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Abstract 

Background:  Vitamin D is a fat-soluble vitamin that increases the immunity against tuberculosis (TB), decreases the 
re-activation of latent TB and reduces the severity of active TB disease. Epidemiological studies on the prevalence of 
vitamin D deficiency, and its association with TB showed inconsistent results in different countries. This study was 
aimed to determine the prevalence of vitamin D deficiency and its association with TB in Northwest Ethiopia.

Methods:  A case–control study was conducted among smear positive pulmonary tuberculosis patients and their 
household contacts without symptoms suggestive of TB. Study participants were recruited at 11 TB diagnostic health 
facilities in North and South Gondar zones of Amhara region between May 2013 and April 2015. The spot-morning-
spot sputum samples and 5 ml blood sample were collected prior to commencing TB treatment for the diagnosis of 
TB and serum vitamin D assay, respectively. The diagnosis of TB was performed using smear microscopy and GeneX-
pert. Serum vitamin D level was analyzed using VIDAS 25 OH Vitamin D Total testing kits (Biomerieux, Marcy I’Etoile, 
France) on mini VIDAS automated immunoassay platform. Vitamin D status was interpreted as deficient (<20 ng/ml), 
insufficient (20–29 ng/ml), sufficient (30–100 ng/ml) and potential toxicity (>100 ng/ml).

Results:  Of the total study participants, 134 (46.2%) were vitamin D deficient, and only 56 (19.3%) had sufficient 
vitamin D level. A total of 59 (61.5%) TB patients and 75 (38.7%) non TB controls were vitamin D deficient. Results of 
multivariate logistic regression analyses showed a significantly higher vitamin D deficiency among tuberculosis cases 
(p < 0.001), females (p = 0.002), and urban residents (p < 0.001) than their respective comparison groups. Moreover, 
age groups of 35–44 (p = 0.001), 45–54 (p = 0.003) and ≥55 (p = 0.001) years had significantly higher vitamin D 
deficiency compared with age group <15 years.

Conclusions:  Vitamin D deficiency is highly prevalent among TB patients and non TB controls in Ethiopia where 
there is year round abundant sunshine. Study participants with tuberculosis, females, older age groups, and urban 
residents had significantly higher prevalence of vitamin D deficiency. These findings warrant further studies to 
investigate the role of vitamin D supplementation in the prevention and treatment of tuberculosis in high TB burden 
countries like Ethiopia.
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Background
Tuberculosis (TB) remains one of the deadliest commu-
nicable diseases in the world. According to World Health 
Organization (WHO) global TB report 2014, Ethiopia 
ranked 7th among the 22 high TB burden countries and 
15th among the 27 high Multi-Drug Resistant Tubercu-
losis (MDR-TB) burden countries in the world. Ethiopia 
had an estimated 211 prevalent TB case per 100,000 pop-
ulation and a total of 30,000  TB related deaths. Among 
patients with notified pulmonary TB cases in the year 
2013, there was an estimated 1400 MDR-TB cases in the 
country [1].

Vitamin D is a fat-soluble vitamin that plays important 
role against infectious diseases including tuberculosis [2]. 
The two most likely ways by which vitamin D controls 
the immune system in the fight against M. tuberculosis 
are: (1) Vitamin D decreases the viability of M. tubercu-
losis by increasing the fusion of the phagosome and lys-
osome in infected macrophages [3]; (2) It may improve 
the production of LL-37, an antimicrobial peptide of the 
cathelicidin family [3–6]. Defensin and cathelicidin are 
some of the antimicrobial peptides that involve as a first 
line of defenses in the inhibition of infections with infec-
tious diseases such as TB. The vitamin D in neutrophils 
and macrophages controls the hCAP-18 gene that codes 
for LL-37, hence, vitamin D may increase the host body 
defenses to control TB [3–7]. The use of vitamin D to 
treat TB patients has a long history even before Robert 
Koch discovered the etiologic agent of TB [3].

Vitamin D can be present naturally in very few foods, as 
dietary supplements, and produced endogenously when 
ultraviolet rays from sunlight strike the skin and trigger 
vitamin D synthesis, however, vitamin D deficiency has 
been shown to be common in low-income countries, 
including those in equatorial Africa [8–10].

