeling. Many studies 
suggest that lower vitamin D levels are linked to more severe 
asthma, though results are not always consistent. These potential 
effects have led to interest in using vitamin D as a preventive or 
therapeutic option in children with asthma.2 Recent investigations 
have identified a correlation between vitamin D deficiency and an 
elevated risk of both asthma onset and exacerbation.3,4 Vitamin D 
deficiency was associated with increased risk of asthma, current 
wheezing, and reduced lung function in a large study of British 
adults, suggesting that higher vitamin D levels may reduce 
asthma risk and improve disease control.5 A systematic review of 
randomized controlled trials up to November 2022 examined the 
effects of vitamin D supplementation in children and adults with 
asthma. While vitamin D did not reduce type 2 inflammatory 
markers such as IgE or eosinophils, it was associated with 
increased serum IL-10, an anti-inflammatory cytokine. These 
findings suggest that vitamin D may modulate anti-inflammatory 
pathways rather than directly affecting type 2 inflammation.6 

Biomarkers indicative of type 2-driven airway inflammation have 
particular clinical utility, especially for phenotyping, stratifying, 
and managing refractory and severe asthma.

There are no data for the Albanian population that we 
can use to investigate the level of serum 25(OH)D and its 
correlation with clinical variables in asthma patients. This study 
provides evidence for a potential association between serum 
vitamin D levels and reported asthma control, potentially linked 
to disease severity, laying the groundwork for future research 
and informing possible preventive and therapeutic strategies in 
the Albanian population.

Materials and Methods
This cross-sectional study included 163 adult patients 

diagnosed with bronchial asthma who were ambulatory, 
consulted, or hospitalized in the University Hospital Center 
Tirana, Albania, between November 2024 and October 2025. 
Demographic and clinical data were collected, including age, 
gender, body mass index (BMI), smoking status, skin prick test 
results, comorbidities such as rhinosinusitis, nasal polyposis, 
and asthma phenotype classification. Asthma control was 
assessed using the Asthma Control Visual Analogue Scale (AC-
VAS; 0-25) (Figure 1).

Serum 25(OH)D concentration was measured by 
chemiluminescent immunoassay (CLIA). Serum 25(OH)
D values were available for 155 participants. The primary 
outcome variable was asthma control measured by the AC-
VAS score. Serum 25(OH)D (ng/mL) was analyzed both 
as a continuous variable and as a categorical variable. For 
moderation analyses, 25(OH)D status was dichotomized (<20 
ng/mL vs ≥20 ng/mL), while for subgroup analyses, 25(OH)
D levels were categorized into three groups (<20, 20–30, 
and >30 ng/mL). Independent variables included age, age at 
asthma diagnosis, BMI, gender, asthma phenotype, smoking 
status, rhinosinusitis, nasal polyposis, and skin prick test 
categories. Asthma clinical phenotypes were classified into 
six subtypes based on available anamnestic and clinical data 
(Tables 1 and 2).

Statistical analysis
Continuous variables are reported as mean ± SD and 

categorical variables as n (%). Due to non-normal distributions, 
non-parametric tests were used. Spearman’s ρ assessed 
correlations between vitamin D or AC-VAS and continuous 
variables. The Mann–Whitney U and Kruskal–Wallis tests 
were used to compare vitamin D and AC-VAS across binary 
and multi-category clinical variables, respectively. Subgroup 
analyses by asthma phenotypes examined AC-VAS across 
25(OH)D categories (<20, 20–30, >30 ng/mL) using Kruskal–
Wallis tests. General linear models were used to assess crude 
and multivariable-adjusted associations between age, BMI, 
vitamin D, asthma phenotype, and asthma control (AC-VAS), 
with Bonferroni correction applied for multiple pairwise 
comparisons of asthma phenotypes.

Moderation analyses were conducted using PROCESS 
for SPSS (Model 1) to assess whether 25(OH)D status 
(<20 ng/mL vs ≥ 20 ng/mL) modified associations between 

Table 1. 
Characteristics of classification for probably T2-high phenotypes. 

Key Characteristics for likely T2-High phenotypes

Phenotype 1 Childhood onset; atopy-positive, positive skin 
allergy tests, ↑ specific IgE

Phenotype 2
Adulthood onset steroid-resistant, blood 
eosinophilia, sputum eosinophils/neutrophils, 
CRSwNP

Phenotype 3 Adulthood onset, CRSwNP + NSAID sensitivity

Table 2. 
Characteristics of classification for probably T2 -low phenotypes. 

Key Characteristics for Likely T2-Low Phenotypes

Phenotype 4 Middle-aged, non-atopic woman, severe 
symptoms, perimenopausal 

Phenotype 5 Adults, smoking history, steroid resistance, 
neutrophils in sputum, fixed airflow obstruction

Phenotype 6
Older adults >55 years, non-atopic, severe 
symptoms, frequent exacerbations, more 
comorbidities, misdiagnosed as COPD.

