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Tuberculosis among non-HIV patients:
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Abstract

Background: Vitamin D is an essential modulator for normal innate and adaptive immune function
to combat Mycobacterium tuberculosis infection (TB). However, the association between vitamin D
deficiency (VDD, i.e., Vitamin D concentration<20 ng/ml) and tuberculosis remain controversial.
Previous studies didn’t control known important confounders, such as body-mass index (BMlI),
smoking, and diabetes mellitus (DM), and yielded highly heterogeneous results. This study aimed
to investigate whether VDD is associated with TB in Taiwan and to identify potential risk factors

for TB.

Methods and Findings: A sex- and age-matched case-control study (1:4) was conducted to explore
the association between VDD (<20 ng/ml) and TB among non-HIV patients at a latitude of 24°N in
Taiwan. Conditional logistic regression was used to examine potential risk factors. The study
included 62 TB patients and 248 controls. Overall, VDD was diagnosed in 34.2% (106/310) of all
participants. The mean 25(OH)D level was significantly lower in TB cases compared to control
cases (21.25 + 8.93 ng/ml vs 24.45 + 8.36 ng/ml, multi-p=0.008, aOR=0.95 [95% CI = 0.91-0.99]).
Multivariable analysis found that VDD (p=0.002), lower body mass index (p<0.001), liver cirrhosis
(p=0.042), and smoking (p=0.001) were independent risk factors for TB comparing to the control
group. The adjusted odds ratio (aOR) and 95% confidence interval (Cl) were 3.034 [95% Cl=1.5-

6.1], 0.805 [95% CI= 0.7-0.9], 8.992 [95% Cl=1.1-74.3], and 4.516 [95% CI=1.9-11], respectively.

Conclusions: Vitamin D deficiency is an independent risk factor for incident active TB among non-
HIV patients. Randomized controlled trials are warranted to examine whether vitamin D

supplementation reduced the risk of incident TB in high-risk patients with vitamin D deficiency.
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Background

Tuberculosis is a communicable disease and one of the leading causes of death worldwide. According
to the World Health Organization (WHO), there were 10.6 million people fell ill with TB, an increase
of 4.5% from 10.1 million in 2020 and 1.6 million TB-related deaths in 2021 [1]. The rising of
incidence rate of TB by 3.6% between 2020 and 2021 sets back the aim of the End TB strategy. An

innovative approach for TB control is desperate needed.

It is known that TB is a highly infectious disease, which can be transmitted by inhalation of a minimal
dose (1-5 bacilli) of Mycobacterium tuberculosis, and one in ten infected persons may develop active
TB [2]. An individual's susceptibility to developing active TB is associated with multiple factors,
including environmental, genetic, socioeconomic, and nutritional factors. Current evidence reveals
that genetic variability can influence an individual's susceptibility to active TB [3]. Many studies have
focused on the polymorphisms of different gene candidates [4] , with a particular interest in the gene

for the vitamin D receptor (VDR) [5-9]. The findings support the role of vitamin D in TB

pathophysiology.

Though vitamin D is a key modulator for innate and adaptive immunity against Mycobacterium
tuberculosis. [10-14], the association between vitamin D deficiency and tuberculosis remain
controversial. Previous studies did not control known important confounders, such as body mass
index (BMI), smoking, diabetes mellitus (DM) and yielded highly heterogenous results [15-18].
Studies from populations in Indonesia [19], China [20], West Africa [21], and South Korea [22]
showed no significant association between vitamin D deficiency and TB. On the other hand, reports
from London [23], South Africa [24], Pakistan [25], and India [26] showed a significant association

between lower vitamin D levels and susceptibility to TB.
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Taiwan is a highly prosperous industrialized country with universal health coverage and social
welfare. Herein, we conducted a high-powered case-control study (1:4) to explore the association

between vitamin D deficiency and tuberculosis in non-HIV patients.
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Patients and Methods

Study design:

The investigation was conducted at Far Eastern Memorial Hospital, New Taipei City (latitude
24°N), Taiwan. Far Eastern Memorial Hospital is a tertiary medical center with an outpatient
service volume of more than 6,500 persons per day. In the past 3 years, around one hundred patients

per year have undergone anti-TB regimens at our hospital.

