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Abstract

Introduction: The all-cause mortality for tuberculosis is 1 in every 10 patients in Malaysia. The currently available national surveillance
database does not record patients’ variables such as socio-economic factors, existing co-morbidities, and risk behavior for investigation. An
electronic medical record system can capture this missing information and use it to determine all-cause mortality factors more accurately. Our
study aims to determine the factors associated with all-cause mortality in a cohort of tuberculosis patients in a Malaysian tertiary hospital which
is equipped with an electronic medical record system.

Methodology: Records of patients diagnosed with tuberculosis from 1st January 2018 to 30th September 2019 were retrieved.
Sociodemographic and clinical data were extracted. Treatment outcomes and all-cause mortality were recorded at 1 year after diagnosis.
Univariate, multivariate, and stepwise regression were used to determine the factors associated with all-cause mortality.

Results: Four-hundred and seventy-one patients were reviewed. The mean age was 46.6 £ 19.7 years. The all-cause mortality rate at one year
of diagnosis was 15.3%. Factors identified were age [aOR 1.026 (95% CI: 1.004-1.049)], chronic kidney disease [aOR 3.269 (1.508-7.088)],
HIV positive status [aOR 4.743 (1.505-14.953)], active cancer [aOR 5.758 (1.605-20.652)], liver disease [aOR 6.220 (1.028-37.621)], and
moderate to advanced chest X-ray findings [aOR 3.851 (1.033-14.354)].

Conclusions: On average, one in seven patients diagnosed with TB died within a year in a Malaysian tertiary hospital. Identification of this
vulnerable group using the associated factors found in this study may help to reduce the risk of mortality through early intervention strategies.
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Introduction

Tuberculosis (TB) is an important global public
health issue. The World Health Organisation (WHO)
estimated that there were 10 million people diagnosed
with TB, and an estimated 1.4 million TB deaths
globally in 2019 [1]. Malaysia is a country with
intermediate TB burden, and a reported incidence rate
of 92 per 100,000 population in 2019 based on the
WHO TB country, regional and global profiles.
According to the Malaysian national TB cohort data
from years 2014 to 2017, the all-cause mortality was 1
in every 10 patients, while TB treatment success rate
was 81% in 2017, which was below the recommended
target of at least 90% by WHO [2,3].

There were numerous studies on TB all-cause
mortality using the databases collected from country

specific TB reporting systems. The United State of
America found that the diagnosis of multi-drug resistant
TB, end-stage renal disease, human immunodeficiency
virus (HIV) infection, older  age and
immunosuppression were significant risk factors
associated with TB mortality [4]. A study conducted in
Shanghai found that underlying disease such as chronic
obstructive pulmonary disease, diabetes mellitus and
having cancer were significantly associated with TB
mortality, apart from older age, male gender, positive
sputum smear test, and multidrug resistant TB [5]. Two
Malaysian studies have also shown that older age, male
gender, Malaysian nationality, rural residence, lower
education level, passive detection of TB, underlying
diabetes mellitus, extrapulmonary TB, advanced chest
X-ray findings, and positive HIV were associated with
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all-cause mortality in TB [3]. However, all these studies
were limited by using multiple sources such as death
certificate, interviews by health inspectors, and manual
data entry into the reporting system. The currently
available Malaysian national surveillance database is
unable to obtain certain patient variables such as socio-
economic factors, existing co-morbidities, and risk
behavior for investigation. [3] This led to issues such as
missing data and limited clinical information that may
significantly affect the all-cause mortality. In our study,
we aimed to investigate the factors of all-cause
mortality in TB patients who attended a tertiary
teaching hospital equipped with an electronic medical
record (EMR) system, which would minimize missing
data and ease the collection of important clinical data.

Methodology
Study design and population

A retrospective cohort study was conducted at a
university tertiary hospital located in Kuala Lumpur,
the capital of Malaysia. All records of patients
diagnosed with TB (fulfilled the criteria for
International Classification of Diseases Tenth Revision
(ICD-10) code A15-19) in the hospital from 1% January
2018 to 30" September 2019 were included. Patients
with unknown treatment outcome at one-year
surveillance were excluded. The hospital had started a
TB registry since 2018 and data were collected using an
electronic TB information system (TBIS) 10A form,
which was completed by the attending doctor at the
point of diagnosis. Medical histories, including
sociodemographic characteristics, smoking history and
comorbidities were retrieved from the filled TBIS 10A
form. Data that was missing in the form was traced by
using the patient’s electronic medical records. The
variable definitions of comorbidities are provided in
Supporting File 1. The study conformed to the ethical
guidelines of the 1975 Declaration of Helsinki and
approval from University of Malaya Medical Ethics

Figure 1. Proportion of treatment outcomes of patients with TB.