Inadequate vitamin D level, vitamin D insufficiency or 
deficiency, is a global problem. It was estimated that one 
billion people globally have inadequate level of vitamin 
D [11]. Previous studies have shown that vitamin D defi-
ciency is a problem in Africa [12–16]. Higher prevalence 
of vitamin D deficiency was observed among untreated 
pulmonary TB patients compared to the non-TB healthy 
controls [17]. Vitamin D deficiency among TB patients 
have been reported in different African countries with 
the prevalence ranging from 8.5 to 62.7% [8, 10, 14–16]. 
A study conducted in the central part of Ethiopia showed 
a prevalence of 42% vitamin D deficiency among school 
children [18]. Another study conducted in Israel among 
adult Ethiopian women immigrants showed that all 
women (five) with hypocalcaemia were also vitamin D 
deficient [19].

Previous reports showed that inadequate vitamin D 
status is a public health problem globally. However, there 

are discrepancies in the prevalence of vitamin D defi-
ciency, and the association between vitamin D deficiency 
and TB among studies conducted in different countries. 
The lack of consistency of results may be due to the fact 
that the level of vitamin D in human is affected by sev-
eral factors such as race, latitude, exposure to sunlight, 
socioeconomic status, nutrition, and traditional/cultural 
traits [20]. As far as our knowledge is concerned, there 
are quite few reports, one on the prevalence of vitamin 
D deficiency among children and the other on Ethio-
pian women immigrants, but no data on the association 
between vitamin D deficiency and tuberculosis in Ethio-
pia. Therefore, this study was aimed to determine the 
prevalence of vitamin D deficiency and the association 
between vitamin D deficiency and tuberculosis among 
smear positive pulmonary tuberculosis patients and their 
household contacts without symptoms suggestive of TB 
in Northwest Ethiopia.

Methods
Study design, settings and study period
A prospective case–control study was conducted among 
smear positive pulmonary tuberculosis patients and their 
household contacts without symptoms suggestive of TB 
(controls). A total of 290 study participants were included 
in this study. Of them, 96 participants are TB patients 
and 194 are non TB controls. Study participants were 
recruited at 11  TB diagnostic health facilities in North 
and South Gondar zones of Amhara region between 
May 2013 and April 2015. The 11  TB diagnostic health 
facilities included in this study are Gondar Health Center 
(HC), Marakie HC, Woleka HC, Gebriel HC, Azezo HC, 
Kola Duba HC, Tseda HC, Maksegnit HC, Enferanze HC, 
Addis Zemen HC, and Woreta HC.

Based on the 2007 census conducted by the central sta-
tistical agency of Ethiopia (CSA) [21], Amhara region has 
a total population of 17,221,976, of whom, 8,641,580 are 
males and 8,580,396 are females. It is the second popu-
lous region in the country. The Amhara region extends 
from 9° to 13° 45′ N and 36° to 40° 30′ E. It covers approx-
imately 161,828.4 sq km in area. This is 11% of Ethiopia’s 
total area. This land consists of three major geographi-
cal zones. These are highlands (above 2300 m above sea 
level), semi-highlands (1500–2300  m above sea level) 
and lowlands (below 1500  m above sea level) account-
ing 20, 44 and 28%, respectively. The Amhara region, 
like the rest of the country, is located within the tropics 
where there is no significant variation in day length and 
the angle of the sun throughout the year. As a result, the 
average annual temperatures in the region are high. The 
region has three climatic zones such as hot dry tropical 
(800–1830 m above sea level), sub tropical (1830–2440 m 
above sea level), cool temperature (over 2440  m above 
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sea level) with average annual temperatures 27, 22 and 
16 °C, respectively. In all climatic zones there is sunshine 
throughout the year.

Recruitment of the study participants
All smear positive TB patients diagnosed during the 
study period and their household contacts without symp-
toms suggestive of TB, volunteered to participate were 
enrolled in this study. Clinical screening of contacts was 
conducted using the WHO screening criteria [22] in 
2 weeks time after the index case diagnosed. For all study 
subjects, information on the socio-demographic data was 
collected using structured questionnaire. The spot-morn-
ing-spot sputum samples and 5 ml venous blood sample 
were collected prior to commencing TB treatment. Spu-
tum and serum specimens were stored at −20  °C until 
transported to University of Gondar and Felege Hiwot 
hospitals using cold box. Sputum samples transported 
to University of Gondar Hospital for GeneXpert testing 
while serum samples transported to Felege Hiwot Hospi-
tal, Bahir Dar for serum Vitamin D assay.

