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Background: Community-acquired pneumonia (CAP) is a common disease with significant
morbidity and mortality. There is evidence that vitamin D deficiency can be associated with
infectious diseases. The aim of this study was to compare the levels of vitamin D between
patients with CAP and healthy controls.

Methods: In a case-control study on 73 patients with CAP and 76 healthy controls, the serum
concentration of 25-hydroxyvitamin D (25[OH]D) was measured. Severity and outcomes of
disease and also duration of hospital stay were compared in patients with different levels of
25(OH)D. The severity of CAP was assessed using the CURB-65 score (confusion, uremia,
respiratory rate, low blood pressure, age =65 years) and was also reflected by the length of
hospital stay, admission to intensive care unit (ICU), and 30-day mortality.

Results: In total, 81.2% of the study population had vitamin D levels <30 ng/dL. The risk of
pneumonia among subjects with deficient vitamin D levels was 3.69 (95% CI: 1.46, 9.31) times
of those with sufficient vitamin D level (P=0.006). Prevalence of severe deficiency of vitamin D
in scores three and four of CURB-65 (59.38%), was far more than scores one and two (31.71%).
Also, results indicated patients with severe deficiency had a higher risk for ICU admission,
30-day mortality, and longer hospitalization stay, but these were not statistically significant.
Conclusion: According to findings, a low level of 25(OH)D is associated with a higher inci-
dence of CAP and more severe disease. It is recommended to pay more attention to vitamin D
deficiency in infectious diseases, particularly in CAP patients.
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Introduction

Pneumonia is the sixth leading cause of death in the United States and the most frequent
infectious factor associated with mortality.! It is one of the most frequent reasons for
hospitalization and one of the leading causes of death in elderly populations.? It is also
one of main causes of death in children under 5 years of age in developed countries.?

Pulmonary host defenses involve anatomical and mechanical barriers, humoral
immune activity, cell-mediated immune function, and phagocyte activity. Alteration
of consciousness, smoking, alcohol consumption, underlying systemic and pulmonary
diseases, HIV infection, or old age may lead to impaired lung defense mechanism,
and these patients are at risk for pulmonary infection.*

Traditionally, pneumonia is categorized by epidemiologic factors into community-
acquired pneumonia (CAP), hospital-acquired pneumonia or nosocomial pneumonia,
and ventilator-associated pneumonia. CAP is categorized into typical and atypical
pneumonia depending on the type of causative agent. The most common typical
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pathogens include Streptococcus pneumoniae, Haemophilus
influenzae, and Staphylococcus aureus. The major etiologic
atypical pathogens of CAP are specific respiratory pathogens,
i.e., Chlamydia, Mycoplasma, or Legionella species.>*

The disease is prevalent among cases aged 50—-60 years
and usually occurs in winter and early spring. Although the
most common clinical features of pneumonia include fever,
cough, sputum production, abnormal chest auscultation, and
dyspnea in a typical clinical model, elderly patients (espe-
cially over 80 years of age) may present with only tachypnea
and loss of consciousness. Chest X-ray is a valuable diag-
nostic method for pneumonia.”®

Pneumonia is an important disease with significant
morbidity and mortality rates, and emotional and financial
burden to family, society, and the government, so it is helpful
to identify ways aimed at reducing its incidence or severity.

Vitamin A and zinc supplementation is used for the pre-
vention of respiratory infections in developed countries.*!
Moreover, vitamin C is used despite the little knowledge
about its efficacy on respiratory infections.!! Recent research
suggested the role of vitamin D in the prevention of pneumo-
nia and increasing the individual’s immunity.'*'?

Vitamin D is important for the normal activity of skeletal
and nonskeletal tissues, immune cells and immunity, bone
calcification, and brain processes.'*

Further, vitamin D metabolites play an important role in
the body’s immunity by induction of phagocyte migration,
modulation of the Th1-Th2-cell balance, and the differentia-
tion of T regulatory cells.!* Some studies showed that vitamin
D may be helpful in the treatment of tuberculosis, psoriasis,
and multiple sclerosis, as well as for prevention of cancers.'*!s

It is shown that vitamin D deficiency (<20 ng/mL) is a
prevalent condition and may be a key contributor to both acute
and chronic infectious diseases including sepsis, pneumonia,
urinary tract infections, and surgical site infections. Most
cells, such as B and T lymphocytes, monocytes, and dendritic
cells, have specific vitamin D receptors (VDRs). Vitamin D
demonstrates its immunomodulatory effects on these cell
lines through its effects on the VDR. Deficiency is associ-
ated with reduced innate immunity and an increased risk for
infections. Vitamin D deficiency can positively affect a wide
variety of microbial infections such as Gram-positive and
Gram-negative bacteria, fungi, mycobacteria, and viruses.'