                     Figure 1. AC-VAS; 0-25 for asthma control.
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predictors and asthma control (AC-VAS). Age, asthma 
phenotype, and BMI were tested in separate models. Main 
effects, predictor × 25(OH)D interactions, and conditional 
effects were examined. 

Results
Among 163 patients, 109(66.9%) were females and 

54(33.1%) were males. The mean age was 48.24 ± 16.70 years, 
while the mean age at asthma diagnosis was 32.88 ± 16.71 
years. The mean body mass index (BMI) was 28.26 ± 5.73 kg/
m². The mean AC-VAS score was 14.58±3.86. Serum 25(OH)D 
levels were 18.35 ± 8.72 ng/mL for 155 participants. Regarding 
asthma phenotype distribution, phenotype 2 was the most 
prevalent (64/39.3% cases), followed by phenotype 1 (58/35.6% 
cases). The remaining phenotypes were less frequent. Smokers 
accounted for 26(16.0%) participants. Rhinosinusitis was 
present in 74(45.7%) patients, and nasal polyposis in 29(17.8%) 
patients. Skin prick testing for aeroallergens was negative in 82 
(50.3%) patients, while sensitization to only indoor allergens 
was observed in 32 (19.6%) cases, to only outdoor allergens in 
12 (7.4%) cases, and to both indoor and outdoor allergens in 37 
(22.7%) cases (Table 3).

Spearman’s rank correlation analysis demonstrated a 
statistically significant negative correlation between age and 
serum 25(OH)D levels (ρ = −0.24, P = 0.003). No significant 
correlation was observed between 25(OH)D levels and BMI (ρ 
= −0.08, P = 0.352). Comparisons of gender, asthma phenotype, 
smoking status, rhinosinusitis, nasal polyposis, and skin prick 
test categories showed no statistically significant differences in 
25(OH)D levels (Table 4). 

Spearman’s rank correlation analysis demonstrated a 
statistically significant negative correlation between AC-VAS 
scores and age (ρ = −0.19, P = 0.015), as well as between AC-
VAS scores and BMI (ρ = −0.17, P = 0.031). No significant 
correlation was observed between AC-VAS scores and age at 
diagnosis (ρ = −0.04, P = 0.641) or serum 25(OH)D levels (ρ = 
0.14, P = 0.095).

Comparisons across gender, smoking status, 
rhinosinusitis, nasal polyposis, and skin prick test categories 
showed no statistically significant differences in AC-VAS scores 
(all P > 0.05). In contrast, a statistically significant difference in 
AC-VAS scores was observed across asthma phenotypes (H = 
13.11, P = 0.022). In subgroup analyses stratified by asthma 
phenotypes, no statistically significant differences in AC-VAS 
scores were observed across 25(OH)D categories in either 
likely T2-high or likely T2-low phenotypes (Table 5). 

In crude (unadjusted) analyses, increasing age was 
significantly associated with lower AC-VAS scores (B = −0.042, 
SE = 0.018; P = 0.021). BMI also showed a significant negative 
association with asthma control (B = −0.110, SE = 0.052; P= 
0.037). Serum 25(OH)D levels were positively associated 
with AC-VAS scores, although this association did not reach 
statistical significance (B = 0.060, SE = 0.036; P = 0.097). In 
the unadjusted model, asthma phenotypes showed a significant 
overall association with AC-VAS scores, as indicated by the 
global test (P = 0.026), with phenotype 6 demonstrating higher 
AC-VAS scores than phenotype 1.

Table 3.
Baseline demographic and clinical characteristics of the study 
population.

Variable Value
Age (years) 48.24 ± 16.70
Age at diagnosis (years) 32.88 ± 16.71
Body mass index (kg/m²) 28.26 ± 5.73
Serum 25(OH)D (ng/mL) 18.35 ± 8.72 †
Asthma control (AC-VAS, 0–25) 14.58 ± 3.86
Gender

Female
Male

109 (66.9)
54 (33.1)

Asthma phenotype
Phenotype 1
Phenotype 2
Phenotype 3
Phenotype 4
Phenotype 5
Phenotype 6

58 (35.6)
64 (39.3)
7 (4.3)
9 (5.5)
10 (6.1)
15 (9.2)

Smoking status
Yes
No

26 (16.0)
137 (84.0)

Rhinosinusitis
Yes
No

  
74 (45.7)
88 (54.3)

Nasal polyposis
Yes
No

29 (17.8)
134 (82.2)

Skin prick test
Negative
Indoor
Outdoor
Both

82 (50.3)
32 (19.6)
12 (7.4)
37 (22.7)

Data are presented as mean ± standard deviation or n (%), as 
appropriate.
† Vitamin D values were available for 155 participants.
AC-VAS: Asthma Control Visual Analogue Scale.

