
1. Introduction

The clinically significant form of vitamin D (VD) in the blood is

25-hydroxy vitamin D[25(OH)D]. According to the American Geriat-

rics Society Workgroup, for 25(OH)D levels to be considered normal,

they must be at least 30 ng/mL. Levels between 21–29 ng/mL are

considered insufficient, whereas levels less than 20 ng/mL are de-

fined as1 vitamin D deficiency (VDD) leads to malfunction of various

biological processes that rely on the presence of VD, such as reduced

absorption of calcium and phosphate from the diet, which nega-

tively affects bone health. In children, VDD results in rickets, whereas

in adults it results in osteomalacia and osteoporosis, which are

characterized by a loss of bone density and an increased risk of

fractures.2 Vitamin D also contributes to various biological processes

such as cell development, growth, and immune system regulation.

Vitamin D deficiency has been linked to various disorders of the

cardiovascular, endocrine, immune, and nervous systems.3

Research has demonstrated that hypercalcemia, a condition

characterized by high levels of calcium in the blood, occurs when the

concentration of 25(OH)D3 in the serum exceeds 150 ng/mL (375

nmol/L).4 Clinical manifestations of hypercalcemia include nausea,

abdominal pain, nephrocalcinosis, polyuria with acute kidney injury,

dysrhythmias, and altered mental status.5

While the normal range of 25(OH)D is constant in all age groups,

the recommended dietary allowance in people over 70 years of age

increases from 600 to 800 IU.6

Many obese individuals have VDD; their body mass index (BMI)

and amount of visceral fat are often used to determine their serum

VD status.7 Research has shown that there is an inverse relationship

between VD levels and weight, BMI, and markers of type 2 diabetes,

such as a high waist circumference and elevated HbA1c levels.8,9

Factors contributing to VDD include reduced VD intake owing to

inadequate intake of VD-rich foods. Cutaneous production and stor-

age of VD decline in older adults or those living in countries distant

from the equator, where there is a lack of sun exposure.10 Malab-

sorption usually relates to a post-gastrectomy state, or steatorrhea,

which disturbs fat emulsification and chylomicron-facilitated ab-

sorption. In this study, we analyzed various prognostic factors and

calculated the relative risk between normal VD and VDD patient
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S U M M A R Y

Background: Vitamin D is an important nutrient for maintaining cardiovascular, endocrine, immune,

and nervous system health. Body mass index (BMI) is one of the factors influencing vitamin D levels. We

aimed to study the factors that play a role in the outcomes and prognoses of critically ill patients.

Method: This study was conducted at four teaching hospitals in Northern Taiwan between August 2018

and July 2020. A total of 1421 critically ill patients admitted to the intensive care units (ICUs) were eligi-

ble for assessment. Patients were classified into two groups based on serum 25(OH)D levels: sufficiency

(� 20 ng/ml) and insufficiency (< 20 ng/ml); and into four groups according to BMI: underweight (BMI <

18.5), normal weight (BMI 18.5–24.9), overweight (BMI 25–29.9), and obesity (BMI � 30). Statistical

analyses were performed, and a p-value < 0.05 indicated a significant difference.

Results: More than half (57.9%) of the critically ill ICU patients had vitamin D deficiency (VDD); and VDD

lengthened ICU stay by 2.5 days in vitamin D-deficit patients as compared to that in vitamin D-sufficient

patients. Patients with obesity had a 4.2-day longer ICU stay (16.7 days) than that of the BMI < 30 group

(12.5 days), which was significant (p = 0.009). They also had the lowest vitamin D levels (17.3 ng/mL)

and the highest 90-day mortality rate (17.3%) compared to the other BMI groups.

Conclusion: In caring for critical patients, physicians need to pay more attention to vitamin D levels and

BMI factors, which may impact their outcome prediction.
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groups, and patients with and without obesity to understand the

clinical significance of how they may affect prognosis.

2. Material and method

2.1. Ethical approval

This multicenter, prospective, observational cohort study was

approved and reviewed by the Institutional Review Board of MacKay

Memorial Hospital (approval reference no. 18MMHIS117e) and re-

gistered with the ClinicalTrials.gov protocol (ID: NCT03639584).

