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ABSTRACT



Background and Objective. The global incidence rate of tuberculosis and related death
among the elderly are 3 times and 6 times more than that of non-elderly, respectively.
Therefore, the successful treatment of tuberculosis in the elderly affects all national
tuberculosis control programs. Given the fact that "medication adherence" is the main key to
effective treatment, it is essential to identify the factors related to medication adherence in the
elderly with tuberculosis and provide appropriate interventions. Family caregivers play a
pivot role in the elderly care and treatment, and their characteristics can influence the
medication adherence of the elderly with tuberculosis. The objective of present study was
determining the medication adherence of the elderly with tuberculosis and the factors related
to their family caregivers in Iran.

Method. The present study was carried out through descriptive-analytical method and
convenience sampling. 305 elderly patients with tuberculosis as well as their family
caregivers who met the inclusion criteria were selected from those who referred to infectious
diseases clinic of Masih Deneshvari Hospital in Tehran. Demographic and background data,
12-item standard general health questionnaire, Zarit Scale of Caregiver Burden questionnaire
and Morisky Green Levine Medication Adherence questionnaire were used for the elderly
with tuberculosis. The significance level for statistical tests was considered 0.05. Data
analysis of the study was done using SPSS-25 software. Independent t-test, One-way
ANOVA, Tukey's test, Spearman's correlation test and ordinal logistic regression model were
also used for the analytical statistics.

Findings. Out of the elderly with tuberculosis, 44.92% had low medication adherence,
27.54% had moderate medication adherence, and 27.54% had full medication adherence.
Medication adherence of married elderly was significantly better than single, widowed or
lonely elderly (p<0.001 and F=53.192). The medication adherence was significantly better
among the elderly whose caregivers had better general health (p>0.001 and r=0.776) and no
burden or low burden according to Zarit scale (p>0.001 and F = 357/96). In addition, there
was a significant relationship between general characteristics of the caregivers (age, gender,
marital status, number of children, education, knowledge about tuberculosis, sources of
information, relativity to the patient, number of caregivers, employment status, and
affordability) and the medication adherence of the elderly with tuberculosis. The results of
simultaneous regression test of ordinal logistic regression showed that variables predict
medication adherence behavior to a very acceptable level. The coefficient of determination
values obtained from McFadden (0.4), Nagelkerke (0.747) and Cox-Snell (0.714) statistics
demonstrated high explanatory power of the model by predictor variables.

Conclusion. The results of the present study suggested that the characteristics of family
caregivers were associated with the medication adherence of the elderly patients. Therefore,
policy making, providing treatment protocols emphasizing on the family role, investigating
the characteristics of caregivers during patient visits and performing appropriate interventions
will play vital roles in improving medication adherence of the elderly and controlling
tuberculosis.
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Tuberculosis (TB) is one of the world's deadliest infectious diseases (1, 2). Globally, the
frequency of TB among the elderly is three times higher (3, 4), and TB-related mortality is
six times higher than in non-elderly adults (5). Factors that contribute to the occurrence of TB
or may reactivate latent tuberculosis in the elderly (1) include biological changes associated
with aging, loss of defense barriers, decreased cellular immune response, acute and chronic
diseases, malnutrition (1, 3, 6), poverty, reduced access to health systems (3), and
hospitalization in care centers. Reports indicate an increase in the world's elderly population,
especially in developing countries with an estimated population of elderly individuals over 60
years old reaching 2 billion people in 2050 from 600 million in 2000 (3). It is expected that
the incidence of TB in this age group will increase following demographic changes and the
growing elderly population (3). According to the latest report of the World Health
Organization in 2019, the TB epidemic in the Eastern Mediterranean, Southeast Asia, and
Western Pacific regions has shifted significantly towards the elderly (7). As a result, TB in
the elderly may impact all TB control programs in a country (4, 8), necessitating the
efficiency of TB control programs in both developed and developing countries (4).