TB patients were recruited from September 15, 2021, to September 14, 2022. TB cases were
selected from patients aged over 20 with microbiological evidence of TB, including those who were
newly diagnosed with TB during the study period and those who had been diagnosed with TB
before the study initiation but were still receiving anti-TB medication treatment during the study
period. Four controls were recruited for each TB case, matched based on sex and age, by screening
outpatients from cardiovascular outpatient departments, Integrated Preventive Health Center, and
healthcare members for eligible subjects from September 15, 2021 to December 14, 2022. Eligible
controls were excluded from participating in the study if they had received vitamin D supplements
within one month. All participants with human immunodeficiency virus (HIV) infection and
pregnancy were also excluded. To control the sunlight exposure level, only participants living in the

northern area of Taiwan were enrolled.

Ethical Statement
This investigation was approved by the Research Ethics Review Committee of Far Eastern
Memorial Hospital (IRB number 110133-E), and written informed consent was obtained from all

participants before enrollment.

doi:10.6342/NTU202301094



Data collection

Demographic information, including sex, age, body mass index, and place of residence, was
recorded. All participants underwent a detailed medical history, including underlying diseases,
alcohol consumption, and smoking history. To define smoking status, we grouped patients into
either smokers (i.e., those who smoked cigarettes at the time of study enrollment or had previously
smoked) or non-smokers (i.e., those who had never smoked or had smoked < 100 cigarettes in their
lifetime) [27]. Additional clinical data in the TB group was collected, including TB sites, duration
of anti-TB regimens, grading of acid-fast bacilli (AFB) stain [28], time to AFB and culture negative
conversion, chest x-ray (CXR), or chest computer tomography (CT) findings on the day of

diagnosis.

Vitamin D concentration and status definition

Total circulating serum 25(OH)D was measured by the Cobas® e 801 Module by Roche
Diagnostics according to the manufacturer’s protocols. The level of 25(OH)D was expressed as
ng/mL (to convert ng/mL to nmol/L, multiply by 2.49). We defined the serum 25(OH)D level into
four categories based on the Endocrine Society Clinical Practice Guidelines with modification into
four categories [29]. Briefly, vitamin D "deficiency” (VDD) was considered when the serum
25(0OH)D was < 20 ng/ml. Further, "severe deficiency" was considered as serum 25(OH)D < 10
ng/mL and "moderate deficiency™ was considered as the serum 25(OH)D level between 10 ng/mL
to 20 ng/ml. Serum 25(OH)D levels of 20 to 30 ng/mL were considered "insufficiency". Serum

vitamin 25(OH)D = 30 ng/mL was considered "sufficiency".

Statistical analysis

Statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, North Carolina, USA).

Categorical variables were expressed as percentages, and continuous variables were expressed as

doi:10.6342/NTU202301094



mean + standard deviation. A Chi-square test was used to compare two proportions. Fisher’s exact
test was used when any value in the cells of the contingency table was smaller than five. Differences
between groups for continuous data were compared using Student’s t-test. Conditional logistic
regression was used to analyze the risk factors, and the exact method was used. All variables with P
< 0.10 in the univariable analysis and the risk factors mentioned in previous literature were included
in the hypothesis-driven model, and stepwise selection was used during the multivariable analyses.

All statistical tests were two-tailed, and P < 0.05 was considered statistically significant.

doi:10.6342/NTU202301094



Results

TB Patients

During the study period from September 15, 2021, to September 14, 2022, a total of 153 patients
were notified to the Taiwan CDC (Centers for Disease Control) with newly diagnosed tuberculosis,
and 73 patients who were diagnosed before our study period remained in our hospital for
tuberculosis treatment (Fig 1A). Patients who were younger than 20 (n=6), without microbiology
evidence (n=53), patients who refused (n=64), those who had taken vitamin D within one month
(n=2), those who died (n=24), or those who transferred to another hospital before recruitment
(n=15) were excluded from our study. Finally, 41 patients were recruited for our study. On the other
hand, 73 patients were diagnosed before the initiation of our study but were still receiving anti-TB
medication during the study period. Fifty-two patients who didn't meet the criteria were excluded,
and finally, 21 patients were recruited. In total, 62 TB-infected patients were included in our study,
with an average age of 59 years old, and 71% (n=44) were male (table 1). All patients came from
northern Taiwan (Keelung to the north of Hsinchu) to eliminate the influence of sunlight exposure.
Most patients had pulmonary TB (59 out of 62, 95%), and only 3 patients had extrapulmonary TB,
including one with TB meningitis and the other two with TB lymphadenitis of the neck. The
average 25(OH)D concentration of the 62 patients was 21.25+8.93 (5.3-45.8) ng/mL, and among
them, 32 (51.6%) patients had VDD (i.e., 25(OH)D concentration less than 20 ng/ml). Other

baseline demographic characteristics and underlying medical diseases were shown in Table 1.