2.2. Patients

This study was conducted at four hospitals in Northern Taiwan

between August 2018 and July 2020. Patients admitted to the inten-

sive care units (ICUs) were eligible for enrollment in the study.

Patients were excluded if they met the following criteria: age <

20 years, lower BMI (< 18 kg/m2), severe anemia (hemoglobin level <

7 g/dl), received additional VD supplementation (> 3,000 IU/day)

within 4 weeks of admission, prior admission to the ICU within 3

months, hyperparathyroidism, rickets, or liver cirrhosis (Child-Pugh

C).

Written informed consent was obtained from the critically ill

patients or their legally authorized representatives prior to enroll-

ment in the study. In the four participating hospitals, the usual VD

supplementation was only daily regular nutrition, mostly ranging

from 800 to 2,000 IU. No routine high-dose VD therapy was ad-

ministered in any of the four hospitals. At enrollment, blood samples

were obtained at enrollment and serum 25(OH)D, parathyroid hor-

mone (PTH), and cortisol levels were measured. Subsequent time

points (e.g., length of ICU stay and 28-day mortality) were defined as

the time on or after the day of enrollment. Patient characteristics,

comorbidities on admission, hemodynamic status, and laboratory

data were recorded, and acute physiology and chronic health eva-

luation II (APACHE II) scores were calculated. Clinical outcomes were

followed up for 90 days after patient enrollment, including the dura-

tion of ventilator use, ICU stay, hospital stay, ICU-free days to day 28,

and survival status.

2.3. Examination and category of vitamin D level, and

body mass index (BMI)

Blood serum samples were stored at –80 �C. Serum 25(OH)D

levels were measured using a commercially available TOTAL LIAISON

chemiluminescence assay (LIAISON, Diasorin S.p.A., Saluggia, Italy).

Accordingly, patients were classified into the following two catego-

ries: sufficiency (� 20 ng/ml) and insufficiency (< 20 ng/ml).

We divided the patients into four groups based on BMI: under-

weight (BMI < 18.5), normal weight (BMI 18.5–24.9), overweight

(BMI 25–29.9), and obese (BMI � 30).

2.4. Statistical analysis

All statistical analyses were performed using SPSS version 20

(IBM Corp., Armonk, NY, USA). The t-test was used to compare the

means between the two groups. Normally distributed numerical

data were compared using one-way analysis of variance (ANOVA)

and post-hoc Tukey tests and are expressed as means (� standard

deviation). Categorical variables were compared using the chi-

square test or Fisher’s exact test, as appropriate, and are presented

as percentages. Logistic regression models were used to estimate

the relationship between the associated factors and VDD, and the

relationship between VD level and ICU stay. Statistical significance

was set at p < 0.05.

3. Results

A total of 1421 patients admitted to the ICU during the study

period were assessed for eligibility. Of these, 51 patients were ex-

cluded due to having a BMI < 18, 36 patients were excluded due to

hemoglobin levels < 7 g/dl, and nine patients were excluded due to

receiving high-dose VD supplementation within 4 weeks of admis-

sion. A total of 147 patients were excluded due to prior ICU admis-

sion within 3 months, 98 were excluded due to excluded diseases,

and 2 were excluded due to being non-native speakers. A total of 416

patients were excluded owing to a decline to enter this study. A total

of 661 subjects were enrolled and classified into two groups: 338

with VDD and 278 with sufficient VD levels (Figure 1). More males

than females were included in this study. Baseline characteristics

were comparable in both groups (Table 1). The mean age of the VDD

was lower compared to that in the sufficient VD group (63.5 � 16.9

vs. 69.0 � 14.8, p < 0.001). Albumin levels were higher in the suffi-

cient VD group than in the VDD group (3.2 � 0.6 g/dl vs. 3.1 � 0.6

g/dl, p < 0.009). More individuals with obesity were prevalent in the

VDD group than in the sufficient VD group (8.3% vs. 3.9%, p = 0.026).

Length of hospital stay was 4.2 days longer in the VDD group than

that in the sufficient VD group (36.8 � 27.5 vs. 32.6 � 22.4, p = 0.037).

The regression analysis of VD levels and ICU stay revealed that

the lower the VD level, the longer the ICU stay (Figure 2). The ICU

stay is 2.5 days longer in the VDD group than in the sufficient VD

group (14.1 � 14.9 vs. 11.6 � 11.6, p = 0.023) (Figure 3). There was no

significant difference between the two groups in APACHE II, white

blood cell count (WBC count), C-reactive protein (CRP), lactate, PTH,

BMI, the 28-day and 90-day mortality rates.