Medication adherence and successful treatment are crucial in controlling tuberculosis (9-15).
Therefore, an accurate understanding of the barriers and facilitators of medication adherence
is essential for interventions, improving drug compliance and achieving better treatment
outcomes for TB patients (16). Most TB patients are treated on an outpatient basis under the
supervision of family caregivers (17, 18). As TB patients age, their ability to care for
themselves decreases, and they increasingly rely on family caregivers due to comorbidities
and reduced physical ability (17-20). The communicability of tuberculosis, the stigma
associated with its diagnosis, the necessity for strict adherence to specific antibiotic treatment
regimens, and the unique psychosocial and physical vulnerabilities of the elderly make
medication adherence in tuberculosis a more complex issue compared to other chronic
conditions in the elderly. Consequently, the role of family caregivers in ensuring medication
adherence for elderly tuberculosis patients is particularly critical. A qualitative study
conducted by the authors of this article aimed to investigate the factors affecting medication
adherence among elderly individuals with tuberculosis in Iran, revealing that caregivers’
characteristics are significant factors influencing medication adherence in this population(16).
Other studies have explored the impact of family caregivers’ characteristics on medication
adherence (21-27), for example, Laghari investigated the effect of family caregivers'
characteristics on the medication adherence of children with TB. The findings of his study
suggested that male gender, age over 45 years and lack of formal education for the
caregivers, as well as financial barriers and lack of training from healthcare workers had a
significant relationship with non-adherence to medication among children with TB (26). In
Ansari's study in India, low family income and extremely low social level of the family were
related to non-adherence to medication of TB patients (27). However, up to the present
moment, the factors related to family caregivers such as the ability of caregivers to adapt to
the caring role, self-efficacy, belief in the ability to provide care, and their role in medication
adherence of the elderly (28), especially the elderly with TB, have received less attention. On
the other hand, the role of family caregivers’ characteristics in influencing the treatment
adherence of TB patients is impacted by the cultural context of different societies (29). In
Iranian society, major cultural characteristics include the necessity of family-centered care
and the challenging responsibility of caring for the elderly by family caregivers (30), these
can affect the relationship between factors associated with family caregivers and the
medication adherence in elderly individuals with tuberculosis. Given the significance of
identifying factors affecting medication adherence in elderly individuals with tuberculosis,
and the lack of studies in this field in Iran, this study aims to determine the medication



adherence of the elderly with tuberculosis and the factors related to their family caregivers.
By investigating the relationship between these factors and medication adherence,
appropriate interventions can be implemented to improve medication adherence, TB
prevention strategies (31), and help policy makers, health care providers, society and patients
to address problems caused by TB (2).

Materials and Method

Study design, sample size and data collection

The present study is a descriptive-analytical study and a part of a more extensive study to
design and test the structural equation modeling (SEM), which was conducted in two
qualitative and quantitative phases in 2023. In order to collect data, a researcher-made tool
was used, which was derived from selected variables of the qualitative phase (based on the
interview with family caregivers, using the Delphi method and polling the experts in TB and
elderly health) (16). The researcher-made tool included questions focusing on evaluation of
demographic and background information of caregivers, such as age, sex, marital status,
number of children, education, employment status, affordability, relativity to the patient,
knowledge about TB and its treatment, sources to get information about TB, and the
importance of treating elderly from the caregiver's perspective. In addition, 12-item standard
general health questionnaire (GHQ-12), Zarit Caregiver Burden Interview (ZBI) and Morisky
Green Levine Medication Adherence questionnaire were used for the elderly with TB.

GHQ-12 was first designed by Goldberg in 1972 (32). This test has 12 items and has two
subscales of positive mental health symptoms and mental disorder symptoms (32). There are
several scoring methods for this questionnaire. The most common scoring methods which
were used in this study include the conventional scoring method and Likert scoring method.
Psychometrics of GHQ-12 among Iranian youth was conducted by Ebadi et al. in 2013. The
questionnaire had adequate validity and its Cronbach's alpha coefficient was reported 0.87
(33).

ZBI was designed in 1980 by Zarit et al. to determine the level of caring burden. This
interview includes 22 items about personal, social, emotional and economic caring strains
imposed on the caregiver in caring role. Items are measured on a 5-point Likert scale from 0
(never) to 4 (always). The score range of the questionnaire is from 0 to 88, and an increase in
the score means an increase in the caring burden (34). In 2008, Navidian et al. examined the
validity of this questionnaire through content validity and reported a positive and high
correlation by Hamilton Anxiety Questionnaire (r=0.67) and Beck Depression Questionnaire
(r=0.89). Besides, the reliability of ZBI was reported 0.94 using the test-retest method (35).