Table 4.
Associations between serum 25(OH)D levels and demographic and 
clinical variables.

Variables compared Statistical test Test statistic P-value*

Vitamin D and age Spearman’s rank correlation ρ = −0.24 0.003
Vitamin D and BMI Spearman’s rank correlation ρ = −0.08 0.352
Vitamin D across 
sex (male vs female) Mann–Whitney U test Z = 0.63 0.532

Vitamin D across
 asthma phenotype Kruskal–Wallis test H = 3.07 0.690

Vitamin D across
 smoking status Mann–Whitney U test Z = 0.25 0.805

Vitamin D across
 rhinosinusitis Mann–Whitney U test Z = −0.50 0.619

Vitamin D across
 nasal polyposis Mann–Whitney U test Z = −0.70 0.483

Vitamin D across 
prick test categories Kruskal–Wallis test H = 0.21 0.976

* P-values derived from Spearman’s rank correlation, Mann–Whitney 
U test, or Kruskal–Wallis test. A P-value of < 0.05 was considered 
statistically significant.
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In the multivariable-adjusted general linear model, age 
remained independently and negatively associated with AC-VAS 
scores (B = −0.048, SE = 0.022; P = 0.030). Serum 25(OH)D 
levels (B = 0.039, SE = 0.036; P = 0.269) and BMI (B = −0.065, 
SE = 0.057; P = 0.253) were not significantly associated with 
asthma control after adjustment. Asthma phenotype remained 
statistically significantly associated with AC-VAS scores in the 
adjusted model (global test P = 0.031). Among the phenotype 
categories, phenotype 6 was independently associated with 
higher AC-VAS scores than phenotype 1 (B = 3.612, SE = 
1.198; P = 0.003) (Table 6). 

No statistically significant interaction effects were 
observed for age or asthma phenotype. A statistically 
significant conditional effect of BMI on AC-VAS scores was 
observed in participants with serum 25(OH)D levels ≥ 20 ng/
mL (b = −0.22, P = 0.010), whereas no significant conditional 
effects of BMI were found in participants with 25(OH)D 
levels < 20 ng/mL (all P > 0.05). (Table 7)

Serum 25(OH)D did not show an independent 
association with asthma control. However, the moderation 
analysis indicated that the association between BMI and 
asthma control differed according to 25(OH)D category, with 
a significant conditional effect observed only at serum 25(OH)
D levels ≥ 20 ng/mL (Figure 2).

Table 5. 
Associations between asthma control (AC-VAS) and demographic 
and clinical variables.

Variables compared Statistical test Test
statistic P-value*

AC-VAS and age Spearman’s rank correlation ρ = −0.19 0.015

AC-VAS and 
age at diagnosis Spearman’s rank correlation ρ = −0.04 0.641

AC-VAS and BMI Spearman’s rank correlation ρ = −0.17 0.031

AC-VAS and Vit D Spearman’s rank correlation ρ = 0.14 0.095

AC-VAS across sex 
(male vs female) Mann–Whitney U test Z = 0.86 0.388

AC-VAS across 
asthma phenotype Kruskal–Wallis test H = 13.11 0.022

AC-VAS across
smoking status Mann–Whitney U test Z = −0.33 0.742

AC-VAS across 
rhinosinusitis Mann–Whitney U test Z = −1.15 0.252

AC-VAS across 
prick test categories Kruskal–Wallis test H = 7.06 0.070

AC-VAS across 
nasal polyposis Mann–Whitney U test Z = −0.27 0.787

AC-VAS across Vit D 
categories in T2- high 
asthma phenotypes 

Kruskal–Wallis test H = 1.98 0.372

AC-VAS across Vit D 
categories in T2-low 
asthma phenotypes

Kruskal–Wallis test H = 1.75 0.418

* P-values derived from Spearman’s rank correlation, Mann–Whitney 
U test, or Kruskal–Wallis test. A P-value of < 0.05 was considered 
statistically significant.

Table 6. 
Crude and multivariable-adjusted generalized linear model (GLM) 
analyses of factors associated with asthma control (AC-VAS).

Predictor Crude B (SE) p-value Adjusted B (SE) P-value

Age -0.042 (0.018) 0.021 -0.048 (0.022) 0.030

Serum 25(OH)D 0.060 (0.036) 0.097 0.039 (0.036) 0.269

BMI -0.110 (0.052) 0.037 -0.065 (0.057) 0.253

Asthma phenotype
 (global test) — 0.026 — 0.031

Phenotype 2 0.474 (0.682) 0.488 1.097 (0.733) 0.137

Phenotype 3 -2.591 (1.505) 0.087 -0.757 (1.670) 0.651

Phenotype 4 -2.448 (1.348) 0.071 -0.766 (1.453) 0.599

Phenotype 5 -0.148 (1.288) 0.908 1.093 (1.399) 0.436

Phenotype 6 2.218 (1.090) 0.043 3.612 (1.198) 0.003

Phenotype 1 Reference — Reference —

Two-tailed P-values are reported. A P-value of < 0.05 was considered 
statistically significant.