These 32 TB patients with VDD cases had an average level of 14.34+3.79 (range 5.3-19.9) ng/ml,
including four (6.5%) had severe VDD with levels below 10 ng/mL, while 28 cases (45.2%) had
moderate VDD with levels between 10 and 20 ng/ml (table 2). Since 95% of TB patients had

pulmonary infection, we further compared the differences of clinical manifestation in patients with
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or without VDD. Around half of patients had positive AFB stain in sputum (55% vs 53%,
respectively) and most of them had high grading (4+) (41% vs 33%, p=0.647). Nearly 60% of
patients had cavitation on CXR (58% vs 57%). Half of patients with VDD (55.6%) had multiple
lobar involved; while only 31.3% of patients without VDD had the same findings but no significant
difference in statistics analysis (p=0.154). Furthermore, the duration of negative conversion of

sputum, either AFB or culture, didn’t have significant differences in patients with or without VDD.

Twenty-two patients in TB group (22 out of 62, 35.5%) had their 25(OH)D measured within 30
days (i.e., 11 + 8 days) of the initiation of the anti-TB regimens; the other 40 patients had been
treated for more than one month with anti-TB regimens (i.e., 101 £ 46 days) at the time of 25(OH)D
measurement (Table 3). There was no difference in the measured 25(OH)D level between those
who received anti-TB drugs for less or more than 30 days (22 £ 8.8 ng/ml (11.1-45.8) vs 21
9.1ng/ml (5.3-37.7), p=0.85). In addition, there was no association between the vitamin D

concentration and the duration of anti-TB treatment (r=-0.013, p=0.92) (supplement 1).

Control group

Between Sep 15, 2021, and December 14, 2022, a total of 257 cases were included in the control
group. Among them, 154 patients (60%) came from the cardiovascular outpatient department, 35
(13.6%) patients came from the Integrated Preventive Health Center, and 68 (26.5%) patients came
from voluntary health-care members (Fig 1B). Six patients were excluded because three patients'
age did not match and another three patients were under vitamin D supplementation. Finally, 248
patients were recruited in our control group, including 176 men and 72 women with an average age
of 58.6+14.5 (range 20-89) years old. Other clinical characteristics of age- and sex-matched

participants in the control group are shown in Table 1.
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Table 1. Clinical characteristics of sex-and age-matched TB and control cases

TB (n=62) Control (n=248) Univariable
p value
Age (years) 58.5+14.3 (21~88) 58.6+14.5 (20~89) 0.955
Male sex 44 (71%) 176 (71%) 1
Body mass index(kg/m?)  22.9+3.3 (14.7~30.1) 25.2+3.9 (16.2~40.7) <0.001
Habitat in Taiwan North (100%) North (100%) 1
Diabetes mellitus 16 (25.9%) 55 (22.2%) 0.54
Steroid use 0 (0%) 2 (0.8%) 0.48
End stage renal disease 0 (0%) 1(0.4%) 1.0
Liver cirrhosis 3 (4.8%) 2 (0.8%) 0.056
Congestive heart failure 2 (3.2%) 16 (6.5%) 0.330
Smoking 22 (35.5%) 43 (17.3%) 0.002
Alcohol use behavior 3(4.8%) 1(0.4%) 0.026
25(OH)D level (ng/ml) 21.25+8.93 (5.3~45.8)  24.45+8.36 (6.3~52.2) 0.008
25(0OH)D <20 ng/mL 32 (51.6%) 74 (29.8%) 0.001
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Table 2. Comparison of vitamin D level <20 and >= 20 ng/ml in TB patients

