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Abstract

Background- Uncontrolled blood glucose level is an important public health concern due to the
development of diabetic-related complications and death. Multi-morbidity is considerably more
common in type 2 diabetes patients, and it can have a substantial effect on blood glucose control.
However, despite a high prevalence of multimorbidity reported in Addis Ababa, its association

with blood glucose control was not well studied in this study area.

Objective- To assess the association between multi-morbidity and blood glucose control among

adult type 2 diabetes patients at selected health centers, Addis Ababa, Ethiopia, 2024.

Methods- A facility-based unmatched case-control study was carried out from February 12 to
March 31, 2024, using interviewer-administered structured questionnaires and medical records.
A multi-stage sampling method was employed in the selection of study participants. Data were
collected using KoboToolbox and exported to the Statistical Package for Social Science version
26.0 for analysis. Bivariable and Multi-variable logistic regressions were utilized to determine
the association between multi-morbidity and blood glucose control and other determinant factors

associated with uncontrolled blood glucose.

Results- The response rate of the study participants was 98%. From the participants, 148(43.3%)
had multi-morbidity, of which 92 (80.7%) had uncontrolled blood glucose control. The presence
of multi-morbidity (AOR: 6.52, CI: 2.92-14.54) was significantly associated with uncontrolled
blood glucose levels. Moreover, medication non-adherence (AOR: 2.42, CI: 1.03-5.71), using
oral hypoglycemic agent alone (AOR: 0.11, CI: 0.01-0.82), having polypharmacy (AOR: 0.03,
CI: 0.01-0.16), dietary non-compliance (AOR: 4.44, CI: 1.8-10.94) and alcohol consumption
(AOR: 3.63, CI: 1.36-9.69) were determinants of uncontrolled blood glucose level.

Conclusion: This study showed that significant number of patients with type 2 diabetes mellitus
failed to control their blood glucose levels due to additional non-communicable chronic diseases
they had. Therefore, need to consider comprehensive patient-centered approaches that take into

account the complex care needs of those patients living with multi-morbidity.

Keywords: Multi-morbidity, Diabetes Mellitus, blood glucose control, Addis Ababa.
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1. Introduction

1.1 Background

Diabetes mellitus is a chronic metabolic disease that occurs when the blood glucose level is
raised. There are four general classifications of diabetes mellitus, based on the American
Diabetic Association; Type 1, Type 2, specific diabetes due to other causes (for example
monogenic diabetes, syndrome, disease of the exocrine pancreas, and drug or chemical-induced
diabetes), and gestational diabetes mellitus (1). Type 2 diabetes mellitus, is the most common

type which is usually caused by the body’s resistance to insulin (2).

Diabetes was estimated to affect 536.6 million people in 2021; by 2030 that number is expected
to increase to 643 million, and by 2045 it will have reached 783.2 million, and an estimated 6.7
million persons aged 20-70 are believed to have died in 2021 from diabetes or its complications,
as well as the global health cost related to diabetes were predicted to be 966 billion USD in 2021,
and are projected to increase to 1,054 billion USD by 2045 (3).

Blood glucose control is the optimal blood glucose level in diabetes patients, and there are three
different indicators of blood glucose control: fasting blood sugar, postprandial glucose, and

glycosylated hemoglobin (2).

Achieving optimal blood glucose control in diabetes patients has been described to avoid long-
term complications (4). More intensive blood glucose control was observed to reduce the relative
risk for kidney and eye diseases, by 20% and 30% respectively (5), and type 2 diabetes patients
who had intensive blood glucose control showed a risk reduction of 8.6 major cardiovascular

diseases per 1000 person-year (6).

NCDs have become an issue for developing countries and have also constituted a major cause of
adult deaths in Addis Ababa (7). Multi-morbidity is the co-existence of two or more chronic

conditions in the same individual, and it is highly prevalent in this region (8).

Diabetes patients are more likely to have multi-morbidity, a report from Nepal revealed it has
been found that 70.1 % of diabetic patients develop multi-morbidity (9), particularly those
suffering from type 2 diabetes (10—12).



Based on the study carried out in Ethiopia in 2021, the overall prevalence of at least one or more
chronic diseases was 55.8% among diabetic patients (95% CI: 50.3-61.3), with hypertension
being the most common, and of those diabetic patients with comorbidity, 76.4% had poor blood

glucose control (13).

1.2 Statement of the problem

Type 2 diabetes patients who have uncontrolled blood glucose levels are a serious public health
concern and pose a serious risk associated with the emergence of diabetic complications (14).
Even though glycemic control improved in high-income countries, it is still a concern in low and

middle-income countries, like in Africa (15).

Uncontrolled blood glucose level was reported in three of every four patients with type 2
diabetes in two sub-Saharan African countries, Guinea and Cameroon (16). In Addis Ababa,
research carried out among type 2 diabetes patients at TASH over various periods reported that

uncontrolled blood glucose was high 80% and 73.4% (7,17).

Managing and regulating blood glucose levels; can help to prevent the long-term microvascular
and macrovascular complications of diabetes mellitus (4,6). To improve the quality of life for
diabetes patients maintaining proper control of blood glucose is crucial, but uncontrolled blood
glucose level was highly prevalent in Ethiopia, particularly the highest proportion (65.57%)
reported in Addis Ababa (18).

In those people with diabetes, multi-morbidity can have a substantial effect on glycemic control,
particularly among type 2 diabetes patients who often have and develop co-occurring conditions
(11). Increasing multi-morbidity in type 2 diabetes is related to higher mortality and
hypoglycemia (19), and due to this hypoglycemia, there is a higher rate of hospitalization and
emergency room visits in adult diabetes patients (20). When compared to individuals with one
chronic disease or no co-existing illness, people with multiple chronic illnesses are more likely to
have glycemic control issues. Studies demonstrated that people with multi-morbidity have
difficulty of achieving LDL and glycemic goals (21). The standard of living of diabetes patients

is affected when they have other additional chronic diseases (22).



The most common multi-morbidity clusters associated with diabetes are as follows: obesity,
hypertension, and dyslipidemia in cardio-metabolic diseases are first on the list, vascular
conditions, such as atrial fibrillation, micro- and macro-vascular diseases, and chronic kidney
diseases are second; and third are mental health issues, such as substance abuse, depression, and
anxiety (11). A large retrospective study found that type 2 diabetes patients with co-morbidities
are more likely to have CVD-related events and death (23).

Patients with diabetes who also have other chronic conditions are more likely to take multiple
medications daily (19). This polypharmacy can have negative effects on diabetic patients, such
as poor blood glucose control and an increased risk of hypoglycemia, due to interactions between
anti-diabetic medications and other medications that may alter the anti-diabetic medications

effect (24).

In different regions of Ethiopia, the impact of having additional chronic conditions on blood
glucose control among type 2 diabetes mellitus patients was reported (25-27), but in Addis
Ababa even though the magnitude of comorbidities in patients with type 2 diabetes patients has
been studied (17), the association between multiple chronic conditions and glucose levels control

among adult type 2 diabetes patients was not well investigated.

