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Background: The emergence of MDR-TB
Hypothyroidism is one of the severe adverse drug reactions (ADRs) in MDR-TB patients

is a global public health problem.
on treatment. Representative data on hypothyroidism and its associated factors among MDR-
TB patients are lacking.

Objective: To determine thyroid profiles and associated risk factors among multidrug-
resistant TB patients during therapy with anti-MDR-TB regimen in Saint Peter Specialized
Hospital Addis Ababa, Ethiopia from January to November 2020.

Methods: A cross-sectional study was conducted in MDR-TB patients in Addis Ababa,
Ethiopia. A total of 162 patients, who were older than 18 years, had bacteriologically
confirmed MDR-TB and on treatment for more than one month were enrolled consecutively
from the TB registration book. However, critically sick patients and those who were receiv-
ing additional drugs known to cause severe ADRs were excluded. Simple descriptive
statistics were used to present the socio-demographic and clinical characteristics of the
patients. A logistic regression model was used to assess the association between independent
and dependent variables. A p-value <0.05 was considered as statistically significant in all
analyses.

Results: Mean age of the study participant was 35.9 + 13.6 years. The prevalence of
hypothyroidism was 32 (19.8%). The presence of co-morbidity, being underweight, and
prothionamide use were significantly associated with hypothyroidism in MDR-TB patients
on treatment.

Conclusion: Hypothyroidism occurs commonly among MDR-TB patients. Presence of co-
morbidity, being underweight, and prothionamide drug use are the factors associated with
hypothyroidism. Monitoring of thyroid function test during MDR-TB treatment and factors
associated with hypothyroidism require attention to prevent complication.
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Background

Tuberculosis (TB) has become the single infectious disease causing morbidity and
mortality among millions across the world. A recent World Health Organization
(WHO) global TB estimate indicates 10 million new cases and 1.4 million deaths
occurred worldwide in 2019." The emergence of multidrug-resistant tuberculosis
(MDR-TB) and extensively drug-resistant TB (XDR-TB) is becoming a global
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public health due to the contagious nature of the diseases,
difficulty related to diagnosis and treatment.” MDR-TB is
refers to the Mycobacterium tuberculosis strain resistant to
the two most potent frontline TB drugs such as isoniazid
and rifampicin.’> About 3.3% of the new and 18% of the
previously treated TB cases developed MDR-TB in 2019."

The most challenges in MDR-TB treatment are the
adverse drug reactions (ADR) related to its drugs.*
Hypothyroidism is among the severe ADR that occurred
during MDR-TB treatment.** Endocrine abnormalities do
not always reflect a direct infection of the gland, but could
occur due to a physiological response of the system or
drugs used for the treatment.® Hypothyroidism is
a deficiency in the secretion and action of thyroid hor-
mones. This disorder is associated with increased level of
thyroid stimulating hormone (TSH) and decreased free
trilodothyronine (T3) and free thyroxine (T4) level. As
a result, reduced T4 and T3 concentration in the serum
leads to hyper-secretion of pituitary TSH and notable
elevation in the serum TSH concentration.” ADR related
to MDR-TB drugs are also the main cause of treatment
discontinuation.® This is the most significant determinant
of poor treatment outcomes such as prolonged morbidity,
drug resistance development, treatment failure, and
mortality.” Monitoring TSH rates in MDR-TB patients is
essential for managing the side effects of MDR-TB drugs.

In the patients on second-line MDR-TB drugs up to
58% developed hypothyroidism due to para-aminosalicylic
acid, ethionamide, and prothionamide.'®'" Moreover, 54%
69% of MDR-TB
hypothyroidism.">'* A recently published review study
17% of MDR-TB patients
hypothyroidism."” In addition, a previously reported

and patients  developed

indicated developed
study from Ethiopia showed the prevalence of hypothyr-
oidism is 17.2% in patients treated for MDR-TB.'®
Although some studies have reported the burden of
hypothyroidism among MDR-TB patients on treatment,
there is limited evidence on the burden and the factors
associated with the high proportion of hypothyroidism.
Moreover, the burden and the risk factors of hypothyroid-
ism could vary from setting to setting due to different
factors such as nutrition status of the population in
a given geographic area.'”'® Thus, an area-specific study
could well explain the risk factors associated with high
in MDR-TB patients
Therefore, this study aimed to determine the prevalence

hypothyroidism on treatment.

of hypothyroidism and its risk factors in MDR-TB patients
on treatment.