Recently, the role of vitamin D has been highlighted in
various gene studies. One of the major components of the
innate immune system is a diverse combination of cationic
antimicrobial peptides that include the o- and B-defensins
and cathelicidins. It is shown that vitamin D induced the

expression of human cathelicidin antimicrobial peptide
(CAMP) gene."

Given the importance of pneumonia and because vita-
min D deficiency is one of the possible factors involved in
susceptibility to pneumonia, further studies on the possible
role of vitamin D deficiency in the prevalence or severity of
the disease can be useful.

High prevalence of vitamin D deficiency is reported
among Iranian population in several studies.!** Consider-
ing the high incidence of pneumonia in Iran, we aimed to
investigate the association between serum concentration of
25-hydroxyvitamin D (25[OH]D) and CAP in a case-control
study in Hamadan, Iran.

Methods

It is a case-control study designed on adult patients who were
diagnosed with CAP and hospitalized in the infectious ward
to investigate the association between serum concentration
of 25(OH)D and CAP. The data were gathered during patient
hospitalization at Sina Hospital, a tertiary referral center in
Hamadan. The sex-matched control subjects were recruited
from the general population and usually were selected from
patient’s companions. A diagnosis of CAP was established
by symptoms of pneumonia in combination with physical
examination and appropriate radiological changes on the
chest X-ray. Also, sputum samples were analyzed to identify
the etiologic pathogens.

The inclusion criteria were as follows: patients should be
aged over 18 years with a confirmed diagnosis of CAP, pneu-
monia has not been established 48 hours after hospitalization,
the patient has not been admitted to hospital for the last 3
months or do not have to go to the hospital for frequent visits
due to chronic diseases, did not reside in nursing homes, were
not pregnant, did not take supplemental calcium and vitamin
D for the last 3 months, and with no history of malabsorption
diseases or medicines that might influence vitamin D absorp-
tion and metabolism including chronic liver or renal disease.

Individuals with no history of pneumonia during the
past 1 year, no history of calcium and vitamin D consump-
tion 3 months before the study, no current use of inhaled or
systemic steroid, and not having chronic liver or renal failure
were considered for control group. Samples were collected
in each season, and the same number of control samples was
also obtained in the same season.

The protocol of this study was approved by the Ethics
committee of Hamadan University of Medical Sciences, and
written informed consent was obtained from all individuals
involved. A blood sample was drawn from participants in
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the morning, and serum samples were stored at 20°C. Serum
25(0OH)D concentration was measured by chemiluminescence
immunoassay method, using LIASON autoanalyzer and
DiaSorin kit (Stillwater, MN, USA). Vitamin D insufficiency,
moderate deficiency, and severe deficiency were, respectively,
defined as 25(OH)D levels 0f21-29, 10-20, and <10 ng/mL.*

The data collection tools comprised an information form
on demographic characteristics, signs and symptoms, physi-
cal examination, and the report of radiography. Also, severity
of pneumonia was measured by CURB-65 score (confusion,
uremia, respiratory rate, low blood pressure, age 65 years
or greater).?

According to the results of a case-control study con-
ducted by McNally et al in 2009, the prevalence of vitamin
D deficiency among cases and non-cases of severe acute
lower respiratory infection was reported to be 50% and 20%,
respectively. On the basis of these results, we arrived at a
sample size of 74 for each group and a total sample size of
148 at 98% significance level and 94% statistical power.?

Statistical analyses were performed using Stata SE 12.1
(StataCorp LP, College Station, TX, USA). Continuous vari-
ables were summarized using mean and standard deviation
(mean * SD). For the bivariate analysis, when the variables
were parametric, the difference of averages test (Student’s
t-test) was used; in the case of variables with more than two
categories, the one-way ANOVA test was carried out. Also,
chi-square tests were used for categorical variables. Simple
and multiple logistic regression analysis was performed to
assess the association between vitamin D deficiency and
pneumonia. Significance levels were determined using two-
tailed tests, and also 95% CIs for relative risks were calcu-
lated. P-value of less than 0.05 was considered statistically
significant in all tests.