Laboratory diagnosis of tuberculosis
The spot- morning-spot sputum samples collected from 
presumptive TB patients were examined using either 
Zihel Neelsen microscopy or light emitting diode (LED) 
fluorescence microscopy (FM) for acid fast bacilli (AFB) 
at respective health facilities following the manufactur-
er’s procedures (Zeiss, Germany). Split sputum samples 
of all smear positive TB patients were further examined 
using the Gene Xpert MTB/RIF (Cepheid, USA) follow-
ing the standard procedure to confirm TB positive study 
participants.

Study participants were considered TB positive, if 
their sputum samples are positive for TB by GeneXpert 
or both GeneXpert and smear microscopy. Study sub-
jects were considered TB negative controls, if household 
contacts of smear positive TB cases had no symptoms 
suggestive of TB. TB negative study participants were 
included in this study as a control to compare the asso-
ciation between TB and vitamin D deficiency.

Measurement of serum vitamin D concentration
Serum samples were separated by centrifugation and 
frozen immediately at −20  °C. Serum 25 OH Vitamin 
D levels were measured using a VIDAS 25 OH Vita-
min D Total testing kits (Biomerieux, Marcy I’Etoile, 
France) on mini VIDAS automated immunoassay plat-
form. VIDAS 25 OH Vitamin D Total is a quantitative 
test using Enzyme Linked Fluorescent Assay (ELFA) 
technology. The vitamin D status of study participants 
was interpreted based on the serum 25-(OH) Vitamin 

D concentration following the manufacturer’s instruc-
tions as deficient (<20  ng/ml), insufficient (20–29  ng/
ml), sufficient (30–100  ng/ml) and potential toxic-
ity (>100  ng/ml). The VIDAS 25-OH Vitamin D Total 
assay showed excellent performance with correlation of 
r =  0.93 compared with the reference standard liquid 
chromatography/mass spectrometry methods (LC–
MS/MS) [23].

Quality control of laboratory methods
The reliability of the study findings was guaranteed by 
implementing quality control measures throughout the 
whole process of the laboratory work. All materials, 
equipment and procedures were adequately controlled.

Statistical analysis
The data analysis was made using SPSS version 16 soft-
ware (SPSS Inc., Chicago, IL) after the data was entered 
and properly cleared. The Chi square test was used to 
compare the categorical variables. The two important 
outcome variables assessed using logistic regression anal-
ysis model were TB and Vitamin D deficiency. The odds 
ratios (OR) and 95% confidence intervals (CI) were cal-
culated for demographic and epidemiologic variables by 
using logistic regression analysis. A multivariate binary 
logistic regression analysis was used to identify inde-
pendent risk factors associated with TB and vitamin D 
deficiency in the study participants. P value  <0.05 was 
considered statistically significant.

Results
General characteristics of study participants
A total of 290 study participants (141 males and 149 
females) were included in this study. The study included 
96  TB patients (57 males and 39 females) and 194 non 
TB controls (84 males and 110 females). Majority, 180 
(62.1%) of the study participants were urban residents. 
Eighty one of the study participants (27.9%) were chil-
dren, <15 years of age. The proportion of children among 
controls was 35.1% compared to the 13.5% children 
among TB cases. The mean age (SD) of the study subjects 
was 27.1 (16.7) years (Table 1).