Registered patients from January 2018 — September 2019
(N =476)

Excluded:
Patients with unknown outcome

(n=5)

Total number of patients included
(m=471)

Patient reported alive Patient reported dead

(n =399, 84.7%) (=172, 15.3%)
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Committee was obtained before commencement of the
study (approval number 201945-7299).

Diagnosis of tuberculosis

All registered patients in the study were either
bacteriologically confirmed or clinically diagnosed
with TB [6]. A bacteriologically confirmed TB case is
one from whom a biological specimen was tested
positive by smear microscopy, culture, or new
molecular tests. A clinically diagnosed TB case refers
to one who does not fulfil the criteria for bacteriological
confirmation but has been diagnosed to have active TB
by a clinician and started on a full course of TB
treatment. This includes cases diagnosed by chest X-ray
with characteristic abnormalities or suggestive
histology, and extrapulmonary cases that could not be
confirmed by laboratory testing. The final diagnosis of
the patients was recorded as pulmonary TB (PTB) or
extrapulmonary TB (EPTB).

PTB referred to any bacteriologically confirmed or
clinical diagnosed case of TB involving the lung
parenchyma or the tracheobronchial tree. Miliary and
disseminated TB were classified under PTB as there
were lesions in the lungs. A patient with both PTB and
EPTB was classified as a case of PTB. EPTB referred
to any bacteriologically confirmed or clinically
diagnosed case of TB involving organs other than the
lungs.

Outcome

The WHO defines TB death as a TB patient who
dies for any reason before starting or during the course
of treatment [6]. In our study, we used all-cause
mortality as a surrogate marker of mortality attributable
to TB [7].

Data analysis

Data was analyzed using IBM Statistical Package
for the Social Sciences (SPSS) software version 23.0
(SSPS Inc., Chicago, IL, USA). All quantitative data
were tested for normality. Normally distributed data
were expressed as mean and standard deviation, or as
median and interquartile range. Categorical data were
described as frequency and percentages. Univariate and
multivariate logistic regression procedures were used,
with all-cause mortality as the dependent outcome. All
variables with a p value < 0.25 in univariate analyses
were included in the multivariate analysis. Finally,
stepwise analysis was performed. In the final analysis,
the level of significance was set as 0.05.
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Results
Sociodemographic and clinical characteristics

There was a total of 476 TB patients registered in
the period from 1st January 2018 to 31st September
2019. Five patients were excluded due to unknown
outcome. Out of the 471 patients, 15.3% were reported
dead after diagnosis of TB during the 1-year
surveillance (Figure 1).

The sociodemographic characteristics of the study
population are summarized in Table 1. The mean age of
the patients was 46.6 £ 19.7 years. Majority of the
patients were Malaysians (88.1%) and males (59%),
while 33.8% of them were unemployed.

Table 2 summarizes the clinical features of the
study population. Most of them (96%) were detected by
passive case finding, and 366 (77.7%) of them had PTB.
Out of these PTB patients, 59.6% were sputum smear
positive. 74.3% had BCG vaccination scar. As for risk
behavior, 27.6% of them were ever smoker, 3% were
ever illicit drug user and 2.1% were dependent on
alcohol. As for the chronic medical diseases, 24.6% had
diabetes mellitus, 10.2% had chronic kidney disease,
6.4% had HIV infection, 3.6% were on
immunosuppressive therapy, 3.4% had active cancer,
3% had asthma, 2.8% had chronic obstructive
pulmonary disease and 1.5% had liver disease. 16.6%
had one comorbidity, 7.9% had two comorbidities and
4.4% had at least three comorbidities. Out of the 48
patients with chronic kidney disease (CKD), 17
(35.4%) were on hemodialysis and out of these 17
patients, 11 (64.7%) have died. Among the patients in
this study, 16 had co-existing active cancer. One third
of them had lung cancer, and 9 (56.3%) of them had
died. As for the chest X-ray findings, 56.2% had
moderate to advanced radiological changes.

Table 1. Sociodemographic characteristics of study population.