Morisky Green Levine (MGL) adherence scale was designed by Morisky, Green and Levin
in 1986, which includes 4 items to evaluate the patient's attitude towards treatment. The
answer to the questions is “yes” or “no”. The results of this scale range from 0 to 4, and the
developers have proposed three levels of medication adherence: high, medium and low
adherence with 0, 1-2 and 3-4 points, respectively (36). Cronbach's alpha coefficient for this
questionnaire regarding blood pressure control is 0.61 and it has concurrent and predictive
validity (36). This questionnaire has been used as a useful tool to assess medication
adherence in many studies on chronic diseases (37), including diabetes, blood pressure (38)
and TB (38-43). In 2017, Jafari et al. determined the validity and reliability of this
questionnaire for the elderly with high blood pressure; Cronbach's alpha coefficient was 0.86
and its retest reliability was 0.92 (44).



The sample size in the present study, considering 43 observed variables and 12 latent
variables obtained from the qualitative phase (16) and the sample size formula of SEM
studies by Soper (45), was estimated to be 305 subjects.

Data collection was from the beginning of October 2022 to the end of February 2023 and
sampling was done in convenience method. The participants in this study were elderly
patients with TB and their family caregivers with the inclusion criteria as follows: elderly
with TB aged 60 years and above, definite diagnosis of pulmonary tuberculosis, diagnosed as
a new patient, passing at least one month from the start of treatment, having no cognitive
problems based on the short cognitive performance test (46), referring to the Infectious
Diseases Clinic of Masih Daneshvari Hospital in Tehran (nerve center for TB treatment in
Iran), who gave informed consent to participate in the study. The following patients were
excluded from the survey: patients with history of hospitalization in the last month, being
infected with human immunodeficiency virus, diagnosis of drug-resistant tuberculosis and
previous history of TB treatment for less than 4 weeks. These patients and their family
caregivers had the experience of previous TB treatment, which could cause bias in the present
study. Patients with smear-negative pulmonary tuberculosis, who had received antibiotics
before TB treatment due to differential diagnoses, were also excluded from the study. The
family caregivers of the patients who were responsible for partial or full care of the patient
for at least 6 months and were willing to participate in the study, were talked to
simultaneously and individually, and informed consent was obtained from them. Then the
family caregivers filled out the caregivers' questionnaires.

Ethical Considerations

The present research is a part of the PhD course. The thesis has been approved by the ethics
committee of the University of Welfare and Rehabilitation Sciences with the ethical code
IR.USWR.REC.1399.254. Necessary permits to conduct this survey were obtained from the
university's research vice-chancellor. The objectives of the research were explained to the
research participants and written informed consent was obtained. All subjects were free to
participate or leave the study. Patients were informed that their non-cooperation in the study
would not affect their treatment process. Additionally, confidentiality of the participants’
information was maintained at all stages of the project.

Data Analysis

In the present study, 305 data related to the elderly with TB and 305 data related to their
family caregivers were analyzed. A significance level of 0.05 was considered for statistical
tests. The data analysis of the study was done using SPSS-25 software. In the analytical
statistics section, independent t-test, one-way ANOVA, Tukey's test, Spearman's correlation
test and ordinal logistic regression model were used.

Findings

The mean age of the elderly was 72.39 (£8.95) years and 52.5% of the patients (160 cases)
were men. The mean (standard deviation) score of medication adherence in the elderly with
TB was 2.02 (SD=1.56). 44.92% of the elderly with TB had low medication adherence,
27.54% had moderate medication adherence, and 27.54% had full medication adherence. The
mean age of family caregivers was 50.55 (+12.43) years. 57.7% of caregivers were female
and 84.6% were married. The mean number of caregivers' children was 2.79 (£1.60).
According to the self-report questionnaire, 74.8% of the caregivers had financial hardship.
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The findings resulting from the comparison of the mean medication adherence score of the
elderly with TB based on factors related to family caregivers are demonstrated in Table 1.