Serum vitamin D levels
Of the total study participants, 134 (46.2%) were vitamin 
D deficient, 100 (34.5%) had insufficient vitamin D and 
only 56 (19.3%) study participants had sufficient vitamin 
D level. In the TB positive cases, 59 patients (61.5%) were 
vitamin D deficient and 20 (20.8%) had insufficient vita-
min D. While, 75 study participants (38.7%) in the non 
TB controls were vitamin D deficient and 80 (41.2%) had 
insufficient vitamin D (Table 2).
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Risk factors associated with tuberculosis
As shown in Table 3, tuberculosis cases had significantly 
higher rate of vitamin D deficiency (AOR 3.3; 95% CI 
1.8–6.0; p  <  0.001) than non TB controls. Significantly 
higher number of males had active TB compared with 
females (AOR 2.5; 95% CI 1.4–4.3; p =  0.001). Further-
more, study participants in the age groups of 15–24 

(AOR 4.5; 95% CI 2.0–10.2; p < 0.001) and 25–34 (AOR 
4.3; 95% CI 1.9–96; p  <  0.001) years had significantly 
higher proportion of active TB compared with age group 
<15 years of age.

Risk factors associated with vitamin D deficiency
Results of multivariate logistic regression analyses 
showed that females had significantly higher prevalence 
of vitamin D deficiency than males (AOR 2.3; 95% CI 
1.3–3.9; p  =  0.002). Urban residents had significantly 
higher proportion of vitamin D deficiency compared 
with rural residents (AOR 3.0; 95% CI 1.7–5.3; p < 0.001). 
Moreover, study subjects in the age groups of 35–44 
(AOR 4.5; 95% CI p = 0.001), 45–54 (AOR 5.8; 95% CI 0 
1.8–18.6; p = 0.003) and ≥55 (AOR 7.5; 95% CI 2.3–24.2; 
p =  0.001) years had significantly higher proportion of 
vitamin D deficiency compared with age group <15 years 
of age (Table 4).

Discussion
In this study, a high prevalence of vitamin D deficiency, 
46.2% was observed among the total study participants. 
This finding is in agreement with a previous report 
from the central part of Ethiopia with the total preva-
lence of 42% vitamin D deficiency among school chil-
dren [18]. This finding shows that vitamin D deficiency 
is highly prevalent among the general community in 
Ethiopia.

Table 1  Socio-demographic and  clinical characteristics 
of study participants (N = 290)

N number, TB tuberculosis

Characteristics TB patients 
(N = 96)
N (%)

Non TB controls 
(N = 194)
N (%)

Total 
(N = 290)

Gender

 Male 57 (59.4) 84 (43.3) 141 (48.6)

 Female 39 (40.6) 110 (56.7) 149 (51.4)

Residence

 Rural 34 (35.4) 76 (39.2) 110 (37.9)

 Urban 62 (64.6) 118 (60.8) 180 (62.1)

Age group in years

 <15 13 (13.5) 68 (35.1) 81 (27.9)

 15–24 27 (28.1) 33 (17.0) 60 (20.7)

 25–34 30 (31.2) 33 (17.0) 63 (21.7)

 35–44 10 (10.4) 27 (13.9) 37 (12.8)

 45–54 6 (6.2) 17 (8.8) 23 (7.9)

 55+ 10 (10.4) 16 (8.2) 26 (9.0)

Table 2  Vitamin D levels among study participants (n = 290)

N number, TB tuberculosis

Characteristics Vitamin D levels Total 
N

Deficient  
(<20 ng/ml) 
N (%)

Insufficient  
(20–29 ng/ml) 
N (%)

Sufficient  
(30–100 ng/ml)
N (%)

Total 134 (46.2) 100 (34.5) 56 (19.3) 290

TB status

 Positive 59 (61.5) 20 (20.8) 17 (17.7) 96

 Negative 75 (38.7) 80 (41.2) 39 (20.1) 194

Gender

 Male 56 (39.7) 49 (34.8) 36 (25.5) 141

 Female 78 (52.3) 51 (34.2) 20 (13.4) 149

Residence

 Rural 36 (32.7) 42 (38.2) 32 (29.1) 110

 Urban 98 (54.4) 58 (32.2) 24 (13.3) 180

Age group

 <15 25 (30.9) 37 (45.7) 19 (23.5) 81

 15–24 22 (36.7) 21 (35.0) 17 (28.3) 60

 25–34 32 (50.8) 19 (30.2) 12 (19.0) 63

 35–44 20 (54.1) 14 (37.8) 3 (8.1) 37

 45–54 15 (65.2) 5 (21.7) 3 (13.0) 23

 55+ 20 (76.9) 4 (15.4) 2 (7.7) 26
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The prevalence of vitamin D deficiency among TB 
patients (61.5%) reported in our study is comparable to 
that reported in South Africa (62.7%) [16]. On the con-
trary, lower prevalence of vitamin D deficiency was 
reported in Tanzania (10.6%) [8], Guinea Bissau (8.5%) 
[10] and Uganda (7%) [14] compared to our study. These 

discrepancies among different reports might be due to 
the differences in the laboratory assay methods used to 
measure vitamin D level, definition of vitamin D defi-
ciency, dietary habits of the study population, latitude 
of the study sites and frequencies of co-morbidities in 
the study population of different studies. The different 