Variables n (%)
Age (Mean age + SD) 46.61 +19.73
Gender

Male 278 (59.0)
Female 193 (41.0)
Nationality

Malaysian 415 (88.1)
Non-Malaysian 56 (11.9)
Occupation

High skilled white collar 72 (15.3)
Low skilled white collar 60 (12.7)
High skilled blue collar 18 (3.8)
Low skilled blue collar 64 (13.6)
Armed force 2(0.4)
Students 48 (10.2)
Unemployed 159 (33.8)
Health care workers 21(4.5)
Not known 48 (10.2)
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Factors associated with the all-cause mortality

The factors associated with the all-cause mortality
in TB patients using univariate, multivariate and
stepwise regression analyses are summarized in Tables
3 and 4. Based on the final analysis, factors that were
associated with all-cause mortality were age [aOR
1.026 (95% CI: 1.004-1.049)], chronic kidney disease
[aOR 3.269 (1.508-7.088)], positive HIV status [aOR
4.743 (1.505-14.953)], active cancer [aOR 5.758
(1.605-20.652)], liver disease [aOR 6.220 (1.028-
37.621)], and moderate to advanced chest X-ray (CXR)
findings [aOR 3.851 (1.033-14.354)].

Table 2. Clinical features of the study population.
Variables n (%)

Type of TB detection (passive) 452 (96.0)
Smoking status (ever smoker) 131 (27.9)
BCG scar (present) 350 (74.3)
Illicit drug use (ever user) 14 (3.0)

Alcohol dependence 10 (2.1)

Diabetes mellitus 116 (24.6)
Chronic kidney disease 48 (10.2)

Liver 7 (1.5)

Immunosuppressive therapy 17 (3.6)
Active cancer 16 (3.4)
Chronic obstructive pulmonary disease 13 (2.8)
Asthma 14 (3.0)
HIV status

Positive 30 (6.4)
Negative 371 (78.8)
Unknown 70 (14.8)
Number of comorbidities

None 335(71.1)
One 78 (16.6)
Two 37 (7.9)
Three and above 21 (4.4)
Chest X ray findings

No lesion 60 (13.0)
Minimal 143 (30.9)
Moderate advanced and far advanced 260 (56.2)
Types of tuberculosis (tuberculosis)

Pulmonary TB 366 (77.7)
Sputum Smear Positive 218 (59.6) *
Sputum Smear Negative 111 (30.3) 2
Sputum Smear Not Done 37 (10.1)?
Extra-pulmonary TB 105 (22.3)
Lymph node 43 (41.0)
Pleural 19 (18.1)2
Abdominal 12 (11.4)2
CNS 12 (11.4)*
Skeletal 9 (8.6)*
Cutaneous 5 (4.8)*
Others 5 (4.8)*

* Percentages of the specific outcome.
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Table 3. Univariate and multivariate analysis of mortality.

J Infect Dev Ctries 2023; 17(8):1138-1145.

Variables

Age

Male

Malaysian®

Occupation

High skilled white collar
Low skilled white collar
High skilled blue collar
Low skilled blue collar
Armed force

Students

Not known

Unemployed

Passive TB Case Detection
Smoking status (ever smoker)
BCG scar (present)
Alcohol dependence

Illicit drug use (ever used)
Diabetes Mellitus

Chronic Kidney Disease
Liver disease
Immunosuppressive therapy
Active Cancer

COPD

Asthma

HIV status

Negative

Positive

Unknown

Number of comorbidities
None

One

Two

Three and above

Chest X ray findings

No lesion

Minimal

Moderate and advanced
Types of tuberculosis
Pulmonary TB
Extra-pulmonary TB

Univariate analysis

Multivariate analysis

Odds ratio (95% CI)

1.047 (1.032 — 1.064)
1.187 (0.708 — 1.991)
1.574 (0.949 — 3.861)

0.348 (0.154-0.787)
0.147 (0.044-0.493)
0.557 (0.154-2.021)
0.236 (0.089-0.628)

0.000 (0.000)
0.000 (0.000)
0.828 (0.387-1.771)
1

0.961 (0.272 — 3.390)
1.100 (0.631 — 1.915)
1.563 (0.835 — 2.488)

2.435 (0.615 — 9.644)
1.534 (0.417 - 5.639)

2.090 (1.227 —3.558)

5.096 (2.679 — 9.694)

7.765 (1.700 — 35.463)
1.747 (0.553 — 5.516)

8.000 (2.876 — 22.251)
1.691 (0.454 — 6.302)

0.921 (0.202 — 4.206)

1
1.826 (0.746 — 4.467)
1.241 (0.625 — 2.466)

1
2.143 (1.120 — 4.103)
3.076 (1.377 - 6.872)
7.551 (2.998 — 19.014)