Spearman's correlation coefficient exhibited that the general health score of the caregivers
had a direct and significant relationship with the medication adherence score of the elderly,
so that as the health condition of the caregivers worsened, the medication adherence of the
elderly decreased significantly (r=0.776 and p<0.001). The results are not shown in the table.
Moreover, there was a direct and significant relationship between the number of caregivers'
children and the mean medication adherence score of the elderly with TB. Although the
intensity of the association was weak, but with the increase in the number of caregivers'
children, the medication adherence of the elderly decreased significantly (r=0.164 and
p=0.004). These results are not shown in the table.

In addition, following variables were tested separately and simultaneously in the ordinal
logistic regression model: general health score, marital status, adequacy of family income,
curability of TB from the caregivers perspective, relativity to the patient, responsibility for
caring the patient lonely, the need to take full TB medication from caregivers perspective,
data obtained from the nurse that the assumptions of multicollinearity and proportional odds
were valid for them (Table 2). The results of simultaneous ordinal logistic regression depicted
that the variables (except the obtained data from the nurse) predicted a very acceptable
medication adherence behavior. The coefficient determination analysis results of McFadden
(0.4), Nagelkerke (0.747) and Cox-Snell (0.714) indicated the high explanatory power of the
model by the predictor variables.

Discussion

The present study was conducted for the first time in Iran with the aim of determining the
medication adherence of the elderly with TB and the factors related to their family caregivers.
The results of this study revealed that family caregivers play a pivot role in medication
adherence of the elderly with TB. Other studies have also emphasized the substantial role of
family caregivers in medication adherence of TB patients (20) and the elderly with other
diseases (24, 25, 47).

Regarding the factors related to supportive family, married elderly and the elderly who lived
with their spouses had better medication adherence. Elderly patients who provided their own
medicines had better medication adherence than the elderly whose medicines were provided
by family caregivers, professional caregivers or others. Besides, the elderly whose family
caregivers provided their medicines had better medication adherence than the elderly who
were provided medication by others (professional caregivers, friends, neighbors, etc.). The
findings of other studies also accentuated the prominent role of family caregivers on
medication adherence of the elderly (24, 25, 47). Studies have found that the elderly with
chronic diseases who were married followed doctor's instructions better and had better
medication adherence (48-51). Marital status was considered as a criterion for the elderly to
have social networks (51, 52) and it also indicated the importance of the spouse's role as a
family caregiver in facilitating the treatment and medication adherence of the elderly (53).

On the other hand, some studies suggested that the reduction or shortage of medicines at
home was another hurdle in TB medication adherence (54). In Roy et al.'s study, the elderly
who found it difficult to supply medicine tried to keep the medicine for a longer period of
time by skipping some of their doses (55). Elderly patient's inability to provide medicine as
well as lack of family support (56) and necessary knowledge about the exact dose and timing

6



of each medication could affect the non-adherence of elderly patients with TB. The findings
of the present study showed the effect of caregiver's relatedness degree on medication
adherence of the elderly with TB. The findings of other studies also demonstrated that a first-
degree relative was a better caregiver and played a more effective role in the patient's
medication adherence (57).