Materials and Methods

Study Area

This study was conducted in Addis Ababa, the capital city
of Ethiopia, from January to November 2020 at Saint Peter
Specialized Hospital. Saint Peter hospital was established
in 1953. It is located in the Gullele sub-city of Addis
Ababa. It is administered under the Ethiopia Federal
Ministry of Health (FMoH). It is the first national hospital
that stated MDR-TB treatment in Ethiopia in April 2009. It
was a center of excellence and training during the scaling
up of MDR-TB treatment initiation centers in the
country.'® This hospital is a referral hospital that receives
patients from all parts of the country. During the study
period there were 197 MDR-TB patients on treatment in
the hospital, of whom 30 were in patients.

Study Design and Population

A cross-sectional study was conducted in Saint Peter
Specialized Hospital. MDR-TB patients who were bacter-
iologically diagnosed and treated with second-line anti-TB
treatments at Saint Peter Specialized Hospital were the
study population. MDR-TB patients older than 18, bacter-
iologically confirmed, had full data on the key variables,
and on treatment for more than one month were included
into this study. However, critically sick patients, those who
were not initiated anti-MDR tuberculosis drugs, and
receiving additional drugs known to have ADR were
excluded from this study.

Sample Size Calculation and Sampling
Method

Sample size was determined by single population propor-
tion using the Epi-info sample size calculator by consider-
ing a population prevalence of hypothyroidism of 17.2%
in Ethiopia,”’ 95% confidence level, and 0.06 desired
precision. As a result, a total of 151 sample size was
determined. The sample size was also further increased
to 166 after considering 10% contingency sample due to
registration errors and refusal. However, 162 patients were
included into this study after 4 patients refused to partici-
pate in the study.

Data and Specimen Collection

Socio-demographic and clinical data were collected in
structured questions. Five milliliters of peripheral venous
blood was drawn from the cubital vein of each participants
using an aseptic technique in a plain gel vacutainer tube.
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The blood samples were then centrifuged at 3000 rpm to
separate the serum within one hour after collection and
stored at 20 °C in a refrigerator until the thyroid profile
was tested. Samples were collected, handled, and trans-
ported to the laboratory according to guidelines of the
Institute/NCCLS

19,20

Clinical and Laboratory Standards
(National Clinical Chemistry Laboratory Standards).

The professionals who collected the data and speci-
mens were trained on the purpose of the study, participant
selection, blood sample collection and transportation, and
ethical issues. All data and blood samples were collected
under the supervision of the appointed research directorate

and principal investigator.

Thyroid Profiles Testing

Thyroid function tests such as TSH, free T3 and T4 were
measured within 24 hours by Cobas €601 analyzer. This
is a fully automated discrete immunoassay that deals with
the electrochemiluminescence concept. The electroche-
miluminescence competitive low molecular weight ana-
lyte principle was used for FT3 and FT4. The high
molecular weight analyte sandwich principle was used
for TSH test.”’

Data Quality Assurance

The specimen was collected and transported based on the
recommended procedure and the instrument was estab-
lished
Commercially quality control materials were used in the

based on manufacturer recommendation.
same manner as patient specimens to ensure the precision
and accuracy of the instrument. Finally, the results were
recorded and handled appropriately and stored in a secured
place until entered into statistical software. Moreover, to
assure the quality of the data socio-demographic and clin-
ical data, blood sample collection and laboratory test pro-
cess were supervised by the principal investigator. The
collected data were checked regularly for any error, and
the necessary correction was taken on the same date as
errors occurred.

Data Analysis

Data were double entered into IBM SPSS statistics version
23 separately into two different databases by different
persons, and analyzed by the same statistical package.
Patients’ characteristics and thyroid profile tests of the
patients were analyzed by mean * standard deviation
(SD) and percentage based on measurement level of the
variables. Bivariate and multivariate logistic regression

model were used to assess the association between
hypothyroidism and independent variables. The p-value
<0.05 was considered statistically significant in all
analyses.

Ethical Consideration

This study was approved by the Department of Research
and Ethics Committee (DREC) of Medical Laboratory
Sciences, College of Health Sciences Addis Ababa
University (Approval number-DRERC/479/19/MLS) and
Saint Peter Specialized Hospital (approval number-V143
/28/01/2020). Informed consent was obtained from each
participant, and sensitive information that could identify
the patients was not disclosed to protect confidentiality,
and our study complied with the Declaration of Helsinki.

