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Vitamin D, as an anti tuberculosis supplement in spinal tuberculosis treatment
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ABSTRACT

Background: Tuberculous infection susceptibility emerges in individuals with low lev-
els of vitamin D. C-reactive protein (CRP) and erythrocyte sediment rate (ESR) are low
during the intensive phase of anti-tuberculous drug (ATD) therapy. Cathelicidin, which is
induced by vitamin D, has been proven to reduce the inflammatory process.

Methods: This single-blind randomized control trial compared the efficacy of vitamin
D in lowering CRP and ESR. The research was conducted at the Hasan Sadikin Hospital
Outpatient Clinic and the Clinical Pathology Laboratory from March 2017 through
August 2017. Tuberculous infected patients enrolled in the study were assigned to one
of two groups; one received vitamin D supplementation, the other didn’t received. The
Willcoxon statistical test was used to examine the value of CRP in two groups, and the
unpaired t-test was used to evaluate ESR values for both groups.

Results: The CRP and ESR values in the group receiving vitamin D were significantly lower
than in the placebo group (p < 0.05), indicating that vitamin D is beneficial in treating
tuberculous infection.

Discussion: Vitamin D can increase macrophage activation by increasing cathelicidin,
Nitrogen Oxide (NO), and Reactive Oxygen Species (ROS) production.

Conclusions: Giving vitamin D, 800 International Units (IU) supplementation increases
the efficacy of ATDs in spine tuberculosis treatment.
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Introduction Spinal TB is a chronic extra pulmonary TB infec-

Tuberculosis (TB) remains a major health prob-
lem worldwide. The World Health Organization
estimated that there were 8.6 million people living
with TB in 2012 and 1.3 million deaths. The inci-
dence rate of TB in Asia-Pacific Countries was 29%,
Africa 27%, West Asia Pacific 17%, India 26%, and
China 12% [1,2]. In 2011, Indonesia was in fourth
position after India, China, and South Africa. In
2015 at Indonesia, the incidence rate of TB is 395
per 100,000 citizens, and the mortality rate is 27,
3 per 100,000 citizens [1,3,4]. The incidence of the
musculoskeletal TB, a form of extrapulmonary TB,
is around 10%. Almost 50% of the musculoskeletal
TB cases attack the spine, 30% the hip joints, and
20% other joints [3,5,6].

tion. It is a granulomatosis infection caused by
Mycobacterium Tuberculosa (MTB) attacking the
spine, and can cause bone destruction, kyphosis
deformity, and paraplegia. Motor and sensory neu-
rological impairment had been found in 77.1% of
spinal TB cases [7,8]. Because of the high morbidity
rate with this disease, the authors are interested in
research on the prevention, medication, and reha-
bilitation to reduce rate of the morbidity and death
due to TB.

Several studies have investigated vitamin supple-
ments in TB management, including vitamins A, C,
and D. The classic function of vitamin D is to main-
tain hemostatic calcium and phosphate metabolism
which helps maintain bone mineralization through
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osteoblast regulation. Non-classical functions of vita-
min D include suppressing cancer cell growth, regu-
lating cell apoptosis by controlling cell hyperplasia,
and modulating the immune system [9,10]. Ramdan
reported that a deficiency in vitamin D can increase
the risk of MTB infection. People with low concentra-
tions of vitamin D have a higher risk of TB infection.
Vitamin D plays an important role in the immune
system, when there is an MTB infection. Vitamin D
improves macrophage MTB phagocytosis ability by
activating anti-microbial peptides including cathe-
licidin, by improving formation of Reactive Oxygen
Species (ROS) and Nitrogen Oxide (NO), as well as
by improving production of IFN-y [11-13]. The aim
of our reseacrch was to determine whether vitamin
D, 800 International Units (IU) as a supplement can
increase the effectivity of anti-tuberculous drugs
(ATDs) through evaluating the laboratory infection
markers erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP).

Material and Methods

This research was designed as a single-blind ran-
domized controlled trial. All spinal TB patients at the
Hasan Sadikin Hospital, who were medicated with
ATD and met the inclusion and exclusion criteria,
were randomly divided in two groups. Group 1 was
the control group, and Group 2 was the intervention
group, which was given vitamin D, (cholecocalcif-
erol) 800 IU for 2 months. Both groups were followed
for 2 months and their vitamin D concentrations
[25(0OH)D] of CRP and ESR were measured at recruit-
ment and 2 months after ATD medication. Laboratory
examinations were performed in the Hasan Sadikin
Bandung Hospital laboratory. The vitamin D serum

Table 1. Table characteristics.

Without vitamin D, With vitamin D,

(n=17) (n=17)

Sex (frequency)

Male 8 8

Female 9 9
Age (years), average (SD) 35.7 (£13.9) 33.6 (+12.4)
Body Mass Index (IMT) 19.8 (+2.6) 21.3(¢1.7)
(kg/m?), average (SD)
25(0OH)D ng/mL 8.1 15.2
Spine level (frequency)

Thoracic 12 8

Lumbar 5 9
Frankle (frequency)

B 1 1

C 6 5

D 7 8

E 3 3
2

concentration examinations were performed using a
colorimetric reader using ELISA tests.

