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Abstract. Tuberculosis is highly infectious and has a high 
incidence worldwide. Therefore, effective treatment is essen-
tial for the disease. The immune function and inflammatory 
factors can reflect the therapeutic effect of pulmonary tuber-
culosis to some extent. Thus, the aim of the present study was 
to investigate the clinical effect of vitamin D supplementa-
tion on pulmonary tuberculosis patients and its influence on 
the expression of immune cells and inflammatory factors in 
patients. A total of 256 patients with pulmonary tuberculosis 
who were admitted to our hospital were collected as research 
participants; 120 patients who were treated with conventional 
antituberculosis drugs were taken as a control group (CG) and 
136 patients who were treated with vitamin D‑assisted antitu-
berculosis drugs were taken as the research group (RG). The 
levels of inflammatory factors (IL‑6, MMP‑9, IL‑4, TNF‑α) 
and T lymphocyte subgroup of patients were measured in both 
groups before and after treatment. The efficacy was compared 
in both groups. The disappearance time of wheezing and 
cough in RG was shorter than that in CG (P<0.001). There 
was no difference in X‑ray chest plain film, sputum examina-
tion results and efficacy of patients in both groups (P>0.05). 
After treatment, CD3+, CD4+, CD4+/CD8+ were upregulated 
in both groups (P<0.05), while CD3+, CD4+, CD4+/CD8+ in 
RG were higher than those in CG (P<0.05). After treatment, 
inflammatory factors in both groups improved compared 
with those before treatment. Serum inflammatory factors in 
RG were significantly lower than those in CG (P<0.05). After 
treatment, surfactant protein in the two groups was lower than 

that before treatment, while that in RG was significantly lower 
than that in CG (P<0.05). After treatment, soluble selectins in 
both groups improved significantly. The level of soluble selec-
tins in RG was slightly lower than that in CG. The incidence 
of adverse reactions in RG was lower than that in CG. The life 
quality scores of patients in RG were slightly higher than those 
in CG (P<0.05). In conclusion, vitamin D‑assisted antituber-
culosis drugs can effectively improve the immune function 
and expression level of inflammatory factors in pulmonary 
tuberculosis patients and reduce adverse reactions.

Introduction

Pulmonary tuberculosis is mainly an infectious disease caused 
by Mycobacterium tuberculosis infection. Relevant research 
data have shown that 10.4 million new cases of tuberculosis 
occurred worldwide in 2015, and 1.4 million people died of 
the disease in the same year (1,2). Studies have found that 
pulmonary tuberculosis is highly infectious and can seriously 
affect the physical and mental health and quality of life of 
patients. Some symptoms (expectoration, emaciation and chest 
pain) are the main clinical manifestations of pulmonary tuber-
culosis (3,4). In recent years, because of the specific expression 
of inflammatory factors, immune function cytokines and 
other related indicators in pulmonary tuberculosis patients, it 
has become a ‘hot spot’ in clinical research (5,6).Pulmonary 
tuberculosis often leads to the decline of immune function. 
In addition, pulmonary tuberculosis itself is a consumptive 
disease. Patients often suffer from a decline in immunity. 
Excessive inflammatory reaction will aggravate the severity 
of pulmonary tuberculosis and complications, resulting in a 
poor therapeutic effect (7,8). Therefore, studying the changes 
in inflammatory factors, immune function and other indicators 
in the treatment process of pulmonary tuberculosis is helpful 
for the selection of indicator schemes and treatment.

At present, there are many types of drugs used in the 
treatment of pulmonary tuberculosis, among which first‑line 
antituberculosis drugs are the first choice, including isoniazid 
and rifampicin. The treatment scheme combined with multiple 
drugs is also often used in clinical treatment (9). Literature 
has demonstrated the effect of rifampicin combined with 
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acetylcysteine and vitamin C on the antibacterial activity of 
Mycobacterium tuberculosis and Staphylococcus aureus, 
respectively. It has shown that the combined application of 
antituberculosis drugs and vitamin C can effectively eradicate 
microbial infection (10). Vitamin D is an essential nutrient 
element in human body and belongs to one of the fat‑soluble 
vitamins (11). Recently, it was shown that vitamin D not only 
plays a role in calcium phosphate and bone metabolism, but 
also has antibacterial effect (12). Many studies have indicated 
that the rise in tuberculosis risk is related to deficiency of 
vitamin D (13). However, there is little research on the effect 
of vitamin D‑assisted anti‑tuberculosis drugs on the expres-
sion of immune cells and inflammatory factors in patients with 
pulmonary tuberculosis.