Definitions
Thyroid profiles: measurable or quantifiable characteristics
that include T3, T4, and TSH.

Euthyroid: normal TSH, free T3, and free T4.

Primary hypothyroidism: high TSH with low free T4
and free T3.

Subclinical hypothyroidism: high TSH and normal free
T4 and free T3.

Sick euthyroid: low free T3 with normal TSH and free
T4 or low free T4 and free T3 with normal TSH).*

Results

Patients’ Characteristics

Table 1 depicts the socio-demographic and clinical char-
acteristics of the participants. A total of 162 MDR-TB
patients were included in this study. Of 162 patients, 99
(61.1%) were males and the mean age was 35.9 £+ 13.6
years with age range 18 to 79 years. The majority of the
patients (64.8%) were single and 76 (46.9%) unemployed.
One hundred and thirty-nine (85.8%) of the patients were
urban dwellers. Monthly income of 54 (33.3%) patients
was less than 1000 Ethiopian Birr. Forty (24.7%) patients
had co-morbidities. Of the 40 patients who had co-
morbidities 26 (16%) were HIV positive, 10 (6.2%) had
diabetes mellitus, and 4 (2.5%) had other diseases. Of the
total, 16 (9.9%) patients were smokers and 21 (13%) had
a history of alcohol consumption. One hundred and fifty-
one (92.6%) patients had pulmonary TB, 8 (4.9%) had
extrapulmonary, and 3 (1.8%) had both. Twenty-three
(14.2%) patients had previous history of MDR-TB treat-
ment, and 122 (75.3%) patients were on treatment of
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Table | Socio-Demographic Characteristics of MDR-TB Patients
at Saint Peter’s Specialized Hospital in Addis Ababa, Ethiopia,

Table | (Continued).

2020 (n = 162) Variable Number | %
Variable Number | % Types of TB EPTB 8 49
Sex Male 99 6l.1 :I-Bh ;5 ! 7286

Female 63 389 o :
Regimen Long 132 81.5
Age category 18-25 43 26.5 sh 30 8.5
26-35 50 309 ert :
3645 37 228 Abbreviations: ETB, Ethiopian Birr; DM, diabetes mellitus; HIV, human immune
>45 32 19.8 deficiency virus; EPTB, extrapulmonary tuberculosis; PTB, pulmonary tuberculosis;
B ) MDR-TB, multidrug-resistant tuberculosis.
Residence Urban 139 85.8
Rural 23 14.2
] ] MDR-TB for more than three months (Table 1). The mean
Marital status Married 57 35.2 . . .
Single 105 ¢4g | height of the patients was 1.7 (£8.2) meters, while the
mean of body weight was 53.4 (£10.3) kilograms and the
Occupation status Employed 69 42.6 . 5
Laborer \7 105 mean of body mass index (BMI) was 19.26 (+3.2 m“/kg).
Unemployed 76 46.9 Table 2 shows the MDR-TB drugs currently taken by
patients. Thirty-six (22.2%) patients were taking prothio-
Education status llliterate 22 13.5 . 0 .
Primary school 45 276 namide (Pto) and only one (0.6%) patients was ppara-
Secondary school | 59 36.2 aminosalicylate sodium (PAS). Six (3.7%) patients were
Certificate and 36 22.1 on capreomycin (Cm), while 151 (93.2%) levofloxacin
above (Lfx), and 24 (14.8%) Moxifloxacin (Mfx). The majority
Income (ETB) <1000 54 333 (95.1%) patients were taking cycloserine (Cs), while 156
1001-2000 27 167 1 (96.3%) clofazimine (Cfz), and 153 (94.4%) Linezolid
>2000 8l 50.0 . . , .
(Lzd). All drugs were given based on patients’ weight
Pervious TB history No 23 14.2 per kilogram (Tab]e 2).
Yes 139 85.8
Household currently treated Yes 12 74 Th .
roid Profile
for TB y . L . .
No 150 96 Table 3 depicts the mean distribution of thyroid profiles.
The mean level of thyroid stimulating hormone (TSH) was
Co-morbidity Yes 40 24.7 . .
No 122 753 3.0 (£2.9 pU/mL), while mean of thyroxine (T4) was 7.8
Types of other disease No 122 75.3
DM 10 6 Table 2 TB Drugs in Use MDR-TB Patients at Saint Peter’s
HIV 2% 16.0 Specialized Hospital in Addis Ababa, Ethiopia, 2020 (n = 162)
Other 4 25 Drug Type Yes, n (%) No, n (%)
Taking drug Yes 38 23.5 Prothionamide 36 (22.2) 126 (77.8)
No 124 76.5 Para-aminosalicylate sodium 1 (0.6) 161 (99.4)
Smoking history Ves 6 99 Capreomycin 6 3.7) 156 (96.3)
No 146 90.1 Levofloxacin 151 (93.2) 11 (6.8)
Moxifloxacin 24 (14.8) 138 (85.2)
Alcohol-taking history Yes 21 13.0 Cycloserine 154 (95.1) 8 (4.9)
No 141 87.0 Clofazimine 156 (96.3) 6 (3.7)
Duration on treatment <3 months 40 24.7 Linezolid 153 (94.4) 9(5.6)
Bedaquiline 154 (95.1) 8 (4.9)
(Continued)
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Table 3 Mean Distribution of Thyroid Profile of MDR-TB Patients at Saint Peter’s Specialized Hospital in Addis Ababa, Ethiopia, 2020

