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Introduction: Non-communicable diseases are comorbid with tuberculosis, however only a few record review based studies have
been conducted, which are more concentrated on elevated glucose levels. This study aimed to assess non-communicable disease
comorbidity and its predictors among tuberculosis patients.

Methods: A prospective cross-sectional study design was used and the data were collected by a previously validated tool from
a sample of 443 tuberculosis patients using cluster random sampling methods. Multinomial logistic regression was interpreted by
relative risk to predict the association of comorbidity status with independent variables.

Results: The majority (87.81%) of TB patients were not comorbid with NCDs. The prevalence of hypertension and diabetes mellitus
among tuberculosis patients were 6.55%, and 5.64%, respectively. The people who had a risk score >8 were 6.47 times more likely to have
tuberculosis comorbid with one non-communicable disease compared to those with a risk score <8. The relative risk of tuberculosis patients
with BMI >25 is 3.33 times compared to those with a BMI <23 of being comorbid with one non-communicable disease vs tuberculosis
patients without non-communicable diseases. Those tuberculosis patients with an awareness of non-communicable disease comorbidities
are 9.33 times more likely to have tuberculosis with multi-comorbidities compared to those who are unaware.

Conclusion: The majority of TB patients were not comorbid with NCDs. The person’s weight, family size of more than five, monthly
income >3000 birr, risk score >8 and BMI >25 significantly predict comorbidity with one non-communicable disease compared to
those without a comorbidity. The presence of non-communicable disease comorbidity, treatment awareness, and being aged 50+ years
significantly predict the presence of multi-comorbidities compared to those without comorbidity. For early detection and management
of both diseases, establishing bidirectional screening platforms in tuberculosis care programs is urgently required.

Plain Language Summary: Non-communicable diseases are comorbid with tuberculosis, however, only a few record review
based studies have been conducted, which are more concentrated on elevated glucose levels.

This is a former prospective cross-sectional study of non-communicable disease comorbidities and their predictors among
tuberculosis patients using the two stages of the WHO step-wise screening procedure.

The majority (87.81%) of TB patients were not comorbid with NCDs, 7.22% were comorbid with one NCD and 4.97% were multi-
comorbid. The prevalence of hypertension and diabetes mellitus among tuberculosis patients were 6.55%, and 5.64%, respectively.
The person’s weight, family size of more than five, monthly income >3000 birr, risk score >8 and BMI >25 significantly predict the
comorbidity with one non-communicable disease related to those without comorbidity. The presence of non-communicable disease
comorbidity, treatment awareness, and being aged 50+ years significantly predicted the presence of multi-comorbidity compared to
those without comorbidity. For early detection and management of both diseases, establishing bidirectional screening platforms in
tuberculosis care programs is urgently required.
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Introduction

Tuberculosis disease (TB) is a major public health problem and tops the list of causes of death in the world." 95% of
tuberculosis deaths occur in low-middle-income countries (LMICs), with two-thirds of deaths happening in 8§ LMICs and
Ethiopia is one of the top 22 counties affected by tuberculosis (TB)? with a 2.1/1000 incidence and 2.0/1000 prevalence rate.’

The most common comorbid non-infectious diseases with TB are diabetes mellitus (DM), hypertension, heart
diseases, chronic obstructive pulmonary diseases (COPD), and cancer.* However, TB and non-infectious diseases
share many essential socio-economic and socio-demographic determinants.” ™ Moreover, concomitantly tuberculosis
and non-communicable diseases (NCDs) increase the occurrence or consequence of each other.”

The common and shared risk factors for both diseases are cigarette smoking, alcohol drinking, physical inactivity, and
inadequate fruit and vegetable consumption.'®™'? In Ethiopia, the estimated number of TB cases attributed to common
TB risk factors are malnutrition, alcohol consumption, and smoking."*> Comorbid patients are not simple to diagnose and
manage on a timely basis, contributing to TB transmission."*

In India, the prevalence of hypertension was 7%, DM at 8%, alcohol use at 34%, and use of smokeless tobacco at
33% were screened from routine tuberculosis patients.'> A total of 9,651 patients with TB were identified in China, of
whom approximately 61.4% had no chronic conditions, 17.4% had 1 chronic condition, and 21.3% had >2 chronic
conditions.'®