The present study was mainly designed to explore the 
application value of vitamin D‑assisted antituberculosis drugs 
in pulmonary tuberculosis by detecting the levels of inflamma-
tory factors and immune function in pulmonary tuberculosis 
patients.

Materials and methods

Baseline data. A total of 256 patients with pulmonary tubercu-
losis who were admitted to Changchun Hospital for Infectious 
Diseases were collected as research participants; 120 patients 
who were treated with conventional antituberculosis drugs 
were taken as the control group (CG). There were 66 males 
and 54 females, with a mean age of 55.66±6.83 years (age 
range, 45‑68 years). A total of 136 patients who were treated 
with vitamin D‑assisted antituberculosis drugs were taken as 
the research group (RG). There were 74 males and 62 females, 
with a mean age of 54.62±6.41 years (age range, 42‑66 years). 
The research study was approved by the Ethics Committee 
of Changchun Hospital for Infectious Diseases (Changchun, 
Jilin, China). Patients and their families were informed in 
advance. Informed consent was signed after the consent of all 
of the participants.

Inclusion criteria. For inclusion into the study, all patients 
were diagnosed with pulmonary tuberculosis by clinical 
diagnosis; They were accompanied by family members on 
admission. There were no other malignant tumors and coro-
nary heart disease diagnosed. The patients did not present with 
basic diseases before admission, and the body was relatively 
healthy. The subjects showed tuberculosis toxic symptoms 
such as cough, hemoptysis and low fever to varying degrees. 
There were no hematological diseases diagnosed.

Exclusion criteria. Subjects were excluded from the study if 
they presented with a history of mental diseases, clinical data 
were incomplete and the subjects did not actively cooperate 
when they were admitted to the hospital. Patients with severe 
organ disease or liver dysfunction were excluded. Patient who 
were allergic to the treatment drug were also exluded.

Therapeutic schemes. Patients in the CG received 
anti‑tuberculosis treatment and received 0.3  g/day of 
isoniazid orally (Beijing Yongkang Pharmaceutical Co., Ltd.; 
SFDA approval no. H11020585). Patients were given rifam-
picin (Beijing Shuguang Pharmaceutical Co., Ltd.; SFDA 

approval no. H11021062), 0.15 g once (1 tablet), 3‑ 4 times a day. 
Ethambutol (Shanxi Zhendong Taisheng Pharmaceutical Co., 
Ltd.; SFDA approval no. H14021899) was taken orally once a 
day at a dose of 15 mg/kg. Pyrazinamide (Ningbo Tianheng 
Pharmaceutical Co., Ltd.; H33021921) was orally adminis-
tered at 15‑30 mg/kg daily, or 50‑70 mg/kg, 2‑3 times a week. 
Patients were treated continuously for 60 days, and then treated 
with isoniazid and rifampicin (usage and dosage were the same 
as above) for 4 months. Patients in the RG received routine 
antituberculosis drug therapy, supplemented by vitamin D 
therapy. During the acute attack of pulmonary tuberculosis, 
the patient was given 300,000 IU vitamin D3 (Zhejiang Xianju 
Pharmaceutical Co., Ltd.; SFDA approval no. H20058981) by 
intramuscular injection. The intervention was implemented 
once a day, and the specific dose was adjusted according to 
the actual situation of the patient. Since the patient's pulmo-
nary tuberculosis condition was stable, the patient was given 
vitamin D3 (Beijing Zizhu Pharmaceutical Co., Ltd.; SFDA 
approval no. H11022062) for intervention by oral administra-
tion with a daily dosage of 0.25 mg. All the patients were 
treated for 6 months.

