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Ventilator-associated pneumonia (VAP) is a major contributor to illness and death among 
patients in intensive care units (ICUs). While vitamin D deficiency is known to compromise 
immune defenses and elevate the risk of infections, its specific association with VAP has yet to 
be clearly established. So, we aimed to evaluate vitamin D in patients with VAP admitted to the 
ICU. In this case-control study, 141 ICU patients from two hospitals in northern Iran were 
enrolled. Serum 25-hydroxyvitamin D levels were measured within 48 hours of ICU admission. 
VAP diagnosis was based on clinical and microbiological criteria ≥48 hours after mechanical 
ventilation. Demographic data, laboratory parameters, and mechanical ventilation duration were 
recorded. Vitamin D insufficiency was present in 73.7% of patients. The mean serum vitamin 
D level did not differ significantly between VAP and non-VAP groups; however, sufficiency 
was nearly twice as common in the non-VAP group. Multivariate analysis identified elevated 
white blood cell count (OR = 2 per 1000 cells/µL, p < 0.001) and reduced platelet count (OR = 
0.98, p = 0.005) as independent predictors of VAP, while vitamin D status was not statistically 
significant. Vitamin D deficiency is highly predominant in ICU patients but was not an 
independent predictor of VAP in this study. Nevertheless, the observed trend toward higher 
vitamin D sufficiency in non-VAP patients, along with previous evidence, suggests potential 
benefits of supplementation. Larger randomized controlled trials are warranted to clarify its 
preventive role in VAP. 
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1. Introduction 
In intensive care units (ICUs), ventilator-associated 

pneumonia (VAP) ranks among the most prevalent 
hospital-acquired infections and is linked to a high 
mortality rate. Accounting for nearly 80% of all 
nosocomial pneumonias, VAP develops in patients 
undergoing intubation and mechanical ventilation. The 
cumulative risk of ventilation pneumonia is 
approximately 1% for daily mechanical ventilation, but 
increases on the first day after intubation. The risk of 
death for patients with VAP is higher if they require 
mechanical ventilation for over 10 days, remain in ICU 
for more than 6 days, or stay in the hospital for more 
than 11 days [1-4]. The three vital factors in the 
pathogenesis of VAP are colonization of the 
oropharyngeal region with pathogenic microorganisms, 
aspiration of these organisms from the oropharyngeal 
region to the lower respiratory tract, and disruption of 
the body's natural defense mechanisms. The most 
obvious risk factor is the endotracheal tube (ET), which 
bypasses the natural mechanical factors that prevent 
aspiration. ET may prevent aspiration of large amounts 
of material, but in fact micro aspiration increases due to 
the accumulation of secretions at the top of the cuff. ET 
and the need for suction can damage the tracheal mucosa 
and facilitate tracheal colonization. In addition, the 
pathogen can form a glycocalyx biofilm on the ET 
surface that protects the bacteria against antibiotics and 
host defense. Bacteria may also be removed during 
suction and inoculated into the trachea again, or small 
portions of the glycocalyx may be embolized into the 
terminal airways and carry the bacteria to these sites [5, 
6]. Usually, the mortality rate due to multi-drug resistant 
pathogens is significantly higher than that of non-MDR 
pathogens [7-9].  

Due to the high complications of this disease and the 
special conditions of intubated patients and medical 
treatment problems, the best thing is to prevent this 
disease. Because of the importance of ET as a risk factor 
for VAP, the most important intervention for prevention 
is to avoid or minimize endotracheal intubation. 
Successful use of non-invasive ventilation through the 
nasal mask or the whole face prevents many of the 
problems caused by ET. Strategies that minimize the 
length of the ventilation period, such as daily 
discontinuation of sedatives and serious separation 
protocols, have also been very effective in preventing 
VAP. Because VAP is caused by microorganisms, the 
body's defense mechanisms are important in preventing 
disease. Studies have shown that vitamin D deficiency 
is a risk factor for infections and sepsis in critically ill 
patients [10]. According to the American Endocrine 
Society vitamin D deficiency is defined as the serum 
level of the active form of vitamin D below 20 ng / ml. 
Vitamin D level between 21 to 29 is considered as 
insufficiency and vitamin level more than 30 ng / ml is 
considered as sufficient level of vitamin D [11,12]. 
Numerous studies have shown that vitamin D deficiency 

is higher in patients admitted to the ICU and there is a 
significant relationship between the amount of vitamin 
D and survival in patients and the duration of 
hospitalization [13-15]. Vitamin D supplements have 
been shown to boost the immune system. Therefore, a 
deficiency of this vitamin may have an adverse effect on 
the strength of the immune system. Studies have shown 
that 85% of Iranians of both sexes are deficient in 
vitamin D [16,17]. So far, in our region no study have 
been directed to explore the link between vitamin D 
deficiency and the incidence of VAP in adults, so we 
decided to conduct a study to evaluate vitamin D in 
patients with pneumonia admitted to the ICU. 