Table 3  Risk factors associated with tuberculosis (n = 290)

N number, TB tuberculosis, COR crude odds ratio, AOR adjusted odds ratio, Vit D vitamin D, CI confidence interval

Characteristics Total TB status Univariate analysis Multivariate analysis

TB patients 
(N = 96)
N (%)

Controls 
(N = 194)
N (%)

COR (95% CI) p values AOR  
(95% CI)

p values

Vit D deficient

 Yes 96 59 (61.5) 37 (38.5) 2.5 (1.5–4.2) <0.001 3.3 (1.8–6.0) <0.001

 No 194 75 (38.7) 119 (61.3) 1

Gender

 Male 141 57 (40.4) 84 (59.6) 1.9 (1.2–3.2) 0.010 2.5 (1.4–4.3) 0.001

 Female 149 39 (26.2) 110 (73.8) 1

Residence

 Rural 110 34 (30.9) 76 (69.1) 1

 Urban 180 62 (34.4) 118 (65.6) 1.2 (0.7–2.0) 0.535 0.8 (0.4–1.4) 0.427

Age group

 <15 81 13 (16.0) 68 (84.0) 1

 15–24 60 27 (45.0) 33 (55.0) 4.3 (2.0–9.4) <0.001 4.5 (2.0–10.2) <0.001

 25–34 63 30 (47.6) 33 (52.4) 4.8 (2.2–10.3) <0.001 4.3 (1.9–9.6) <0.001

 35–44 37 10 (27.0) 27 (73.0) 1.9 (0.8–4.9) 0.167 1.4 (0.5–3.8) 0.475

 45–54 23 6 (26.1) 17 (73.9) 1.8 (0.6–5.6) 0.276 1.3 (0.4–4.2) 0.662

 55+ 26 10 (38.5) 16 (61.5) 3.3 (1.2–8.8) 0.019 2.0 (0.7–5.6) 0.203

Table 4  Risk factors associated with vitamin D deficiency (n = 290)

N number, COR crude odds ratio, AOR adjusted odds ratio, Vit D vitamin D, CI confidence interval

Characteristics Total Vit D deficiency Univariate analysis Multivariate analysis

Deficient 
(<20 ng/ml)
N (%)

Not deficient 
(20–100 ng/ml)
N (%)

COR (95% CI) p values AOR (95% CI) p values

Total 290 134 (46.2) 156 (53.8)

Gender

 Male 141 56 (39.7) 85 (60.3) 1

 Female 149 78 (52.3) 71 (47.7) 1.7 (1.0–2.7) 0.03 2.3 (1.3–3.9) 0.002

Residence

 Rural 110 36 (32.7) 74 (67.3) 1

 Urban 180 98 (54.4) 82 (45.6) 2.5 (1.5–4.0) <0.001 3.0 (1.7–5.3) <0.001

Age group

 <15 81 25 (30.9) 56 (69.1) 1

 15–24 60 22 (36.7) 38 (63.3) 1.5 (0.8–2.9) 0.227 1.0 (0.5–2.1) 0.995

 25–34 63 32 (50.8) 31 (45.2) 2.0 (1.0–4.1) 0.054 1.6 (0.7–3.4) 0.252

 35–44 37 20 (54.1) 17 (45.9) 3.9 (1.7–9.2) 0.002 4.5 (1.8–11.3) 0.001

 45–54 23 15 (65.2) 8 (34.8) 4.9 (1.7–14.2) 0.004 5.8 (1.8–18.6) 0.003

 55+ 26 20 (76.9) 6 (23.1) 7.6 (2.5–22.9) <0.001 7.5 (2.3–24.2) 0.001
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techniques used to measure serum vitamin D concen-
trations in the studies done in Uganda [14], Guinea Bis-
sau [10] and Tanzania [8] were a semi-automated solid 
phase extraction reverse phase high performance liquid 
chromatography assay, isotope-dilution liquid chroma-
tography–tandem mass spectrometry on an API3000 
mass spectrometer and Radio Immuno Assay (RIA) with 
125I-labeled 25(OH) D [125I-25(OH)D] as tracer using a 
kit from Immunodiagnostic-Systems, respectively.