Index of inspection. Before and after treatment for 3 months, 
5  ml of peripheral venous blood of patients in the two 
groups were collected, respectively, for detection and was 
centrifuged at 3,000 x g for 10 min. The serum was stored 
for later use. HR‑801 Enzyme‑Labeled Analyzer (Shenzhen 
Huakerui Technology Co., Ltd.) was used to detect the 
expression levels of serum inflammatory factors [interleukin 
(IL)‑6, matrix metallopeptidase (MMP)‑9, IL‑4, tumor 
necrosis factor (TNF)‑α)], surfactant protein (SP‑A, SP‑D), 
soluble selectin (sE‑seletin, sP‑seletin, sL‑seletin) in patients 
in the two groups. The operational steps were strictly carried 
out in accordance with the instructions outlined in the 
enzyme‑linked immunosorbent assay (ELISA) kits. ELISA 
kits were purchased from Beijing Baiolebo Technology Co., 
Ltd. FACSCalibur full‑automatic flow cytometer (Becton 
Dickinson and Flowjo v10.4.2 software (Flowjo LLC) were 
used to measure the immune function indexes (CD3+, CD4+, 
CD4+/CD8+) of patients in the two groups after operation. 
Fluorescence coupled monoclonal antibodies (CD3+, CD4+, 
CD8+) were used to analyze the surface. Extracellular staining 
was performed according to the manufacturer's instructions. 
First, the coupled fluorescent antibody (different combina-
tion of surface markers) was added to each peripheral blood 
sample without plasma and incubated in dark for 15 min. 
Then erythrocyte lysate was added, placed at room tempera-
ture for 10 min and centrifuged at 350 x g for 5 min, and then 
the supernatant was discarded to terminate cell lysis. Finally, 
cells were washed twice with cell staining buffer by 350 x g 
centrifugation for 5 min and the supernatant was discarded. 
The sample was resuspended in staining buffer in prepara-
tion for flow cytometric analysis, in which CD4+ and CD8+ T 
cells were gated on CD3+ cells and expressed in lymphocyte 
percentage.

Evaluation standard
Efficacy evaluation. For a markedly effective evaluation, the 
clinical symptoms of the patient disappeared. After contin-
uous sputum examination, the patient was negative. After 
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imaging examination, it was found that the lesion site had 
disappeared, the lesion was obviously narrowed and the cavity 
was closed. For an effective evaluation, the clinical symp-
toms of the patient were significantly improved. The sputum 
examination results turned negative. After examination, it 
was found that the lesion site had significantly disappeared, 
the lesion was reduced and the cavity was basically closed. 
For an ineffective evaluation, the patient's sputum examina-
tion was positive, the lesion was not significantly improved, 
and the cavity was enlarged or a new cavity appeared. 
Total effective rate /%=markedly effective /% + effective /%.

Outcome measures. The improvement of symptoms after 
treatment was compared between the two groups. The X‑ray 
chest plain film and sputum examination results were observed 
in the two groups. The related factors (inflammatory factors, 
immune cytokines) were detected in the two groups. In the 
treatment process, the occurrence of adverse reactions were 
classified and counted in the two groups, and the adverse reac-
tion rates in the treatment process were compared in the two 
groups. According to SF‑36 quality of life score (14), the living 
standards of the two groups were compared after treatment.

Statistical methods. SPSS v19.0 (Asia Analytics formerly SPSS) 
was used in this study. The counting data are expressed as [n (%)]. 
The Chi‑square test was used for inter‑group comparison. The 
measurement data are expressed as [mean ± standard devia-
tion (SD)]. t‑test was used to compare two groups. Repetitive 
measurement and analysis of variance was used to analyze 
multiple groups. LSD‑t test was used for back testing. P<0.05 
was considered to indicate a statistically significant difference.

Results

Comparison of baseline clinical data in both groups. The 
baseline clinical data of patients in the two groups were 
statistically analyzed, as shown in Table  I. There were no 
significant differences in sex, age, body mass index (BMI), 
education level, average duration, smoking or not and house-
hold registration of patients between the two groups, which 
were comparable (P>0.05).