Vitamin D concentration Vitamin D concentration p value

<20 ng/ml (n=32) =20 ng/ml (n=30)
Absolute vitamin D 14.34+3.79 (5.3~19.9) 28.62+6.6 (20~45.8) <0.0011
concentration (ng/ml)
Age (years) 56.66+16.20 (29~88) 60.47+11.89 (21~80) 0.298
Male 23 (72%) 21 (70%) 0.871
BMI (kg/m?) 22.3713.46 23.41+3.08 0.22
(14.72~29.23) (17.89~30.05)
Diabetes mellitus 9 (28%) 6 (20%) 0.455
Pulmonary tuberculosis 31 (97%) 28 (93.3%) 0.607
sputum AFB stain 17 (55%)/4+ (n=7, 41%) 15 (53%)/4+ (n=5,33%)  0.622/0.647
positive/ grading in mass
cavitation on 18 (58%)/10 (55.6%) 16 (57%)/5 (31.3%) 0.818/0.154
CXR/multiple lobes
negative conversion of 37.57+22.26 (n=28", 42.92+34.35 (n=25"", 0.5
sputum culture (days) 6~148) 13~109)
negative conversion of 33.25+18.23 (n=16", 75.21+100.08 (n=14%, 0.145
sputum AFB (days) 10~55) 6~360)

*: Three patients’ sputum culture didn’t have microbiology evidence and TB was diagnosed by lung
tissue biopsy in two patients and bronchial washing fluid in one patient. **: Three patients’ sputum

culture didn’t have microbiology evidence and TB was diagnosed by lung tissue biopsy in two
patients and bronchial washing fluid in one patient. T: One patient’s sputum AFB was not yet
negative conversion. ¥ : One patient’s sputum AFB was not yet negative conversion.

10
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Table 3. Comparison of the TB patients with receiving anti-TB medication over and less

than 30 days

<=30 days (n=22)

>30 days (n=40) p
value

Duration between anti-TB regimen and
vitamin D test (days)
Age (years)

Male
Pulmonary tuberculosis
BMI (kg/m?)

Vitamin D concentration (ng/ml)

Proportion of vitamin D concentration <20
ng/ml

10.5+7.87 (0~21)

58.77+13.9
(37~85)

16 (73%)
21" (95.5%)
22.13%3.73
21.96+8.84

(11.1~45.8)
11 (50%)

100.86+45.45 <0.001
(36~370)
58.4+14.7 (21~88)  0.912

28 (70%) 1

38 (95%) 1
23.3+3.01 0.188
20.86%9.06 0.647
(5.3~37.7)

21 (52.5%) 0.851
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Clinical Characteristics of Age- and Sex-Matched TB and Control Cases

Overall, vitamin D deficiency (VDD was diagnosed in 34.2% (106/310) of all participants. In
univariable analysis (TB cases vs control cases), as expected, the BMI was significantly lower in
TB cases (22.9£3.3 (14.7-30.1) kg/m2) than in control cases (25.2+3.9 (16.2-40.7) kg/m2) (p<
0.001) (Table 1). Additionally, patients with TB had a significantly higher proportion of smokers
(35.5% vs 17.3%, p=0.002), alcohol use behavior (4.4% vs 0.6%, p=0.026), and moderate to severe
VDD (i.e., 25(OH)D < 20 ng/dL) compared to control cases (n=32, 51.6% vs n=74, 29.8%,
p=0.001). The absolute 25(OH)D concentration was also significantly lower in TB patients than in
the subjects of the control group (21.25+8.93 (5.3-45.8) vs 24.45+8.36 (6.3-52.2), p=0.008) (Fig
2). There was a borderline significantly higher proportion of liver cirrhosis among the TB cases
(4.8%) compared to control cases (0.8%) (p=0.056). There were no significant differences in
underlying diseases such as diabetes mellitus (26% vs 22%, p=0.54), steroid use (0% vs 0.8%,
p=0.48), end-stage renal disease (0% vs 0.4%, p=1.0), and congestive heart failure (3.2% vs 6.5%,

p=0.33).
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25(0OH)D concentration (ng/ml)

p=0.008
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Fig 2. The distribution of individual 25(OH)D level of TB and control cases
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In multivariable analysis, vitamin D < 20 ng/ml (p=0.002), lower BMI (p<0.001), liver cirrhosis
(p=0.042), and smoking (p=0.001) remained significant risk factors for patients with TB infection
compared to those who were not infected with TB. The adjusted odds ratio (aOR) and 95% confidence
interval [CI] of the four independent risk factors were 3.03 [95% CI=1.51-6.10], 0.81 [95% CI=0.72-
0.90], 8.99 [95% CI1=1.09-74.34], and 4.52 [95% CI=1.85-11.00], respectively (Table 4). When we
replaced VDD by absolute 25(OH)D concentration, the four factors remained significant (supplement
2). The correlation between BMI and vitamin D level was significant low (r=0.133, p=0.02,
supplement 3). In addition, the association of vitamin D concentration with TB risk presented a linear,

not an U-shape, (supplement 4).
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Table 4.

