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Abstract. – OBJECTIVE: Geriatric popula-
tions are most at risk for the tuberculosis pan-
demic, and as people age, the rate of infection 
rises steadily and drastically. Geriatric individu-
als frequently experience diagnostic challenges 
with a wide range of comorbidities, but employ-
ing all available standard and novel methods to 
diagnose any infection is crucial. The prophy-
lactic and therapeutic management for the geri-
atric population presents a significant difficulty 
and challenge in assessing an appropriate and 
effective therapeutic outcome due to prolonged 
drug therapy and adverse drug reactions. The 
present study aims to determine the prevalence 
of tuberculosis in the geriatric population in the 
Indian subcontinent, its risk factors, clinical out-
comes, and adherence to the medication.

PATIENTS AND METHODS: A prospective 
observational investigation was conducted in a 
tertiary care Hospital in Erode, Tamil Nadu, In-
dia, from April 2021 to September 2022. A to-
tal of 1,014 patients were screened, and 176 par-
ticipants were selected. The participants were 
then subjected to medication adherence evalu-
ation, and clinical data was collected.  The sta-
tistical analysis was performed using SPSS ver-
sion 20.0.

RESULTS: Among 176 participants, 135 
(76.70%) were old (65-74 age), 37 (21.02%) were 
very old (75-84 age) TB patients, and 4 (2.27%) 
patients were extremely old TB patients (>85). 
Medication adherence was improved from base-
line to the end of the study (p≤0.000). 110 patients 
completed the treatment (62.5%). 41 patients 
were cured in between treatments (23.29%), 13 

patients died during the treatment (7.38%), 9 
patients lost their follow-up (5.11%), 3 patients 
failed to respond to the treatment (1.70%). 

CONCLUSIONS: The effectiveness of thera-
py critically depends on the patient’s medication 
adherence to anti-TB therapy. In addition to hav-
ing a higher likelihood of therapy failure, elder-
ly patients did not appropriately respond to the 
treatment and completely recovered from the in-
fection even after effective pharmacotherapy.

Key Words:
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Geriatrics, Diagnosis, Prevention, Comorbidities, Dia-
betes mellitus, HIV.

Introduction

The infectious bacterial pathogen Mycobac-
terium tuberculosis is the prime cause of tuber-
culosis (TB), which is among the most common 
infectious illnesses worldwide. Nevertheless, the 
diagnosis, prophylactic, and effective therapeutic 
management of TB remains a lethal concern for 
public health globally1. Geriatrics is a specializa-
tion that focuses on many elements of the phys-
iologic condition, such as exploratory, curative, 
supporting, and social implications of diseases 
and providing care for the unique health needs of 
the elderly2.  Geriatric TB accounts for most of 
these cases, which are frequently overlooked due 
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to accompanying comorbidities and repetitive 
clinical manifestations3. The frequency of TB in 
the geriatric population fluctuates significantly 
between developing and developed countries4. By 
2026, India’s geriatric population is expected to 
exceed 12.6% of the overall population. Accord-
ing to the India TB study, a massive difference in 
demographic breakdown among TB occurrence 
cases is predicted to prevail across the country 
by 20205.  

Detecting TB in high-risk populations through 
periodic monitoring is logistically and financially 
a stigma for lower-middle-income countries like 
India. Simultaneously, failing to detect and en-
gage this alarmingly increasing problem of geri-
atric TB could pose a substantial barrier to the 
National TB Elimination Programme’s (NTEP) 
continual efforts to reach the country’s targeted 
end-TB goals in 20256. To implement this sub-
stantially valuable healthcare goal, it is critical to 
identify specific clinical information and demo-
graphic details of subgroups that may be highly 
susceptible to poor therapeutic outcomes and, 
if required, to give them additional healthcare. 
According to the current literature and previ-
ous research7-11 available from Asia (India, Hong 
Kong), and Africa, specifically in Ethiopia, TB 
patients of 60 years of age and older belong to a 
sub-category with deprived treatment effective-
ness. The ineffective ATT efficacy and higher 
mortality rate may be due to poor medication 
adherence, drug intolerance, and existing acute 
and/or chronic co-morbidities. 

