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Background. A deficient vitamin D status is linked to increased risk of community-acquired pneumonia (CAP) and both short-
and long-term mortality. Given small sizes of previous studies and lack of adjustment for key confounders, we aimed to investigate
the association between vitamin D status (sufficient, insufficiency, or deficiency) and mortality risk in adults hospitalized with CAP.

Methods. This study, nested within the Surviving Pneumonia Study at Copenhagen University Hospital —North Zealand,
Denmark, included adults hospitalized with CAP between 2019 and 2022. Vitamin D status was assessed using serum 25(OH)D
concentrations, categorizing participants as sufficient (=50 nmol/L), insufficient (25-<50 nmol/L), or deficient (<25 nmol/L).
Logistic regression was used to assess mortality risk. Covariates included age, sex, Charlson comorbidity index, CURB-65,
smoking history, and BMI.

Results. Among 514 participants, 29 (5.6%) and 130 (25.3%) had deficient and insufficient vitamin D status, respectively.
Participants with deficient vitamin D status were younger, and more than 50% were current smokers. Vitamin D deficiency was
associated with higher 90-day (OR: 3.50, 95% CI 1.01; 12.21) and 180-day (OR: 3.27, 95% CI 1.04; 10.25) mortality risk
compared with participants with sufficient vitamin D status, while no difference was observed between the sufficient and

insufficient group. No differences were observed for in-hospital or 30-day mortality.

Conclusions. Participants with deficient vitamin D status were younger and faced higher mortality risk despite milder disease at
admission. Given that vitamin D deficiency may relate to poorer health habits and low levels of other micronutrients, trials on
tailored micronutrient supplementation during acute conditions like CAP could be considered.
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Vitamin D deficiency is common in many populations [1], es-
pecially in the winter season with limited exposure to sunlight.
Vitamin D is a fat-soluble vitamin produced by the skin when
exposed to sunlight, but also present in food like oily fish, eggs,
and fortified products [2]. Vitamin D is crucial for the human
body, including calcium absorption, bone metabolism, cardio-
vascular function, muscle function, and hormone regulation
[3]. Vitamin D also plays a role in the regulation of the immune
system, and evidence suggests that vitamin D deficiency
increases the risk of respiratory tract infections, including
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community-acquired pneumonia (CAP) [4-6]. CAP is a global
health challenge leading to high morbidity and mortality [7],
especially among the elderly and individuals with chronic dis-
eases [8, 9]. In addition to the increased risk of developing CAP
[4-6], vitamin D deficiency has also been associated with a
higher likelihood of hospitalization with CAP [10]. In observa-
tional studies among hospitalized individuals, low vitamin D
levels have also been associated with CAP severity [10-12 ],
ICU admission [12, 13], and length of hospital stay [11], as
well as short-term (28-day or 30-day) and long-term (5-year)
mortality among hospital survivors [12-17].

Previous studies have mainly included relatively small sam-
ples without adjustment for important confounders in the stat-
istical models, such as body mass index (BMI), smoking history
[12, 13, 15], and comorbidities [13, 15]. Further, these studies
did not investigate mortality beyond 30 days after discharge
[12, 13, 15], except for one study investigating 5-year mortality
[17]. We hypothesized that vitamin D deficiency would be
prevalent among adults hospitalized with CAP and that vitamin
D deficiency at admission was associated with a higher risk of
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90-day mortality. The overall aim of this study was to investi-
gate the potential association between low vitamin D concen-
trations (insufficiency and deficiency) and the risk of 90-day
mortality (primary outcome) as well as in-hospital, 30-day,
and 180-day mortality (secondary outcomes).