Since Addis Ababa has the highest (63.2%) reported prevalence of NCDs (28), studying the
effect of multi-morbidity on blood glucose control is important to have updated evidence and to
develop different strategies that are used for better management of diabetes, therefore this study
aimed to determine the association between multi-morbidity and blood glucose control among

patients with type 2 diabetes mellitus at selected health centers in Addis Ababa.

1.3 Significance of the study

The findings of this study could be used to understand the effect of multi-morbidity on blood
glucose control among adult type 2 diabetic patients in the study setting. In addition, the data
from this study may help in the development of management strategies, treatment options, and
evidence-based guidelines particularly for individuals with multimorbidity which could enhance
the overall state of health. Furthermore, the findings will give insight to the healthcare providers

to enhance their understanding and improve their ability to manage the complexities faced by



type 2 diabetes patients with additional chronic diseases. Information from this study may help

enrich the literature available on the issue and may help in directing future studies.

2. Literature review

2.1 Prevalence of Multi-morbidity

Multi-morbidity is defined as the co-occurrence of at least two chronic diseases in the same

individual, and this definition is accepted and commonly used by WHO (29).

Multi-morbidity has increased in various population groups. The pooled prevalence of multi-
morbidity was found to be 42.4% in high-income countries (4), 43% in Latin America and the
Caribbean (30), and 36.4% in low and middle-income countries (31). A study has shown a high
prevalence of multi-morbidity in Africa. A systematic review of studies on the prevalence of
multimorbidity in South Africa indicated that it is commonly found in the country, particularly
among older adult patients (32). Multi-morbidity is a major concern in Ethiopia due to several
factors, such as epidemiological shifts marked by a rise in chronic non-communicable diseases

and the persistence of infectious diseases (33).

A multi-centered facility-based study conducted in Bahirdar revealed the high magnitude of
multi-morbidity in chronic outpatient care with a high prevalence of hypertension, followed by
diabetes and heart diseases (34). Comparable facility-based longitudinal research in the same
study area reported that the level of multi-morbidity has increased from 54.8% at baseline to
56.8% after a year, and the reason was individuals with single morbidity are likely to acquire

multi-morbidity if it is not appropriately managed (35).

2.2 Multi-morbidity and Blood glucose control

A descriptive cross-sectional study revealed that 70.1% of diabetic patients admitted to a tertiary
care center had multiple medical conditions, indicating a high occurrence of multi-morbidity (8).
According to nationwide research conducted by Fu significant proportion of Chinese diabetes

patients (65.2%) had multiple medical conditions (36). In the same way, research by Teljur on a



group of patients with type 2 diabetes in Ireland, found that 90% of patients had at least one

additional chronic condition, while a quarter of them had four or more chronic diseases (37).

The study found that those with type 2 diabetes who also had multiple medical conditions had a
higher frequency of visits to their general practitioners, and were prescribed more drugs,
indicating a higher treatment burden (37). A study done on type 2 diabetic patients at TASH

revealed that; 40% of patients had co-morbidities, with hypertension being the most common

(17).

According to Heikkalas's study from 2021, multi-morbidity which includes risks and
musculoskeletal diseases is significantly more common in those with type 2 diabetes and can
affect their ability to achieve treatment goals for HbAlc (21). Furthermore, a 2013 study by
Teljeur revealed a prevalence of multi-morbidity among patients with type 2 diabetes, suggesting
a potential connection, between glycemic control and patients’ awareness of their chronic
condition (37). A cohort study in the United States revealed, the presence of multiple
comorbidities among patients with type 2 diabetes mellitus associated with hypoglycemia-related

ED visits and hospitalizations (20).

Common comorbidities in patients with type 2 diabetes mellitus are hypertension, lipid disorders,
cardio-vascular related conditions, micro-vascular related conditions, and depression (12). A
systematic literature review found that hypertension rates were high in all regions of the world,

with most studies reporting rates above 50% (38).

A study conducted at Hiwot Fana Specialized Hospital in Harar reported a higher prevalence of
concordant comorbidity among people with diabetes, and the most common comorbidity was

hypertension, followed by obesity, CVD, dyslipidemia, and CKD (13).

2.3 Factors associated with blood glucose control and multimorbidity

2.3.1 Socio-demographic factors

According to community-based cross-sectional research in China and India, elderly patients with
diabetes frequently experience multimorbidity (39,40). Another research shows that multi-

morbidity is common in older adults with diabetes, and they have been associated with a variety



of unfavorable outcomes, such as disability and death (41). Even though; multi-morbidity is
widespread in older adults, the proportion of patients who had controlled blood glucose levels
was highest in older, multi-morbid individuals (42,43). Similarly, A cross-sectional study
conducted at Ayder Referral Hospital in Mekelle found that being younger than 60 years was

substantially related to a greater chance of having uncontrolled blood glucose level (44).

According to a secondary data analysis of a large, nationally representative data set in Scotland,
females are more likely to develop multi-morbidity in every age group (45). The main cause of
this was a higher prevalence of combined physical and mental multi-morbidity, which began at a
younger age than in men, and due to low socio-economic and poor educational status of women
(46). However, compared to males, females suffering from diabetes and multiple chronic
diseases are more likely to achieve the target HbAlc (43). A study conducted in Malaysia found
that males were more likely to develop poor glycemic control than females (47). On the other
hand, an observational study in South India revealed that being female had an impact on

achieving optimal glycemic control (48).

A cross-sectional population-based study conducted on elders in Brazil discovered that lower
socioeconomic level is positively related to the prevalence of multi-morbidity (49). Similarly, a
population-based cohort study conducted in ten regions of China found that multi-morbidity is
high in those who belong to a lower Socioeconomic stratum (39), and participants in high
Socioeconomic status groups had significantly better glycemic control than those in low

Socioeconomic status group (50,51).

A study in the Heidelberg, cohort of European Prospective Investigation into Cancer and
Nutrition (EPIC) revealed that low educational attainment was significantly linked with a higher
prevalence of multi-morbidity compared to a higher level of education (52), similarly, A study
among type 2 patients in China found that patients with a low level of education had the more
morbid event and poor blood glucose control (53). In accordance with a cross-sectional study
among diabetes patients in Jimma Medical Center, patients without formal education had a

higher risk of having poor glycemic control than those having a high level of education (54).



2.3.2 Diabetic self-care and behavioral activities

Diabetic self-care practices include self-blood glucose monitoring, physical activity, diabetic foot
care, dietary compliance and not smoking, and these self-care activities were related to optimum

glycemic control (55).