1
1.740 (0.473 — 6.404)
5.098 (1.538 — 16.900)

1
0.658 (0.340 — 1.276)

p value

0.000*
0.515
0.315

0.005b*
0.011*
0.002*
0.374
0.004*
0.999
0.997
0.627
0.950
0.737
0.189
0.205
0.520
0.007*
0.000*
0.008*
0.342
0.000*
0.434
0.916
0.380

0.187
0.537
0.000*

0.021*
0.006*
0.000*
0.000*

0.404
0.008*

0.215

Adjusted Odds ratio (95%

cn
1.025 (1.002-1.048)

0.912 (0.323-2.577)

0.261 (0.051-1.330)

1.304 (0.273-6.234)

0.910 (0.288-2.882)
0.000 (0.000)
0.000 (0.000)

2.154 (0.839-5.530)

1

0.746 (0.380 — 1.464)
1.589 (0.272-9.294)

0.796 (0.375-1.688)
3.172 (1.332-7.557)
4.591 (0.717-29.404)

6.488 (1.739-24.203)

1
5.290 (1.587-17.631)
1.125 (0.468-2.707)

1
1.392 (0.632-3.066)
1.212 (0.429-3.422)
2.832(0.917-8.747)

1
2.572 (0.542-12.219)
6.323 (1.334-29.114)

1
1.827 (0.694-4.808)

p value

0.031*

0.469
0.862
0.106
0.860
0.873
0.999
0.997
0.111

0.394
0.607

0.552
0.009*
0.108

0.005*

0.025*

0.007*
0.793
0.322

0.411

0.717

0.071
0.019*

0.142
0.020*

0.222

#Reference group is non-Malaysian; ® The minimum expected count is 0.31; * Factors with significant p value of < 0.05.

Table 4. Results from stepwise regression for mortality.

Variables Adjusted Odd Ratio (95% CI) p value
Age 1.026 (1.004-1.049) 0.019*
Chronic kidney disease 3.269 (1.508 — 7.088) 0.003*
Active cancer 5.758 (1.605-20.652 0.007*
Liver disease 6.220 (1.028-37.621 0.047*
HIV status 0.029*
Negative 1

Positive 4.743 (1.505-14.953) 0.008*
Unknown 0.962 (0.409-2.263) 0.929

Chest X ray findings 0.019*
No lesion 1

Minimal 1.664 (0.391-7.071) 0.490

Moderate and advanced 3.851(1.033-14.354) 0.045*

* Factors with significant p value of < 0.05.
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Discussion

The all-cause mortality rate in a year was about 1 in
7 patients (15.3%) in our study. The factors that were
significantly associated include increasing age, chronic
kidney disease, patient with positive HIV status, active
cancer, liver disease, and moderate to advanced CXR
findings.

The 1-year mortality rate based on Malaysia
National TB registry data from 2014 to 2017 was
approximately 1 in 10 patients (10.2%) [3]. This is
lower than the all-cause mortality rate that we found in
our study. This finding is not unexpected as this study
population is that of a tertiary hospital, which caters to
patients that have more complicated and severe
illnesses as compared to the majority of TB cases in the
national cohort that are usually treated at community
health clinics. A study in South Korea also reported that
the TB mortality rate was higher in a suburban tertiary
hospital compared to its national TB mortality rate [8].

Increasing age was a factor that was significantly
associated with mortality in our study. The immunity in
a person declines as a person ages, which is due to age-
related changes in the immune system referred to as
immunosenescence. This leads to decreased ability to
fight against infections. [9] Aging is associated with a
decrease in the cellularity of the bone marrow which
causes decline in the adaptive immune response [10].
Our study finding corresponded to several local and
foreign studies [5,8,11]. A study in Hong Kong showed
that older patients had higher proportion with
comorbidities and more advanced disease at the time of
diagnosis. However, our study found that age was an
independent factor even with the inclusion of
comorbidities. We did not include the severity of the
comorbidities into the analysis and this may act as
mediating factors for our findings. Another possibility
is that there were other associated factors that were not
analyzed in this study.

CKD was found to be significantly associated with
mortality among TB patients in this study. Immune
deficiency due to decline in kidney function
predisposes CKD patients to infection, particularly to
TB and may also cause reactivation of latent TB
infection (LTBI) and mortality [12,13]. Lack of
symptoms, missing bacteriological proof and higher
frequency of extrapulmonary TB are challenges that
delayed the diagnosis in patients with hemodialysis
[14]. However, a study conducted in Saudi Arabia
reported lower mortality in patients with CKD owing to
early diagnosis and treatment with high -clinical
suspicion in this group of patients [14]. This highlights
the importance of early identification of patients that are
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vulnerable to allow for intervention strategies that can
ameliorate the risk.