METHODS

Study Design, Setting, and Population

This study used data from the Surviving Pneumonia Study
cohort (ClinicalTrials.gov: NCT03795662), which is an ongo-
ing prospective cohort study of adults (>18 years) hospitalized
with CAP at Copenhagen University Hospital—North Zealand,
Denmark. Enrollment was conducted within 24 hours of ad-
mission from the emergency department and medical wards,
and the inclusion period for this study was between January
2019 and April 2022. The follow-up period was 180 days
from the day of admission. The inclusion criteria for this study
were age >18 years and a new pulmonary infiltrate on chest
X-ray/Computed Tomography scan and minimum one of the
following symptoms: fever (>38.0°C), cough, pleuritic chest
pain, dyspnea, or focal chest signs on auscultation. The exclu-
sion criteria for the present study were no biobank sample
for measurement of serum 25-hydroxyvitamin D (25(OH)D)

concentration and participation in an intervention study.

Data Collection

Information related to socio-demography, lifestyle, anthro-
pometry, and comorbidities, as well as clinical and paraclinical
data, was collected within 48 hours of admission through inter-
views, measurements, questionnaires, and medical records.

Lifestyle and Anthropometry

Patients were categorized according to their smoking history as
never, previous, and current smokers. Alcohol usage was cate-
gorized as an intake according to or above recommendations
by the Danish authorities at that time, ie, a maximum intake
of 7 units/week for females and 14 units/week for males [18].
Weight was measured within 48 hours after admission to
the nearest 0.1 kg on an electronic scale (Seca, Hamburg,
Germany), height was self-reported, and BMI was calculated
as weight (kg)/height (m?).

Laboratory and Clinical Data

Blood samples were collected at admission and analyzed by the
Department of Clinical Biochemistry, Copenhagen University
Hospital —North Zealand for levels of C-reactive protein
(mg/L), albumin (g/L), hemoglobin (nmol/L), B12 (pmol/L),
folate (nmol/L), and iron (umol/L). For analysis of 25(OH)D
levels, blood samples were drawn in EDTA tubes and stored
on ice until centrifuged at 3000 g for 15 minutes at 4°C.
Serum was separated and stored at —80°C until analyzed
by the Department of Clinical Biochemistry, Copenhagen

University Hospital—North Zealand with the commercially
available ADVIA Centaur Vitamin D Total (Siemens
Healthcare Diagnostics Inc., Erlangen, Germany). The detec-
tion limit was below 11 nmol/L. Patients were categorized ac-
cording to their serum 25 (OH)D concentrations as sufficient
(>50 nmol/L), insufficient (25-<50 nmol/L), or deficient vita-
min D status (<25 nmol/L) [19]. The comorbidity burden was
assessed with the Charlson comorbidity index, with a higher
score indicating higher mortality risk [20]. Pneumonia severity
was assessed using the CURB-65 score, where the scoring is
based on the following parameters: level of confusion, carbam-
ide > 7 mmol/L, respiratory rate over 30 breaths/min, blood
pressure (diastolic <60 mm Hg or systolic < 90 mm Hg), and
age > 65 years. Every parameter gives 1 point, and the total
score categorizes pneumonia severity as mild (0-1), moderate
(2), and severe (3-5) [21].

Outcomes

The primary outcome was 90-day mortality. The secondary
outcomes were in-hospital, 30-day, and 180-day mortality.
Information on mortality was collected through medical re-
cords and the follow-up period was 180 days from the day of
admission.

Ethical Considerations

The Surviving Pneumonia Study was approved by the
Scientific Ethics Committee at the Capital Region of Denmark
(H-18024256), registered on ClinicalTrials.gov (NCT03795662),
and conducted in accordance with the Declaration of Helsinki
[22]. All the subjects were made aware of the protocol and the
purpose of the study. Oral and written consents were taken
from the study participants before enrollment in the study.

Statistical Methods

Statistical analyses were carried out using STATA/IC version
17.0 (StataCorp LP, College Station, TX, USA). The distribu-
tion of all variables was evaluated, and the data were reported
as means with standard deviations (SD) for normally distribu-
ted variables, median with interquartile range (IQR) for non-
normally distributed variables, and count (%) for categorical
variables.