The current healthcare system should antici-
pate a drastic increase in geriatric TB patients, 
and consequently, this may offer challenges with 
diagnosis, clinical presentation, and disease spec-
trum12-15. Underlying medical conditions such as 
chronic alcohol consumption, malnourishment, 
comorbidities such as diabetes mellitus, HIV in-
fection, atherosclerosis, hypertension, cardiovas-
cular issues (stroke, myocardial infarction), renal 
diseases, neurological disorders, and physiologi-
cal changes associated with aging can all affect 
the inherent defense mechanisms, impede micro-
bial clearance systems, and promotes a predicted 
age-related decrease in cellular immune function 
to microorganisms like Mycobacterium tubercu-
losis16. The outcome of therapeutic management 
of TB in elderly patients is challenging because 
of the difficulty in diagnosing TB, increased 
incidences of ADR, hypersensitivity reactions, 
allergic manifestations, comorbidities, and com-
plications of the patients in adherence to the 

regimen16. Hence, this study focuses on assessing 
the prevalence, risk factors, drug-related adverse 
effects, and adherence to anti-TB drug regimens 
in pulmonary tuberculosis in elderly patients.

Patients and Methods

Study Design, Period, and Site
This prospective observational investigation 

was performed in a Tertiary Care Hospital in 
Erode district, Tamilnadu, among the patients 
who visited the Directly Observed Therapy 
(DOT) centre under NTEP program. The study 
was conducted from April 2021 to September 
2022. The out-patient Department screened for 
pulmonary TB in patients aged 65 years and 
older who had one or more chest symptoms 
(fever, chills, chest pain, pain with breathing or 
coughing, cough, coughing up blood or mucus). 
The current study analyzed the sociodemograph-
ic characteristics and adverse drug reactions en-
countered in patients administered with ATT in 
geriatric patients. Furthermore, the current study 
also analyzed the results of TB care and medi-
cation adherence to ATT (ATT-rifampin, isonia-
zid, pyrazinamide, and ethambutol). The results 
achieved in this vulnerable group will determine 
how effectively the National TB Elimination Pro-
gramme of India might manage the condition.

Data Source and Variables
A medication history interview form was used 

to gather information about the patient, includ-
ing demographic data, socioeconomic status, and 
past medical and medication histories. Mass mi-
croscopic radiography and three sputum smears 
for acid-fast bacilli were employed as a primary 
screening method. Category-I and Category-II 
ATT drugs were prescribed to the patients. The 
socioeconomic status of the patients was mea-
sured by using the Kuppusamy Scale in rural 
as well as urban areas. Kuppuswamy developed 
this scale in 1976, and it consists of an overall 
rating that combines the levels of education and 
profession of the family head, as well as the fam-
ily’s monthly income, yielding an index of 3-29. 
Based on the score, the socioeconomic status was 
categorized into different ranges: Class I (upper) 
with a score of 26-29, Class II (upper-middle) 
with a score of 16-25, Class III (lower-middle) 
with a score of 11-15, Class IV (upper-lower) with 
a score of 5-10, and class V (lower) with a score 
of 1-4.  Pharmaceutical care was given, and med-
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ication-related concerns, such as adverse drug 
reactions, hypersensitivity reactions, and allergic 
manifestations, were monitored. At the end of 
the intensive phase and the maintenance phase, 
patient adherence to medication was evaluated 
using the Morisky, Green, & Levine (MGL) Med-
ication Adherence Questionnaire. The Morisky, 
Green, and Levine (MGL) Medication Adherence 
Questionnaire consists of four items, each of 
which is given a score of “0” for yes and “1” for 
no. Scores of “0” indicate complete compliance, 
“1 or 2” a moderate level, and “3 or 4” a subpar 
level. Following the fulfillment of the screening 
criteria, 176 patients were assessed. The fol-
lowing evaluations of the treatment results for 
research patients were made following the NTEP 
Technical Guidelines. (1) Cured (Patient who is 
successfully treated); (2) The cure is complete 
(Patient who has completed intensive and contin-
uous phase under DOTS); (3) There is a lack of 
follow-up (Figure 1). 