In South Africa, The prevalence of NCDs, included alcohol-use disorder (24.3%), daily tobacco use (15.0%),
hypertension (8.9%), ischemic heart disease or angina (7.5%), arthritis (4.5%), type 2 diabetes (4.1%), asthma (3.5%),
cancer or malignant neoplasms (2.1%), chronic lung disease (1.9%) and dyslipidemia (1.6%). The overall comorbidity
(with one NCD) was 26.9% and multi-morbidity (with two or more NCDs) was 20.9%.'” The prevalence of DM among
TB in the Amhara region of Ethiopia was 8.3%."®

Despite the early detection of NCDs from TB patients being highly recommended by the Global Action Plan of
NCDs,'”?” WHO'* and SDG,?' few studies have reported the non-infectious disease comorbidity status among TB
patients, most of which are based on record reviews and concentrated mostly on elevated glucose levels.”> >* However,
the current study aimed to determine the prevalence of common non-infectious diseases comorbidity with tuberculosis
and its predictors using the two stages of the World Health Organization (WHO)-stepwise screening procedure, which is
not well known. Conducting this study is crucial for policymakers and program managers to establish an early detection
platform of NCDs in TB care programs.

Methods and Materials

This study was carried out at the Hadiya Zone tuberculosis treatment centre from January 2022 to April 2023 for three
months at 3 district hospitals, 1 comprehensive referral hospital, and 3 health centres, which were selected by eligibility
criteria from 4 hospitals and 61 health centres. The Hadiya Zone Administration is one of the 14 South Nation
Nationalities People Representative States (SNNPRS). Hosanna Town is the capital town which is located on the main
road from Addis Ababa to Hosanna just 192 km from the capital city of Ethiopia. The administration of the Hadiya Zone
has 7 urban towns administered with 29 kebeles and 303 rural kebeles within 10 rural districts. The zone has more than
1.7 million population of whom 848,695 are males and 857,225 are females.

The Zone was to detect and treat tuberculosis patients based on WHO guidelines, in 2020 the total number of
pulmonary culture-positive TB cases was 781, and pulmonary culture-negative TB cases was 579, extra pulmonary TB
270, and the total of all forms of TB was 1630. The TB detection rate for all forms is 192/100,000. Currently, the Zone
has a new initiative chronic care program which was started in four selected hospitals and three health centres. In 2021,
of 73,333 total individuals screened for hypertension, 397 new patients enrolled for hypertension care.

Study Design and Population
A prospective cross-sectional study design was used, to determine the prevalence of the common non-infectious disease
comorbidity and its predictors among adult TB patients aged >20 years by applying the two stages of the WHO Stepwise

screening procedure.
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The study population were all sampled tuberculosis patients in the selected study health facility, and they were
enrolled on the DOT program from the Hadiya Zone catchment, However, those unable to give informed consent,
pregnant women, the severely ill, those comorbid with HIV, MDR-TB, those who transfered out from the catchment and
those referred for further investigation were excluded from the study.

Study Variable

TB-NCD comorbidity status (not comorbid, comorbid and multi-comorbid were categorized as multinomial dependent
variables). Behavioural factors (overweight/obesity (BMI, waist circumference), smoking, inadequate physical exercise,
fruit and vegetable consumption, and alcohol drinking), socio-demography factors, TB clinical variables, and awareness
of NCD comorbidities and their treatment were independent variables.

Sample Size and Sampling Procedure

The required sample size was determined by using a single population proportion formula (n) = [z* *p (1-p)]J/w* and
considering a 95% confidence interval (CI) and 5% significance level. Due to the absence of similar research, we used
50% for the TB patients’ comorbid with common NCDs. Based on these assumptions, the expected sample size was 403.
By adding 10% of the total sample size for the nonresponse rate (NR) which was 40 participants, 443 TB patients were
screened for common non-infectious diseases.

A single-stage cluster random sampling was used. Initially, Hadiya Zone health facilities were identified as a sample
cluster, based on both NCDs and TB continuous detection, diagnosis and treatment services availability criteria. By using this
eligibility criterion 3 health centres, 3 general hospitals and 1 comprehensive referral hospital were selected from 4 hospitals
and 61 health centres. Due to a small sample size availability in an eligible health facility, we included all TB patients who
started the treatment and enrolled on the DOT program in the study clusters during the study period. The study participants
were enrolled by consecutively simple random sampling until the final sample size adequacy (Figure 1).