The association between vitamin D status and risk of mortal-
ity (in-hospital, 30-day, 90-day, and 180-day) was evaluated us-
ing logistic regression. Sufficient vitamin D concentration was
used as the reference group in the analyses. Predefined covari-
ates included age, sex, Charlson comorbidity index, CURB-65,
smoking history, and BMI. The main analysis was an adjusted
model with imputed data, as several covariates had missing val-
ues. Missing variables were imputed using chained equations,
creating 10 imputed data sets with 100 iterations per dataset
[23 , 24 ]. The imputation included the following variables:
age, sex, mortality, Charlson comorbidity index, smoking
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Figure 1. Flowchart showing participant selection and categorization by vitamin
D status in the Surviving Pneumonia Study.

status, CURB-65, BMI, and vitamin D status. In addition, un-
adjusted and adjusted complete case models were conducted
for each outcome. Estimates shown are odds ratios (OR)
with corresponding 95% confidence intervals (CI) and
P-values. The results were considered significant when the
P-value was <.05.

RESULTS

Of the 796 adults admitted with CAP in the study period, 514
(65%) were eligible for the present study. Of the ineligible indi-
viduals, 14 (2%) were excluded due to withdrawal of consent,
130 (16%) due to participation in an intervention study, and
138 (17%) had no biobank sample to analyze for serum
25(OH)D level (Figure 1). There were a lower proportion of fe-
males and a slightly lower Charlson comorbidity index among
participants compared to nonparticipants, but no difference re-
garding CAP severity and mortality (data not shown).

Baseline Characteristics Across Vitamin D Groups
The baseline and outcome characteristics are shown in Table 1.
Of the study population, 29 participants (5.6%) had a deficient
vitamin D status, whereas 130 (25.2%) and 350 (68%) had in-
sufficient and sufficient vitamin D status, respectively. The me-
dian (IQR) age was 74 (63-81) years, 228 (44%) were females,
63 (14%) had severe CAP, and the median (IQR) length of stay
was 5.4 (3.4-9.0) days.

Those with deficient vitamin D status were younger, with
a median (IQR) age of 64 (57-62) years, compared to 71.5
(62-80) and 75 (66-81) years among those with insufficient
and sufficient vitamin D status. Compared to the two other
groups, those with deficient vitamin D status had lower levels
of vitamin B12 (deficient: 419 pmol/L (299-701); insufficient:
503 pmol/L (371-782); sufficient: 640 pmol/L (410-1019)
and folate (deficient: 16.0 nmol/L (6.7-20.6); insufficient:
20.8 nmol/L (12.8-27.4); sufficient: 29.9 nmol/L (19.8-40.7)).

The median (IQR) Charlson comorbidity indices were 3 (2-5),
4 (2-6), and 4 (3-6) among participants with deficient, insuffi-
cient, and sufficient vitamin D status, respectively. Among par-
ticipants with deficient vitamin D status, 56% were current
smokers compared to 15% and 13% among participants with
insufficient and sufficient vitamin D status. In addition, partici-
pants with deficient vitamin D status had milder CAP compared
to the two other groups, with 67%, 76%, and 84% categorized as
moderate to severe CAP, according to CURB-65, among partic-
ipants with deficient, insufficient, and sufficient vitamin D status,
respectively. Further no participants with deficient vitamin D
status were admitted to the intensive care unit compared to
10% and 6.5% among participants with insufficient and sufficient
vitamin D status (Table 1).

The overall in-hospital, 30-day, 90-day, and 180-day mortal-
ity rates were 7.8%, 10.7%, 15.7%, and 19.1%.

Among the 514 included participants, 179 (35%) had incom-
plete data for minimum one covariate variable. There were no
differences in age, sex, Charlson comorbidity index, or in-
hospital mortality between participants with complete and in-
complete data. However, participants with complete data had
lower 30-day (8.4% vs 15.1%), 90-day (12.4% vs 20.7%), and
180-day (16.4% vs 24.0%) mortality rates compared to partici-
pants with incomplete data (data not shown).