A study carried out in Northwest Ethiopia also showed that most patients had low levels of
adherence, and this had an impact on blood glucose control which means those who had good
medication adherence were more unlikely to have uncontrolled blood glucose level compared to
those who had inadequate medication adherence (56). Similarly, a cross-sectional study
conducted in Jimma concluded that individuals who failed to adhere to their medications were

3.36 times more likely to have uncontrolled blood glucose level than those who did (54).

Cluster analysis of the general health status of elderly patients with diabetes indicated that
diabetes patients with multiple morbidities smoke more than those with diabetes alone (57), A
study in Ethiopia also reported that smoking was a factor that affected blood glucose control, and
the risk of having uncontrolled blood glucose level was two times higher in smokers compared to

non-smokers (18).

The study reported that patients with diabetes alone exercise more frequently than patients with
multi-morbidities (57). An unmatched case-control study among diabetic patients indicated that
physical inactivity or a sedentary lifestyle may be a factor that contributes to uncontrolled blood
glucose (58). A cross-sectional carried out in the West Shewa Zone found that alcohol
consumption increased the risk of having poor glycemic control by 1.88 times (59). A quasi-
experimental study conducted in Saudi Arabia revealed that diabetes patients with uncontrolled

HgbAlc levels had a history of diabetic foot complications due to poor diabetic foot care (60).

An observational cross-sectional study in Turkey also found a significant association between
dietary compliance and glycemic control (61). Similarly, a case-control study in Southern
Ethiopia among type 2 diabetic patients revealed that; patients who follow dietary
recommendations had a 69% lower chance of experiencing uncontrolled blood glucose compared

to those who do not adhere to dietary recommendations (25).



A study in Jimma among type 2 diabetes patients reported that; participants who failed to self-
monitor their blood glucose level were 3.44 times more inclined to develop uncontrolled blood
glucose levels (27). A study in Gamo Gofa reported, that compared to type 2 DM with good
social support, individuals with poor social support had 3.05 times higher odds of having

uncontrolled blood glucose level (25).

2.3.3 Clinical and diabetes-related factors

Research in Japan on diabetic patients revealed that patients had a high rate of multi-morbidity
and poly-pharmacy, indicating that they had a high pill burden (43). According to a case-control
study in Gamo Gofa, the odds of having poor glycemic control were 2.35 times higher in patients
with type 2 diabetes with comorbidity, and 2.83 times higher in type 2 DM individuals with

polypharmacy in comparison to those without (25).

A study reported that patients with diabetes for more than ten years showed a higher prevalence
of concurrent medical conditions related to the diseases (58). According to a study conducted in
TASH, patients with diabetes who had the disease for a longer duration (5-10 years) were more
likely to have uncontrolled blood glucose level than patients who had the disease relatively for a
short time (<5 years), as well as patients who were use insulin had a higher risk of having poorly
controlled FBS than those using oral hypoglycemic agent alone (17). In contrast, a cross-
sectional survey conducted in type 2 diabetes patients reported that those who were taking both
oral and insulin medication had a risk of developing uncontrolled blood glucose (62). The study
among diabetes patients revealed that participants had a 2.9 times increased risk of having

uncontrolled blood glucose level if they had a family history of DM (59).

A study conducted in Gondar stated, there is a significant association between adequate diabetic
health literacy and good blood glucose control. According to the study, diabetic patients with
high diabetic literacy had a 1.85-fold higher chance of having their blood sugar under control
compared to those with low diabetic health literacy (26).

2.3.4 Anthropometric factors

A multi-centered facility-based study conducted in Bahirdar reported that multi-morbidity was

higher in obese or overweight individuals than in normal-weight individuals (34). A cross-



sectional study conducted in referral hospitals of the Amhara Region found that an increase in

patients’ BMI is a predictor of uncontrolled blood glucose level (63).

In summary, several studies have shown that patients with diabetes, particularly those with type
2 diabetes had a high prevalence of one or more chronic conditions. However, there is
contradicting evidence regarding the association between multi-morbidity and glycemic control
in diabetes. A recent comprehensive review demonstrated that four out of the fourteen studies
reported that elevated HbAlc was associated with a higher level of multi-morbidity, whereas the

other ten studies found no significant association between multi-morbidity and HbAlc (19).



3.Conceptual framework

The conceptual framework has shown the interrelation between Socio-demographics ( such as
the relation between age and blood glucose control(42—44), sex with blood glucose control
(43,47,48), Socioeconomic status or income and blood glucose control(50,51), educational level
with blood glucose control (53,54), clinical or diabetic factors ( having pill burden and blood
glucose control (25,56)), duration of diabetes and type of medication association with blood
glucose control(7), lifestyle and behavioral activities with blood glucose control (58), and
Anthropometric factor and blood glucose control (63), as well as the effect of multi-morbidity on

blood glucose control is depicted on the figure below.

Socio- demographic
characteristics

Age Sex Education, Income [~~~ TTTT7F Multi-morbidity

W

Life style and behavioral
activities

SMBG, MEC’:J.CEIIIIDI‘L adherence, _,r’/ Blood glucose \\_..
Foot care, Smoking, Alcohol T “11 1 :
intake, Physical activity "‘\ oy /

Diabetic and clinical factors

Dwuration of diabetes, Tvpe of
diabetic treatment, Familv
history of diabetes, Familv

support, DHL, Polyvpharmacy EMI

Anthropometric
factor

Figure 1 Conceptual framework of blood glucose control and associated factors adopted from
various literatures, 2024.
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4 Objective
4.1 Hypothesis

Null hypothesis- There is no association between multi-morbidity and blood glucose control

among adult patients with type 2 diabetes mellitus.

Alternative hypothesis- There is significant association between multi-morbidity and blood

glucose control among adult patients with type 2 diabetes mellitus.

4.2 Objectives

4.2.1 General objective

v' To determine the association between multi-morbidity and blood glucose control among
adult patients with type 2 diabetes mellitus at selected health centers in Addis Ababa,
Ethiopia, 2024.

4.2.2 Specific objectives

v" To identify the proportions of multimorbidity and other factors among cases and controls
among adult patients with type 2 diabetes mellitus at selected health centers in Addis Ababa,
Ethiopia, 2024.

v" To determine the effect of multi-morbidity on blood glucose control among adult patients

with type 2 diabetes mellitus at selected health centers in Addis Ababa, Ethiopia, 2024.
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5. Methods and materials

5.1 Study setting

This study was conducted in health centers in Addis Ababa, the capital and largest city of
Ethiopia. Addis Ababa lies at an elevation of 2,355m or 7726ft above sea level, with a sub-
tropical highland climate with a moderate temperature of approximately 23°C average high and
11°C low throughout the year. There are 11 sub-cities and 99 woredas. The population was

estimated at 5,460,591 in 2023. There are currently 54 hospitals in Addis Ababa: 14 state-run

hospitals (including 3 comprehensive, 6 general hospitals, and 5 referral hospitals), 40 private
hospitals, and there are a total of 98 health centers. All health centers providing care for chronic

non-communicable diseases.
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Figure 2 Map of Addis Ababa, 2024
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5.2 Study design
Facility-based unmatched case-control study design was undertaken.