Data Collection Methods and Techniques
After the study cluster site and a total number of TB patients were identified, NCDs and risk factors were screened by the
WHO Step-wise screening procedure. This tool was formerly validated and tested in different health settings.*>*

The data were collected by applying the two-stage WHO Step-wise screening procedure, in the first stage all study
participants were screened for behavioural risk factors using nine (9) scaling items with a score of 20. If the score was
more than 8 of the 20 total score, the participants were moved to the second stage. In the second stage, biological risk
factors were screened and if the participants had a score more than 12 over the two stages they were linked to the chronic
clinic for further investigation of diabetes mellitus. However, for those tuberculosis patients who scored less than or
equal to 12 an awareness of NCD prevention and control was given. All physical assessments were conducted in
a private area and they measured and determined its’ cut-off points in a standardized manner. From each of seven (7)
health facilities at least one senior TB focal, who had at least six months of work experience, was recruited and trained
for five (5) days on the study screening procedure before the commencement of the study and they were allocated to the
respective study site. The data were collected for three months from January 5, 2022 up to April 7, 2023.

Operational Definitions of Common NCDs and Risk Factors
Comorbidity status: defined as absence of any common NCDs (not comorbid), presence of one common NCD
(comorbid) and presence of at least two NCDs (multi-comorbidity).

Shared risk factors were overweight/obesity and smoking, inadequate physical exercise, fruit and vegetable con-
sumption, and alcohol drinking.’

Overweight and obesity were measured by standard methods for body mass index (BMI) and waist circumference
based on National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) recommendations.*®

Adequate consumption of fruit and vegetables were measured by using the previous study standards.”’ Alcohol
drinking, physical inactivity and smoking were also assessed using the former study categorizations,®® similarly
hypertension®' and DM."?
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Figure | Cluster sampling schematic presentation of Hadiya Zone tuberculosis care centre.

Data Management and Analysis Plan

The data were analyzed by STATA v.14 and descriptive statistics of the proportion, the average, the reference value, and the
median were presented by tables and figures. A multinomial logistic regression model was developed to identify the relative risk
ratio (RRR) of multinomial outcome variables on tuberculosis NCD comorbidity status (0 = not comorbid, 1 = comorbid with
one NCD, 2 = comorbid with at least two NCDs). And candidate variables for multiple multinomial logistic regressions were
identified by crude RRR association at PV<0.05 at 95% CI. Test command was used to see the overall effect, significant on
outcomes and margins command was used to calculate the predicted probability of choosing each outcome at each level of
independent variable, holding all other variables in the model at their means. The margins plot and graph combined command
were used to plot the expected probabilities by independent variable for each output variable category. Basically, before statistical
model development their assumptions, model fitness and model comparing were made and the result was summarized and
displayed using tables and figures.

Data Quality Assurance

A standard structured questionnaire was used, which was translated, trained with for 5 days and pretested on 22
participants in the Gabo health centre. The collected data were verified by the daily supervisor to ensure that it was
complete and modified and then cleaned up before analysis. Before analysis, the data were explored to see the data
distribution and checked for missing data.

Result

Sociodemographic Characteristics

Among a total of 443 participants with a 100% response rate, 234 (52.82%) were male, 265 (59.82%) were in the age
range of 20-34, 214 (48.31%) lived in rural dwellings, and almost half (236, 53.27%) the respondent's monthly income
was <1000 Ethiopian birr (ETB). The majority (270, 60.95%) were married, 122 (27.54%) in occupation were students
and 150 (33.86%) were illiterate (could neither read or write) (Table 1).
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Table | Socio-Demographic Characteristics of Participants in Implementing NCD and

