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Abstract

Background: Hospital-acquired pneumonia (HAP) is an important cause of mortality and morbidity among hospital-acquired infections. Vitamin D (25[OH]
D) plays a role as an anti-inflammatory, immunomodulatory, and antimicrobial agent in infections. There are limited studies on the long-term mortality pre-
diction of 25(0H)D deficiency in HAP and the findings are controversial. In this study, our primary aim was to investigate the role of 25(OH)D level measured
during hospital admission as an independent risk factor for one-year mortality in HAP patients requiring intensive care.

Materials and Methods: The retrospective study included patients that were diagnosed with HAP and admitted to the intensive care unit (ICU) between
2014 and 2018. Relationship between pretreatment 25(OH)D level and one-year independent mortality was evaluated. Vitamin D deficiency was defined as
a 25(0OH)D level of <30 ng/ml. Patients were divided into two groups based on vitamin D level: (i) <20 ng/ml and (ii) >20 ng/ml.

Results: The study included 57 patients comprising 36 (63.2%) men and 21 (36.8%) women with a mean age of 75 years. One-year independent mortality
occurred in 21 (36.8%) patients. Mean length of ICU stay was 16 days. Mean 25(OH)D level was 9.53 ng/ml, which was <20 ng/ml in 47 (82.5%) and >20 ng/
ml in 10 (17.5%) patients. No significant relationship was found between 25(0OH)D level and one-year independent mortality and the length of ICU stay
(p=0.477 and p=0.941, respectively). Similarly, no significant relationship was found between 25(0OH)D level and APACHE I, age, length of ICU stay, and one-
year independent mortality (p=0.621, p=0.933, p=0.410, and p=0.933, respectively).

Conclusion: The study included 57 patients comprising 36 (63.2%) men and 21 (36.8%) women with a mean age of 75 years. One-year independent mor-
tality occurred in 21 (36.8%) patients. Mean length of ICU stay was 16 days. Mean 25(0H)D level was 9.53 ng/ml, which was <20 ng/ml in 47 (82.5%) and
>20 ng/ml in 10 (17.5%) patients. No significant relationship was found between 25(0H)D level and one-year independent mortality and the length of ICU
stay (p=0.477 and p=0.941, respectively). Similarly, no significant relationship was found between 25(0H)D level and APACHE II, age, length of ICU stay, and

one-year independent mortality (p=0.621, p=0.933, p=0.410, and p=0.933, respectively).
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Introduction

Vitamin D plays a role as a biomarker for cell proliferation
and differentiation, hormone secretion, immune function
regulation, and innate and acquired immune system. Vitamin
D has also been shown to have inhibitory properties in T and
B lymphocyte differentiation and in the acquired immune
system. It transforms into 25 hydroxyvitamin D (25 OH D)
in the skin, liver, and kidney and can be used to determine
its pool and level since its half-life is two to three weeks.!
Although there is no consensus in the literature regarding
its optimal level, vitamin D deficiency is defined as a serum
level of <20 ng/ml and vitamin D insufficiency is defined as
level of 20-30 ng/ml. In recent studies, vitamin D deficiency
has been shown to play a role in mortality associated with
diabetes, hypertension, and inflammation-based diseases.*
Hospital-acquired pneumonia (HAP) is a pneumonia
that develops 48 hours after hospital admission or discharge.
HAP ranks second among all hospital-acquired infections

worldwide. Moreover, it is an important cause of mortality
and morbidity in patients followed up in intensive care unit
(ICU).>7 Studies investigating community-acquired pneu-
monia (CAP) have shown that vitamin D plays has important
anti-inflammatory, immunomodulatory, and antimicrobial
properties. Additionally, it has been suggested that vitamin
D deficiency in pneumonia patients is mostly caused by the
deterioration of the oxidant/antioxidant balance. Therefore,
it is important to detect and replace vitamin D levels during
hospital admission. On the other hand, studies conducted on
vitamin D level have shown that the risk of lower respirato-
ry tract infection increases at 25(OH)D levels of 30-38 ng/
ml."*9 In a study conducted on critically ill patients followed
in ICU, vitamin D deficiency was found to be an indepen-
dent risk factor for 30- and 90-day and 1-year mortality.'®!!
There is a limited number of studies on the relationship be-
tween vitamin D deficiency and long-term mortality in HAP
and also there is no consensus regarding this relationship.'?
In the present study, our primary aim was to investigate the
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role of 25(OH)D level measured during hospital admission
as an independent risk factor for one-year mortality in HAP
patients requiring ICU care.