Patients with positive HIV status had higher all-
cause mortality rates in our study. This is in
concordance with findings from other local and foreign
studies. [3,15] One explanation for the higher mortality
may be that HIV replication is enhanced by host
responses to Mycobacterium tuberculosis, which leads
to accelerated depression of cellular immunity [16].
Other factors involved in the increased mortality
include not being on antiretroviral therapy (ART) and
the presence of other morbidities like neoplastic
diseases and illicit drug use in HIV-TB co-infected
patients [17,18].

In our study, active cancer was associated with a
significant higher mortality rate in TB patients. Studies
in Brazil and Korea reported increased TB mortality in
patients diagnosed with hematological malignancies
and lung cancer [19,20]. This is because active cancer
patients who received cytotoxic chemotherapy are
immunosuppressed, where  both  cell-mediated
immunity and immunoglobulin production are reduced,
thus predisposing them with a wide spectrum of
infective complications and TB infection. [21] In
addition, co-existence of TB and lung cancer poses a
diagnostic challenge to clinicians as one could mask the
presence of the other disease leading to a delay in
diagnosis and initiation of treatment [21].

Liver disease was shown to be significantly
associated with all-cause mortality in TB patients. This
is concordant with findings from Australia and Taiwan
[7,22]. Anti-tuberculosis medication such as isoniazid,
rifampicin and pyrazinamide are mainly metabolized by
liver and poses a risk of drug induced liver injury
(DILI), especially in patient with liver disease such as
Hepatitis B and/or C infections. Several studies have
shown that hepatitis B and C coinfection increase the
risk of DILI [23]. Hence, patients with prior liver
disease are at higher risk of hepatotoxicity. [24]
However, our sample size was too small and a bigger
sample size would be much more meaningful.

More advanced CXR features were significantly
associated with all-cause mortality in TB, similar to the
findings from Malaysia National TB Registry Data and
a study from Korea [3,25]. The high number of
moderate to advanced CXR cases in our study, similar
to a study conducted in the state of Sabah where TB
rates are highest in the country, suggests that delay in
the diagnosis of TB remains frequent within our
population [26]. This again highlights the need for
earlier diagnosis.
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Our study has shown that smoking was not
significantly associated with the all-cause mortality in
TB, which is in line with the findings from Malaysia
National TB Registry Data [3]. However, another study
from Malaysia revealed a significant association
between ever smokers and TB mortality [27]. The
discordance in result could be possibly due to the higher
prevalence of smokers in Khan et al (46.2%) as
compared to our study (27.9%). Multiple foreign
studies also show significant association between ever
smokers and poorer treatment outcome in TB patients
[28,29]. A thorough smoking history including number
of pack years should be collected to properly investigate
its association with TB outcome and mortality as the
discrepancy could be possibly due to the nature of data
collection for smoking in this study, which was self-
reporting by patients.

Historically, patients with combined diabetes
mellitus (DM) and TB have had a worse prognosis than
TB only patients [30]. However, our study shared the
similar findings with Liew et a/, which did not illustrate
a significant association between DM and all-cause
mortality in TB. The possible explanation to this may
be attributed to their better treatment adherence and
monitoring for chronic diabetes management. HbAlc is
used as a marker for short term glycemic control, and
serial HbAlc may be a better gauge and identifier to
assess diabetic related complications for long term
glycemic control. This is proven by a study from
Taiwan that TB treatment outcome was not
proportionately related to single HbAlc reading [31].
However, the relation between the long-term glycemic
control and the TB treatment outcome was not
examined in our study partly due to underutilization of
the test in our study population. Further research is
required to investigate the validity of this statement
[32].

Strengths and limitations

Missing data from the registry could be traced by
using the electronic medical database. This had reduced
the amount of missing data and allowed for better
accuracy of results. The database also allowed
collection and analysis of clinical data which is not
included in the national TB registry. One of the
limitations in the study was that all-cause mortality was
used instead of actual cause of death. The actual cause
of death that were concluded in the hospital mortality
reviews were not captured in our hospital EMR,
eventually lead to difficulty in concluding the
relationship of TB to the cause of death. Information in
the TBIS form, particularly on comorbidities, is subject
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to clinician’s judgement. Important data such as
household income was not recorded, in both TBIS and
EMR, and occupation was used instead as a surrogate
marker to represent the socioeconomic status.