Risk of 90-Day Mortality (Primary Outcome)

Those with deficient vitamin D status had a higher risk of
90-day mortality compared to those with sufficient vitamin D
status (OR 3.50, 95% CI 1.01; 12.21), while there was no differ-
ence in 90-day mortality risk between those with insufficient
and sufficient vitamin D status (OR 1.73, 95% CI 0.94; 3.20)
(Table 2).

Risk of in-hospital, 30-Day, and 180-Day Mortality

There was no difference in risk of in-hospital (OR 1.32, 95% CI
0.59;2.96), 30-day (OR 1.37, 95% CI 0.66; 2.84), or 180-day (OR
1.52,95% CI 0.86; 2.71) mortality between those with sufficient
vitamin D status and those with insufficient status. Those with
deficient vitamin D status had a higher risk of 180-day mortal-
ity compared to those with sufficient vitamin D status (OR 3.27,
95% CI 1.04; 10.25), whereas there was no difference in risk of
in-hospital (OR 2.07, 95% CI 0.39; 11.11) or 30-day (OR 2.46,
95% CI 0.54; 11.13) mortality between participants with defi-
cient and sufficient vitamin D status.

DISCUSSION

Our results showed that among adults hospitalized with CAP, a
deficient vitamin D status was associated with a higher risk of
90-day and 180-day mortality after adjusting for age, sex,
Charlson comorbidity index, smoking history, BMI, and initial
CAP severity indicated by CURB-65 score.
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Table 1. Baseline Characteristics and Outcome Measures According to Vitamin D Status Among Patients Hospitalized With Community-Acquired

Pneumonia
Total Sample (n=514) Deficient <25 (n=29) Insufficient 25-50 (n=130) Sufficient > 50 (n=350)
Age, y 74 (63-81) 64 (57-72) 71.5 (62-80) 75 (66-81)
Female sex 228 (44.4) 10 (34.5) 51(39.2) 167 (47.0)
BMI, kg/m? 25.9 (22.4-29.4) 27.5(22.5-29.8) 25.9 (23.0-29.1) 25.8 (22.3-29.4)
<18.5 20 (5.1) 2(8.3) 4 (3.9) 14 (5.3)
18.5-24.9 148 (37.8) 6 (25.0) 40 (38.5) 102 (38.6)
25-29.9 140 (35.7) 10 (41.7) 37 (35.6) 93 (35.2)
>30 84 (21.4) 6 (25.0) 23 (22.1) 55 (20.8)
Alcohol intake
Recommended 396 (77.0) 23 (79.3) 104 (80.0) 269 (75.8)
>Recommended 74 (14.4) 5(17.2) 15(11.5) 54 (15.2)
Unknown 44 (8.6) 1(3.5) 11 (8.5) 32 (9.0
Smoking status
Never 124 (26.6) 3(12.0) 31 (26.1) 90 (27.9)
Previous 268 (57.4) 8(32.0) 70 (58.8) 190 (58.8)
Current 75 (16.1) 14 (56.0) 18 (15.1) 43 (13.3)
Comorbidities
Charlson comorbidity index 4 (3-6) 3 (2-5) 4 (2-6) 4 (3-6)
Chronic obstructive pulmonary disease 175 (34.1) 12 (41.4) 37 (28.5) 126 (35.5)
Cardiovascular diseases 162 (31.5) 6(20.7) 43 (33.1) 113 (31.8)
Diabetes 90 (17.5) 6(20.7) 21(16.2) 63 (17.8)
Cancer 93 (18.1) 3(10.3) 22 (16.9) 68 (19.2)
Laboratory characteristics
C-reactive protein, mg/L 97.4 (37-163.6) 82.1 (48.4-159.2) 107.7 (46.2-154.2) 97.1 (36.3-168.3)
Albumin, g/L 28.6+5.1 30.0+5.8 28.7+5.0 28.+5.1
Hemoglobin, mmol/L 79+1.3 83+1.5 79+1.5 78+1.3
B12, pmol/L 577.1 (392.3-966.8) 418.8 (298.7-700.7) 503.4 (371.0-782.3) 639.7 (409.5-1019.0)
Folate, nmol/L 24.9 (16.7-36.9) 16.0 (6.7-20.6) 20.8 (12.8-27.4) 29.9 (19.8-40.7)
Iron, pmol/L 4.9 (3.7-8.3) 4.5(3.9-8.2) 4.5 (3.2-7.4) 5.0 (3.8-8.6)
Severity characteristics
CURB-65 index®
Mild 87 (18.8) 8(33.3) 28 (24.1) 51 (15.7)
Moderate 314 (67.7) 16 (66.7) 76 (65.5) 222 (68.5)
Severe 63 (13.6) 0(0.0) 12 (10.3) 51 (15.7)
Length of stay 5.4 (3.4-9.0) 6.4 (3.5-10.5) 5.4 (3.3-9.0) 5.3 (3.4-8.9)
ICU admission 36 (7.0) 0(0.0) 13 (10.0) 23 (6.5)
Mortality
In-hospital mortality 40 (7.8) 2 (6.9) 11(8.5) 27 (7.6)
30-d 55 (10.7) 3(10.3) 15 (11.5) 37 (10.4)
90-d 80 (15.7) 5(17.2) 24 (18.5) 51 (14.4)
180-d 98 (19.1) 6(20.1) 28 (21.5) 64 (18.0)