5.3 Source and study population

5.3.1 Source population

All adult patients with type 2 diabetes, who had follow-ups at health centers were the source
population for this study.

5.3.2 Study population

All adult patients with type 2 diabetes, who visited selected health centers during the data

collection period, and selected to participate in the study were the study population.

Cases- type 2 diabetic patients who had uncontrolled blood glucose.

Controls- type 2 diabetic patients who had controlled blood glucose were engaged as controls.
5.4 Eligibility criteria

5.4.1 Inclusion criteria

Adult type 2 diabetes patients who had follow-ups in the selected health centers were included.

5.4.2 Exclusion criteria

Adult type 2 diabetes patients who were unable to communicate due to serious illness, pregnant
women, and those who had incomplete data records in the last three months were excluded from

the study.

5.5 Study variables

5.5.1 Dependent variable

v Blood glucose control level (controlled or uncontrolled)

13



5.5.2 Independent variables

< Socio-demographic: Age, Sex, educational status, income.

< Self-care and behavioral factors- Smoking, alcohol intake, dietary compliance, self-blood

glucose monitoring, medication adherence, physical exercise, foot care.

< Clinical factors- multi-morbidity, duration of diabetes, type of medication, family support,

family history of DM, polypharmacy, and diabetes health literacy were included.

< Anthropometric factor- BMI.

5.6 Sample size determination

v Expected proportions were taken from a previous case-control study conducted in Gamo

Gofa Zone, southern Ethiopia (25).

n=(rtl) (p*) (1-p*) (Z oo + Z p)?

r(p1-p2)*

Where r= ratio of controls to cases 2:1

p*= Average proportion exposed= (proportion of exposure among cases + proportion of

exposure among controls)/2

P1= Proportion of multi-morbidity among patients with uncontrolled blood glucose= 0.5

(25)
P2= Proportion of multi-morbidity among patients with controlled blood glucose= 0.3 (25)

Z o/2-the value from standard normal distribution (for 95% CI= 1.96)

Z p= standard normal variate for power (for 80% CI = 0.84)

pl-p2-difference in proportion expected
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= (2+1) (0.4) (1-0.4) (1.96+0.84)> =564 =70.5

2(0.5-0.3)? 0.08

sample size 211.5, cases= 70.5 and controls = 70.5*%2=141

Design effect 211.5*1.5= 317, after adding 10% non-response rate= 348 (116 cases, and 232

controls)

5.7 sampling technique

Addis Ababa has eleven sub-cities; comprising Addis Ketema, Akaky Kaliti, Arada, Bole,
Gullele, Kirkos, Kolfe-Keranio, Lideta, Nifas-silk Lafto, Yeka, and Lemi kura. Within the sub-
cities, there are 98 health centers. Multistage sampling method was used to select the study
participants, first simple random sampling was employed to select one health center from each
sub-city. The selected health centers from each sub-city were: Ginbot 20 Health Center (Addis
Ketema sub-city), Gelan Health Center (Akaki Kality sub-city), Janmeda Health Center (Arada
sub-city), Dilfre Health Center ( Bole sub-city), Adisu Gebeya Health Center (Gulele sub-city),
Meshualekiya Health Center ( Kirkos sub-city), Woreda 01 Health Center ( Kolfe sub-city),
Goro Health Center ( Lemikura sub-city), Lideta Health Center ( Lideta sub-city), Woreda 10
Health Center (Nifas silk sub-city), and Yeka Health Center ( Yeka sub-city).

The sample size for both cases and controls was proportionally allocated to each health center
based on the number of type 2 diabetes patients in follow-up who enrolled in the cohort
registration book and based on their blood glucose control status. The total number of diabetes
patients with uncontrolled blood glucose was used for allocating the sample size of cases, and the
number of diabetes patients with controlled blood glucose was used to allocate the sample size of

controls to each health center.

Controls were selected, using systematic random sampling at every four patients interval (after
calculating the sampling interval (k), by dividing the total number of type 2 diabetes patients
with controlled blood glucose who enrolled to cohort registration book (N) by the proportionally
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allocated sample size of controls or the desired sample size (n)), for example for the first health
center, N=105, and n=29, then k=105/29= 3.62~=4. The first participant was randomly selected
from numbers 1 to 4, and number 1 was randomly picked, then every fourth participant was
selected in the study till the allocated sample size for each health center was reached. Cases were
selected until the amount of sample needed was reached by consecutive methods of sampling,

and the data were collected from February 12 -March 31, 2024 (See Figure 3).
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Figure 3 Schematic presentation of the sampling procedure for the study of association between

multi-morbidity and blood glucose control among type 2 diabetes patients
5.8 Data collection procedures

Interviewer-administered structured questionnaires were used to collect primary data from type 2
diabetes patients using KoboToolbox. Blood glucose levels and some clinical characteristics
were collected from medical records. The questionnaire was developed after consulting various

literature. The tool had multiple sections, including an assessment of socio-demographic,
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lifestyle and behavioral activities (diabetes self-care), diabetic and clinical factors. Medical
records of the last three months FBS values were recorded, and self-care practices were
measured using the Summary of Diabetes Self-care Activities (SDSCA), developed by Toobert

and Glasgow.

SDSCA: Questions about diet, exercise, self-monitoring of blood glucose, medication adherence,
foot care, and smoking cigarettes were included in the questionnaire. Each question used a scale
from 0 to 7 to indicate the level of self-care the patient practiced for the last seven days, in case
the participant experienced illness in the previous seven days, they were requested to reflect on
the last seven days when they were well. The SDSCA is a multi-dimensional measure of diabetes
self-management with, for the most part, adequate internal and test-retest reliability, and
evidence of validity and sensitivity to change (55). In the previous psychometric property study
of the questionnaire, SDSCA had a content validity index of 0.83 and a Cronbach’s alpha
reliability of 0.69 (64). Alcohol use was checked by the WHO STEPwise approach to
Surveillance (STEPS) (65). Diabetic health literacy was assessed by 14 Likert scale
questionnaires that contain five scales, answering five for each question was considered 100%,
so the final average percent of all questions was taken to identify the diabetic health literacy

status, In the previous study, the tool had high internal consistency (Cronbach’s 0=0.93) (66).

Anthropometric factors were measured using standardized techniques and well-calibrated
equipment. The participants’ weight were recorded to the nearest 0.1 kilogram and participants
were measured with their bare feet and light clothing. A standing weight scale was used to
measure the participant’s height to the nearest 0.1 centimeter. Then, the BMI of participants was

determined using the formula weight in kilogram divided by height in meters squared.

5.9 Data Analysis Procedures

The collected data were checked for completeness, coded, cleaned, and entered into a Microsoft
Excel sheet, and exported to SPSS version 26 for analysis. For categorical data, descriptive
statistical analysis like, frequency and percentage were computed and presented using tables,

graph, and pie chart. Continuous variables were summarized using means, medians, and standard
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deviation, after checking for the distribution. Bivariate and multivariable logistic regressions

were conducted.