Recommendations

The use of an electronic medical database is
strongly recommended for recording the information of
patients with TB, particularly the detailed clinical
history and investigation results for future
epidemiology studies and research purposes. This
would help develop proper risk and prognostic scores to
risk stratify patients and identify those in high risk so
that early intervention could be done to reduce the
mortality rate in TB. TB patients with older age, CKD,
liver disease, HIV positive status and active cancers
should be tagged as having high risk of mortality.
Strategies to reduce mortality in these groups should
comprise improvement of time to diagnosis and early
effective treatment with close monitoring. Apart from
that, a strategic framework tackling tuberculosis in
these patients should include transmission prevention,
active screening, as well as preventive treatment of
vulnerable groups with latent TB infection using the
risk factors identified in this study. This could translate
to improved survival and quality of life, which in turn
will reduce hospital stay and total healthcare costs
[5,15].

Conclusions

On the average, 1 in 7 patients with TB in a
Malaysian university tertiary hospital died from all-
cause mortality in a year. The key findings of this study
highlighted the clinical variables, comorbidities, and
severity of disease of the vulnerable group in a tertiary
hospital. Increasing age, chronic kidney disease,
positive HIV status, active cancer, liver disease, and
moderate to advanced CXR findings were the factors
that were significantly associated with all-cause
mortality in TB patients in this study. Identification of
this vulnerable group using the associated factors found
in this study may help to reduce the risk of mortality
through early intervention strategies.
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Annex — Supplementary Items

Variables definition

Chronic kidney disease: Patients with eGFR < 60 mL/min/1.73m? (Stage 3 and above) at baseline for a duration of > 3 months or evidence
of markers of kidney damage such as albumin: creatinine ratio (ACR) > 30 mg/g [1].

Liver disease (irreversible liver damage): Patients were recruited based on the prognostic child-pugh score. Patients with a score of > 5 points
(child-pugh A and above) were defined as liver disease patients.

Diabetes mellitus (DM) patients: Patients with newly diagnosed DM at the point of diagnosis of tuberculosis (TB) or previously diagnosed
by medical doctor with 2 abnormal glucose results (asymptomatic) or 1 abnormal glucose result (symptomatic) or HbAlc > 6.3%. Patient on
oral antidiabetic agent or insulin or regular follow up for diabetes mellitus at any healthcare facilities also considered as DM patient [2].
Active cancer: Patients who were recorded as having an active cancer with or without treatment or on palliative treatment or conservative
treatment at the point of diagnosis of TB in the electronic medical records.

Chronic obstructive pulmonary disease (COPD): Patients with previously diagnosed COPD with lung function test (FEVI/FVC <0.7), with
or without treatment or with newly diagnosed COPD were recruited based on GOLD 2020 diagnostic criteria at the point of diagnosis of TB
[3].

Asthma: Patients with previously diagnosed asthma with or without treatment and currently on regular follow up or with newly diagnosed
asthma based on GINA 2020 diagnostic criteria at the point of diagnosis of TB [4].

Positive human immunodeficiency virus (HIV): patients with previously diagnosed positive HIV testing with or without treatment or newly
diagnosed HIV positive status at the point of diagnosis of TB.

Immunosuppressive therapy: Patients who are on agent that suppress the immune response of a patient, such as steroids, non-steroidal
immunosuppressant, anti-TNF alpha agent, DMARDs and biologics agents.

Alcohol dependence: Based on > 3 of DSM-1V dependence criteria of substance use disorders within a 12-month period [5].

Illicit drug use: Patients who consume non-medical variety of drugs that are prohibited by international law, including amphetamine-type
stimulants, cannabis, cocaine, heroin and other opioids, and MDMA (ecstasy).

Other comorbidities: Patients with pre-existing medical conditions as recorded in the EMR including hypertension, ischemic heart disease,
thyroid disease and endocrinological disease, dyslipidaemia, cerebral vascular disease, autoimmune conditions, skin disease, psychiatric
disorders, gastritis, Down’s syndrome, musculoskeletal disease, transverse myelitis, nephrotic syndrome, deep vein thrombosis, pulmonary
embolism, cerebral palsy, lupus nephritis, gout, Parkinson’s disease and seizure.

Loss of weight: Documented loss of more than 5 percent of usual body weight over 6 to 12 months in EMR or from patient's history.
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