Comparison of improvement time of clinical symptoms in the 
two groups. According to the results in Table II, the disap-
pearance time of wheezing and cough in RG was shorter 
than that in CG (P<0.001), while the disappearance time of 
pulmonary rales was not significantly different in the two 
groups (P>0.05).

Comparison of X‑ray chest plain film and sputum examina-
tion results of patients in the two groups. Through X‑ray 
chest plain film and sputum examination, it was found 
(Table III) that patients in the two groups had improvements 
in the number of cavity closure, lesion absorption and the 
sputum examinations were negative. There were no signifi-
cant differences in examination results between the two 
groups (P>0.05).

Comparison of the efficacy of treatment in the two groups. 
Following comparison of the efficacy of patients in the RG 
and CG groups after treatment, it was found (Fig. 1) that there 
were 67 cases with markedly effective results, 58 cases with 
effective results and 11 cases with ineffective results, with a 

Table I. Comparison of baseline clinical data in the research group (RG) and control group (CG).

	 RG (n=136)	 CG (n=120)	 t/χ2	 P‑value

Sex			   0.009	 0.925
  Male	 74 (54.41)	 66 (55.00)
  Female	 62 (45.59)	 54 (45.00)
Mean age (years)	 54.62±6.41	 55.66±6.83	 1.295	 0.197
Age (years)			   0.058	 0.809
  >50	 83 (61.03)	 75 (62.50)
  ≤50	 53 (38.97)	 45 (37.50)
BMI (kg/m2)	 22.84±2.56	 22.94±2.47	 0.317	 0.752
Education level			   0.107	 0.744
  Junior high school or below	 56 (41.18)	 47 (39.17)
  High school or above	 80 (58.82)	 73 (60.83)
Average duration of disease (months)	 5.01±2.13	 4.97±2.32	 0.144	 0.886
Smoking 			   0.204	 0.651
  Yes	 87 (63.97)	 80 (66.67)
  No	 49 (36.03)	 40 (33.33)
Household registration			   0.031	 0.861
  Resident population	 79 (58.09)	 71 (59.17)
  Floating population	 57 (41.91)	 49 (40.83)

Data are expressed as (mean ± SD) or n (%). BMI, body mass index.
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total effective rate of 91.91% in RG, while there were 50 cases 
with markedly effective results, 57 cases with effective results 
and 13 cases with ineffective results, with a total effective rate 
of 89.17% in CG. There was no significant difference in total 
effective rate between the two groups (P>0.05).

Comparison of immune cytokines in the two groups. Comparing 
the changes of immune function indexes between the RG and 
CG after different treatment methods, it was found that there 
were no significant differences in immune function indexes 
between the two groups before treatment (P>0.05). After treat-
ment, the immune function indexes of the two groups were both 
upregulated (P<0.05), while CD3+, CD4+, CD4+/CD8+ in the RG 
were significantly higher than those in the CG (P<0.05; Fig. 2).

Comparison of levels of inflammatory factors in the two 
groups. Following comparison of the changes in inflamma-
tory factors between the RG and CG after different treatment 
methods, it was found that there were no significant differ-
ences in the levels of inflammatory factors before treatment 
between the two groups. After treatment, the inflammatory 
factors in the two groups were improved compared with those 
before treatment. Serum inflammatory factors (IL‑6, MMP‑9, 
IL‑4, TNF‑α) in RG were significantly lower than those in CG 
(P<0.05; Fig. 3).

Comparison of surfactant proteins in the two groups. 
Following comparison of the changes of surfactant protein in 
the RG and CG after different treatment methods, there was 
no difference in the comparison of surfactant protein between 
the two groups before treatment (P>0.05). After treatment, the 
surfactant protein in the two groups was lower than that before 
treatment, while SP‑A and SP‑D in RG were significantly 
lower than those in CG (P<0.05; Fig. 4).