In the bivariate logistic regression, variables having a P-value of <0.25 with 95% CI were
entered into multivariable logistic regression. The overall goodness of fit of the binary logistic
regression model was checked by Hosmer and Lemeshow test (p-value was =0.94). Assumptions
of binary logistic regression, such as multicollinearity and outliers were checked for the model,
and no multicollinearity (VIF and tolerance test) and no concern with outliers. AOR with 95%
confidence intervals was estimated to assess the strength of the association, and a p-value of<

0.05 was used to declare statistically significant factors.

5.10 Data Quality Assurance

The structured questionnaire was prepared in English first and translated into Amharic Language
and back to English for consistency and better understanding with the respondents. Four data
collectors with bachelor’s degrees in public health and one supervisor with MPH were employed.
Three days of training were given for data collectors on the questionnaire, data collection
techniques, and how to communicate with respondents. Before conducting the main study,
pretesting on 5% of the sample size was done at two non-selected health centers. The data
collectors were closely supervised, and daily checks were made to ensure the completeness of

the collected data.

5.11 Operational definitions
> Chronic diseases- Disease that lasts for more than three months or a disease that comes with
time (67).

» Multimorbidity- In this study, multimorbidity was defined by the presence of one or more
of the listed disease conditions such as Hypertension, Dyslipidemia, Asthma, or Arthritis in

addition to diabetes mellitus in an individual.

» Fasting blood sugar- Blood glucose level obtained from venous blood after fasting for at

least eight hours (7).
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Controlled blood glucose -average of three consecutive months of fasting blood glucose

80-130mg/dl (1).

Uncontrolled blood glucose - average of three consecutive months of fasting blood

glucose >130mg/dl or <80mg/dl (1).
Hypoglycemia- for diabetic patients when the blood glucose level is <70 mg/dl (1).

Adherence- The extent to which a person’s behavior toward executing lifestyle changes,

corresponds with agreed recommendations from a health provider (68).

Healthy dietary practice- If the participant followed a healthy eating plan for an average of
three or more days over the last seven days were classified as having adequate adherence,
while those who followed the plan for less than three days were classified as having

inadequate adherence (7).

Level of physical activity- participants who had engaged in moderate to vigorous intensity
exercise for a minimum of 30 minutes, for three or more days during the last week were
classified as having adequate adherence to exercise, otherwise it was deemed to have

inadequate adherence (7).

Medication adherence- patients who took all his/her anti-diabetic medications as per the
prescribed frequency and dose in the last seven days were categorized as adherent to

medication (7).

Self-monitoring of blood glucose- patients who did their blood glucose check at least three
days in the last seven days were considered as adequate toward SMBG, otherwise

considered as inadequate SMBG (7).

Foot care- diabetic patients who reported an average of three or more days to foot care
questions were classified as having adequate foot care, while those for less than days were

categorized as having inadequate foot care (68).

Alcohol consumer- If the study participant reported consumption of alcohol twelve months

before the study (59).

Polypharmacy - taking a combination of >5 medications per day (25).

19



”  High diabetic health literacy- if diabetic health literacy assessment score is 75% and above

(66).

”  Moderate diabetic health literacy- if diabetic health literacy assessment score is between

60-74% (66).

”  Low diabetic health literacy- if diabetic health literacy assessment score is less than 59%

(66).

» Body mass index- is a measurement of a person’s weight concerning his or her height based
on the WHO body mass index score (69) is classified as underweight (<18.5 kg/m?), normal
(18.5-24.9 kg/m?), overweight (25-29.9 kg/m?), obese (30 kg/m? or above).

5.12 Ethical consideration

Ethical clearance was obtained from the Institutional Review Board (IRB) of AAU, College of
Health Science, School of Public Health. A written official letter from Addis Ababa University
Public Health and Emergency Department Directorate was given to selected health centers.
Permission to conduct the study was obtained from the health center’s administrative offices.
Informed written consent was obtained from each participant after clearly explaining the purpose,
procedure, potential risks, and benefits of the study. Participation was voluntary, and the right to
refuse or withdraw from the study at any stage was respected. Furthermore, data were collected
after assuring confidentiality by excluding the names of the respondents from any questionnaire.
The information was not shared with anybody else except the authorized personnel. The study
design had no harm to the study participants. The data were stored securely, and regular backups

were implemented to prevent data loss.

5.13 Dissemination of findings

The results of the study will be submitted to the School of Public Health at Addis Ababa
University. To disseminate the result final thesis defense will be used. The study findings will be
shared with the Addis Ababa City Health Bureau. Moreover, an effort will be made to publish in

a peer-reviewed reputable journal, and the findings will be presented at seminars and conferences.
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6. Results

6.1 Socio-demographic and socio-economic factors

A total of 342 patients with type 2 diabetes mellitus (114 cases and 228 controls) participated in
the study with a 98% response rate. More than half, 189 (55.3%) of the participants were females;
of whom 123 (53.9%) were controls and 66 (57.9%) were cases. The mean (+SD) age of the
study participants was 60.64 (£9.97) from those, cases constituted 64.98(+10.31), and controls
constituted 58.47 (£9.07) with ages ranging from 36 to 86 years, and more than half of cases
were in the age group of 265 years. The majority (75.7%) of the participants were Orthodox
followed by Muslim (15.2%). Of the participants, 78.1% (178) of controls and 64.0% (73) of
cases were married. Regarding the educational status of the participants, 71 (20.8%) had college
and above educational level; of whom 17 (14.9%) and 54 (23.7%) were cases and controls
respectively. More than one-third, 139 (40.6%) of the study participants were employees, and 71
(62.3%) of cases and 184 (80.7%) of controls had income >3500 ETB. (See Table 1).
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Table 1 Socio-demographic and socio-economic characteristics of patients with type 2 diabetes
mellitus at selected health centers in Addis Ababa, 2024.