The research subjects were all spinal TB outpa-
tients or inpatients at Hasan Sadikin Hospital. The
inclusion criteria were age: 15-50 years; body mass
index (BMI): 15-25 kg/m? and vitamin D concen-
tration <30 ng/ml. Exclusion criteria were a history
of TB, diabetes mellitus, hypertension, autoimmune
disease, or thyroid disease; long-term steroid med-
ication; lung or kidney function disorder; pregnant
or breastfeeding woman; and an alergy to vitamin
D. Research subjects were dropped from the study
if they received surgery within research period.

We used a consecutive sampling method with
17 people in each group. The intervention group
received vitamin D, 800 IU + ATD. The control group
only received ATD The independent variable in this
research was vitamin D serum, and the dependent
variables were CRP and LED. The confounding vari-
ables include age, sex, occupation, ethnicity, and BMI.

The Wilcoxon rank-sum test was used to ana-
lyze the relationship between vitamin D medica-
tion and changes in the CRP concentration. For the
relationship between vitamin D and changes in ESR
concentration, we used the independent t-test. To
analyze the relationship between baseline vitamin
D concentrations and CRP and ESR, we used the
Spearman and the Pearson correlation tests.

Results

Characteristics of each group are shown in Table
1 (sex, age, BM], location of lesion, and severity of
lesion by Frankle classification). The average age in
intervention group was 33.6 years [standard devia-
tion (SD) * 12.4] and in the control group was 25.7
years (SD + 13.9). The average BMI was 21.3 kg/m?
(SD *= 1.7) in the vitamin D group and 19.8 (SD *
2.6) in the control group. The differences in charac-
teristics between the groups were not statistically
significant.

The vitamin D concentration in the intervention
group before supplementation was 15.2 ng/ml, and
after supplementation, it was 28.4 ng/ml. Differences
were analyzed with the paired t-test and were found
to be statistically significant (p < 0.001) (Table 2).

Table 2. Vitamin D concentration in the intervention

group before and after vitamin D supplementation.
After

28.8 (+4.4)

P value
<0.001%

Before
15.2 (¢7.7)

Vitamin D (ng/ml)
Mean (SD)

# : t-paired test
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Table 3. Correlation between CRP and ESR concentration
in spine TB groups with and without vitamin D supplemen-
tation.

ATD ATD+ Vit. D,
p value
(n=17) (n=17)
CRP (mg/dl)
Median <0.001*
Before (Min; Max) 27.1(5.4; 35.4) 27.5 (6.7; 39.5)
After (Min; Max)  11.3(2.7;27.7) 1.6(0.2;8.1)
Difference (SD) 5.7 (¥6.2) 21.3 (£10.2)
ESR (mm/hour) (SD)
Before 50.1(+21.6)  61.1(+22.4) 0.033*
After 31.9(+16.3)  31.6 (¥22.4)
Difference 18.2 (+11.2) 29.5 (+17.4)

# = Wilcoxon rank-sum; * = unpaired t-test; normal value CRP: <5
mg/dl; LED < 20 mm/hour.

Similarly, there was a statistically significant decrease
in CRP and ESR concentrations after supplemen-
tation with vitamin D, for 2 months (p < 0.001 and
p < 0.03, respectively) (Table 3).

There was no significant correlation between the
level of either CRP or ESR before and after vitamin
D, supplemention (p = 0.328 and p = 0.895, respec-
tively) (Table 4).

Discussion

After randomization, the potentially confound-
ing variables were found to be distributed evenly
between the intervention group and control group.

In this research, Gibbus deformity was typi-
cally located in the thoracic vertebrae. It caused by
the Adamkiewicz artery, a segmental blood vessel
located in the thoracolumbar vertebral region. This
artery supplies the body of the vertebrae and might
carry MTB bacteria to the vertebrae [4,14,15].

The mean for 25(OH)D concentration in the
control group was 8.1 ng/ml while in intervention
group was 15.2 ng/ml. The mean 25(0H)D concen-
tration in both groups showed a 11.6 ng/ml vitamin
D deficiency. Holick categorizes 25(OH)D concen-
tration deficit as: normal = 30-60 ng/ml, insuffi-
cient = 20-29 ng/ml, and deficient < 20 ng/ml [16].

Karmila and Kibiringer reported that a person
with vitamin D deficiency has increased vulnera-
bility to TB infection compared to a person with-
out vitamin D deficiency. Research performed by
Ramdan on spine TB patients also suggests that
most spinal TB patients suffer from vitamin D defi-
ciency [14-16].