(n = 162)
Variables Minimum Maximum Mean (£SD) Median (IQR)
Thyroid stimulating hormone (uU/mL) 0.0l 26.49 3.0 (29) 2.5 (22)
Thyroxine (ug/dL) 2.55 15.50 7.8 (2.1) 7.8 (2.7)
Triiodothyronine (ng/dL) 0.47 3.19 1.3 (0.36) 1.3 (0.4)

Abbreviations: SD, standard deviation; IQR, interquartile range; ng/dL, nanograms per deciliter; pg/dL, microgram per deciliter; pU/mL, micro unit per milliliter; BMI, body

mass index; m, meter; kg, kilogram; kg/mz, kilogram per meter square.

(£2.1 pg/dL), and triiodothyronine (T3) 1.3 (+0.36 ng/
mL). Of the total patients, 19.8% had high TSH
(Figure 1A), while 8 (4.9%) had low T4 (Figure 1B) and
6 (3.7%) had low T3 (Figure 1C). Of the total 36 patients
on prothionamide, 15 (41.7%) developed hypothyroidism.

Clinical Classification Based on Thyroid

Profile

Normal range for TSH was 0.27—4.2 pU/mL, whereas for
T3 was 0.8-2.0 ng/mL and for FT4 was 5.1-14.1 pg/dL.
A patient with high serum TSH level (4.2—10 pU/mL) and
normal FT3 and FT4 levels was considered as had sub-
clinical hypothyroidism, while patients with high TSH
(>10 pU/mL) and low FT3 and FT4 levels were classified

3
3
D
5
Z
=
Normal High
=
8
)
-
2
o
=
Normal Low High

with Further,
patients with normal TSH, FT3, and FT4 were considered

as patients overt hypothyroidism.
euthyroid. Thus, the prevalence of hypothyroidism in
patients with MD-TB was 19.8% and 28 (17.3%) patients
had subclinical hypothyroidism (Figure 1D).

Factors Associated with Hypothyroidism
Presence of any co-morbidity (COR 2.6, 95% CI 1.1-5.9,
p = 0.022), HIV sero-reactive (COR 3.5, 95% CI 1.4-8.9,
p = 0.008), drug used other than MDR-TB drugs (COR
3.4, 95% CI 1.5-7.9, p = 0.003), duration on MDR-TB
treatment > 3 months (COR 3.8, 95% CI 1.1-5.7, p =
0.034), being underweight (COR 2.5, 95% CI 1.1-5.7,
p = 0.034), and prothionamide drug use (COR 4.6, 95%

100
90
804
704
601
50
404
304

T4 level (in %)

204

104

Normal

Lower High

D 1004

23

§383

304
20
10

Clinical classification

Euthyroidisi Sub-clinica Overt

Figure | (A) TSH, (B) T4 and (C) T3 levels based on reference values and (D) clinical classification of hypothyroidism distribution among MDR-TB patients at Saint Peter’s