A comparison of the four BMI groups is outlined in Table 2. Re-

garding patient age, it was 58 years (SD: 15.5) in the obesity group,

65.3 (SD: 16.6) in the overweight group, 68.0 (SD: 15.2) in the normal

weight group, and 63.4 (SD: 23.3) in the underweight group. Creat-

inine and PTH levels were the highest in the obesity group, whereas

the VD level was the lowest in the obesity group.

The obese group had a higher comorbidity of diabetes mellitus,

whereas the underweight group had a higher rate of liver cirrhosis,
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Figure 1. Flowchart of enrolled cases.



uremia, and cancer metastasis. In the obesity group, ICU stays were

the longest (16.7 � 18.4 days) than in the other groups. The under-

weight group had a significantly higher 28-day mortality rate, and

the obese group had a significantly higher 90-day mortality rate than

the other groups.

We also compared the ICU stay between the obese (BMI � 30, n

= 81) and non-obese groups (BMI < 30, n = 580), and found that the

obese group had a 4.2 day longer ICU stay (16.7 days) than the BMI <

30 group (12.5 days), which was significant (p = 0.009) (Figure 4).

4. Discussion

4.1. VD deficiency increases ICU stay and costs more

Vitamin D deficiency occurred in 57.9% of the critical patients in

our study and in 69% of the critical patients in a study from Egypt in

2016.11 Therefore, it is important to pay attention to patient care in

the ICU. Our research revealed that the duration of ICU stay is sig-

nificantly longer (by 2.5 days) in the VDD group than in the suffi-

cient VD group (14.1 � 14.9 vs. 11.6 � 11.6, p = 0.023). This result is

similar to the meta-analysis by Zhang et al., which reported that the

duration of hospital stay was prolonged in hypovitaminosis D.12 Vita-

min D is important to promote antimicrobial responses in macro-

phages to pathogens and to regulate the maturation of antigen-pre-

senting cells. It is also an important factor that links the innate and

adaptive immunities, and both functions may be compromised dur-

ing VDD.13

VDD leads to prolonged ICU stay, elevated C-reactive protein

(CRP) level, increased rate of infections, increased inflammation, and

vascular dysfunction.14–16
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Table 1

Comparisons between Vitamin D deficiency and normal Vitamin D in demographic, vital signs, laboratory data, body weight, comorbidities, and outcome.

Vitamin D deficiency (383, 57.9%) Sufficiency vitamin D (278, 42.1%) p-value (2-tailed)