Data are presented as median (IQR), mean + SD and n (%).

#Assessed using the CURB-65 scoring system including confusion (yes/no), urea (>7 mmol/L), respiratory rate (>30/min), blood pressure (systolic <90 mm Hg or diastolic <60 mm Hg), and age

(>65Y).

Vitamin D status was categorized as sufficient (=50 nmol/L), insufficient (26-<50 nmol/L), or deficient vitamin D (<25 nmol/L) according to their serum 25 (OH)D concentration.

Available data: Age (n=514), sex (n=514), BMI (n=392), alcohol intake (n=514), smoking status (n=467), Charlson comorbidity index (n=514), C-reactive protein (n=510), albumin
(n=474), hemoglobin (n=441), B12 (n=431), Folate (n=427), Iron (n=368), and CURB-65 (n = 464).

In our study population, the prevalence of vitamin D defi-
ciency was surprisingly low as only 6% had a deficient vitamin
D status. Furthermore, participants with a deficient vitamin D
status were younger than those with insufficient or sufficient vi-
tamin D status. This finding may, to some extent, be explained
by adherence to the vitamin D supplementation recommenda-
tions by the Danish Health Authority. For many years,
the Danish Health Authority has recommended vitamin D

supplementation for certain population groups, including the
elderly above 64 years. However, in December 2020, the recom-
mendations were updated, and the current guidelines advice all
individuals (children and adults of all ages) to take vitamin D
supplements during the winter season (October-April) to en-
sure adequate serum 25(OH)D concentrations [25].

The prevalence of a deficient vitamin D status in our popu-
lation was markedly lower than the prevalence of 15-80%
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Table 2. Risk of In-hospital, 30-Day, 90-Day, and 180-Day Mortality by Vitamin D Status Among Patients Hospitalized With Community-acquired

Pneumonia
Model 1 (unadjusted) Model 2 (adjusted Complete Case) Model 3 (adjusted—imputed Data)

Mortality OR (95% CI) P-value OR (95% ClI) P-value OR (95% Cl) P-value
In-hospital

Vitamin D sufficient Ref. Ref. Ref.

Vitamin D insufficient 1.12 0.54; 2.33) 76 0.93(0.31; 2.82) .90 1.32 (0.59; 2.96) .51

Vitamin D deficient 0.90 (0.20; 3.99) .89 - 2.07 (0.39; 11.11) .39
30-d

Vitamin D sufficient Ref. Ref. Ref.