Comparison of levels of soluble selectins in the two groups. 
Following comparison of the levels of soluble selectins 
(sE‑seletin, sP‑seletin, sL‑seletin) before and after treatment in 
the RG and CG (Fig. 5), it was found that there was no significant 
difference between the two groups before treatment (P>0.05). 
After treatment, soluble selectins improved significantly in the 
both groups. The levels of soluble selectins in RG were slightly 
lower than those in CG, while the levels of sP‑seletin in RG 
were significantly lower than those in CG (P<0.05).

Comparison of adverse reactions in the two groups. Adverse 
reactions of patients during treatment was counted, as shown 

Table II. Comparison of improvement time (days) of clinical symptoms in the research group (RG) and the control group (CG).

	 Disappearance time	 Disappearance time	 Disappearance time
	 of pulmonary rales	 of cough	 of wheezing

RG (n=136)	 5.78±1.34	 4.02±1.65	 3.97±1.51
CG (n=120)	 6.10±1.72	 5.24±1.33	 5.86±1.45
t	 1.670	 6.457	 10.180
P‑value	 0.096	 <0.001	 <0.001

Data are expressed as mean ± SD days.

Table III. Comparison of the X‑ray chest plain film and sputum examination results of the patients in the research group (RG) 
and control group (CG).

	 No. of cavity	 No. of lesion	 No. of sputum examination
	 closures	 absorptions	 turning negative

RG (n=136)	 125 (91.91)	 124 (91.18)	 126 (92.65)
CG (n=120)	 106 (88.33)	 107 (89.17)	 109 (90.83)
χ2	 0.926	 0.292	 0.279
P‑value	 0.336	 0.589	 0.598

Data are expressed as n (%).

Figure 1. Comparison of efficacy in the RG and CG. The total effective rate 
in RG was 91.91%, while that of CG was 89.17%. There was no significant 
difference in the total effective rate between the two groups (P>0.05). RG, 
n=136, CG, n=120. RG, research group; CG, control group.
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in Table IV. It could be found that the incidence of adverse 
reactions in RG was lower than that in CG (15.45% vs. 25.84%).

Comparison of life quality score in the two groups. The life 
quality score in the RG and CG were statistically recorded. 
There was no difference in the two groups before treatment. 
After different treatments, the life quality score were signifi-
cantly improved in the two groups, and the life quality score 
of patients in RG were significantly higher than those in CG 
(P<0.05; Fig. 6).

Discussion

Pulmonary tuberculosis is a chronic infectious disease 
transmitted through the respiratory system (15). At present, 

pulmonary tuberculosis is still a global health problem with a 
huge disease burden. In the new cases of pulmonary tubercu-
losis, 10% are children and 12% are human immunodeficiency 
virus (HIV) co‑infection with high mortality rate  (16,17). 
Therefore, pulmonary tuberculosis has become the main 
cause of death from infectious diseases. Common drugs for 
the treatment of pulmonary tuberculosis include rifampicin, 
ethambutol, isoniazid and pyrazinamide. Although isoniazid 
and ethambutol have ideal therapeutic effects, resistance of 
drugs will appear after long‑term use, resulting in drug resis-
tance. The therapeutic effect of pyrazinamide is easily affected 
by pH value. Therefore, when the pH value is slightly acidic, 
the drug has a better curative effect (18‑21). Rifampicin has 
better antibacterial activity, but there are many adverse reac-
tions after long‑term use (18‑21). Therefore, at present, most 

Figure 2. Comparison of immune function indexes in the RG and CG. (A) Comparison of CD3+ levels before and after treatment in the RG and CG. 
(B) Comparison of CD4+ levels before and after treatment in the RG and CG. (C) Comparison of CD4+/CD8+ levels before and after treatment in the RG and 
CG. *P<0.05, significant difference between the two groups. RG, n=136, CG, n=120. RG, research group; CG, control group.

Table IV. Comparison of adverse reactions in the research group (RG) and control group (CG).

	 Nausea and		  Gastrointestinal			   Overall
	 vomiting	 Fever	 reaction	 Rash	 Dizziness	 incidence

RG (n=136)	 4 (2.94)	 3 (2.21)	 6 (4.41)	 1 (0.74)	 7 (5.15)	 15.45%
CG (n=120)	 6 (5.00)	 5 (4.17)	 8 (6.67)	 3 (2.50)	 9 (7.50)	 25.84%
χ2	 					     4.253
P‑value						      0.039

Data are expressed as n (%).