Gender (M:F) 215:168 (1.3:1) 190:88 (2.2:1) *< 0.001* <

Age (years old) 63.5 � 16.9 69.0 � 14.8 *< 0.001* <

Height (cm) 161.9 � 9.100 162.5 � 8.900 0.343

APACHE II 15.8 � 6.30 15.3 � 6.00 0.374

Heart rate per minute 89.3 � 16.6 87.2 � 16.4 0.106

MAP (mmHg) 88.8 � 14.3 87.1 � 13.4 0.121

WBC (/micro-L) 11722 � 56130 11528 � 49140 0.644

CRP (mg/dl) 11.1 � 8.40 10.0 � 7.30 0.102

Bilirubin (mg/dl) 1.6 � 3.0 1.3 � 2.1 0.071

Creatinine (mg/dl) 1.8 � 2.7 1.5 � 1.6 0.061

Lactate (mmol/L) 06.7 � 11.3 5.6 � 7.4 0.187

Albumin (g/dl) 3.1 � 0.6 3.2 � 0.6 *0.009*

PTH (pg/mL) 52.7 � 62.7 38.6 � 45.6 0.002

Cortisol (ug/dl) 22.0 � 16.0 22.8 � 16.6 0.507

BMI 25.1 � 5.20 24.5 � 4.40 0.131

Underweight (29, 4.4%) (17, 4.4%) (12, 4.3%) 0.956

Normal weight (360, 54.5%) 00(207, 54.0%) 00(156, 56.1%) 0.946

Overweight (191, 28.9%) 00(104, 27.2%) 0(84, 30.2%) 0.202

Obesity (81, 12.2%) 0(55, 14.4%) (26, 9.4%) *0.026*

Diabetes mellitus (202, 30.6%) 00(122, 31.9%) 0(80, 28.8%) 0.861

Liver cirrhosis (35, 5.3%) (24, 6.3%) (11, 4.0%) 0.984

Uremia (37, 5.6%) (25, 6.5%) (12, 4.3%) 0.556

Metastasis (48, 7.3%) (27, 7.0%) (21, 7.6%) 0.755

LOS 36.8 � 27.5 32.6 � 22.4 *0.037*

ICU stay 14.1 � 14.9 11.6 � 11.6 *0.023*

28-day mortality (59, 8.9%) (19, 5.0%) 0(40, 14.4%) 0.290

90-day mortality (105, 15.9%) 0(65, 17.0%) 0(40, 14.4%) 0.588

* Indicates reaching a statistical significance p-value less than 0.05.

APACHE = Acute Physiology and Chronic Health Evaluation; PTH = parathyroid hormone; BMI = body mass index.

Figure 2. Regression analysis between vitamin D levels and ICU stay. Lesser

the vitamin D level, longer is the ICU stay needed.

Figure 3. The ICU stay is 2.5-day longer in the vitamin D deficiency group

than in the sufficient vitamin D group (14.1 � 14.9 vs. 11.6 � 11.6, p = 0.023).



Another study in India reported an increased duration of pedia-

tric ICU stay in the 25(OH)D-deficient group by approximately 72

hours compared to that in the VD sufficient group.17 Recent evi-

dence by Matthews et al. suggests that an increased number of days

in the surgical ICU in the severe VD-deficiency group versus that in

the mild and moderate deficiency groups was not significant; how-

ever, the additional 7 to 8 mean days of ICU stay were clinically sig-

nificant. The additional time spent in the surgical ICU doubles the

cost of the hospital stay.18

The mean medical expenses of ICU patients in Taiwan are 1173

USD per day. If an ICU patient with VDD needs approximately 59 USD

per day to pay for a VD 70000 IU bottle, our research suggests an

estimated savings cost of around 16402 USD per day in the suffi-

cient VD group (n = 278). The ICU stay is significantly longer (by 2.5

days) in the VDD group than in the sufficient VD group; thus, they

need to pay more for medical expenses, approximately 2933 USD for

one patient. Therefore, we conclude that maintaining a normal VD

level can save huge amounts of medical expenses for critically ill

patients. In our study, VDD obviously influenced the length of hospi-

tal and ICU stays, leading to higher medical expenses in caring for

these critical patients, without any increment in the 28-day and 90-

day mortality rates.

4.2. More obese men than women among critically ill

patients

In our study, the male-to-female ratio was 1.7:1 in the obese

group, which was the highest among all the BMI groups. Experimen-

tal models have shown gender differences in innate immune re-

sponses that may influence the clinical progression of ICU admission,

such as shock, trauma, and sepsis.19 Estrogen has been suggested to

be immunoprotective after previously described stress; meanwhile,

androgens have been demonstrated to suppress immune reactions.20

A retrospective, observational cohort study in 2020 using clinical epi-

demiological information provided by the Korea Disease Control and

Prevention Agency reported that Coronavirus Disease 2019 (COVID-

19) infection in male patients showed higher mortality than that in

females (5.4% vs. 3.45%, p < 0.001), and overall mortality is also

higher (5.4% vs. 3.45%, p < 0.001).21 Another observational study in

the United States also reported that male patients, as well as those

who are older, and the severely obese (BMI > 35) are likely to be at

the greatest risk of COVID-19 severity and fatality.22

Obesity is also an independent risk factor for mortality in pa-

tients with severe respiratory diseases. In a retrospective cohort

study conducted in a tertiary academic center located in Montreal

between March and August 2020, results revealed that obesity was

prevalent in hospitalized patients with critical illness secondary to
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Table 2

Comparisons between underweight, normal weight, overweight and obesity in demographic, vital signs, laboratory data, body weight, comorbidities, and

outcome.