Specialized Hospital.
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Table 4 Risk Factors of Hypothyroidism Based on Bivariate Analysis in MDR-TB Patients at Saint Peter’s Specialized Hospital, Addis
Ababa, Ethiopia, 2020 (n = 162)

Variable COR (95% CI) p-value
Sex Male 1.0

Female 0.93 (0.42-2.1) 0.857
Age (in years) Age (in years) 1.0 (0.97-1.0) 0.951
Marital status Married 1.0

Single 1.6 (0.72-3.5) 0.260
Employment status Employed 1.0

Unemployed 1.0 (0.47-2.3) 0910

Laborer 0.52 (0.11-2.6) 0.425
Income (in ETB) 22000 1.0

<2000 1.0 (0.46-2.2) 1.000
Previous TB history No 1.0

Yes 0.86 (0.30-2.5) 0.782
Type of TB EPTB 1.00

PTB 1.7 (0.21-14.6) 0.612

Both 3.5 (0.15-84.7) 0.441
Presence of any co-morbidity No 1.0

Yes 2.6 (1.1-5.9) 0.022*
Type of co-morbidity No co-morbidity 1.0

Diabetes mellitus 2.4 (0.57-10.2) 0.230

HIV sero-reactive 3.5 (1.4-8.9) 0.008*
Anti-HIV drugs No 1.0

Yes 3.4 (1.5-7.9) 0.003*
Cigarette smoking history No 1.0

Yes 0.55 (0.12-2.6) 0.449
Alcohol use history No 1.0

Yes 0.64 (0.16-2.3) 0.503
Duration on MDR-TB treatment <3 months 1.0

23 months 3.8 (1.1-13.4) 0.034*
BMI (kg/m?) Normal 1.0

Underweight 2.5 (1.1-5.7) 0.034*

Overweight 1.5 (0.28-7.9) 0.640
Regime Long 1.0

Short 0.52 (0.21-2.1) 0.761
Prothionamide No 1.0

Yes 4.6 (2.0-10.6) <0.001**
Levofloxacin No 1.0

Yes 0.79 (0.73-0.86) 0.810
Moxifloxacin No 1.0

Yes 0.79 (0.25-2.5) 0.681
Cycloserine No 1.0

Yes 0.79(0.73 —0.86) 0.214

(Continued)
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Table 4 (Continued).
Variable COR (95% CI) p-value
Clofazimine No 1.0

Yes 0.80(0.73-0.86) 0.353
Linezolid No 1.0

Yes 0.85 (0.174.3) 0.848
Delamaid No 1.0

Yes 0.91 (0.37-2.2) 0.825
Bedaquiline No 1.0

Yes 1.8 (0.21-14.9) 0.602

Notes: *Significant and ** highly significant association.

Abbreviations: COR, crude odds ratio; BMI, body mass index; kg/mZ, kilogram/meter square; ETB, Ethiopian Birr; EPTB, extrapulmonary tuberculosis; PTB, pulmonary

tuberculosis.

CI 2.0-10.6, p = 0.001) were significantly associated with
hypothyroidism in bivariate analysis (Table 4).

Presence of co-morbidity (AOR = 3.8; 95% CI 1.5-9.9;
p = 0.006), being underweight (AOR = 2.6; 95% CI 1.0—
6.6; p = 0.050), and prothionamide use (AO = 5.4; 95% CI
2.0-14.4; p < 0.001) were significantly associated with
hypothyroidism in MDR-TB patients on treatment after
controlling for the other variables in the model (Table 5).

Discussion

The need for thyroid disease diagnosis in MDR-TB
patients should not be underestimated because studies
have shown that subclinical hypothyroidism raises the
risk of depression and decreases adherence to treatment
with MDR-TB and HIV.>*** The current study revealed
that the prevalence of hypothyroidism among MDR-TB
19.8%.
morbidity, being underweight, and on prothionamide treat-

patients on treatment was Presence of co-
ment were significantly associated with hypothyroidism in
MDR-TB patients on treatment.

The prevalence of hypothyroidism in MDR-TB in the
present study was 19.8% which is slightly higher than the
previous study reported from Ethiopia by Meressa et al in
2009 (17.2%).'° However, the prevalence of hypothyroid-
ism in the current study was comparable with a study
reported by Ben-nan et al in 2020 (19.78%) from
China.”> Another study reported from Lesotho by Satti
et al in 2012 (69%)'? also showed higher prevalence of
hypothyroidism in MDR-TB patients on treatment.