CHENG et al:  VITAMIN D ADJUVANT THERAPY FOR TUBERCULOSIS 2241

Figure 4. Comparison of surfactant protein in the RG and CG. (A) Comparison of surfactant protein SP‑A levels before and after treatment in the RG and CG. 
(B) Comparison of surfactant protein SP‑D levels before and after treatment in the RG and CG. *P<0.05, significant difference between the two groups. RG, 
n=136, CG, n=120. RG, research group; CG, control group.

Figure 3. Comparison of levels of inflammatory factors in the RG and CG. (A) Comparison of levels of inflammatory factor IL‑6 before and after treatment in 
the RG and CG. (B) Comparison of levels of inflammatory factor MMP‑9 before and after treatment in the RG and CG. (C) Comparison of levels of inflam-
matory factor IL‑4 before and after treatment in the RG and CG. (D) Comparison of levels of inflammatory factor TNF‑α before and after treatment in the RG 
and CG. *P<0.05, significant difference between the two groups. RG, n=136, CG, n=120. RG, research group; CG, control group; IL, interleukin; MMP, matrix 
metallopeptidase; TNF, tumor necrosis factor.
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of the patients with pulmonary tuberculosis are treated with 
a combination of drugs, which can significantly improve the 
inflammatory levels and quality of life of patients (22).

Pulmonary tuberculosis is often accompanied by typical 
respiratory symptoms. The signs are not very obvious in the 
early stage, but obvious moist rales, increased vocal fremitus 
and percussion dullness can be found in the middle and late 
stages (23,24). The results of the present study indicated that 
both treatment methods improved the clinical symptoms of 
pulmonary tuberculosis patients, and the effect was better with 
vitamin D supplementation. In addition, the therapeutic effects 
were also compared in the research group (RG) and control 
group (CG) in this study. The results indicated that both treat-
ment methods improved the number of cavity closures, lesion 
absorption and the sputum examination results turned negative, 
but there was no significant difference in efficacy between the 

two groups. Studies have indicated no improvement in clinical 
parameters (mortality, sputum smear positivity and sputum 
culture positivity) in patients with pulmonary tuberculosis 
compared to placebo (25). Since this study mainly focused on 
the short‑term efficacy of patients and did not deal with the 
long‑term efficacy, the effect of vitamin D on the efficacy of 
pulmonary tuberculosis patients needs to be confirmed by a 
large number of studies. T lymphocyte subsets are one type 
of human immune response cells and is an important cell 
tissue of the body's immune system. CD3+ is expressed in T 
cells and it is also the basis of the body's cellular immunity. 
CD4+ is considered to be helper T (Th) cells, and CD4+/CD8+ 
can reflect cellular immune dysfunction, thus the level of T 
cell subsets can fully reflect the body's immune function and 
degree of disease development (26‑28). In the literature, it has 
been reported that vitamin D is a key regulator for host defense 
against infection in patients infected with human HIV (29). 
In combination of the enhancement of innate and adaptive 
immunity by activating genes and pathways, supplementation 
of vitamin D and restoring it to a normal value can improve 
immune recovery during antiretroviral therapy, reduce inflam-
mation and immune activation levels, and improve immunity 
to pathogens (29). The present study revealed that there was no 
significant difference in immune function indexes in the RG 
and CG before treatment. After treatment, immune function 
indexes were upregulated in both groups, while CD3+, CD4+, 
CD4+/CD8+ in the RG were higher than those in the CG. The 
results suggest that vitamin D assistance could alleviate the 
immune dysfunction of pulmonary tuberculosis patients. 
Interleukin (IL‑6), matrix metalloproteinase (MMP)‑9, IL‑4 
and tumor necrosis factor (TNF)‑α are important inflam-
matory factors with strong biological effects, which can 
participate in the regulation of immune response and are 
upregulated when the body is in a pathological state (30,31). 
Vitamin D has been shown to inhibit pro‑inflammatory cyto-
kine responses and enhance anti‑inflammatory responses (32). 
This study revealed that the levels of IL‑6, MMP‑9, IL‑4 and 
TNF‑α were significantly reduced after vitamin D adjuvant 

Figure 5. Comparison of levels of soluble selectins in the RG and CG. (A) Comparison of soluble selectin sE‑seletin levels in the RG and CG. (B) Comparison 
of soluble selectin sP‑seletin levels in the RG and CG. (C) Comparison of soluble selectin sL‑seletin levels in the RG and CG. *P<0.05, significant difference 
between the two groups. RG, n=136, CG, n=120. RG, research group; CG, control group.