In this study, multivariate logistic regression analy-
sis showed a significant association between vitamin 
D deficiency and tuberculosis (p  <  0.001). The possible 
association between vitamin D deficiency and active 
tuberculosis was first reported more than 20  years ago 
[24], however, several studies reported conflicting results. 
Similar to our study, many studies have reported a signifi-
cant association between vitamin D deficiency and TB. 
Studies in West Africa [10], Australia [12], Kenya [17], 
Vietnam [25], Tanzania [26] and India [27] have reported 
higher levels of vitamin D deficiency in patients with 
TB compared with non TB controls. A meta-analysis by 
Nnoaham et al. also showed that serum vitamin D levels 
were 0.68 standard deviation lower in TB patients com-
pared to controls [20]. However, studies from Indonesia 
[28], China [29], Hong Kong [30] and Korea [31] have 
reported no significant difference in serum vitamin D 
levels between TB patients and controls. The discrepan-
cies between these studies may be due to differences in 
cultural characteristics, ethnic, sunlight exposure, skin 
color or dietary practices. Although there is good evi-
dence to suggest that a decrease in serum vitamin D lev-
els compromises immunity and leads to the re-activation 
of latent tuberculosis [32], the low serum vitamin D levels 
may also result from tuberculosis itself.

In the present study, it was noted that a significantly 
higher level of vitamin D deficiency was observed among 
females compared with males (p  =  0.002). Similarly, a 
report from Pakistan showed that vitamin D deficiency 
was significantly higher in females than males [33]. Pos-
sible reasons for this female preponderance might be 
due to poorer nutritional status than their male coun-
terparts, inadequate exposure to sunlight because of the 
culture of most females to stay at home, and pregnancy 
experiences.

Increasing age was found to be significantly associated 
with vitamin D deficiency in our study. Similar findings 
have also been observed in reports from Uganda [34], 
and in the USA [35]. Older people are prone to develop 
vitamin D deficiency because of various risk factors: 
decreased dietary intake, diminished sunlight exposure, 
reduced skin thickness, impaired intestinal absorption, 
and impaired hydroxylation in the liver and kidneys 
[36–38].

In this study, urban residence was found to be a sig-
nificant risk factor for vitamin D deficiency compared 
with rural residence. Our finding was in agreement with 
the findings of the previous studies in the central part of 
Ethiopia [18] and in Peru [39] that showed significant 
association between vitamin D deficiency and urban 
environment. This might be due to lifestyle changes asso-
ciated with urbanization that may lead to less time spent 
outdoors which in turn can be associated with being vita-
min D deficient.

The major limitations of our study include dietary 
intake, biochemical variables (calcium, parathyroid hor-
mone), HIV status and latent TB infections, all of which 
could affect vitamin D deficiency, were not considered 
in this study. However, the effect of these factors on the 
level of vitamin D among TB patients was controlled 
using tight control groups from the same household 
who did not have TB diseases. As the cases and controls 
shared similar environment and household, the cases and 
controls are likely to have similar risk factors exposures 
including dietary intake.

Conclusions
Vitamin D deficiency is highly prevalent among TB 
patients and non TB controls in Ethiopia where there 
is year round abundant sunshine. This study confirms 
a significant association between vitamin D deficiency 
and tuberculosis in Ethiopia. Vitamin D deficiency was 
also significantly higher in females, older age groups, 
and urban residents. The findings of this study warrant 
further studies first to resolve the chicken–egg dilemma 
of the association between vitamin D deficiency and TB 
using cohort study and then to determine whether vita-
min D supplementation can have a role in the prevention 
and treatment of tuberculosis in high TB burden coun-
tries like Ethiopia.
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