Variables Category Total (%) Frequency (%)
Cases Controls
Sex Male 153(44.7%) 48(42.1%) 105(46.1%)
Female 189(55.3%) 66(57.9%) 123(53.9%)
Age 18-44 17(5.0%) 3(2.6%) 14(6.1%)
45-54 78(14.0%) 16(14.0%) 62(27.2%)
55-64 110(32.2%) 23(20.2%) 87(38.2%)
265 137(40.0%) 72(63.2%) 65(28.5%)
Religion Orthodox 259(75.7%) 96(84.2%) 163(71.5%)
Muslim 52(15.2%) 16(14.0%) 36(15.8%)
Protestant 31(9.1%) 2(1.8%) 29(12.7%)
Marital status = Single 3(0.9%) 2(1.8%) 1(0.4%)
Married 251(73.4%) 73(64.0%) 178(78.1%)
Widowed 61(17.8%) 33(28.9%) 28(12.3%)
Divorced 27(7.9%) 6(5.3%) 21(9.2%)
Education Unable to read and  19(5.6%) 7(6.1%) 12(5.3%)
write
Primary school 142(41.5%) 62(54.4%) 80(35.1%)
Secondary school 110(32.1%) 28(24.6%) 82(36.0%)
College and above 71(20.8%) 17(14.9%) 54(23.7%)
Occupation Government/private 139(40.6%) 29(25.0%) 110(48.3%)
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employee

Self-employed 54(15.8%) 14(12.3%) 40(17.5%)

Housewife 99(28.9%) 44(38.6%) 55(24.1%)

Retired 50(14.6%) 27(23.7%) 23(10.1%)
Income <3500 87(25.4%) 43(37.7%) 44(19.3%)

>3500 255(74.6%) 71(62.3%) 184(80.7%)

6.2 Lifestyle and Behavioral Activities

Most, 219 (64.0%) of the participants had engaged in at least 30 minutes of physical activity for
more than three days a week, of which 88 (77.2%) were cases, and 131 (57.5%) were controls.
Eighty-three percent (94) of cases and sixty-nine percent (158) of controls had inadequate self-
blood glucose control behavior. The majority of the participants, 282 (82.5%) adhered to their
prescribed anti-diabetic medication during the previous week before the study, of whom 87
(76.3%) were cases and 195 (85.5%) were controls. Fifty percent (172) of the participants had
adequate foot care practice, from these the cases constituted 46 (40.4%), and the controls
constituted 126 (55.3%). More than half, 193 (56.4%) of the participants had not followed the
recommended eating plan adequately, of which the cases were 85 (74.6%), and controls were
111 (48.7%). Ninety-eight percent of the participants were non-smokers, and 36 (10.5%) of the
participants had consumed alcohol, of which the cases constituted 14 (6.1%), and the controls

constituted 22 (19.3%). (See Table 2).
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Table 2 Lifestyle and behavioral factors of patients with type 2 diabetes mellitus at selected

health centers in Addis Ababa, 2024.

Variables Category Total (%) Frequency (%)
Cases Controls

Physical Adequate 123(36.0%) 26(22.8%) 97(42.5%)
Bxercise 1 dequate 219(64.0%)  88(77.2%) 131(57.5)
SMBG Adequate 90(26.3%) 20(17.5%) 70(30.7%)

Inadequate 252(73.7%) 94(82.5%) 158(69.3%)
Medication = Adherent 282(82.5%) 87(76.3%) 195(85.5%)
adherence - dherent | 60(17.5%) | 27(23.7%) 33(14.5%)
Foot care Adequate 172(50.3%) 46(40.4%) 126(55.3%)

Inadequate 170(49.7%) 68(59.6%) 102(44.7%)
Dietary Adequate 146(42.7%) 29(25.4%) 117(51.3%)
compliance - e quate 196(57.3%) | 85(74.6%) 111(48.7%)
Smoking Yes 6(1.8%) 1(0.9%) 5(2.2%)

No 336(98.2%) 113(99.1%) 223(97.8%)
Alcohol Yes 36(10.5%) 22(19.3%) 14(6.1%)
consumptio - 306(89.5%)  92(80.7%) 214(93.9%)
n

SMBG- Self Monitoring Blood Glucose
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6.3 Diabetic and Clinical Factors

More than half (53.2%) of the study participants had a family history of diabetes mellitus, of
which 45.6% were cases and 57.0% were controls. From the participants, 101 (44.3%) of
controls, and 25 (21.9%) of cases had diabetes for less than 5 years. The majority, 324 (94.7%)
of the participants took oral anti-diabetic drugs alone, of which 213 (93.4%) were controls, and
111 (97.4%) were cases. Of the participants, 184 (80.7%) of controls and 90 (78.9%) of cases
had family support. More than half, 182 (53.2%) of the participants had high diabetic health
literacy, of which 139 (61.0%) were controls and 43 (37.7%) were cases. Of the participants, 3
(1.3%) of controls and 38 (33.3%) of cases had polypharmacy. (See Table 3)
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Table 3 Diabetic and clinical factors of patients with type 2 diabetes mellitus at selected health

centers in Addis Ababa, 2024.

Variables Category Total (%) Frequency (%)
Cases Controls

Family history { Yes 182(53.2%) 52(45.6%) 130(57.0%)
of DM

No 160(46.8%) 62(54.4%) 98(43.0%)
Duration of i <5 years 126(36.8%) 25(21.9%) 101(44.3%)
DM

5-10 years 104(30.4%) 26(22.8%) 78(34.2%)

>10 years 112(32.8%) 63(55.3%) 49(21.5%)
Type of i Oral 324(94.7%) 111(97.4%) 213(93.4%)
treatment

Combined 18(5.3%) 3(2.6%) 15(6.6%)

(Insulin+toral)
Family support : Yes 274(80.1%) 90(78.9%) 184(80.7%)

No 68(19.9%) 24(21.1%) 44(19.3%)
Diabetic health : High 182(53.2%) 43(37.7%) 139(61.0%)
literacy

Moderate 49(14.3%) 20(17.5%) 29(12.7%)

Low 111(32.5%) 51(44.7%) 60(26.3%)
Polypharmacy i No (<5 drugs/day) : 301(88.0%) 76(66.7%) 225(98.7%)

Yes (>5drugs/day) i 41(12.0%) 38(33.3%) 3(1.3%)
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6.4 Anthropometric factors

Regarding anthropometric factors among the study participants, 51 (14.9%) were underweight,
of which the cases constituted around 18 (15.8%), and the controls constituted 33 (14.5%), more
than half (56.1%) of the participants were in normal weight category, of them cases constituted
49 (43.0%), and controls constituted 143 (62.7%), as well as around sixteen percent of the
participants, were in the overweight category, of which fourteen percent were cases and around
seventeen of the participants were controls. In addition out of the study participants, 45 (13.2%)
were obese, with approximately twenty-seven percent representing cases and six percent

representing controls. (See Figure 4).

m Underweight mNormal mOverweight mObese

Figure 4 Anthropometric factor among patients with type 2 diabetes mellitus at selected health
centers in Addis Ababa, 2024.
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6.5 Multi-morbidity and blood glucose control

The average of three months’ FBS of participants were 128.6+£23.5. Of the total participants, 148
(43.3%) of them had additional non-communicable chronic diseases other than diabetes mellitus,
of which 92 (80.7%) of them had uncontrolled blood glucose levels, and 56 (24.6%) of them had
controlled blood glucose levels. On the other hand, 194 (56.7%) of the participants had only
diabetes, and from those, only 19.3% had poorly controlled glucose levels. (See Figure 5).

80.7%

90.0% 75.4%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%
0.0%

No Multimorbidity Multimorbidity

m Controlled = Uncontrolled

Figure 5 Proportion of multi-morbidity among patients with type 2 diabetes mellitus at selected
health centers in Addis Ababa, 2024.