Figure 6. Comparison of life quality score in the RG and CG. After different 
treatments, the life quality score were significantly improved in the two 
groups, and the life quality scores of patients in the RG were slightly higher 
than those in the CG (P<0.05). *P<0.05, significant difference between the 
two groups. RG, n=136, CG, n=120. RG, research group; CG, control group.
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treatment, and the therapeutic effect was more obvious than 
that of conventional antituberculosis drugs.

Serum SP‑A and SP‑D belong to surfactant proteins and 
have been confirmed to be useful biomarkers for the severity 
of pneumonia, chronic obstructive pulmonary disease and 
tuberculosis. They are highly expressed in pulmonary 
diseases (33,34). The present study was designed to compare 
the content of surfactant protein before and after treatment 
in the RG and CG. Both treatment methods improved the 
content of surfactant protein after treatment, and vitamin D 
auxiliary treatment effectively reduced the levels of SP‑A 
and SP‑D. Animal experimental research has revealed that 
SP‑D levels in mice with sufficient vitamin D before and 
after infection are lower than those in mice with insufficient 
vitamin D  (35). Since the serum level of the patients was 
tested in this study at 3 months after treatment, we did not 
know the long‑term changing trend of surfactant protein, thus 
the effect of vitamin D on the content of surfactant protein 
still needs further research to confirm the long‑term impact. 
Soluble selectin (sE‑seletin, sP‑se‑letin, sL‑seletin) is highly 
expressed in patients with pulmonary tuberculosis, which 
may be related to pulmonary inflammatory stress of the 
patient (36,37), thus regulating its expression has high value 
in the diagnosis and treatment of diseases. The results of the 
present study showed that both treatments improved the level 
of soluble selectins and regulated the inflammatory stress state 
of pulmonary tuberculosis patients. A related meta‑analysis 
(a study of children) showed that vitamin D supplementation 
had no beneficial effect on improving sputum smear, culture 
transformation and adverse reactions in children with pulmo-
nary tuberculosis (38). In the present study, the total incidence 
of adverse reactions in RG was relatively low. It may be that 
vitamin D plays an auxiliary role and it effectively relieved the 
occurrence of various adverse reactions. Many studies have 
shown that adequate vitamin D supplementation can improve 
the quality of life of patients presenting with various diseases. 
For example, Bai and Dai (39) proposed that increased serum 
vitamin A and 25‑hydroxyvitamin D3 (25OHD3) levels can 
reflect the lung function and quality of life of asthmatic chil-
dren. Vitamin D supplementation can improve the quality of 
life of patients with chronic pulmonary obstruction (40). In 
this study, quality of life scores were observed and counted 
in the RG and CG. It was found that the use of vitamin D 
combined with antituberculosis drugs significantly improved 
the quality of life of the pulmonary tuberculosis patients, and 
had better application value.

In the present study, the application value of vitamin 
D‑assisted antituberculosis drug treatment in tuberculosis 
patients was compared from several aspects. Due to the short 
follow‑up period in this study, it was not possible to follow 
up the long‑term efficacy of patients, changes in immune cells 
and inflammatory factors, thus there are certain limitations. 
In the future, we can strengthen the research in this direction 
and further study the complex factors affecting the efficacy of 
tuberculosis treatment.

To sum up, vitamin D‑assisted antituberculosis drugs can 
effectively improve the immune function indexes and expres-
sion level of inflammatory factors in pulmonary tuberculosis 
patients and reduce the adverse reactions associated with 
treatment.
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