This research found that the intervention group
had improved the mean concentration of 25(0H)
D, but the concentration was still categorized as

www.porthosci.com

Table 4. Correlation between CRP and ESR concentration
before and after vitamin D, supplementation.

Before After
p value
(n=17) (n=17)
CRP (mg/dl) 0.17 0.32 0.328%*
ESR (mm/hour) 0.02 0.09 0.895"

* = Pearson test; # = Spearman test.

insufficient. The mean concentration of 25(0OH)D
before intervention of 15.2 ng/ml (+7.7) indicated
a deficiency, but after vitamin D, 800 IU adminis-
tration for 2 months, the 25(0OH)D concentration
showed improvement: 28.8 ng/ml (+4.4). Holick
states that giving vitamin D, 700-800 IU per day
can improve 25(0OH)D concentration from less than
17 ng/ml to about 40 ng/ml [17]. Previous research
suggests that an insufficient 25(OH)D concentra-
tion can cause inhibition of monocyte initiation
and macrophage activation in the innate immune
response to infections [17,18].

The increase of CRP and ESR concentrations in
both groups was caused by an increase in acute
phase protein synthesis in the liver due to the inflam-
mation process. MTB that enters the human body
stimulates antigen presenting cell, increasing Thl
and Th2. Thl secretes cytokine Interleukin (IL)-2,
[L-12, and Interferron (IFN)-y, while Th2 secretes
IL-4, IL-5, IL-6, IL-9, IL-10, and Tumor Necrotizing
Factor (TNF)-a. This process increases macrofage
activation to eradicate MTB. CRP is an acute phase
protein which is influced by IL-6, IL-1, and TNF-c.
Thus, CRP is a sign of inflammation in an MTB infec-
tion [19,20]. After receiving vitamin D, supplemen-
tation for 2 months, CRP and ESR concentrations
decreased in the intervention group (Table 3). The
main functions of vitamin D include not only regu-
lating calcium homeostasis for bone mineralization
but also its immunity function [21,22]. Vitamin D
can increase immune system efficacy through an
antimicrobial peptide activity called cathelicidin.
Cathelicidin activity improves macrophage activity by
increasing the phagocytosis function to M. tuberculo-
sis [22]. In addition to that activity, vitamin D can also
improve the function of NO and ROS in eliminating
MTB. A decrease of MTB colonies in the body causes
a reduction of the inflammation process by decreas-
ing pro-inflammation mediator synthesis, which is
[L-6 and TNF-a [23]. IL-6 and TNF-a are cytokines
that stimulate liver hepatocyte cells to produce CRP,
i.e,, IL-6 and TNF-a, which are cytokines that stimu-
late liver hepatocyte cells to produce CRP. CRP is an
acute phase protein produced when the body suffers
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Figure 1. Research flowchart diagram.

an inflammation. CRP concentration will begin to
increase within 4-6 hours after inflammation occurs
and will reach its peak after 48-72 hours, after which
CRP concentration will decrease as the inflammation

VITAMIN D, CRP AND ESR <

PA:TB+

process decreases [20,24]. This research used CRP
as a measuring instrument to estimate the progno-
sis. This research found that administration of vita-
min D decreased CRP concentration within the first
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2 months of ATD consumption (p < 0.05). This result
is consistent with previous research that reported
decreased CRP concentrations may provide a good
overview of the healing process in spinal TB [25]. The
present research results are consistent with previ-
ous research conducted on patients with pulmonary
TB, which reports that vitamin D in cases of pulmo-
nary TB accelerates the repair of the inflammatory
processes as characterized by decreased CRP values
[17,26,27]. ESR is another laboratory parameter for
assessing the inflammatory processes in spinal TB
infections. Although ESR is a non-specific marker of
the inflammatory process, it is a simple measurement
that can be checked in laboratories in rural areas
where equipment for more precise measurements is
not available. It is a non-specific parameter for assess-
ing the therapeutic and prognosis response [25].

Table 4 shows the increase in vitamin D serum
concentration in the group receiving vitamin D,
800 IU: 15.2 rose to 28.8 (p < 0.001). Increase of
vitamin D concentration within the body can be
accomplished by administering vitamin D supple-
mentation orally. Vitamin D is a vitamin that can be
produced by the human body. Production is influ-
enced by geography, skin tone, food consumption,
and amount of sun exposure (which is often cor-
related with the occupation of the individual) [28].
In this research, those factors are among the uncon-
trollable factors, so the samples that are not homo-
genic becomes potentially making the two groups
less homogeneous, a limitation of this research.

Another limitation of this study is the inability
to control the location of participant activities and
their food consumption which might affect the con-
centration of vitamin D. Other limitations are that
CRP and ESR laboratory examination results can
be affected by some clinical conditions and the lack
of proof of patient adherence to the regime of con-
suming vitamin D every day.

Conclusions

Supplementation of vitamin D, 800 IU increases
the efficacy of ATD in spinal TB management.
Vitamin D, is an appropriate supplement in a spine
TB treatment regimen.
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