Risk Factor Screening Intervention in Southern Ethiopia

Variable Category Frequency Percent
Sex (n=443) Male 234 52.82%
Female 209 47.18%
Educational status (n=443) | Not read or write 150 33.86%
Primary school 170 38.37%
Secondary school 69 15.58%
College and above 54 12.19%
Occupation (n=443) Governmental worker 37 8.35%
Private government worker | 52 11.74%
Farmer 94 21.22%
Student 122 27.54%
Housewife 118 26.64%
Self-employed 12 2.71%
Other 8 1.81%
Residence (n=443) Urban 203 45.82%
Rural 214 48.31%
sub-city 26 5.87%
Marital status (n=443) Single 151 34.09%
Married 270 60.95%
Divorced 7 1.58%
Widowed 15 3.39%
Monthly income (n=443) <1000 Birr 236 53.27%
1001-3000 Birr 132 29.80%
>3000 Birr 75 16.93%
Family size (n=443) <5 Family number 312 70.75%
>5 Family member 129 29.25%
Age in years (n=443) 20-34 Years 265 59.82%
35-49 Years 100 22.57%
250 Years 78 17.61%
Religion (n=443) Protestant 345 78.05%
Orthodox 54 12.22%
Muslim 40 9.05%
Other 3 0.68%
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Two Stage NCDs and Risk Factor Screening Intervention on TB Patients

Out of 443 participants who were screened by using a two-stage WHO step-wise procedure, 53 (11.96%) had a score >8
and were recruited to stage two of the screening. Among the total who were screed in the second stage (53), 17 (32.08%)
had a score of more than 12, and 16 (94.12%) were linked to NCDs. From the total linked patients, the majority (87.5%)

started the treatment (Figure 2).

NCDs and Risk Factor Awareness Among Tuberculosis Patients

Among the total participants (443), the total mean time delay for treatment was (60.05 days), of this health-seeking delay
was 50.67 + 3.15 days, treatment initiation delay was 16.38 £+ 2.52 days. The majority 290 (65.46%) were pulmonary
tuberculosis and 279 (62.98%) and 245 (55.30%) had an awareness of the common NCDs and risk factors, respectively.
The majority of participants, 328 (74.04%) and 327 (73.81%), did not have awareness about stroke and COPD,
respectively. Concerning the comorbidity, 287 (64.79%), and 248 (55.98) did not have awareness of tuberculosis
comorbidity with NCDs and risk factors, respectively (Table 2).

Risk score < 8

390(88.04%)

Excluded from both
screening n=426

\

Risk score <12

36 (67.92%)

Total number of
participants included for
stage one screening

procedure (n=443)

Risk score > 8

53(11.96%)

Total number of
patients screened for
stage two (n=53)

Risk score >12
17(32.08%)

1

Number of patients started
treatment 14(87.5%)

Il

I
Linked to chronic care
16 (94.12%)

Figure 2 Classic flow chart diagram of the two stages of WHO step-wise NCDs and risk factor screening procedure from routine tuberculosis patients in Hadiya Zone,

southern Ethiopia.
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Table 2 Distribution of Tuberculosis Patient’s Awareness Towards NCDs and Risk Factors in

Southern Ethiopia

Variable Category Frequency | Percent
Tuberculosis types Pulmonary 290 65.46%
tuberculosis
Extra pulmonary 153 34.54%
tuberculosis
Health-seeking delay (mean=50.67 days, std. 3.15) <50.67 days 314 70.88%
>50.67 days 129 29.12%
Treatment initiation delay (mean=16.38 days, std. 2.52) | <16.38 days 389 87.81%
>16.38 days 54 12.19%
Presence of awareness of the common non- yes 279 62.98%
communicable disease o 164 37.02%
Knowledge of hypertension yes 277 62.53%
no 166 37.47%
Awareness of diabetes mellitus yes 256 57.79%
no 187 42.21%
Awareness of stroke yes 115 25.96%
no 328 74.04%
Knowledge of COPD yes 116 26.19%
no 327 73.81%
Awareness of cancer yes 179 40.41%
no 264 59.59%
Awareness of risk factors yes 245 55.30%
no 198 44.70%
Smoking is a risk for non-communicable disease yes 217 48.98%
no 226 51.02%
Alcohol use is a risk for non-communicable disease yes 228 51.47%
no 215 48.53%
Obesity is a risk for non-communicable disease yes 207 46.73%
no 236 53.27%
Physical inactivity is a risk for non-communicable yes 200 45.15%
disease no 243 54.85%
Malnutrition is a risk for non-communicable disease yes 176 39.73%
no 267 60.27%
(Continued)
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Table 2 (Continued).