Ethics Considerations
Ethical approval for the current study was ob-

tained from the Institutional Human Ethics Com-
mittee of Dhanvantri Multispecialty Hospital, 
Erode, Tamilnadu (REF: DCC/IEC/025/2021). 
Also, the written informed consent form was col-
lected from the subjects or bystanders.

Statistical Analysis
The statistical analysis was performed using 

Statistical Package for Social Sciences (IBM 
Corp., Armonk, NY, USA), version 20.0. Medica-
tion Adherence in elderly patients was evaluated 
by the Chi-square test and a p-value lower than 
0.05 was considered statistically significant.

Results

A prospective observational study was carried 
out on 1,014 patients. Among the 1,014 patients, 
176 patients fell under the geriatric patients cat-
egory and were selected for the study. Out of the 
176 TB patients, 135 (76.7%) were the youngest 
old, 37 (21.02%) were middle-old TB patients, 
and 4 (2.27%) patients were the oldest old TB pa-
tients (Table I). Among 176 patients, 136 (77.2%) 
were male TB patients, and 40 (22.8%) were 
female TB patients. Of 176 patients, 2 (1.1%) 
had reactive HIV status, and 174 (98.9%) had 
non-reactive HIV status. In this study, among 
176 patients, 28 (15.90%) patients were hypergly-
caemic (TB patients with diabetes mellitus), and 
147 (83.52%) patients did not show any signs of 
hyperglycemia. Concerning the socio-econom-
ic status, 3 (1.7%) patients were class-I (Upper 
class), 18 (10.2%) patients were class-II (Up-

Figure 1. Depicts the overview of the research of participants into various phases throughout the study’s follow-up.
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per-Middle class), 29 (16.5%) patients were class-
III (Lower-Middle class), 90 (51.1%) patients were 
class-IV (Upper-Lower class), 36 (20.5%) patients 
were class-V (Lower class). The current study 
also analyzed the onset and type of TB and ruled 
out that, among 176 patients, 151 (85.8%) were 
newly diagnosed with TB, 8 (4.5%) were known 
to have MDR TB, 14 (8%) were showed recurrent 
TB symptoms, and 3 (1.7%) were defaulted TB 
patients. Of the 176 study participants following 
the treatment regimen, 164 (93.2%) patients took 
category I ATT drugs, 4 (2.3%) patients took cat-
egory II ATT drugs, and 8 (4.5%) patients took 
MDR short drugs (Table I). Association of demo-
graphic profile with gender distribution showed 
statically significant (p-value<0.05) in age-wise 
distribution (p-value<0.010*), HIV status (p-val-
ue<0.009*), and type of regimen received (p-val-
ue<0.040*). The following risk factors were ob-
served in the geriatric TB patients: 3 (1.7%) 
patients were alcoholic; 3 (1.7%) patients had 
been in contact with known TB patients; 3 (1.7%) 
patients had diabetes mellitus as a comorbid con-
dition; 3 (1.7%) patients had a history of smoking, 

alcohol consumption, malnutrition, HIV; 4 (2.3%) 
patients were found to be malnourished; 132 
(75 %) patients were non-smoker and alcoholic; 
6 (3.4%) patients were tobacco users; 3 (1.7%) 
patients were from urban slums; and 19 (10.8%) 
patients were affected by other factors (Table II).   

The current study depicts the following ADR 
observed in the elderly TB patients, namely, 10 
(23.8%) patients had GI disturbances, 3 (7.1%) 

Table I. Demographic details of the patients (n=176).