Table 7. 
Moderation analysis of the association between selected predictors 
and asthma control (AC-VAS) by vitamin D category (PROCESS 
Model 1).

Focal 
predictor (X) n Main effect 

on  AC-VAS
Interaction 

X × Vit D status 
Conditional effects 
of X on AC-VAS

Age 155 b = −0.04 
P = 0.030

b = 0.04
P = 0.266

Conditional effects
not reported;
no evidence of
differential effects by
vitamin D category

Asthma
phenotype 155 b = −0.24

P = 0.762
b = 0.26

P = 0.876

Conditional effects
not reported;
no evidence of
conditional effects

BMI 154 b = −0.10
P = 0.055

b = −0.19
P = 0.082

Vitamin D <20 ng/mL:  
b = −0.03, P = 0.673
Vitamin D ≥20ng/mL: 
b = −0.22, P= 0.010

A P-value of < 0.05 was considered statistically significant.

Figure 2.  Predicted AC-VAS scores across 
BMI levels stratified by vitamin D category.
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Discussion
In this cross-sectional study of Albanian adults with 

asthma, serum 25(OH)D levels were generally low, with 
mean concentrations in the deficient range, confirming a 
high prevalence of suboptimal serum 25(OH)D status in 
this population. This finding is consistent with reports from 
other European cohorts and may reflect limited sun exposure, 
dietary habits, or lifestyle factors.7,8 Serum 25(OH)D levels 
were inversely associated with age, consistent with previous 
evidence that advancing age is associated with reduced 
vitamin D synthesis and availability.9

Despite widespread deficiency, serum 25(OH)D was 
not independently associated with reported asthma control, 
as assessed by the AC-VAS. The lack of a direct association 
persisted across correlation analyses, subgroup comparisons, 
and multivariable-adjusted regression models. These findings 
align with several randomized trials and observational studies 
suggesting that vitamin D may not exert a strong direct 
effect on symptom control, particularly when assessed cross-
sectionally.10

In contrast, age and BMI emerged as more consistent 
determinants of asthma control, with older age and higher 
BMI associated with poorer control. These findings are 
clinically relevant, with BMI modifiable or addressable 
through targeted interventions. In adjusted models, asthma 
phenotype was associated with asthma control; notably, 
phenotype 6 was independently associated with higher AC-
VAS scores than phenotype 1. Serum 25(OH)D levels did not 
differ significantly across phenotypes, suggesting comparable 
serum 25(OH)D status across clinical asthma subtypes. 

An important and novel observation of this study 
was the moderating role of vitamin D on the relationship 
between BMI and asthma control.  The negative association 
between BMI and asthma control was evident only among 
participants with serum 25(OH)D levels ≥ 20 ng/mL, whereas 
no significant association was observed in those with vitamin 
D deficiency. This finding suggests that serum 25(OH)
D status may modify the impact of adiposity on asthma-
related symptoms, potentially through immunomodulatory or 
metabolic pathways. Although the interaction term reached 
only borderline statistical significance, the conditional effects 
analysis supports a biologically plausible modifying role of 
vitamin D rather than a direct effect on disease control.

Contrary to some prior studies, serum 25(OH)D was not 
associated with asthma subtype, smoking status, rhinosinusitis, 
nasal polyposis, or allergic sensitization patterns. This may 
reflect population-specific factors, limited statistical power 
for subgroup analyses, or the multifactorial nature of asthma 
control, in which vitamin D plays a secondary or context-
dependent role.

Overall, these findings suggest that serum 25(OH)D 
deficiency is highly prevalent in Albanian asthma patients but 
does not independently determine asthma control. Instead, 
vitamin D may act as a contextual modifier, influencing the 
relationship between metabolic factors, such as BMI, and 
asthma outcomes. Longitudinal studies and randomized 
controlled trials are needed to determine whether vitamin 

D supplementation improves asthma-related outcomes 
in selected subgroups, particularly overweight or obese 
patients.

Limitations
It should be noted that cross-sectional design limits 

causal interpretation, and vitamin D was assessed at a single 
time point. Residual confounding and limited power in 
subgroup analyses cannot be excluded.

Conclusion
Vitamin D deficiency was highly prevalent among 

Albanian adults with asthma but was not independently 
associated with asthma control. Asthma control was associated 
with age, body mass index, and asthma phenotype. Vitamin 
D did not show a direct effect but appeared to modify the 
association between BMI and asthma control, suggesting a 
context-dependent role. Further longitudinal and interventional 
studies are required to confirm these findings and clarify their 
clinical implications.
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