2. Materials and Methods 

2.1 Study population  

In this case-control study, 141 patients admitted to the 
intensive care units of Razi and Poursina hospitals in 
Rasht, Northern Iran were selected. Pregnant women, 
patients using vitamin D supplementation, patients 
using corticosteroids, patients who have diabetes, 
malabsorption syndrome, chronic kidney disease and 
metastatic cancers, and patients with community-
acquired pneumonia were excluded from this study. 
Based on the report by Amri Maleh et al. [18], and a 
case-to-control ratio of 1:2 the sample size calculation 
yielded a required sample of 47 cases and 94 controls. 
A written informed consent was obtained from all 
patients. 

2.2 Definitions and data collection 

According to the ICU protocol, beds of all these 
patients were 30֯ elevated, the cuff pressure was set to 
25 cm of water, and chlorohexidine and gentamycin 
mouth wash was used for all patients. Intravenous 
pantoprazole was also used as an anti-acid agent for all 
patients. Incident VAP was adjudicated ≥48 hours after 
initiation of mechanical ventilation, using clinical 
criteria (CPIS) supported by microbiological evidence 
(quantitative culture of endotracheal aspirate or BAL 
where available). According to this criteria, patients 
were divided into 2 groups with and without pneumonia. 
Serum 25-hydroxyvitamin D [25(OH)D] was measured 
for all enrolled patients within 24 hours of ICU 
admission and before 48 hours of mechanical ventilation 
using a validated enzyme-linked  immunosorbent  assay 
(ELISA)  (ELISA/Stat Fax 3500, USA). Samples were 
processed within 2 hours and stored at −80 °C until 
batch analysis. Choice of the third day was due to the 
fact that studies have shown that the loss of vitamin D is 
greater on the third day of hospitalization. Vitamin D 
levels <20 ng/ml were classified as insufficient [19]. 
Demographic characteristics of patients including age, 
sex and laboratory parameters of mechanical ventilation 
use were collected and recorded by design colleagues or 
ICU nurses.  
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2.3 Statistical analysis 

The collected data were analyzed using IBM SPSS 
Statistics, Version 21 (IBM Corp., Armonk, NY, USA). 
To compare vitamin D levels, mean statistical indices 
and standard deviation and Independent T-test were 
used. In case of abnormality of vitamin D distribution, 
median and interquartile range indices, and Mann 
Whitney test were used. Chi-square test was used to 
compare the frequency distribution of vitamin D status 
in the two groups with and without pneumonia, as well 
as with and without mortality and with and without 
sepsis. In order to determine the relationship between 
vitamin D and pneumonia, researchers used logistic 
regression. This statistical method was employed after 
controlling for individual and other variables that could 
have influenced the outcome. The significance level of 
the tests was determined with P <0.05. 

3. Results 
The study included patients with a mean age of 57.74 

years (SD=20.02). The ages ranged from 18 to 93 years, 
with most patients falling into the 61-80 age bracket. In 
terms of gender, the cohort was almost evenly split 
between men (54.3%) and women (45.7%). The 
frequency distribution of patients based on age (p = 
0.907) and also the distribution of sex (p = 0.122) in two 
groups with and without pneumonia were not 
statistically significant and there was no statistically 
significant difference.  Table 1 compares blood 
parameters and days of intubation in the two groups with 
and without pneumonia. In this study, 62.4% of the 
patients had insufficient blood vitamin D levels, and 
11.3% of patients had severe serum vitamin D 
deficiency. Overall, 73.7% (n = 104) of the total patients 
admitted to the ICU were somehow deficient in vitamin 
D. Table 2 compares the main research variable, serum 
vitamin D levels in the two groups with and without 
pneumonia. According to the data in this table, the 
serum levels of vitamin D in the two groups were not 
statistically significant and had almost the same mean 
and median. Multivariate analysis using logistic 
regression was performed to evaluate the true 
association between vitamin D levels and the incidence 
of pneumonia, adjusting for age, sex, WBC, RBC, and 
platelet counts. According to the final model, only two 

variables were identified as significant predictors of 
pneumonia risk: WBC (p < 0.001) and platelets (p < 
0.005). Specifically, with every increase of 1000 units 
in WBC, the odds of developing pneumonia doubled 
(odds ratio = 2). Conversely, an increase in platelet 
count was associated with a slight decrease in 
pneumonia risk (odds ratio = 0.98). 