Vitamin D insufficient 1.12 (0.59; 3.44) 73 1.14(0.42; 3.06) .80 1.37 (0.66; 2.84) .46

Vitamin D deficient 0.99 (0.29; 3.44) .99 1.19(0.12; 12.27) .88 2.46 (0.54; 11.13) 24
90-d

Vitamin D sufficient Ref. Ref. Ref.

Vitamin D insufficient 1.35(0.79; 2.30) 27 1.58(0.77; 17.53) .26 1.73 (0.94; 3.20) .08

Vitamin D deficient 1.24 (0.45; 3.40) .67 3.67 (0.77; 17.53) 10 3.50 (1.01; 12.21) .049
180-d

Vitamin D sufficient Ref. Ref. Ref.

Vitamin D insufficient 1.25(0.76; 2.05) .38 1.37 (0.65; 2.89) A1 1.562(0.86; 2.71) 15

Vitamin D deficient 1.19 (0.46; 0.03) 72 3.92 (0.96; 16.38) .06 3.27 (1.04; 10.25) .04

Cox regression was used to analyze risk of re-hospitalization with mortality as competing event. Logistic regression was used to analyze risk of mortality. Estimates shown are hazard ratio (HR)
and odds ratios (OR) with corresponding 95% confidence intervals (Cl) and P-value. Model 1: unadjusted. Model 2: complete case analysis adjusted for age, sex, Charlson Comorbidity Index,
CURB-65, smoking and BMI. Model 3: adjusted for age, sex, Charlson Comorbidity Index, CURB-65, smoking and BMI with imputed values for covariate with missing data. Values were

imputed in CURB-65 (n=50), smoking (n=47), and BMI (n=122).

reported in other studies [12-15]. In one study, patients taking
any type of vitamin D supplements were excluded [14], whereas
a few studies excluded individuals taking specific types of
vitamin D supplements recommended for certain medical con-
ditions, such as kidney disease, where the body’s ability to con-
vert vitamin D into its active form is impaired [12, 13]. These
specialized supplements are not commonly used by the general
population. A study of vitamin D status, intake, and recom-
mendations across European countries reported significant
variations in serum (25(OH)D) concentrations likely due to
differences in sunlight exposure, cultural habits, food fortifica-
tion policies, and adherence to recommendations from health
authorities [26].

Individuals with deficient vitamin D status may represent a
population with worse health habits, as indicated in our study
by lower levels of other vitamins (B12 and folate) and a higher
proportion of current smokers. This finding is supported by an-
other study in a general European population (aged 37-
73 years at inclusion), which reported a higher proportion of
physically active individuals and nonsmokers among those
with higher vitamin D status [27].

In our study, a deficient vitamin D status was associated with
increased risk of 90-day and 180-day mortality. We could not
detect an association between a deficient vitamin D status
and in-hospital or 30-day mortality. The estimates from the
statistical model indicate a possibility of increased risk for in-
hospital and 30-day mortality, though the results are far from
statistically significant. In previous studies, a deficient vitamin

D status has been associated with an increased risk of short-
term mortality such as 28-day or 30-day mortality, among in-
dividuals hospitalized with CAP [12, 14, 15]. The lacking asso-
ciation between short-term mortality and a deficient vitamin
D status in our population may be due to the low number of
events (ie, deaths) among the participants with deficient vita-
min D status, as only two and three patients died during admis-
sion and within 30 days from admission, respectively. Studies
of nonhospitalized individuals have also reported that a defi-
cient vitamin D status was associated with an increased risk
of long-term mortality, including both all-cause mortality
and death from respiratory diseases such as CAP, with follow-
up periods of up to 14 years [27, 28].