Results

A total of 149 subjects were studied, among them 69.9%
were male. Of all the cases investigated, 73 patients with
CAP were included in the case group and 76 healthy subjects
in the control group.

The mean age in case and control groups was 67.75+10.25
and 71.97£14.27 years, respectively. The two groups were
similar with respect to all demographic characteristics, except
age (Table 1).

Mean serum level of vitamin D was 21.961+24.87 and
19.31£11.15 ng/mL in patients and controls, respectively
(P=0.400). Comparison between cases and controls dem-
onstrated that while age group and education level had
significant effects on the mean level of 25(OH)D, other
demographic factors had no such effect (Table 2).

Table | Demographic information and past medical history in
case and control groups

Variables Case (n=73) Control (n=76) P-value
Gender
Male 52 (71.2%) 52 (68.4%) 0.709
Female 21 (28.8%) 24 (31.6%)
Age, years (mean 67.75+10.25 71.97+14.27 0.03
+SD)
Age group
<70 years 25 (34.25%) 43 (56.58%) 0.006
>70 years 48 (65.75%) 33 (43.42%)
Education
llliterate 52 (71.23%) 51 (61.11%) 0.699
Educated 19 (26.03%) 21 (27.63%)
Academic levels 2 (2.74%) 4 (5.56%)
Resident in
Urban area 50 (68.49%) 57 (75%) 0.223
Border towns 8 (10.96%) 11 (14.47%)
Rural area 15 (20.55%) 8 (10.53%)
Occupation
Workless 46 (63.0%) 49 (64.5%) 0.824
Self-employed 25 (34.2%) 26 (34.2%)
Employee 2 (2.74%) I (1.3%)
Smoking status
Never smoker 50 (68.5%) 56 (73.7%) 0.726
Current smoker 14 (19.1%) Il (14.4%)
Former smoker 9 (12.4%) 9 (11.8%)
Underlying disease
None 38 (52.0%) 41 (53.9%) 0.096
COPD 9 (12.3%) 7 (9:2%)
HTN I (15.1%) 21 (27.6%)
IHD 15 (20.5%) 7 (9.2%)

Abbreviations: HTN, hypertension; IHD, ischemic heart disease.

The association between vitamin D levels and CAP is
given in Table 3, considering the sufficiency, insufficiency,
and deficiency as 25(OH)D levels of >20, 10-20, and
<10 ng/mL, respectively. Although there was no significant
difference between the two groups for the mean of 25(OH)D,
cases had a significant higher rate of deficiency than controls.
According to these results, after controlling for age, the risk of
CAP among individuals with insufficient vitamin D level was
almost a half of individuals with sufficient levels. However,
the risk of pneumonia among subjects with deficient vitamin
D levels was 3.69 (95% CI: 1.46, 9.31) times of those with
sufficient vitamin D levels (Table 3).

Also, regarding the odds ratio (OR) index, the relative
chance (OR) of severe vitamin D deficiency in the case group
was 4.16 (95% CI: 1.82, 9.85) times that of the control group.

The severity of CAP was assessed using the CURB-65
score and was also reflected by the length of hospital stay,
admission to intensive care unit (ICU), and 30-day mortality
rate. Although, when entering all of the vitamin D levels, there
was no difference between the low- and high-risk patients
identified based on CURB-65 (P=0.120); however, a signifi-
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Table 2 The mean vales of 25(OH)D in two groups based on
different variables

Variables Case (n=73) Control (n=76) P-value
Total 21.96+24.87 19.31£11.15 0.400
Gender

Male 17.11£18.96 18.751£9.42 0.578

Female 33.95+33.13 20.52+14.36 0.078
Age group

<70 years 12.20+9.93 19.54+11.30 0.008

270 years 27.04+28.63 19.01£11.11 0.130
Education

llliterate 27.04+27.45 19.51£11.01 0.716

Educated 9.9718.65 19.82+12.04 0.005

Academic levels 3.62+.088 14.1148.86 0.190
Resident in

Urban area 21.89+24.12 17.8449.12 0.242

Border town 22.20+19.53 16.68+7.68 0.402

Rural area 22.04+30.87 33.38+18.10 0.353
Smoking status

Never smoker 24.42+27.63 19.76+12.33 0.256

Current smoker 16.29+16.10 17.68+6.74 0.791

Former smoker 17.08+18.76 18.50£7.59 0.836
Underlying disease

None 15.80+£19.09 19.22+12.60 0.346

COPD 29.31+21.74 17.63+7.28 0.197

HTN 25.72+28.89 18.04+7.95 0.258

IHD 30.39433.55 25.33£13.43 0.707

Note: Bold P-values are significant.
Abbreviations: HTN, hypertension; IHD, ischemic heart disease; 25(OH)D,
25-hydroxyvitamin D.