4. Discussion 
A recent study investigated the link among VAP and 

vitamin D deficiency in critically ill patients requiring 
mechanical ventilation. Consistent with prior 
epidemiological data, the study found a high prevalence 
of vitamin D insufficiency among patients admitted to 
the ICU, with nearly 75% of participants having 
deficient levels. However, no statistically significant 
difference in mean serum vitamin D concentration was 
observed between patients who developed VAP and 
those who did not. Additionally, our multivariate 
analysis identified elevated white blood cell count and 
reduced platelet count as the only independent 
predictors of VAP risk, supporting their role as 
established markers of infection severity in ICU 
settings. This finding is consistent with the expected 
leukocytosis that typically accompanies pneumonia, 
reflecting the host’s inflammatory response to infection. 
Thrombocytopenia has been widely reported as a post-
hospitalization complication in ICU patients and is often 
associated with disease severity [20-22]. Various 
etiologies for thrombocytopenia in critically ill patients 
have been identified, including sepsis, disseminated 
intravascular coagulation (DIC), acute respiratory 
distress syndrome (ARDS), certain medications, 
invasive monitoring devices, and blood transfusions 
[20,23]. In our study, a total of 73.7% of ICU-admitted 
patients were vitamin D deficient. These findings are 
consistent with previous studies, such as that by Amri 
Maleh et al., who reported a prevalence of 72.6% in ICU 
patients [18]. Similarly, Vosoughi et al. observed 
vitamin D insufficiency in 93.5% of ICU patients [24], 
and Venkatram et al., in a study of 437 patients, reported 
a prevalence of 88.8% [25]. Vitamin D deficiency has 
been associated with several adverse outcomes, 
including prolonged hospitalization [26], 
hypoalbuminemia [27], and increased mortality in 
critically ill patients [28].

Table 1. Comparison of blood parameters and intubation time in the two groups with and without pneumonia 

Parameter  Pneumonia P value Yes No 
    

WBC (m/mm3) 14.76 ± 2.09 8.14 ± 2.61 <0.001 

RBC (m/mm3) 5.50 ± 0.99 5.20 ± 1.19 0.027 

Hb (gr/dl) 13.26 ± 1.41 12.94 ± 1.25 0.116 

Plt (m/mm3) 282.04 ± 68.73 396.56 ± 114.79 <0.001 

Intubation time (Day) 8.30 ± 3.57 5.61 ± 3.86 <0.001 

Table 2. Comparison between serum vitamin D levels in the two groups with and without pneumonia 

Variable Unit Pneumonia P value Yes No 
Vitamin D levels ng ml⁄  23.10±11.25 23.34±11.13 0.969 
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Although the exact mechanisms remain unclear, 
vitamin D is thought to enhance innate immunity by 
stimulating the activity of macrophages, lymphocytes, 
and monocytes. Jeng et al. demonstrated a significant 
correlation between vitamin D levels and cathelicidin, 
an antimicrobial peptide effective against Gram-
positive, Gram-negative, fungal, and mycobacterial 
pathogens [27]. In our study, serum vitamin D levels did 
not differ significantly between patients with and 
without pneumonia. However, the proportion of patients 
with sufficient vitamin D was nearly twice as high in the 
non-pneumonia group compared to the pneumonia 
group. Notably, most patients with pneumonia had 
varying degrees of vitamin D deficiency. Miroliaee et 
al. reported that vitamin D supplementation in VAP 
patients significantly reduced mortality, independent of 
the causative microorganism [29]. Similarly, Han et al. 
found that adequate vitamin D levels were associated 
with shorter ICU stays in mechanically ventilated 
patients [30]. Large epidemiological studies also 
support an inverse association between vitamin D status 
and respiratory infection risk, as shown by Ginde et al., 
who demonstrated that lower serum 25-hydroxyvitamin 
D levels were linked to increased upper respiratory tract 
infections [31]. Given the quantitative nature of serum 
vitamin D measurements and the high prevalence of 
deficiency in ICU patients, using vitamin D status as a 
clinical indicator may be valuable in patient risk 
assessment. While our study did not find a statistically 
significant protective effect of adequate vitamin D 
levels against pneumonia, the observed trend toward 
higher sufficiency in the non-pneumonia group, 
combined with previous evidence, supports the potential 
role of supplementation. Considering the affordability, 
accessibility, and safety of vitamin D, alongside the 
poor nutritional status common among ICU patients, 
routine supplementation may represent a simple and 
cost-effective strategy to improve patient outcomes  

This study's findings should be interpreted with a few 
key limitations in mind. First, the small sample size and 
the fact that all participants were from just two hospitals 
in a single geographic region may limit the 
generalizability of the results, making it difficult to 
apply them to a wider population. Second, because 
vitamin D levels were measured only once within the 
first 48 hours of ICU admission the data may not 
accurately reflect any dynamic changes in a patient's 
vitamin D status that might occur later on during their 
hospitalization. Additionally, unmeasured confounders, 
such as variations in nutritional status, sun exposure 
history, seasonal effects, and genetic factors influencing 
vitamin D metabolism, could have influenced the 
results. In this case-control study of ICU-admitted 
patients, vitamin D deficiency was highly prevalent, 
affecting nearly three-quarters of the study population. 
While serum vitamin D levels did not differ 
significantly between patients with and without VAP, 
the proportion of patients with sufficient vitamin D was 
nearly twice as high in the non-pneumonia group, 

suggesting a potential protective trend. White blood cell 
count and platelet count were the only independent 
predictors of VAP risk in multivariate analysis. Given 
the high burden of vitamin D deficiency and its potential 
impact on immune function, routine assessment and 
correction of vitamin D status in critically ill patients 
may be a low-cost, low-risk intervention worth 
considering. Further large-scale, multicenter, 
randomized controlled trials are warranted to clarify the 
role of vitamin D supplementation in the prevention and 
management of VAP. 
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