Variable Category Frequency | Percent
Family is a risk for non-communicable disease yes 109 24.60%

no 334 75.40%
Do you know tuberculosis and non-communicable yes 156 35.21%
disease comorbidity?

no 287 64.79%
Do you know tuberculosis and risk factors yes 195 44.02%
comorbidity?

no 248 55.98%
Can we prevent non-communicable diseases? yes 303 68.40%

no 140 31.60%
Can we treat non-communicable diseases? yes 307 69.30%

no 136 30.70%

Prevalence of Risk Factors Among Tuberculosis Patients

Among the total (443) screened by the WHO Step-wise screening procedure, the prevalence of smokers was 39 (8.80%),
and we are 95% confident the true population prevalence will fall between 6.5% and 11.8%. Concerning alcohol use, 47
(10.61%) were alcohol drinkers and the true population prevalence will fall within a 95% confidence interval of 8.1% and
13.9%. The majority of participants consumed inadequate fruit 391 (88.26%), 95% CI [0.849, 0.910] and inadequate
vegetables 368 (83.07%), 95% CI [0.793, 0.863], had BMIs <23,330 (74.49%) we are 95% confident the true population

prevalence of BMI <23 will fall within 70% and 78% (Table 3).

Prevalence of Common NCDs Among Tuberculosis Patients

The majority (389, 87.81%) of TB patients were not comorbid with NCDs, but 32 (7.22%) and 22 (4.97%) of TB patients
were comorbid with one NCD and >2 NCDs (multi-comorbidity), respectively. The prevalence of DM was 25 (5.64%),

Table 3 Prevalence of Risk Factors Among Routine Tuberculosis Patients, in Southern Ethiopia

Variable (n=443) Category Frequency | Percent [95%, CI]
Age in years 20-34 265 59.82% [0.552, 0.643]
35-49 100 22.57% [0.189 0.267]
=50 78 17.61% [0.143, 0.215]
Smoking Yes 39 8.80% [0.065, 0.118]
No 404 91.20% [0.882, 0.935]
Alcohol consumption Yes 47 10.61% [0.081, 0.139]
No 396 89.39% [0.861, 0.919]
Physical activity per day <10 minutes 38 8.58 % [0.063, 0.116]
210 minutes 405 91.42% [0.884, 0.937]
Fruit consumption in a week < 5 times 391 88.26% [0.849, 0.910]
25 times 52 11.74% [0.090, 0.151]
(Continued)
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Table 3 (Continued).

Variable (n=443) Category Frequency | Percent [95%, CI]
Vegetable consumption in a day < 3 services 368 83.07% [0.793, 0.863]
2 3 services 75 16.93% [0.137, 0.207]
BMI <23 330 74.49% [0.702, 0.783]
23-24.9 70 15.80% [0.127, 0.195]
=225 43 9.71% [0.073, 0.128]
Waist circumference in centimetres <72 female/78male 298 67.27% [0.627, 0.715]
72-79female/78- 126 28.44% [0.244, 0.328]
89male
280female/90male 19 4.29% [0.027, 0.066]
History of non-communicable disease in the yes 44 9.93% [0.075, 0.131]
family no 399 90.07% [0.869, 0.925]

Abbreviation: Cl, confidence interval.

and we are 95% confident the true population prevalence will be found within 3.8% and 8.2% intervals. The prevalence

of hypertension among tuberculosis patients was 29 (6.55%), in which the population prevalence will be found between
4.6% and 9.3% intervals, we are 95% confident (Table 4).

Predictors of Comorbid NCDs and Risk Factors with Tuberculosis

At the beginning, we checked the association between 30 explanatory variables with response variables in bivariate

multinomial logistic regression, half (15) the variables showed a significant association with outcome variables, namely,

income category, family size category, sex category, knowledge of common NCDs, the weight of patients, awareness

of risk factors, awareness of comorbidity and awareness of the presence of NCD treatments, risk scores of >8 and >12,

Table 4 Prevalence of Common NCDs Among Routine Tuberculosis Patients, in

Southern Ethiopia

Variable Category Frequency | Percent [95%, CI]
Diabetes mellitus yes 25 5.64% [0.038, 0.082]
no 418 94.36% [0.918, 0.962]
Hypertension yes 29 6.55% [0.046, 0.093
no 414 93.45% [0.907 0.954]
Stroke yes 5 1.13% [0.005, 0.027]
no 438 98.87% [0.973, 0.995]
Heart disease yes 6 1.35% [0.006, 0.030]
no 437 98.65% [0.970, 0.994]
Cancer yes 4 0.90% [0.003, 0.024]
no 439 99.10% [0.976, 0.997]

(Continued)

Integrated Blood Pressure Control 2023:16

https:

Dove!