cant impact of severe vitamin D deficiency on CURB-65 score
was found with an OR of 3.15 (59.38% vs 31.71%, OR =3.15,
95% CI: 1.20, 8.25; P=0.018). The level of 25(OH)D was not
significantly associated with ICU admission and death (Table
4). The mean length of hospital stay was 11.03+£7.48 days in
patients with severe deficiency compared with 9.4716.06 days
in patients with sufficient levels of 25(OH)D.

Discussion
The purpose of this case-control study was to investigate the
relationship between vitamin D levels and severity of CAP
in a total of 149 subjects (73 cases and 76 controls). The
overall prevalence of vitamin D deficiency in the case group
was not greater than in the control group; however, patients
with CAP had a higher rate of severe vitamin D deficiency
in comparison with healthy participants. Furthermore, CAP
patients with severe vitamin D deficiency had more severe
disease (higher CURB-65 score). Although not statistically
significant, patients with severe deficiency had a higher rate
of ICU admission and a longer duration of hospital stay.
The results of our study showed that there was a signifi-
cant association between severe vitamin D deficiency and
CARP. Individuals with severe deficiency were 4.16 times more
susceptible in acquiring CAP when compared to the people
with higher levels of vitamin D. Our result is consistent with

Table 3 The association between vitamin D levels and community-acquired pneumonia

Variables Controls Cases Unadjusted P-value Adjusted P-value
OR (95% ClI) OR (95% CI)*

Sufficient (>20 ng/mL) 26 25 1.00 1.00

Insufficient (10-20 ng/mL) 38 16 0.43 (0.19, 0.97) 0.043 0.51(0.22, 1.16) 0.111

Deficient (<10 ng/mL) 12 32 2.77 (1.17, 6.56) 0.020 3.69 (1.46,9.31) 0.006

Note: *Adjusted for age and smoking.

Table 4 Comparison of the mean values as well as the categorized levels of 25(OH)D based on CURB-65 score, ICU admission, and

30-day mortality in CAP patients

Variables CURB-65 ICU admission Death
3-4 0-2 Yes No Yes No
Mean levels of 25(OH)D + SD 21.12+30.98 22.61+19.19 23.92+35.36 21.11+19.05 25.85+36.70 21.19+22.17
P-value* 0.801 0.660 0.556
Category Severe deficiency 19 (59.38%) 13 (31.71%) 13 (59.09%) 19 (37.25%) 6 (50%) 26 (42.62%)
Moderate deficiency 5 (15.63%) Il (26.83%) 3 (13.64%) 13 (25.49%) 2 (16.67%) 14 (22.95%)
Insufficiency 2 (6.25%) 6 (14.63%) | (4.55%) 7 (13.73%) | (8.33%) 7 (11.48%)
Sufficiency 6 (18.75%) Il (26.83%) 5 (22.73%) 12 (23.53%) 3 (25%) 14 (22.95%)
P-value** 0.120 0.279 0.937

Notes: *t-test; **chi-square test.

Abbreviations: 25(OH)D, 25-hydroxyvitamin D; CURB-65, confusion, uremia, respiratory rate, low blood pressure, age 65 years or greater; ICU, intensive care unit; CAP,