                                       Gender

 Variables Male Female Total p

Age    
Old (65-74) 99 (73.3%) 36 (26.7%) 135 0.010*
Very old (75-84) 35 (94.6%) 2 (5.4%)  37  
Extremely old (> 85) 2 (50.0%) 2 (50.0%)   4 
HIV    
Reactive 0 2 (100.0%)   2 0.009*
Non-reactive 136 (78.2%) 38 (21.8%) 174 
Diabetic mellitus    
Diabetic mellitus 22 (75.9%) 7 (24.1%)  29 0.843NS

Non-diabetic 114 (77.6%) 33 (22.4%) 147 
Socio-economic status    
Class I (Upper class) 1 (33.3%) 2 (66.7%)   3 0.288NS

Class II (Upper-Middle) 13 (72.2%) 5 (27.8%)  18 
Class III (Lower-Middle) 25 (86.2%) 4 (13.8%)  29 
Class IV (Upper-Lower) 70 (77.8%) 20 (22.2%)  90 
Class V (Lower) 27 (75.0%) 9 (25.0%)  36 
Type of TB case    
New 116 (76.8%) 35 (23.2%) 151 0.817NS

MDR 6 (75.0%) 2 (25.0%)   8 
Recurrent 11 (78.6%) 3 (21.4%)  14 
Default 3 (100.0) 0   3 
Type of regimen    
Category I 129 (78.7%) 35 (21.3%) 164 0.040*
Category II 1 (25.0%) 3 (75.0%)   4 
MDR short 6 (75.0%) 2 (25.0%)   8 

Chi Square Test : * - p < 0.05; NS (Not Significant) - p > 0.05.

Table II. Risk factors of tuberculosis in elderly patients 
(n=176).

  Number
 Risk factors of patients Percentage

Alcoholic   3 1.7
Contact of known TB patients   3 1.7
Diabetes mellitus   3 1.7
Smoker, alcoholic,    3 1.7
malnutrition, HIV
Malnutrition   4 2.3
Non-smoker, Non-alcoholic 132 75.0
Tobacco   6 3.4
Urban slum   3 1.7
Other   19 10.8
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patients had arthritis, burning sensation of eyes, 
cutaneous reactions, flu syndrome, hepatotoxic-
ity, and visual disturbances in 2 (4.8%) patients 
each, 4 (9.5%) patients had dizziness/vertigo, 
peripheral neuropathy, ototoxicity, and nephro-
toxicity in 1 (2.4%) patient, 6 (14.3%) patients had 
hypersensitivity reaction, gout, and respiratory 
syndrome in 3 (7.1%) patients (Table III).

The medication non-adherence of ATT drugs 
using the MGL scale was analyzed, and the 
comparison of scores of medications non-ad-
herence of ATT Drugs using the MGL Scale by 
Chi-square test was further performed. Out of 
176 patients, in the baseline period, 42 (23.9%) 
patients had low adherence, 125 (71%) patients 

had medium adherence, and 9 (5.1%) patients had 
high adherence.  Eventually, by the end of the 
study period, the medication non-adherence was 
increased to 11 (6.3%), 30 (17.04%) patients had 
medium adherence, and 135 (76.70%) patients 
had high adherence. Overall, the statistical infer-
ence was significant (Table IV).

This study was performed using the compar-
ison of scores of the MGL scale-paired sample 
t-test (Table V).  As per the study, the mean ad-
herence was 1.56±1.040, and the end score mean 
value was 2.84±1.147. The statistical inference ul-
timately was found to be statistically significant. 

Among 176 patients, 110 patients completed 
the treatment, and the treatment completion per-
centage was 62.5%. 41 patients were cured in 
between treatments (23.29%), 13 patients died 
during the treatment (7.38%), 9 patients lost their 
follow-up (5.11%), and 3 patients failed to respond 
to the treatment (1.70%) (Figure 2).

Discussion

Geriatric TB is a significant public health con-
cern globally since it severely escalates morbidity 
and mortality17. The current study was performed 
in a specific district in the State of Tamil Nadu, 
India. Since this state had an increased incidence 
of TB, the study focused on the geriatric pop-
ulation with or without comorbidities (diabetes 
mellitus and HIV) and patients with varying life-
styles (alcohol consumption and smoking).

Table III. Drug-related side effects of ATT drugs in elderly 
patients.