Materials and Methods

The retrospective study included patients who were diag-
nosed with HAP and admitted to ICU between 2014 and
2018. After obtaining an ethics committee approval (Date:
June 18, 2020; No: 678), ICU observation charts, patient
histories, and chest X-ray images were reviewed for each
patient. Inclusion criteria were as follows: a diagnosis
of HAP, admission to ICU according to the guidelines of
the Infectious Disease Society of America (IDSA) and the
American Thoracic Society (ATS), and one-year follow-up
for independent mortality.>” Additionally, patients whose
HAP treatment was initiated after ICU admission, whose vi-
tamin D levels were measured within the first hour of ICU
admission, and those who were detected with vitamin D de-
ficiency and received vitamin D replacement were included
in the study.* Exclusion criteria were as follows: pregnancy,
age below 18 years, prior vitamin D, calcium, and thyroid
hormone replacement, a history of total thyroidectomy and
parathyroidectomy, active malignancy, active infection oth-
er than HAP, and connective tissue disease (Table 1). Vita-
min D level was studied with the immunoassay method us-
ing a Siemens ADVIA Centaur XPT Immunoassay System.
Vitamin D deficiency was defined as a 25(OH)D level of
<30 ng/ml. Patients were divided into two groups based on
vitamin D level: (i) <20 ng/ml and (ii) >20 ng/ml.

Table 2: Demographic and clinical characteristics

Table 1: Flowchart of the study
Patients admitted to ICU during the study period (n=110)

Patients excluded due to exclusion criteria (n=3)

Patients with incomplete medical records (n=41)

Patients included in the study (n=57)

Statistical Analysis

Data were analyzed using SPSS for Windows version 15.0
(SPSS Inc., Chicago, IL, USA). Descriptives were ex-
pressed as frequencies (n), percentages (%), median, and
minimum-maximum values. Normal distribution of vari-
ables was assessed using Shapiro-Wilk test. Both dependent
and independent variables with nonnormal distribution were
compared using Chi-square test and Wilcoxon’s signed-rank
test. Continuous variables were compared using Student’s
t-test and Mann-Whitney U test. A p value of <0.05 was con-
sidered significant.

Results

The study included 57 patients comprising 36 (63.2%) men
and 21 (36.8%) women with a mean age of 75 years. One-
year independent mortality occurred in 21 (36.8%) patients.
Mean 25(OH)D level was 9.53 ng/ml. Mean Acute Phys-
iology and Chronic Health Evaluation (APACHE II) and
Sequential Organ Failure Assessment (SOFA) scores were
26 and 5, respectively. Table 2 presents demographic and
clinical characteristics of the patients.

Variables All patients (N=57) Mortality
Median(Min-Max) No (N=36) Yes (N=21) P
Median (Min-Max) Median (Min-Max)
Age (years) 75 [20-92] 76.5[20-92] 70 [48-90] 0.011
25(OH)D 9.53 [3.20-48.40] 10.20 [3.20-48.40] 8.54 [5.36-48.05] 0.477
SOFA 5[2-18] 4[2-12] 8 [3-18] <0.001
APACHE 11 26 [15-54] 26.5[15-42] 25[16-54] 0.974
Variables All patients (N=57) No (N=36) Yes (N=21) p
N (%) N (%) N (%)
Gender
(male/female) 36 (63.2) /21 (36.8) 23 (63.8) /13 (36.2) 13 (61.9) /8 (38.1) 0.882
Comorbidity 51(89.5) 34 (94.4) 17 (81.0) 0.113
CAD 20 (35.1) 14 (38.9) 6 (28.6) 0.435
HT 24 (42.1) 18 (50.0) 6 (28.6) 0.117
DM 10 (17.5) 6 (16.7) 4 (19.0) 0.821
COPD 44 (717.2) 31 (86.1) 13 (61.9) 0.037
CKF 12 (21.1) 8(22.2) 4(19.0) 0.779
CHD 2 (40.4) 21 (58.3) 2(9.5) <0.001
Neurological disease 17 (29.8) 12 (33.3) 5(23.8) 0.452
ICU stay (days) 16 [1-96] 17 [3-96] 15 [1-48] 0.941