103


https://www.dovepress.com
https://www.dovepress.com

Nunemo et al Dove

Table 4 (Continued).

Variable Category Frequency | Percent [95%, CI]
COPD yes 8 1.81% [0.009, 0.036]
no 435 98.19% [0.964,0.991]
I stage risk score <8 score 393 88.71% [0.854. 0.914]
>8 score 50 11.29% [0.086, 0.146]
2" stage risk score <12 score 430 97.07% [0.950, 0.983]
>|2 score 13 2.93% [0.017, 0.050]
TB-NCD comorbidity status | not comorbid 389 87.81% [0.844, 0.906]
one comorbidity 32 7.22% [0.051, 0.101]
multi-comorbidity | 22 4.97% [0.033, 0.074]

Abbreviation: Cl, confidence interval.

alcohol use, physically inactivity, waist circumference, BMI, and age category. From fifteen variables, only eight
variables were significantly associated with outcome variables in multiple multinomial logistic regression, and risk
score >8, family size, monthly income, BMI, and weight were independent variables that significantly predicted whether
the person fell into the TB comorbid with one NCD category (comparing group) versus the not comorbid tuberculosis
group (baseline). The remaining variables, age category, awareness of NCD comorbidity and NCD treatment, were the
independent variables that significantly predict whether the person falls into the TB with multi-comorbid NCDs category
(comparing group) versus TB without an NCD comorbidity (baseline).

The overall model is statistically significant (chi-square = 105.63, p=<.001), and based on McFadden’s, we might say
that the full model containing our predictors represents 26% (pseudo-R-square), improving in fit relative to the null
model. We used the test command to check whether one of the independent variables predicted equally or not the
outcome variable, and all predictors PV<0.05, and the test showed that the effects were statistically different from each
other.

The relative risk ratio (RRR) for weight indicates that for each one-unit increase in weight, the relative risk of being
in the TB comorbid with one NCD related to the risk of belonging to the TB comorbid with one NCD changed by
a factor of 1.06. This means that as weight increases, the risk of falling into the TB comorbid with one NCD group is
predicted to increase while the risk of falling into TB without a comorbid group is expected to decrease ([95% CI, ARR
(1.01, 1.1D)].

A family size >five is 2.81 times more likely to fall into tuberculosis comorbid with one NCD in relation to not being
comorbid with NCDs, compared to a family size <five. 95% CI, ARR 2.81 (1.05, 7.60)].

Subsequently, the monthly income variable was treated as three categories, the higher incomes category was
compared to the lower income category (less than or equal to 1001; baseline category). Although the two dummy
variables were positive, only the last dummy variable was positively significantly associated (PV = 0.050). Those
participants with monthly income >3000 birr are 3.12 times more likely to fall into tuberculosis comorbid with one NCD
compared to TB without being comorbid with NCDs, compared to those with monthly income <1000 ETB.

The relative risk of tuberculosis patients with BMI >25 is 3.33 times that of BMI <23 to being TB comorbid with one
NCD vs being TB without being comorbid with NCDs. [95% CI, ARR 3.33 (1.12, 9.90)].

In comparison to having TB not comorbid with NCDs, a risk score >8 is 6.47 times more likely to have TB comorbid
with one NCD compared to a risk score <8. [95% CI, ARR 6.47 (1.50, 27.97)].