Multivariable analysis of sex- and age-matched TB and control cases with the items of ratio of
25(0OH)D <20 ng/mL, body mass index, liver cirrhosis, smoking, alcohol use disorders in the
model

p-value Adjusted odd 95% confidence
ratio interval
Ratio of 25(0OH)D <20 ng/mL 0.002 3.034 1.510~6.095
Body mass index <0.001 0.805 0.721~0.899
Liver cirrhosis 0.042 8.992 1.088~74.344
Smoking 0.001 4.516 1.853~11.002
Alcohol use behavior 0.138 7.23 0.513~98.404
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Discussion

Worldwide surveillance reports have shown that VDD is a common health problem, with 37.3% of
the population having a mean value below 20 ng/ml [30, 31]. We also found that 34.2% of our
study population has VDD. In addition, our present study demonstrated that the absolute serum
25(0H)D level is significantly lower in TB cases than in control cases (p=0.008, aOR=0.95 [95%
Cl1=0.91-0.99]). Moreover, severe to moderate vitamin D deficiency was more prevalentin TB
cases than in control cases (univariable p= 0.008, multivariable p= 0.002, aOR=3.034), which
hinted when the serum 25(OH)D level fell below a critical point (i.e., <20 ng/ml), the risk of TB
increases threefold. Our study concluded that after adjusting for effects of BMI, smoking and DM,

VDD remain an independent risk factor for TB.

In India, Jaimni V et al. reported that patients with VDD were associated with more severe
symptoms, higher sputum smear positivity, and extensive lesions on CXR images [32]. Though the
sample size was not powered to compare differences in our study outcome, we noted a higher ratio
of AFB 4+ (41% vs 33%, p=0.647) and multiple lobar cavitation in chest image manifestation
(55.6% vs 31.3%, p=0.154) in TB patients with VDD than those without VDD. Large scale study

may be needed to prove this association.

Our study found that the measured vitamin D level did not differ significantly between TB patients
who had been treated with anti-TB drugs lesser than 30 days and those for 30 days or more (21.96 vs
20.86 ng/mL, p=0.647). The same findings were noted in Huang S J's meta-analysis, which revealed
anti-TB treatment did not affect the 25(OH)D level and TB patients who completed anti-TB treatment
still had lower levels of 25(OH)D than non-TB controlled cases [16]. We suggested that VDD is a

risk factor rather than a consequence for TB.
16
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Chronic undernutrition is prevalent in low- to middle-income countries, such as sub-Saharan Africa
and Southern Asia, where TB is endemic due to the secondary immunodeficiency attributed to
malnutrition [33]. BMI is a commonly used indicator to measure nutritional status, and lower BMI
has been found to be associated with TB in several studies. In Ethiopia, Workineh M et al. reported
significantly lower BMI in the TB group compared to the control group (mean BMI 17.4 kg/m2 vs
21.4 kg/m2, p <0.001) [34]. In India, Jaimni V et al. reported the same finding that the TB group had
a significantly lower BMI than the control group (19.4 kg/m2 vs 24.0 kg/m2, p < 0.0001) [32]. In
Korea, Hong JY et al. also noted this finding that the BMI of the TB group was lower than the control
group (20.65 kg/m2 vs 23.65 kg/m2, p < 0.001) [35]. Our study also found a lower BMI in TB cases
compared to control cases (22.9 kg/m2 vs 25.2 kg/m2, univariable p < 0.001, multivariable p <0.001).
Although different ethnicities and countries have different BMI statuses, lower BMI was clearly
associated with TB. Reflecting lower BMI as a risk factor for TB, Bueno H et al. reported that
increasing a 2600 kcal/day diet for adults with a BMI of 16-18.4 kg/m2 would be a cost-effective
strategy in reducing TB incidence and mortality in India [36]. Undernutrition can negatively influence
the phagocytosis, antigen presentation, activation of Thl response, and granulomatous formation
processes that target M. tuberculosis. It is not surprising to find that lower BMI is a risk factor for TB

[33].