Hypertension, dyslipidemia, asthma, and arthritis were additional non-communicable chronic
diseases that were found in type 2 diabetes patients in selected health centers. The concordant or
diseases that are related to diabetes pathophysiologically (hypertension and dyslipidemia) were
found in 80% of cases, and 48% of controls. Discordant or diabetic-unrelated diseases (asthma
and arthritis) were found in 8% of cases and 8% of controls, and both concordant and discordant

conditions (HTN+Asthma and HTN+Dyslipidemia+Asthma) were found in roughly 3% of cases.
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The most common non-communicable chronic condition among type 2 diabetes patients was
hypertension such as 78 (52.7%), cases constitute 41 (35.9%), and controls constituted 37
(16.2%), followed by hypertension+dyslipidemia which was 42 (28.4%), from those cases
constitute 35 (30.7%), and controls constituted 7 (3.1%). Asthma cases were found in 3.1% of
diabetes patients with controlled blood glucose and 2.6% with uncontrolled, Dyslipidemia was
found in 1.8% of controls and 3.5% of cases, arthritis was found in 0.4% of controls, and 4.4% of
cases, but the chronic conditions Hypertension+Asthma and Hypertension+Dyslipidemia+
Asthma were found only in diabetes patients with uncontrolled blood glucose level, at 2.6% and

0.9% respectively. (See Figure 6).
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Figure 6 Frequency of chronic non-communicable diseases in patients with diabetes mellitus
among cases and controls at selected health centers in Addis Ababa, 2024.

6.6 Factors associated with uncontrolled blood glucose
Based on bi-variable logistic regression, around 19 variables were candidates (p<0.25) for
multivariable logistic regression including age of the participant, religion, education level,

marital status, occupation, monthly income, duration of diabetes, family history of diabetes, type

of diabetes treatment, presence of multi-morbidity, polypharmacy, diabetes health literacy,
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physical activity of the patient, self-monitoring of blood glucose, medication adherence, foot

care, diet, alcohol consumption, and BMI.

Finally, from the multi-variable logistic regression type of treatment of diabetes, the presence of
chronic diseases, polypharmacy, medication adherence, dietary compliance, and alcohol
consumption were found to be statistically significant(at p<0.05) factors of uncontrolled blood

glucose.

The odds of uncontrolled blood glucose control levels among patients taking both insulin and
oral-antidiabetic medication were 89% less likely compared to those taking only hypoglycemic
agents (AOR =0.11, 95% CI =0.01-0.82). Moreover, the odds of uncontrolled blood glucose
levels among patients with multi-morbidity were 6.52 times more likely compared to those
without multi-morbidity (AOR =6.52, 95% CIl= 2.92-14.54). Furthermore, the odds of
uncontrolled blood glucose control levels among patients who took less than 5 drugs per day
were 97% less likely compared to those who had polypharmacy (AOR =0.03, 95% CI =0.01-
0.16).

Additionally, patients who were not adherent to their anti-diabetic medications were 2.42 times
more likely to experience uncontrolled blood glucose levels compared to those who adhered to
anti-diabetic medications (AOR =2.42, 95% CI =1.03-5.71). Likewise, the odds of uncontrolled
blood glucose levels among patients who fail to comply with their diet were 4.44 times more

likely compared to those who comply with their diet (AOR =4.44, 95% CI =1.80-10.94).

Patients who consumed alcohol were 3.63 more likely to have uncontrolled blood glucose

compared to those who did not consume alcohol (AOR =3.63, 95% CI =1.36-9.69).(See Table 4).
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Table 4 Multi-variable logistic regression for the study of uncontrolled blood glucose level and
associated factors among patients with type 2 diabetes mellitus in Addis Ababa, 2024.

Variables = Category Blood glucose control = COR(95%CI) = AOR(95%CI) P-value
Controlle = Uncontrol
d led
Age <64 years 163 42 1 1
2065 years 65 72 4.30(2.67-6.95)  1.15(0.48-2.75)  0.758
Religion | Orthodox 163 96 1 1
Muslim 36 16 0.76(0.39-1.43) 0.83(0.29-2.32) 0.716
Protestant 29 2 0.12(0.27-0.50) = 0.56(0.02-1.35) | 0.091
Education = Unable to 12 7 1.85(0.63-5.45) | 0.26(0.04-1.84)  0.175
level read and write
Primary 80 6 2.46(1.30-4.66) 0.79(0.21-3.04)  0.737
school(1-8)
Secondary 82 28 1.09(0.54-2.17) | 0.69(0.23-2.01) | 0.493
school(9-12)
College and 54 17 1 1
above
Marital Married 178 73 1 1
status
Unmarried 50 41 1.99(1.22-3.28)  0.87(0.36-2.15) | 0.771
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Occupatio = Currently 150 43 1 1
n employed
Unemployed @ 78 71 3.17(1.99-5.06)  1.59(0.64-3.95)  0.321
Monthly <3500 44 43 2.53(1.53-4.18)  0.86(0.31-2.44)  0.785
income
23500 184 71 1 1
Duration <5 101 25 1 1
of DM
5-10 78 26 1.35(0.72-2.51)  0.78(0.33-1.82)  0.564
>10 49 63 5.19(2.92-9.23) 2.11(0.76-5.86)  0.153
Treatment = Oral- 213 111 1 1
of DM antidiabetic
Combined 15 3 0.38(0.11-1.35) 1 0.11(0.01-0.82) = 0.031*
(oral+insulin)
Family No 98 62 1 1
history of
Yes 130 52 0.63(0.40-0.99) | 1.29(0.66-2.56) | 0.450
DM
Diabetic = High 139 43 1 1
health :
Medium 29 20 2.23(1.15-4.33)  0.51(0.17-1.57)  0.095
literacy
Low 60 51 2.75(1.65-4.56)  0.31(0.08-1.23)  0.244
Multi- No 172 22 1 1
morbidity
Yes 56 92 12.84(7.38- 6.52(2.92-14.54) <0.001*
22.36)
Poly- No (<5 drugs) 225 76 0.03(0.01-0.09) | 0.03(0.01-0.16) = <0.001*
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pharmacy  Yes (< drugs) 3 38 1 1
Physical  Adequate 97 26 1 1
activity
Inadequate 131 88 2.51(1.51-4.17) . 0.73(0.31-1.73)  0.478
SMBG Adequate 70 20 1 1
Inadequate 158 94 2.08(1.19-3.64)  1.37(0.51-3.69) | 0.537
Medicatio = Adherent 195 87 1 1
" Non-adherent = 33 27 1.83(1.04-3.24) 2.42(1.03-5.71)  0.043*
adherence
Foot care = Adequate 126 46 1 1
Inadequate 102 68 1.82(1.16-2.88)  1.20(0.54-2.66) | 0.646
Dietary Adequate 117 29 1 1
complianc
Inadequate 111 85 3.09(1.88-5.07) 4.44(1.8-10.94)  0.001*
e
Alcohol No 214 92 1 1
consumpti
Yes 14 22 3.65(1.79-7.46) | 3.63(1.36-9.69)  0.010*
on
BMI Underweight = 33 18 1 1
Normal 143 49 0.63(0.32-1.21)  1.18(0.49-2.89)  0.710
Overweight 38 16 0.77(0.34-1.75) 1 0.98(0.31-3.19)  0.983
Obese 14 31 4.06(1.73-9.53)  1.19(0.29-5.00) = 0.803