APACHE II: Acute Physiology and Chronic Health Evaluation II, SOFA: Sequential Organ Failure Assessment, COPD: Chronic obstructive pulmonary disease, DM: Diabetes mel-
litus, CAD: Coronary artery disease, CHD: Coronary heart disease, HT: Hypertension, CKD: Chronic kidney disease, 25(OH)D: 25 25 hydroxyvitamin D, ICU: Intensive care unit
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Table 3 presents the microbiological and radiological
characteristics assessed at ICU admission. The type of mi-
crobiological culture samples established no significant re-
lationship with radiological findings and one-year indepen-
dent mortality (p=0.064 and p=0.355, respectively).

As an independent risk factor for one-year mortali-
ty, 25(OH)D level was found to be low (<30 ng/ml) in 18
(34.6%) and normal (>30 ng/ml) in 3% (60.0%) patients that
died during the study.

Table 3 shows the relationship between 25(OH)D levels
and demographic and clinical characteristics. No significant
relationship was found between 25(OH)D level and one-year
independent mortality and the length of ICU stay (p=0.477
and p=0.941, respectively). On the other hand, 25(OH)D
level was found to be <20 ng/ml in 47 (82.5%) and >20 ng/
ml in 10 (17.5%) patients. No significant relationship was
found between 25(OH)D level and APACHE 11, age, length
of ICU stay, and one-year independent mortality (p=0.621,
p=0.933, p=0.410, and p=0.933, respectively) (Table 4).

Discussion
The results indicated no significant relationship between vi-

tamin D supplementation and one-year independent mortality
and the length of ICU stay in HAP patients requiring ICU care.

Table 3: Microbiological and radiological characteristics

Vitamin D is a steroid hormone that is vital for lung and
bone health.” In infections, it decreases the production of
inflammatory proteins with no elevation in viral replication
in tracheobronchial cells.'* Studies have shown that vitamin
D receptors are available in various immune cells such as
neutrophils, macrophages, and dendritic cells. It has also
been shown that the secretion of proinflammatory cells such
as interleukin-1 (IL-1), IL-6, IL-8, and IL-12, which occur
with vitamin D replacement in the presence of inflammation,
decreases in individuals with vitamin D deficiency. Based
on this hypothesis, it is believed that vitamin D has immu-
noregulatory and immunomodulatory properties.'® In recent
years, there have been numerous studies conducted on the
effect of vitamin D deficiency on the course of the disease,
particularly in CAP, while studie evaluating HAP are rela-
tively fewer. A study by Grant et al. '® found that vitamin D
replacement produced antimicrobial peptides and decreased
the prevalence of pneumonia caused by influenza virus in-
fection by reducing the production of proinflammatory cyto-
kines. A randomized double-blind placebo-controlled study
evaluated 46 ventilator-associated patients and reported that
procalcitonin levels decreased significantly after vitamin
D replacement in patients with vitamin D deficiency.”® A
prospective observational cohort study by Kempker et al.!”
evaluated vitamin D levels of 314 patients followed up in
ICU and suggested that vitamin D deficiency predisposed
patients to develop HAP. In our study, we evaluated 25(OH)