In comparison to not having an awareness of TB NCDs comorbidity, the presence of awareness of TB-NCDs
comorbidity is 9.33 times more likely to have tuberculosis with multi-comorbidity compared to tuberculosis not
comorbid with NCDs. [95% CI, ARR 9.33 (2.02, 43.17)]. Similarly, the presence of awareness of NCD treatment is
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Table 5 Predictors of Non-Communicable Disease Comorbidity Status with Tuberculosis Disease in Southern Ethiopia, Hadiya Zone

Category Coef. RRR PV [95% | CI]
Comorbidity status Not comorbid=0 Base outcome

Comorbid with one NCD =1 | Comparison group
Income category <1000 ETB Reference

1001-3000 ETB 0.05 0.91 0.94 0.32 2.60

>3000 ETB 1.27 3.12 0.05* 1.10 8.877
Weight in kg 0.08 1.06 0.012*% | 1.0l I.11
Family size <5 family member Reference

>5 family member 1.27 2.8l 0.032*% | 1.05 7.60
Risk score 2 8 score Reference

> 8 score 1.63 6.47 0.012*% | 1.50 27.97
BMI <23 Reference

23-24.9 -0.94 0.52 0.357 | 0.I3 2.10

>25+ 0.40 3.33 0.031* | I.118 | 9.90
Comorbidity status Multi-comorbidity=2 Comparison group
Do you have an awareness of NCD comorbidity? | Absence Reference

Presence 1.71 9.33 0.004* | 2.02 | 43.17
Do you have awareness of NCD treatment? Absence Reference

Presence 233 52.32 0.019* | 1.890 | 175.0
Age category 20-34 years Reference

3549 years 1.66 3.87 0.063 | 0.85 17.69

>50 years 2.50 22.13 0.021* | 3.46 141.41

Note: *Statistically significant.
Abbreviations: Coef, Coefficient; RRR, relative risk ratio; PV, probability value; Cl, confidence interval.

52.32 times more likely to fall to tuberculosis with multi-comorbidity compared to tuberculosis without comorbidity.
[95% CI, ARR 52.32 (1.890, 175.0)]

Since the age variable was treated as categorical, the two older categories were compared with the youngest category
(20-34; baseline category). Although from the two dummy variables, only the last dummy variable was positively
significantly associated (PV = 0.031). Persons aged 50+ are at a 22.13 times greater risk than the 20-34 years aged
category of falling into the TB with multi-comorbid NCDs compared to TB comorbid without NCDs [95% CI, ARR
22.13 (3.46, 141.41)] (Table 5).

Discussion

Our study revealed that 87.81% of TB patients were not comorbid with NCDs, 7.22% were comorbid with one NCD and
4.97% multi-comorbid. This prevalence is less than that from South Africa (26.9%),"” Indonesia (35.5%)* and the
Philippines (40%).>* This difference might be due to a sample size difference, our study sample size is 443, but the South
Africa sample size was 4207, and because of non-communicable disease comorbidity assessment methods variations.
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In this study, out of the total screened, 11.96% had a risk score of more than 8 of which 32.08% had a risk score of
more than 12, 94.12% had links to NCD clinics, the majority (87.5%) had started the treatment. This result is higher and
contradicts the study conducted in Delhi, India (82% reached the clinic, and 83% started the treatment).'> This might be,
because of the difference in the study setting and sample size, in India 403 sample size and two DOT centres, but in our
study 443 sample size and seven DOT centres.

In the current study, the prevalence of diabetes mellitus and elevated blood pressure among tuberculosis patients were
5.64% and 6.55%, respectively. This finding varies from the studies conducted in India,' the hypertension prevalence is
7% and 8% for DM, and is lower than Ambhara, Ethiopia (8.3%)'® and Nigeria (12%).>* The variation might be because
of different study populations and sample sizes, in Nigeria 4000 persons aged above 12 years were included. However, it
is similar to the study conducted in Luanda, Angola,>* where the diabetes mellitus prevalence among tuberculosis
patients is 6%, this might be due to having a similar number of DOT centres and an equal sample size.

In a study in Luanda, Angola, the prevalence of hypertension among newly diagnosed TB patients was 19.6% and
in northern Angola it was 23%, it contradicts our finding and might be different due to the study design (community-
based) and large sample size (1464 adults).

Our study showed that, among the total TB patients, the prevalence of smokers 8.80%, alcohol drinkers 10.61%, consuming
inadequate fruit (88.26%), and vegetables (83.07%) and BMI >25 /obesity (9.71%), which is lower and contradicted with other
setting studies. In Semnan City, cigarette smokers were 16.9% and consumed alcohol 1.3%," in Nepal tobacco use was 23.7%,
alcohol 19.1%, obesity 24.8%"¢ and in Delhi, India, inadequate vegetables consumed by 80% and inadequate fruits consumed
were 72%."® This variation might be due to the difference in risk factor measurement techniques, follow-up time and enrollment
strategies of TB patients for the study, for example, other studies enrol new TB patients from outpatient departments, but for our
study, we selected TB patients from routine care.