  Frequency
 ADRs (n = 42) Percentage

GI disturbances 10 23.8
Arthritis  3 7.1
Burning sensation of eyes  2 4.8
Cutaneous reaction  2 4.8
Dizziness/vertigo  4 9.5
Flu syndrome  2 4.8
Gout   3 7.1
Hepatotoxicity  2 4.8
Peripheral neuropathy  1 2.4
Hypersensitivity reaction  6 14.3
Visual disturbances  2 4.8
Ototoxicity  1 2.4
Nephrotoxicity  1 2.4
Respiratory symptoms  3 7.1

Table IV. Comparison of scores of medications non-adherence of ATT drugs using MGL scale.

                       End

 Adherence  High Medium Low Total Statistical inference

High 7 (5.2%)  2 (6.7%) 0   9 (5.1%) 0.003***
Medium 94 (69.6%) 21 (70%) 10 (90.9%) 125 (71%) 
Low 34 (25.2%)   7 (23.3%) 1 (9.1%)    42 (23.9%) 
Baseline 135 30 11 176 

Chi-square test: ***The difference between groups was statistically significant at the 99.9% confidence interval (p < 0.001).

Table V. Comparison of scores of medications non-adherence of ATT drugs using MGL Scale.

 Pair Mean N S.D. Mean S.D. t df Statistical inference

Adherence total 1.56 176 1.040 1.27 1.569 10.760 175 0.000***End score 2.84 176 1.147

Paired t-test: ***The difference between groups was statistically significant at the 99.9% confidence interval (p < 0.001).
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This impactful prospective clinical study on 
geriatric TB patients identifies the type of indi-
viduals at high risk for TB, comorbidities that can 
increase the risk, TB-induced comorbidities, the 
rate of occurrence of TB in a specific population, 
appropriate preventative and therapeutic regi-
men, and iatrogenesis associated with the ATT 
medications. Based on the above data obtained 
regarding vulnerable individuals (geriatric pop-
ulation), healthcare professionals can assimilate 
the key etiopathological aspects underlying the 
occurrence of health problems. They can propose 
effective diagnostic, prophylactic, and therapeu-
tic strategies to prevent and control diseases in a 
specific population or community. Thus, in our 
study, by assessing the individual at risk, explicit-
ly the geriatric population, healthcare profession-
als can steer their effective ATT health outcome 
strategies at this specific group. TB is one of the 
most universal infectious pathologies around the 
globe.  Regardless of the current improved di-
agnosis, superior pharmacological interventions, 
and patient education, approximately two billion 
individuals (approximately) are infected with TB. 
Furthermore, ten million individuals develop TB 
pathologies in addition to nearly two million 
deaths/year18. 

The national program will be significantly 
impacted in several ways by the findings from 

the current study.  The 4:1 ratio of male to female 
geriatric individuals with TB is a major concern 
for contemporary and future healthcare. Addi-
tionally, there is a major concern about underre-
porting of TB in females. By conforming to the 
epidemiological configuration of TB in this geo-
graphic location, our findings also confirmed the 
incidence surveys carried out in Tamil Nadu19-22. 

The MGL questionnaire was used to determine 
the patient’s medication adherence behavior both 
at the baseline and end of the study. The study 
demonstrated a statistically significant change 
in medication adherence behaviors during the 
intervention. Besides, the investigators faced cer-
tain issues during the study period regarding the 
lengthy treatment period, the need for combina-
tion medicine, unwanted adverse drug reactions, 
and adherence. Moreover, patients who repeat-
edly experience fast improvement in their symp-
toms may cover up the significance of sticking to 
extensive pharmacological therapy that may be 
viewed as unneeded. Patient adherence to treat-
ment appears to be significantly influenced by 
support from family members, which can include 
collecting the drugs, monetary support, and emo-
tional support as well23.