Underweight

(BMI < 18.5)

(29, 4.4%)

Normal weight

(BMI 18.5–24.9)

(360, 54.5%)

Overweight

(BMI 25–29.9)

(191, 28.9%)

Obesity

(BMI � 30)

(81, 12.2%)

p-value,

2-tailed

Gender (M:F) 17:12 (1.4:1) 223:137 (1.6:1) 114:77 (1.5:1) 51:30 (1.7:1) *< 0.001* <

Age (years old) 63.4 � 23.3 68.0 � 15.2 65.3 � 16.6 058 � 15.5 *< 0.001* <

Height (cm) 160.7 � 8.500 162.2 � 8.900 161.7 � 8.800 163.6 � 1000. 0.169

APACHE II 15.3 � 6.70 15.7 � 6.00 15.4 � 6.10 15.6 � 7.00 0.484

Heart rate per minute 91.8 � 17.1 87.8 � 16.7 88.8 � 15.7 88.8 � 17.9 0.983

MAP (mmHg) 87.9 � 12.4 87.3 � 14.1 89.3 � 13.8 89.0 � 13.8 0.053

WBC (/micro-L) 11406 � 50480 11484 � 52920 11849 � 55450 11979 � 51120 0.244

CRP (mg/dl) 10.4 � 5.30 10.6 � 8.10 10.7 � 8.30 10.6 � 7.00 0.807

Bilirubin (mg/dl) 1.2 � 0.9 1.5 � 2.7 1.5 � 2.7 1.6 � 2.7 0.520

Creatinine (mg/dl) 1.3 � 1.1 1.6 � 2.6 1.6 � 1.8 2.2 � 2.4 *0.006*

Lactate (mmol/L) 6.2 � 7.9 06.9 � 11.7 5.5 � 6.8 6.0 � 7.1 0.585

Albumin (g/dl) 3.1 � 0.5 3.1 � 0.6 3.2 � 0.6 3.0 � 0.5 0.876

PTH (pg/mL) 53.7 � 72.2 42.5 � 48.1 49.6 � 65.6 55.6 � 60.1 *0.004*

Cortisol (ug/dl) 21.3 � 18.9 23.0 � 16.2 20.8 � 13.9 22.9 � 19.7 0.415

Vitamin D (ng/mL) 20.1 � 9.30 19.7 � 8.90 20.3 � 9.50 17.3 � 6.00 *0.015*

Diabetes mellitus (202, 30.6%) (2, 6.9%) 00(110, 30.6%) 0(55, 28.8%) 0(35, 43.2%) *< 0.001* <

Liver cirrhosis (35, 5.3%) (2, 6.9%) (20, 5.6%) (8, 4.2%)0 (5, 6.2%)0 *< 0.001* <

Uremia (37, 5.6%) (2, 6.9%) (20, 5.6%) (10, 5.2%) (5, 6.2%)0 *< 0.001* <

Metastasis (48, 7.3%) 0(3, 10.3%) (31, 8.6%) (11, 5.8%) (3, 3.7%)0 *< 0.001* <

LOS 35.0 � 25.4 34.6 � 25.4 35.1 � 24.6 36.0 � 27.3 0.395

ICU stay 15.3 � 14.8 12.3 � 12.9 12.5 � 12.0 16.7 � 18.4 *0.009*

28-day mortality (59, 8.9%) 0(5, 17.2 %) (18, 5.0%) 0(24, 12.6%) 0(12, 14.8%) *< 0.001* <

90-day mortality (105, 15.9%) 0(5, 17.2 %) 0(59, 16.4%) 0(27, 14.1%) 0(14, 17.3%) *< 0.001* <

* Indicates reaching a statistical significance p-value less than 0.05.

APACHE = Acute Physiology and Chronic Health Evaluation; PTH = parathyroid hormone; BMI = body mass index.

Figure 4. Duration of intensive care unitstay in obesity group (BMI � 30, n =

81) is 4.2 days longer (16.7 days) than that in the BMI < 30 group (12.5 days), p

= 0.009.