The patients who had a risk score >8 are at 6.47 times higher risk for TB being comorbid with one NCD compared to not
comorbid, compared to risk score <8. They might be using alcohol, smoking or other risk factors which can expose TB
patients to developing NCDs and the majority of our participants consume inadequate fruit (88.26%) and inadequate
vegetables (83.07%). This finding is similar to the Gabon, predictors of comorbidity of elevated blood pressure with
TB,?” and the Delhi India study, among TB patients the major risk factors are inadequate vegetable and fruit consumption.'

Those who had a family size greater than 5 are at a 2.81 times greater risk for TB comorbid with one NCD, compared to not
comorbid with NCDs, and in comparison with a monthly income <1000 ETB, those persons who had a monthly income of more
than 3000 ETB are at a 3.12 times high risk of having TB comorbid with one NCD related to without a comorbidith. This might
be due to the presence of social and lifestyle stress with a large family and the person having more money might be exposed to
luxurious activity like alcohol drinking, cigarette smoking and using more spicy food being at risk of NCDs. It is similar to the
report by the WHO,® determinants of tuberculosis incidence rate are low income, disparity and food deficiency, living style,
crowded environment and ageing.

Those tuberculosis patients’ increase of one unit in weight is positively predicted with a 0.08 increase in the relative
log odds of being TB comorbid with one NCD compared to without NCDs. Similarly, those persons who had a BMI of
25+ are 3.33 times more likely at risk for TB comorbid with one NCD opposed to without NCDs, compared to a BMI
<23 (baseline). This may be because increasing uncontrolled body weight can increase risk factors for TB patients to be
affected by NCDs. This report is in line with the Luanda, Angola study report, the risk factors of elevated blood pressure
were old age and obesity or overweight.?**’

On the other hand, those TB patients aged >50 years are 22.13 times more likely comorbid with multi-comorbidities
related to without comorbid, compared to those aged 20-34 years. The reason might be as age increases, the immunity
status of the patients decreases, due to this TB patients in the long run can develop NCDs. This finding is similar to
predictors of non-communicable disease multi-morbidity with tuberculosis including age.?**°

Those TB patients who had awareness of NCD comorbidity were 9.33 times more likely to fall into TB with multi-
comorbidity category compared to those without comorbidity, related to having no awareness of comorbidity. This might be due
to the health workers’ education and counselling of the comorbid TB-NCD patients on comorbidity, treatment and self-
management, however, those not comorbid TB patients mightn’t be aware of NCDs. The awareness of TB and NCDs
comorbidity can be given by health workers, due to this those TB patients comorbid with NCDs, have more awareness of it.
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This means only comorbid patients have adequate awareness of NCDs, but those not comorbid TB patients may not have
adequate awareness. This finding was supported in Delhi, India,40 Australia, and the LMIC review s‘rudy,‘“J‘3 for most
integration efforts, a broader set of clinical skills may be required, and training in healthcare workers is an important facilitator
to increase consciousness of the worth of integrating specific programs, and for building working proficiency, self-confidence,
and working drive.

Limitation

The positive aspects of the study wwere that we collected data by standard measurement tools prospectively through
interviewing TB patients and screening non-communicable diseases so that the validity of the data is better than record
review-based data. However, we included only routine TB patients in the DOTs centres for screening TB patients.
Suspected TB in the outpatient department was not included and we screened most risk factors by self-report, which
might introduce biases.

Conclusion

In general, the majority of tuberculosis patients were not comorbid with NCDs. The person’s weight, family size of more
than five, monthly income >3000 birr, risk score >8 and BMI >25 significantly predict the comorbidity with one non-
communicable disease in relation to those without a comorbidity. The presence of non-communicable disease comor-
bidity and treatment awareness and being aged 50+ years significantly predict NCD multi-comorbidity compared to those
without a comorbidity. For early detection and management of both diseases, establishing bidirectional screening
platforms in tuberculosis care programs is urgently required.
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