The main strength of this study is the availability of data on
important potential confounders, including smoking history,
BMI, and comorbidities. None of the other identified studies
investigating the association between a deficient vitamin D sta-
tus and mortality among adults hospitalized with CAP included
smoking or BMI as potential confounders [12, 13, 15] and only
one study included comorbidities as a potential confounder
[12]. Not including potential confounders could result in mis-
leading results. In these cases, the association between a defi-
cient vitamin D status and short-term mortality could be
overestimated or misleading if it was attributed to other factors
not included in the model. Another strength is the relatively
large sample size. One limitation of our study was the low num-
ber of events related to in-hospital and 30-day mortality. The
inability to detect a potential association between a deficient
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vitamin D status and these outcomes could be due to a lack of
statistical power. The risk of selection bias is another potential
limitation, as those with the most severe disease may decline to
participate. In addition, it is likely that among included pa-
tients, the most severely ill may dropout more frequently com-
pared to those with milder disease. To minimize the lack of
follow-up data due to attrition bias, participants were given
the option to consent only to use their medical record for future
follow-up if they expressed a desire to withdraw their consent
due to their condition. Missing data on several variables con-
sidered important potential confounders is another potential
limitation. We used imputation, which is a valid statistical
model, to enable a more powerful multivariate model adjusting
for potential confounders.

Vitamin D status and supplementation have been debated
for many years without reaching a consensus on the role of sup-
plementation, the optimal dose, or the optimal 25(OH)D con-
centration as indicator of a sufficient vitamin D status. Poor
trial designs and dose heterogeneity may explain the lack of ev-
idence for benefit [29]. Further, most studies on vitamin D sup-
plementation have not only focused on individuals who are
depleted. It has been suggested that 25(OH)D concentration
act as an acute-phase reactant, with low concentration during
acute illness reflecting an immune response [30]. Therefore,
vitamin D status should be interpreted with caution during
acute illness. A systematic review on COVID-19 found lower
concentration of 25(OH)D in individuals with severe disease
compared to those with milder forms [31]. However, our obser-
vation of milder disease and lower C-reactive protein levels in
participants with deficient vitamin D status suggests true defi-
ciency rather than just an immune response.

There remains some debate regarding the optimal 25(OH)D
concentration that defines sufficiency. While a threshold of
50 nmol/L is widely accepted, several large population-based
studies of chronic conditions and all-cause mortality have sug-
gested that mortality risk continues to decline at higher concen-
trations, up to ~75 nmol/L or above [32, 33]. In our cohort,
exploratory analyses did not indicate any further reduction in
mortality above this concentration, which is consistent with
the notion that the association between vitamin D status and
mortality may plateau once concentrations exceed about
50 nmol/L. Studies conducted in acute infectious diseases, in-
cluding COVID-19, have similarly not demonstrated addition-
al benefit at high 25(OH)D concentrations, although a deficient
vitamin D status is consistently associated with poorer out-
comes [34, 35]. Together, these findings suggest that maintain-
ing serum 25(OH)D concentrations above 50 nmol/L is likely
sufficient for reducing mortality risk, with limited evidence of
further advantage at higher concentrations in either chronic
or acute conditions.

A large multicenter double-blind placebo randomized con-
trolled trial (aiming at 2400 participants) is currently recruiting

participants. This study will investigate the effect of high-dose
vitamin D supplementation on 28-day mortality among criti-
cally ill patients [36] and contribute to the question of causality.
Our results and those from other studies [27, 28] indicate that
maintaining serum 25(OH)D concentrations above 50 nmol/L
may be beneficial for reducing mortality risk among both hos-
pitalized and nonhospitalized individuals.

CONCLUSION

Our results show that participants with a deficient vitamin D
status were relatively younger and faced an increased mortality
risk despite milder disease at admission. Since a deficient vita-
min D status may be associated with poorer health habits, in-
cluding low levels of other micronutrients, trials investigating
the effects of supplementing with tailored micronutrient com-
binations during acute conditions like CAP could be consid-
ered to assess the effect on mortality.
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