The deteriorating effects of smoking on TB have previously been documented. In a meta-analysis,
Bates MN et al. produced evidence that smoking is a risk factor for TB [37]. Sitas F et al. further
reported that smoking was a major risk of death for TB in South Africa [38]. Khan AH et al. also
concluded that the smoker group had a higher risk for TB mortality and treatment failure in Malaysia
[27]. Using the same smoking definition as Khan AH et al., our data noted a modest increased risk

for TB in smokers than non-smokers (35.5% vs 17.3%, univariable p = 0.002, multivariable p = 0.001).
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Despite no outcome data being noted in this study, smoking cessation programs should be provided

to all TB patients to prevent treatment failure.

The high incidence of TB in patients with cirrhosis has been described in many previous studies. A
cohort study from Denmark (1977-1993) noted an incidence of TB in patients with liver cirrhosis of
168.6 per 100,000 person-years, which was higher than 8 per 1,000,000 person-years in the general
population [39]. Two other studies from India also showed a 5-15 times higher prevalence rate of TB
in the liver cirrhosis population than in the general population [40, 41]. Patients with liver cirrhosis
may have reticuloendothelial system dysfunction and become more susceptible to TB and extra-
pulmonary TB [42, 43]. When facing a patient with liver cirrhosis, TB should always be considered

as a possible diagnosis.

A high burden of diabetes mellitus (DM) among TB patients has been reported, with a global median
prevalence of 16% [44]. In addition, DM is considered a risk factor for TB with a two- to four-fold
increased risk of active TB compared to non-DM patients [45]. Diabetes patients show significantly
reduced interferon-y production, which is an essential step in inhibiting the growth of M. tuberculosis
[46]. In addition, lower expression of interferon-y has been found to be associated with higher M.
tuberculosis loads in diabetic mice compared to control mice [47]. The impaired innate immune
response in DM patients is a known risk factor for increasing the susceptibility to M. tuberculosis
infection [48]. In our study, both the TB and control groups had a relatively high proportion of DM
patients (26.7% vs 21.1%, p=0.427). The enrollment of control cases from our medical outpatient
clinics, rather than the general population, provided an explanation. According to the surveillance by
the Health Promotion Administration in Taiwan from 2017 to 2020, the prevalence of diabetes was
only 11% in Taiwan [49]. In this study, 21.1% of control cases had DM, which explains why our

study found only a higher proportion of DM in TB patients (26.9%), but not a significant risk factor
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for TB.

Some limitations should be mentioned. First, the participants in this study were enrolled from a single
center. The relatively small sample size prevented us from finding a dose-dependent relationship
between 25(OH)D levels and the clinical manifestations of TB. Second, we did not enroll HIV-
positive cases, and no TB patients had MDR-TB. Therefore, the conclusions cannot be extrapolated
to HIV-positive and MDR-TB patients. Third, most of the subjects in the control group (60%) came
from a cardiovascular clinic. However, currently, no evidence shows that cardiovascular diseases are
associated with high 25(OH)D levels that would result in bias in our study [50, 51]. Fourth, we did
not obtain the dietary history of participants, a factor that is difficult to quantify but is also important

to the status of 25(OH)D.

In conclusion, this high-powered, 1:4 sex- and age-matched case-control study found that,

compared to control individuals, TB patients had significantly lower 25(OH)D levels. Particularly,
VDD (<20 ng/ml) is more prevalent among TB patients. Furthermore, our data suggest that lower
BMI, smoking, liver cirrhosis, and 25(OH)D levels <20 ng/ml are independent risk factors for TB

in non-HIV patients in Taiwan, at a geographic location of latitude 24°N.
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Supplement 1.
Duration of TB treatment and vit D concentration.
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The correlation between the vitamin D concentration and the duration of anti-TB treatment show
low negative association but not significant due to small sample size.
(r=-0.013, p=0.92)
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Supplement 2.
Multivariable analysis of sex- and age-matched TB and control cases with the items of

absolute 25(0OH)D concentration (ng/mL), body mass index, liver cirrhosis, smoking, alcohol
use disorders in the model

p-value Adjusted odd 95% confidence
ratio interval
25(0OH)D concentration (ng/mL) 0.008 0.948 0.911~0.986
Body mass index <0.001 0.790 0.725~0.905
Liver cirrhosis 0.018 11.368 1.513~85.408
Smoking 0.001 4.237 1.77~10.143
Alcohol use behavior 0.101 10.482 0.632~173.95
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Supplement 3.