Variables N %
Microbiological sample type Sputum 23 52.6
Endotracheal aspirate 30 40.4
Blood 4 7.0
Total 57 100
Microbiological culture growth Pseudomonas Aerugionosa 13 22.8
Acinetobacter Baumannii 34 59.6
Acinetobacter Baumannii + Klebsiella Pneumoniae 9 15.8
Acinetobacter Baumannii + Pseudomonas Aeruginosa 1 1
Total 57 100
Chest X-ray infiltration Consolidation 19 333
Consolidation + ground glass opacity 24 42.1
Ground glass opacity 6 10.5
Consolidation + parapneumonic effusion 8 14.0
Total 57 100
Table 4: Relationship between 25(0OH)D levels and demographic and clinical characteristics
All patients (N=57) Group 1 (N=47) Group 2 (N=10)
Variables Median (Min-Max) Median (Min-Max) Median (Min-Max) p
Age (years) 75 [20-92] 78 [61-82] 74 [20-92] 0.933
APACHE II 26 [15-54] 25[20-39] 27 [15-54] 0.621
ICU stay (days) 18. 5 [4-96] 19 [4-96] 15.5 [5-33] 0.410
Variables All patients (N=57) Group 1 (N=47) Group 2 (N=10) P
N (%) N (%) N (%)
One-year mortality 2136.8) 17(36.2) 4 0.933

ICU: Intensive care unit, Group 1: Vitamin D level <20 ng/ml, Group 2: Vitamin D level >20 ng/ml, APACHE II: Acute Physiology and Chronic Health Evaluation II
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D levels in HAP patients with a high APACHE II score
whose treatment was initiated in ICU. A control group could
not be taken due to the retrospective nature of the study.
Most of the studies in the literature have evaluated nonspe-
cific hospital-acquired infections in medical ICUs and our
study is one of the limited number of studies conducted in
HAP patients.

In recent years, studies conducted on different diseases in
the general population, different vitamin D deficiency rates
have been reported with regard to the variation in ethnic or-
igins, underlying diseases, genders, and seasonal character-
istics.!*181% In our study, the rate of additional diseases was
89.5% and additional diseases that may affect vitamin D lev-
el could not be standardized due to the retrospective nature
of our study. The reference range to be used in the definition
of vitamin D deficiency in the evaluation of immunologi-
cal function remains unclear due to the lack of randomized
controlled studies on the optimal dose for the treatment of
deficiency.'”? Moreover, the optimal dose to be used in re-
placement, particularly the one that predisposes patients to
bacterial and viral infections, has not been defined." A study
evaluated 4257 hospitalized adult patients and reported that
the vitamin D level was below 50 nmol/L in 50% of the pa-
tients.?® A retrospective study evaluated critically elderly pa-
tients followed up in ICU and found vitamin D deficiency
in all (100%) patients.' Literature indicates that the cutoff
value to be used in the definition of vitamin D deficiency
and in the recommended optimal level to be achieved with
replacement therapy remain uncertain.?' In the majority of
studies conducted in recent years, vitamin D deficiency has
been defined as a 25(OH)D level of <30 ng/ml.>> The present
study evaluated ICU patients with a high APACHE II score
and variable intra- and extra-vascular fluid volume due to
sepsis. A previous study evaluated patients with sepsis fol-
lowed up in ICU and reported that the fluid volume changed
the level of vitamin D-binding protein by 6-13%.2! Accord-
ingly, the 25(OH)D levels in our study could be considered
lower or higher than those reported in the literature since
the hemodynamic status of the patients and the treatments
administered could not be standardized and the study had a
retrospective nature. Despite all these factors, the 25(OH)D
deficiency rate in our patients was 91.2%, which was con-
sistent with the rates reported by the studies conducted with
ICU patients.>'? However, no statistical cut off value could
be determined for 25(OH)D level since the sample size was
relatively smaller and no control group of patients followed
up in chest diseases clinic was included in the study. On the
other hand, in line with the literature, vitamin D level was
categorized as <20 ng/ml and >20 ng/ml.*

The relationship between 25(OH)D deficiency as a long-
term independent risk factor and mortality remains unclear.'?
Graedel et al.” evaluated different disease groups and found
prolonged hospitalization and increased 30-day in-hospital