In the current study, 17.3% of MDR-TB patients had
subclinical hypothyroidism and 4 (2.5%) had overt
hypothyroidism. The study reported by Ige et al in 2016

(7.8%) from Nigeria®® indicated a lower proportion of

subclinical hypothyroidism than our study finding.
Moreover, the study reported by Bares et al in 20167’
showed higher subclinical (40%) and overt (38%)
hypothyroidism than this study. A study from India indi-
cated a comparable proportion (2.4%) of overt hypothyr-
oidism with our study.”® However, the same study reported
from India showed a lower
(58.21%)® than the current study.

Presence of co-morbidity was significantly associated
with hypothyroidism in MDR-TB patients. Although there

is no evidence, this association between co-morbidities

euthyroid proportion

and hypothyroidism in MDR-TB patients could be due to
the drug—drug reaction and the effect of other disease
drugs. For instant, stavudine is the risk factor to hypothyr-
oidism in HIV patients.>® This finding is similar with our
finding in which MDR-TB patients co-infected with HIV
developed hypothyroidism more than those who have no
any co-morbidities. Moreover, studies reported that HIV
and TB co-infections could cause alteration of thyroid
function.>**! Being underweight was also significantly
associated with hypothyroidism in MDR-TB patients.
Although we could not find the evidence that shows the
effect of MDR-TB and its treatment on the thyroid profile,
being underweight could lead to low iodine concentration
in the serum.>**? Thus, it could lead to hypothyroidism in
MDR-TB patients, and require follow up during the
treatment.

In the present study, being on prothionamide treatment
was significantly associated with hypothyroidism in MDR-
TB patients. This finding was similar with the study reported
by Ben-nan et al in 2020 (71.4%) from China in which
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Table 5 Risk Factors of Hypothyroidism Based on Multivariable Analysis of MDR-TB Patients at Saint Peter’s Specialized Hospital,

Addis Ababa, Ethiopia, 2020 (n = 162)

Variable AOR (95% CI) p-value
Presence of any co-morbidity No 1.0
Yes 3.8 (1.5-9.9) 0.006*
Types of co-morbidity No co-morbidity 1.0
Diabetics mellitus 1.2 (0.37-0.37) 0.785
HIV sero-reactive 0.47 (0.17-1.3) 0.146
Duration on MDR-TB treatment <3 months 1.0 0.176
23 months 2.5 (0.66-9.7)
BMI (kg/m?) Normal 1.0
Underweight 2.6 (1.0-6.6) 0.050%*
Overweight 2.7 (0.43-17.5) 0.287
Prothionamide No 1.0
Yes 54 (2.0-14.4) <0.001**

Notes: *Significant and ** highly significant association.

Abbreviations: AOR, adjusted odds ratio; Cl, confidence of interval; kg/m?, kilogram/meter square; BMI, body mass index.

prothionamide and para-aminosalicylic acid were signifi-
cantly associated with hypothyroidism.”> Moreover, the
study reported by Cheung et al (2019) from Australia®*
indicated the significant association between prothionamide
and hypothyroidism in MDR-TB patients on treatment.

The main strength of this study is assessing the factors
associated with hypothyroidism in patients on MDR-TB
treatment. In addition, the result of this study is less likely
influenced by selection bias, because all patients on treat-
ment during the study period were enrolled into the study.
Several risk factors were included in the multivariable
model to control the confounding effect of each variable,
which relatively minimizes the effect of confounders. This
study was conducted in a single hospital, which could limit
the generalizability of this finding. Important risk factors
of hypothyroidism such as dietary habits and physical
exercises were not studied. This could limit the conclu-
siveness of risk factors of hypothyroidism.

Conclusion

This study revealed that the prevalence of hypothyroidism is
MDR-TB patients on
Prothionamide, co-morbidity, and being underweight were

considerable  in treatment.
significantly associated with hypothyroidism. Monitoring of
the thyroid profile for better patient management and treat-
ment outcome among MDR-TB patients at baseline and
follow up is required. Nutritional supplementation for
patients with low BMI is necessary to reduce the risk of
hypothyroidism and to increase treatment success. In order

to determine the possible role of hypothyroidism among
MDR-TB patients with thyroid disease and its associated
risk factors, a large-scale observational study is required.
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