The association of BMI and vitamin D concentration showed a significant low correlation (r=0.133,

p=0.019)
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Supplement 4.

Multivariable analysis of sex- and age-matched TB and control cases with the items of 4
categories of 25(0OH)D concentration (<10ng/ml, 10-20ng/ml, 20-30ng/ml, >30ng/ml), body

mass index, liver cirrhosis, smoking, alcohol use disorders in the model

p-value Adjusted odd  95%
ratio confidence
interval

25(0OH)D concentration (<10 ng/mL) 0.026 3.741 1.169~11.968
25(0OH)D concentration (10~20 ng/mL) 0.180 1.634 0.797~3.352
25(0OH)D concentration (10~30 ng/mL) 0.888 1.056 0.493~2.266
25(0OH)D concentration (>30 ng/mL) 0.074 - -

Body mass index <0.001 0.867 0.801~0.939
Liver cirrhosis 0.027 4.137 1.174~14.577
Smoking 0.002 2.328 1.370~3.957
Alcohol use behavior 0.209 2.169 0.649~7.253
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fi. WHIEHRY
T B A IR G A T THEA R C, MEAER BL RIGAL TSN A i EE AT RN M o
IR v B35 TR 1 R AR ETAE L LA @70 F8 DR M 728 A 1) 90 58 S e,
R WHTETTE ¢
(— ) BRI A B,

(a) ik Bl i« i he, ILlegk 80 A

(D) A AMGRLE @ Al A S A R0 sk BA 1, TRINEE anidad 3 R LA b, A ik o e R
MUEPE IR sl P9 B & AR (22 B0 55 ), AR JBBUR %5 M) i, 7P e B b 70 e 281 368 13 A1 BSORAF
f, HBlR1 : 1, Batk s A gl iE 25 (https://1ab.25sprout.com/nrprnd/),
A1 3 80 Fak¥E b — My, JLssEA Asel (A—-B—C group), #EHI R ¥ I
(placebo group) . ¢ ## Surviving Sepsis Campaign: International
Guidelines for Management of Sepsis and Septic Shock: 2016, i =5t i ifi i Al
W AE M IR v 2 e e 28 (5 R 5 i i 28 FLRAS 74)

(1) e d i (3 DA W i e DA e )

AR BEEE (DeE> 38°C [> 100.4°F]) oi#sdsEig (<36°C) , FRUZAME (>

24 KWW/ ), OEpEE (O3> 90 &/%r) , HImERk¥ % (> 12,000 /ul) 20 Ek
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L S B8 T

o Vitamin C (FusEimfg): (r K#lE Fergd/l MRSEBIS, G T I g
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Study calendar

procedure

Screening/
baseline

Cycle 1

DM, ESRD, COPD, LC
CHF, steroid
use,smoking
Malignancy,
HIV/AIDS...

BT/RR/BP

SOFA, APACH score

WBC, Hb, Cr, sugar,
alb, Cortisone,
ACTH, lactic acid

Vit C, Vit B1 drug
conc.

Concomitant
medications (antacid
agent, abx)

Septic workup

Adverse effect
(allergy, diarrhea,
high blood sugar)

Response evaluation
(need and duration
of H/D, inotropic
agent, ICU staying
duration,

Survival, length of
hospital staying )
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Be 2 % F 0 #4 stratified permuted block randomization: #1345 4 & APACH

[T score(p ¢ 7z #& %38 )i&i74 K : APACH II score = 15 2< 155 K - We set a
block of 4, 2 patients in a block would be assigned to the control and 2 to the
ABC group and the ordering of those 4 assignments would be randomized by random
number table. = i#H4rit * 1 - = & 4 % > #-i& » modified intent-to-treat (MITT) 4 17 ;
FRAATG AL B M~ per-protocol 4 1

Statistical analysis
Statistical analyses was performed using SPSS 19.0 for Windows (SPSS, Chicago, Illinois).
Statistical significance of continuous variables was determined using a non-parametric test (Mann-
Whitney U test) and categorical variables was analyzed using Fisher’s exact test. All tests were two-
tailed and a value of p < 0.05 was considered statistically significant. Continuous variables were
reported as mean + standard deviation (SD). A logistic regression model was used for univariate
and multivariate analyses to determine the independent risk factors of mortality. The variables

included in the multivariate analysis were selected based on the results of the univariate analysis,

previous study results, and possible biological association.
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