Thus, truly, TB is the primary and leading 
source of mortality related to any type of infec-
tion around the globe.  Globally, TB is associated 

Figure 2. Outcome of treatment of pulmonary tuberculosis in elderly patients.
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with the highest mortality in human immuno-
deficiency virus (HIV) patients, causing nearly 
40% mortality in the HIV populace. The United 
Nations Sustainable Development Goals and the 
World Health Organization’s (WHO’s) End TB 
Strategy have designed definite, determined goals 
for 2020-2035, comprising a 35% decrease in 
the out-and-out number of TB-related mortalities 
and a twenty percent decrease reduction in the 
incidence of TB24. According to WHO, the rate of 
TB occurrence was highly prevalent in Southeast 
Asia and Africa regions, and a significant num-
ber of cases were seen in HIV patients.  Another 
crucial therapeutic issue is multidrug-resistant 
(MDR) or Rifampicin-resistant (RR) (resistance 
to at least both isoniazid and rifampicin), which 
resulted in an increased number of TB25. Interest-
ingly, iatrogenesis (drug-induced pathologies) can 
significantly increase the risk for cardiovascular 
events, neurotoxicity, nephrotoxicity, hepatotox-
icity, gastrointestinal (GI) issues, and pulmonary 
complications26.

Geriatrics is a clinical science that specifically 
engages in offering supportive prophylactic and 
therapeutic interventions to drastically improve 
healthcare for the distinctive health requirements 
of elderly adults27.  During the physiological aging 
process, there is a major decline in cellular func-
tions, eventually resulting in decreased tissue and 
organ functions. Thus, this notably increases the 
risk for inflammation, mitochondrial dysfunction, 
excitotoxicity, oxidative stress, apoptosis, necro-
sis, and infection28. There is a severe immunose-
nescence (remodeling of immune changes that 
occurs in the elderly/geriatric individual) which 
results in malfunction of the immune system due 
to decreased role of the primary (bone marrow, 
thymus) and secondary immune organs (lymph 
nodes, spleen and tissues within the different 
mucous membrane linings in mammals) ensuing 
in the alterations of the immune system of an 
elderly individual, that is meticulously associated 
to the increased rate of infections, autoimmune 
pathologies, and cancer/malignant tumors29. The 
notable geriatric pathologies include cognitive 
impairment, arthritic conditions, cancer, asth-
ma, chronic renal disease, persistent obstructive 
pulmonary disease, dementia, diabetes mellitus, 
infections, mental disorders, movement disorders 
(Parkinson’s disease), muscular weakness, osteo-
porosis, and stroke. The new clinical concept of 
“Geriatric syndromes” was coined in the modern 
scientific world to understand the major clinical 
pathologies to improve health outcomes in elder-

ly patients. The geriatric syndromes comprise 
bone fractures (spontaneous), dementia, delirium, 
depression, failure to thrive, falls, functional de-
cline, incontinence (lack of voluntary control over 
defecation and/or urination), vertigo, neglect, and 
abuse of an elderly individual.  Thus, geriatrics 
occurs due to the cumulative and aggregated ero-
sion of the various physiological systems28.  One 
of the major systems reflecting an anatomical and 
functional decline is the immune system, which 
is precisely unified and connected to the body as 
immune cells are present in all organ systems and 
recirculate in the blood and lymph. The targeted 
specific immune response to pathogens in geriat-
ric patients has significantly declined. Therefore, 
the present study focussed on the pathology of 
TB in a geriatric population. 

This study implicated the outcome of treat-
ment, such as cure, loss of follow-up, and mortali-
ty of patients after ATT therapy. Major predictors 
of mortality after ATT include socioeconomic 
characteristics that apply to geriatric individuals, 
such as social exclusion, and malnutrition. Our 
study analysis has shown a positive result towards 
the outcome of ATT treatment. These findings in-
dicated the efforts taken by healthcare profession-
als (physicians, pharmacists, nurses, and DOTS 
providers) to make geriatric TB patients adherent 
to the treatment regimen in reducing morbidity 
and mortality and thus significantly improving 
healthcare in geriatric patients with TB. 

Conclusions

Tuberculosis treatment among the elderly is 
challenging due to the initial limits of respira-
tory deprivation and contact assessment, which 
are routinely used in long-term care institutions, 
as well as the ongoing provision of ATT.  This 
study insisted that there is a need for a multidisci-
plinary healthcare team, including geriatricians, 
to improve therapeutic progression in the group 
of elderly patients.
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