COVID-19, and a higher BMI was associated with higher hospital

mortality.23

4.3. Obese patients have the lowest vitamin D level than

non-obese critical patients

Not only obesity but also metabolic syndrome leads to VDD.24

The obesity group had the lowest level of VD (17.3 ng/mL) compared

to other BMI groups (0.015 < p < 0.05). Many individuals with obesity

have VDD, and their BMI and amount of visceral fat are often used to

determine serum VD status.7 There are several proposed explana-

tions for why obesity is often linked to VDD, such as inadequate di-

etary intake, limited exposure to sunlight, deficiencies in enzymes

that aid in VD metabolism and sequestration into adipose tissue, de-

creased VD synthesis in the adipose tissue and liver, and dilution of

VD in a larger body volume.3,25 A report from Brazil in 2022 de-

scribed that abdominal obesity increased the risk of 25(OH)D defi-

ciency (relative risk ratio = 1.64; 95% CI: 1.05–2.58).26 Vitamin D

level in obesity is lower than that in overweight, normal, and under-

weight conditions (17.3 < 20.3, 19.7, and 20.1, respectively, 0.015 < p

< .05). Therefore, we believe that apart from resulting in more

comorbidity and metabolic syndrome in patients with obesity, lower

levels of VD also result in a worse outcome in these critical patients

(longer ICU stays, higher 28-day mortality, and 90-day mortality

rates).

4.4. Synergistic effect of obesity and VDD exacerbated

renal dysfunction

We found that all VDD and obesity groups had renal dysfunc-

tion. The creatinine levels of obese, overweight, normal, and under-

weight groups are 2.2, 1.6, 1.6, and 1.3 mg/dL, respectively, 0.006 <

p <0.05). The creatinine level in the VDD group was 1.8 mg/dL. Vita-

min D deficiency is considered a risk factor for kidney disease and is

associated with tubulointerstitial damage, which exacerbate the

hemodynamic and morphological changes resulting in evolution of

renal disease, induced by ischemia or reperfusion, contributing to

the progression of kidney disease. Obesity is directly related to dia-

betes mellitus and hypertension, the two main metabolic disorders

that result in the progression of kidney disease.27

4.5. Patients with obesity have longer ICU stay than

non-obese patients

Based on the daily ICU medical expenses of 1137 USD in Taiwan,

the 81 enrolled patients with obesity spent 3386807.4 USD more in

total compared to patients whose BMI was < 30. The burden on the

national health insurance system increases if it is calculated on a

national scale. Patients with obesity also had the highest 90-day

mortality rate (17.3%, p < 0.001). Thus, we find that body weight

influenced the outcome more than VD levels.

4.6. Underweight patients had the highest 28-day

mortality rate

In our study, the patients in the underweight group had the

highest 28-day mortality rate (17.2%) and were susceptible to co-

morbidities such as liver cirrhosis (6.9%), uremia (6.9%), and meta-

stasis of malignancies (10.3%), all of which were significant, all p <

0.001. In 2020, an Asian report on BMI and long-term risk of sepsis-

related mortality (n = 1957) found that underweight, lower normal

weight, and abdominal obesity were associated with increased fu-

ture risk of sepsis-related mortality.28

4.7. Limitations

Our study had some limitations. First, we assessed 1421 pa-

tients admitted to the ICU, including all medical and surgical pa-

tients; thus, in some circumstances, the outcome in critically ill pa-

tients might be influenced by the injury pattern and extent of tra-

uma. These factors may have affected the outcomes and length of

hospital stay. Second, some critical patients, such as those with myo-

cardial infarction who do not receive intubation, may take VD sup-

plements themselves, causing changes in serum levels of VD, which

might bias the outcome analysis.

5. Conclusion

Vitamin D is an important nutrient for maintaining cardiovas-

cular, endocrine, immune, and nervous health. Of the critically ill

patients, 57.9% of critical patients had VDD of which 56% were male.

They faced an increased rate of infection and vascular dysfunction,

and VDD results in a 2.5-day longer ICU stay than VD-sufficient pa-

tients, and thus they spend more on medical expenses. More obese

men than women were noted among critically ill patients, and in our

study, there was a male:female ratio of 1.7:1 in the obese group

compared to the other BMI groups. Many individuals with obesity

had VDD (with a VD level of 17.3 ng/mL) than critical patients with

no obesity. However, the synergistic effects of obesity and VDD on

renal dysfunction require further investigation. Patients with obesity

had a 4.2-day longer ICU stay than patients with no obesity, and

obese critical patients had the highest 90-day mortality rate (17.3%)

compared to other BMI groups. Thus, in caring for critical patients,

physicians need to pay more attention to VD levels and determine

the BMI factors impacting outcomes.
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