In terms of general characteristics of family caregivers, the following were associated with
better medication adherence among the elderly TB patients: age below 40 years, being
female, being single, having fewer children, less number of caregivers, being unemployed,
caregiver's affordability, low or no care burden, improved general health, higher education,
having knowledge about the contagiousness and curability of TB, knowledge about the
importance of taking the full course of TB treatment and getting information from reliable
sources. Aged caregivers were affected by a wide range of issues, including comorbidity,
polypharmacy, reduced physical strength and vision, thus they were not efficient in caring the
elderly patients (58); however, young caregivers had less comorbidity, less physical problems
and ability, and had fewer impediments to provide adequate care to elderly patients; as a
result, it could be expected that their patients had better medication adherence. The findings
of our study imparted that medication adherence was better in the elderly whose caregivers
were female. Other studies also exposed that when the responsibility of caring the elderly was
on women or female children, the patient's medication adherence was better. These findings
might be due to the greater sense of dedication and influence in women (57, 59). Meanwhile,
some studies demonstrated that the caregiver's gender did not affect the patient's medication
adherence (60, 61). In Iran, women make up the majority of family caregivers due to popular
and traditional beliefs and values (30, 62). Additionally, in countries like Iran, men
traditionally bear the majority of job responsibilities and provide financial support for their
families. This economic role for men can sometimes lead to a decrease in their involvement
in caring for the elderly. Therefore, it is important to note that due to this cultural belief,
women experience a greater burden from caregiving, physical strain and psychological
distress compared to men (63). The increased physical and mental burden on family
caregivers ultimately diminishes their health (64), which can impact the quality of care
provided to elderly patients, potentially leading to patient neglect (65). Therefore, healthcare
providers should actively monitor the physical and mental well-being of family caregivers
(66). Being single, having no children, and being unemployed bring about more time to
caregivers for caring the elderly with TB. Besides, less number of caregivers leads to a more
precise division of caring responsibilities among caregivers and prevents caring negligence
caused by multiple caregivers. In Iranian culture, strong family bond makes people extremely
committed to family members. Therefore, when a family member is experiencing illness, the
concerns of other family members increase (67). The findings of Negarandeh et al.'s study in
Iran represented that most of the family caregivers who were responsible for caring the
elderly with heart disease neglected their health. Caregivers’ health affected the quality of
providing patient care (27). Due to taking care of the patient, health of the caregivers is
neglected and related problems prevent caregivers from fulfilling their caring role. Therefore,
healthcare provider should always pay attention to the caregivers' health and follow up on
their health issues (27).

Regarding the knowledge of family caregivers, the findings of the present study suggested
that caregivers' education, knowledge about the contagiousness and curability of TB,
knowledge about the importance of taking the full course of TB treatment and getting
information from reliable scientific sources played a dominant role in the medication
adherence of the elderly with TB. Other studies likewise showed that insufficient knowledge



of family caregivers about TB and its treatment was associated with non-adherence to
medication (68-70). Caregivers who considered illness as an integral part of the aging process
did not accompany the elderly for visits and treatment (59, 71). However, the family
caregivers' knowledge about TB prevented the isolation of the patient and brought about
more family support for the patient (49). In addition, the health culture of a TB patient is
affected by the information received from family members (72); hence, improving the
knowledge and awareness of family caregivers about TB and its treatment should be a vital
part of TB treatment policies (49). In Iran and many other countries, it is common for a
family member, friend, or neighbor to be responsible for monitoring a tuberculosis patient’s
drug consumption after diagnosis. However, healthcare centers do not provide family
caregivers with follow-up, supervision and guidance. Policies and protocols for tuberculosis
treatment, especially for elderly patients, should prioritize consistent communication,
thorough training and monitoring the family caregivers. Healthcare providers should offer
comprehensive training to family caregivers before starting the treatment, as well as
throughout the entire process, and providing them with appropriate interventions when
necessary.

One limitation in this study is conducting the study in just one center: Dr. Masih Daneshvari
Hospital. However, as this hospital serves as the primary center for tuberculosis treatment in
Iran, patients from all over the country come there for treatment. Therefore, the findings of
the study were not significantly disputed by considering just a single institution.
Nevertheless, it is recommended further researches at a national level to ensure more precise
results. In the present study, we excluded a group of patients who had a history of previous
tuberculosis disease and treatment-resistant tuberculosis, because we believed that these
factors could potentially affect medication adherence in elderly patients with tuberculosis and
family caregivers' understanding of the condition. As a result, it may lead to bias in our
findings. To further explore the impact of these variables on our research findings, we
recommend that separate studies be conducted and the results should be compared.

Conclusion

Despite numerous efforts, many TB patients, especially the elderly, do not have full
medication adherence. Therefore, knowing the factors related to medication adherence and
providing appropriate interventions are significant steps towards maintaining and improving
the health of the elderly with TB and other members of community. The findings of the
present study exhibited that factors related to family caregivers (including supportive family,
general characteristics of family caregivers, and knowledge of family caregivers) affected the
medication adherence of the elderly with TB. Therefore, policymaking, providing treatment
protocols emphasizing the family role, investigating the characteristics of caregivers during
patient visits and providing appropriate interventions to empower caregivers during treatment
will play an indispensable role in improving the medication adherence of the elderly and
controlling TB.
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Table 2. The results of ordinal logistic regression analysis to assess medication adherence predictors
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