mortality in patients with 25(OH)D deficiency. In another
study conducted in ICU patients, vitamin D deficiency was
found to be an independent risk factor for 30- and 90-day
and l-year mortality.'®!" Mrioliaee et al.”® evaluated the
effect of vitamin D supplementation in patients with ven-
tilator-associated pneumonia and found that the decreased
mortality rate achieved with replacement therapy in patients
with vitamin D deficiency was independent of the type of
microorganism. A study by Amrein et al.”* evaluated critical-
ly ill patients followed up in ICU and found that the length
of hospital stay and the rates of in-hospital and six-month
mortality did not decrease after the replacement therapy in
patients with vitamin D deficiency. Similarly, in our study,
no significant relationship was found between 25(OH)
D deficiency and one-year independent mortality and the
length of ICU stay. To our knowledge, there are few stud-
ies in the literature specifically evaluating the relationship
between pretreatment 25(OH)D deficiency and long-term
independent mortality in HAP patients requiring ICU care,
and their findings are controversial.!®!>2 Nonetheless, our
study had several limitations. First, it was not an observa-
tional study and was conducted retrospectively with a small
number of patients. Second, vitamin D levels were not eval-
uated according to vitamin D-binding protein levels, which
are likely to be affected by ICU care. Third, in patients who
received replacement therapy due to vitamin D deficiency,
the replacement therapy was not followed up after ICU dis-
charge. Finally, vitamin D level was assessed with a single
measurement.

Conclusion

We consider that multicenter, double-blind randomized con-
trolled studies are needed to substantiate the definition of
vitamin D deficiency and the optimal vitamin D level to be
achieved with replacement therapy in order to evaluate the
effect of the therapy on the course of the disease and long-
term independent mortality in HAP patients followed up in
ICU.

References

1. Quraishi SA,Camargo CA.Vitamin D in acute stress and crit-
ical illness.Curr Opin Clin Nutr Metab Care 2012;15(6):625-
634.d0i:0.1097/MCO.0b013e328358fc2b.

2. Sourberbielle JC, Deschenes G, Fougue D,Grousin L, Gug-
genbahl P, Jean G,et al.Recommendations for the measure-
ment of blood 25-OH vitamin D.Ann Biol Clin 2016;74:7-19.
doi:10.1684/abc.2015.1107.

3. Hossein-Nezhad A, Holick MF. Vitamin D for health: A
Global Perpective. Mayo Clin Proc 2013;88(7):720-755.
doi:10.1016/j.mayocp.2013.05.011.



Hosglin et al.

Relationship Between Vitamin D Level As An Independent Risk Factor and One-Year

Mortality In Patients with Hospital-Acquired Pneumonia Followed Up In Intensive Care Unit

Eurasian J Critical Care 2021; 3 (3):82-86

10.

11.

12.

13.

Turkiye Endokrinoloji ve Metabolizma Dernegi. Osteoporoz
ve Metabolik Kemik Hastaliklari Tani ve Tedavi Kilavuzu
2018:119-127.

Mandell LA, Wunderink RG, Anzueto A, et al. Infectious
Diseases Society of America/America Thoracic Society con-
sensus guidelines on the management of community-ac-
quired pneumonia in adults. Clin Infect Dis 2007;44:527-72.
doi:10.1086/511159.

Kalil AC, Metersky ML, Klompas M, Muscederes J,Sweeney
DA, Palmer LB, et al. Management of Adults With Hospi-
tal-acguired and Ventilator-associated Pneumonia: 2016 Clin-
ical Practice Guidelined by the Infectious Diseases Society of
America and the American Thoracic Society. Clin Infect Dis
2016,63:e61-e111.doi:10.1093/cid/ciw353.

Tirk Toraks Dernegi Eriskinlerde Hastanede Gelisen Pnémoni
Tani ve Tedavi Uzlasi Raporu 2018.https://www.toraks.org.
tr/uploadFiles/book/file/22320181535TTJHGP.UzlasiRapo-
ru2 TMART 2018.pdf.

White ANJ, Ng V, Spain CV,Jonhson CC, Kinlin LM, Fisman
DN. Let the sun shine in:effects of ultraviolet radiation on
invasive pneumococcal disease risk in Philadelphia, Pennsyl-
vania. BMC Infect Dis 2009;9:196.doi:10.1186/1471-2334-9-
196.