community-acquired pneumonia.
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the recent studies conducted in other countries,”’*° although
this relationship was observed for different levels of vitamin
D in other studies. Kim et al in a study on hospitalized patients
with CAP in South Korea found that vitamin D deficiency,
which was defined as 25(OH)D less than 20 ng/mL, was
observed in about 80% of patients.?’ In a hospital-based case-
control study by Wayse et al on 150 Indian children under
5 years of age, one of factors associated with significantly
higher OR for having severe acute lower respiratory infec-
tion was serum 25(OH)D less than 10 ng/mL (OR =11).3°
Aregbesola et al investigated the effect of 25(OH)D on the
risk of incident hospitalized pneumonia in an aging general
population in eastern Finland. They found that the subjects
with the lowest level of serum 25(OH)D had a significant
2.6-fold (95% CI: 1.4, 5.0) higher risk of developing pneu-
monia compared to the subjects with the highest levels.?
They concluded that there was an inverse effect of serum
25(OH)D concentration on the risk of incident pneumonia in
the aging population. Quraishi et al reported the result of the
third National Health and Nutrition Examination Survey in a
large nationally representative cohort of noninstitutionalized
adults in the United States. They showed that after adjusting
for demographic factors, clinical data, and season, 25(OH)D
levels less than 30 ng/mL were associated with 56% higher
risk for CAP.?® Holter et al investigated the vitamin D status
and long-term mortality in CAP. They showed that high
prevalence of vitamin D deficiency and inadequacy among
hospitalized adults with CAP and patients with vitamin D
deficiency at hospital admission resulted in a 91% increase
in risk of death during long-term follow-up after discharge,
but no significant difference in survival was observed in
patients with vitamin D inadequacy, compared to patients
with vitamin D sufficiency.?!

Our results demonstrated that the severity of CAP using
the CURB-65 score was associated with severe vitamin D
deficiency, and the OR of patients with severe deficiency for
severe disease based on CURB-65 score was 3.15. Similarly,
Pletz et al in a study on randomly selected patients with
CAP in Germany found that there was a significant inverse
correlation between serum 25(OH)D concentration and
CURB-65 score.’? Although we found no significant asso-
ciation between vitamin D levels and both ICU admission
and mortality in CAP, some studies indicated a significant
relationship; for instance, Remmelts et al in a prospective
cohort study on hospitalized patients with CAP stated that
vitamin D deficiency was associated with an increased risk
of ICU admission and 30-day mortality.?* Also, they showed
that 25(OH)D status was an independent predictor of 30-day

mortality and concluded that there was a relationship between
deficiency and adverse outcome in CAP. An another study
by Leow et al in a prospective cohort of 112 patients admit-
ted with CAP during winter in New Zealand found that
25(OH)D deficiency is associated with increased mortality
in their patients.>* Similar results were obtained in studies
by McNally et al and Wayse et al.?63°

The results of our study indicated that low levels of
25(OH)D may lead to longer hospitalization, and there was a
negative correlation between serum concentration of 25(OH)
D and the length of hospital stay. Thus, patients with severe
deficiency were hospitalized, on average, for 11.03 days, in
comparison with 9.47 days in patients with sufficient levels
of vitamin D. However, Choudhary and Gupta evaluated
the role of oral vitamin D supplementation (1000-2000 IU
per day for 5 days) for resolution of severe pneumonia in a
randomized controlled trial on 200 children under 5 years of
age.*® They found that median duration for the resolution of
severe pneumonia was similar in both the groups (vitamin
D supplementation vs placebo). Also, the two groups did not
differ in duration of hospitalization and time to resolution
of tachypnea, chest retractions, and inability to feed. They
stated that short-term supplementation with oral vitamin D
has no beneficial effect on resolution of severe pneumonia
in under-five children.?® The fact that the short-term supple-
ment of vitamin D cannot produce results in patients with
CAP can be due to the long-term effects of vitamin D on
the maturation and development of lymphocytes and other
mononuclear cells in the immune system.

Limitations

In this study, sexes were matched for cases and controls,
but this was not feasible for age. Also, we did not take into
account the etiologies (bacterial or viral or both) of pneu-
monia to compare the impact of vitamin D deficiency. As
some of our study participants probably ignored or forgot
their supplementations and this might have influenced the
results. In addition, the lack of documented information about
treatment history and also administration of over-the-counter
medications are the main drawbacks in all studies conducted
in Iran. Furthermore, some outlier values were not excluded
that resulted in high SD values, although we calculated the
confidence intervals for these data.

Conclusion

Based on our study, patients with vitamin D deficiency
may develop more severe CAP, as well as longer hospital
stay, higher rates of ICU admission, and 30-day mortality
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compared to patients with vitamin D sufficiency. It is sug-
gested that more attention be paid to vitamin D deficiency in
infectious diseases, particularly in CAP. Further studies with
larger sample sizes are needed to confirm the allegation of
higher incidence of CAP in vitamin D-deficient individuals.
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