Sabetta JR, DePetrillo P, Cipriani RJ,Smardin J,Burns LA, Lan-
dry ML.Serum 25-hydroxyvitamin d and the incidence of
acute viral respiratory tract infections in healty adults. PLoS
ONE 2010;5:11088.d0i:10.1371/journal.pone.0011088.
Branun A, Chang D, Mahadevappa K, Gibbons FK, Liu VY,-
Giovannucci E..Association of low serum 25-hydroxyvita-
min D levels and mortality in the critically ill. Crit Care Med
2011;39:671-7.doi:10.1097/CCM.0b013e318206ccdf.
Braun AB, Gibbons FK, Litonjua AA, Giovannucci E, Christo-
pher KB. Low serum 25-hydroxyvitamin D at critical care ini-
tiation is associated with increased mortality. Crit Care Med
2012;40:63-72.doi:10.1097/CCM.0b013e31822d74f3.
Holter JC, Ueland T, Norseth J,Brunborg C, Fraland SS, Huse-
bye E. Vitamin D Status and Long-Term Mortality in Com-
munity-Acguired Pneumonia: Secondary Data Analysis from
a Prospective Cohort. PLoS One 2016;11(7):e0158536.
doi:10.1371/journal.pone.0158536.

Youssef DA, Ranasinghe T, Grant WB, Peiris AN. Vitamin
D’s potential to reduce the risk of hospital-acguired infec-
tions. Dermatoendocrinol 2012;4(2):167-75.doi: 10.4161/
derm.20789.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

BlyUlkdere Y, Mutlu AA. D Vitamini ve Enfeksiyon Hastaliklari.
Yurttagtl SM, editér.D Vitamini 1. Baski. Ankara:Turkiye
Klinikleri 2019.p.39-45.

Mrioliaee AE, Salamzadeh J, Shokouhi S, Fatemi A, Ardehali
SH, Hajiesmaeili MR. Effect of Vitamin D Supplementation
on Procalcitonin as Prognostic Biomarker in Patients with
Ventilator-associated Pneumonia Complicated with Vitamin
D Deficiency. Iran J Pharm Res 2017;16(3):1254-63.

Grant WB, Giovannucci E. The possible roles of solar ul-
traviole-B radiation and vitamin D in reducing case-fatality
rates from the 1918-1919 influenza pandemic in the Unit-
ed States. Dermatoendocrinol 2009;1:215-9.doi:10.4161/
derm.1.4.9063.

Kempker JA, Magee MJ, Cegielski JP, Martin GS. Associa-
tions Between Vitamin D Level and Hospitalizations With and
Without an Infection in a National Cohort of Medicare Bene-
ficiaries. Am J Epidemiol. 2016;183(10):920-29.d0i:10.1093/
aje/kwv306.

Kvaran RB, Sigurdsson MI, Skarphedinsdottir SJ, Sigurdsson
GH.Severe vitamin D deficiency is common in critically ill pa-
tients at a high northern latitude. Acta Anaesthesiol Scand
2016:60(9):1289-96.d0i:10.1111/aas.12748.

Ozay HY, Mungan |, Ercan GC, Turan S, Cevik BE.The effect
of vitamin-d levels on prognosis of elderly patients treated
in intensive care unit.J Comtemp Med 2020:10(1):13-7.
doi:10.16889/jcm.705176.

Graedel L, Merker M, Felder S, Kutz A,Haubitz S,Faessler L.
Vitamin D Deficiency Strongly Predicts Adverse Medical Out-
come Across Different Medical Inpatient Populations.Medicine
2016;95(19):e3533.d0i:10.1097/MD.0000000000003533.
de Haan K, Groeneveld AB, de Geus HR, Egal M, Struijs A. Vita-
min D deficiency as a risk factor for infection, sepsis and mor-
tality in the critically ill: systematic review and meta-analysis.
Crit Care. 2014;18(6):660.d0i:10.1186/s13054-014-0660-4.
Quraishi SA, Bittner EA, Christopher KB, Camargo CA.Vita-
min D Status and Community-Acguired Pneumonia:Results
from the Third National Health and Nutrition Examination
Survey. PLoS One 2013;8(11):e81120.doi:10.137/journal.
pone.0081120.

Amrein K, Schned| C, Holl A, Riedl R,Christopher KB,Pachler
C, et al. Effect of High-Dose Vitamin D3 on Hospital
Length of Stay in Critically Il Patients With Vitamin D De-
ficiency: The VITdAL:ICU Randomized Clinical Trial. JAMA
2014;312(15):1520-30.d0i:10.1001/jama.2014.13204.