* statistically significant

BMI- Body Mass Index COR-Crude Odds Ratio AOR- Adjusted Odds Ratio CI- Confidence Interval




7. Discussion

This study reports the association between multimorbidity and blood glucose control and
assessed other determinant factors among adult patients with type 2 diabetes mellitus at health
centers of Addis Ababa. Accordingly, the identified factors significantly associated with
uncontrolled blood glucose level were multi-morbidity, type of diabetes treatment, polypharmacy,

medication adherence, dietary compliance, and alcohol consumption.

The finding from this study showed that the proportion of patients with type 2 diabetes mellitus
having multi-morbidity in our study is 43.3%, this is relatively low compared to the study in
Nepal and Japan (9,43), this discrepancy might be due to socio-demographic, economic, and
lifestyle differences between those two countries, as well as the possibility that fewer diabetes
patients in our study area are examined and screened for other chronic diseases. Thus, it is
important to improve the availability of healthcare services, obtain the diagnosis, and encourage
health-seeking behavior, as well as promote effective patient-provider communication (29). This
implies healthcare policies should enhance the training of healthcare providers on managing

diabetes patients with co-existing conditions.

In contrast to the study done in Australia, in this study concordant conditions (diabetic-related)
were more common than diabetic-unrelated or discordant conditions (10), and the common
morbidity among type 2 diabetes patients was hypertension. This finding is consistent with

studies done in Harar, Addis Ababa, Ireland, and Mekelle (14,17,37,44).

The presence of multi-morbidity or additional non-communicable chronic diseases other than
DM was significantly associated with uncontrolled or poorly controlled blood glucose levels (p-
value<0.001). Diabetes patients who had multi-morbidity were 6.52 times more likely to have
uncontrolled blood glucose, the finding is consistent with studies done in Jimma, and Mekelle
(27,44). This might be due to the presence of multi-morbidity among type 2 diabetes patients
which leads to an increased pill burden from taking multiple medications per day due to this
reason patients may discontinue or fail to remember to take the anti-diabetic medication as
prescribed. So, the presence of muti-morbidity among diabetes patients might contribute to the
aggravation of the disease process and decrease quality of life (23), and the presence of

multimorbidity in those patients may reduce the ability to make lifestyle changes that challenge
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and overwhelm individuals and lead to poor outcomes (19). However, this finding is in contrast
to the study done in Australia (10), the possible reason for this difference might be due to the
limited access to adequate health services in our country and the difference in clinical
characteristics of the patients to help with glucose management in diabetes patients with

multimorbidity.

Poor medication adherence was significantly associated with poor blood glucose control, those
who did not adhere to their medication were 2.42 times more likely to have uncontrolled blood
glucose levels. Findings from other studies support this finding (62,63). The possible explanation
for this is medication non-adherence can disrupt the delicate balance needed to manage diabetes
effectively which might reduce medication effectiveness, leading to poor blood glucose control
and increased risk of complications, with a significant problem for the healthcare system (56).
Patients who do not take their anti-diabetic medication as prescribed may raise blood glucose
levels, due to increased hepatic glucose synthesis, decreased beta cell insulin secretion, or

decreased skeletal muscle glucose uptake (58).

This study revealed that polypharmacy was significantly associated with uncontrolled blood
glucose levels. Those type 2 diabetic patients who took less than 5 drugs per day were 97% less
likely to have poor blood glucose control than those with polypharmacy. This finding is in line
with studies done in Gamo Gofa and Romania (25,70), the possible explanation for this could be
if there are multiple medications to take, the complex nature of the medication regimen can have
an impact on their medication adherence to anti-diabetic drugs, which leads to inadequate
glycemic control and increases the risk of diabetic complications (56). Patients with type 2 DM
who had pill burden were prone to experience drug-drug and food-drug interactions (25).
Polypharmacy may have an impact on the management and course of diabetes by increasing the
risk of poor glycemic control and hypoglycemia due to the interaction between anti-diabetic
drugs and other medications which may affect the pharmacokinetics of the anti-diabetic drugs

and possible adverse drug reactions (24), and this can harm patients’ quality of life (43).

In this study, the type of diabetic treatment was significantly associated with poor blood glucose,
those who take both insulin and oral anti-diabetic medication were 89% less likely to have

uncontrolled blood glucose levels, this finding contrasts with studies done in various regions of
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Ethiopia (17,62,68). A possible explanation could be that the number of patients in this study
who were using both insulin and oral hypoglycemic agents was quite small. However, the
finding is in line with a study done in America, which indicated that for patients with type 2
diabetes mellitus who take oral hypoglycemic agents only, the prompt addition of insulin to oral
anti-diabetic therapy will lead to better outcomes in their glycemic control without encouraging

weight gain or severe hypoglycemia (71).

In this study, dietary compliance was significantly associated with poor blood glucose control,
those who did not follow their dietary advice were 4.44 times more likely to have uncontrolled
blood glucose levels, this finding is consistent with different studies conducted in Gamo Gofa,
and Turkey (25,61). The reason might be due to high carbohydrates affect body mass index,
abdominal circumference, blood pressure, triglyceride, and fasting blood glucose. Therefore, a
low carbohydrate diet in patients with type 2 diabetes mellitus results in the improvement of
glycemic control (72). Maintaining optimal blood glucose requires an integrated approach that

includes dietary adherence in addition to anti-diabetic medication adherence (73).

Our finding showed that alcohol consumption was significantly associated with poor blood
glucose control, with those who consume alcohol 3.63 times more likely to have uncontrolled
blood glucose levels. This result is consistent with the study conducted among diabetes patients
in Oromia Region of Ethiopia (59). This might be because alcoholic drinks such as beer and
sweetened mixed drinks are high in carbohydrates, and this carbohydrate content of beverages is
not well known by consumers, due to this reason the consumption of too much of it might have
an impact on their blood glucose control. Furthermore, alcohol has a lot of calories, which can
cause weight gain and make diabetes management more difficult. Additionally, alcohol calories
are stored in the liver as fat, which over time can raise blood glucose levels by increasing insulin
resistance in the liver, and study conducted in Mizan Tepi indicated that anyone with diabetes
should use extra caution while consuming alcohol because of its impact on effectiveness on anti-

diabetic medications (73).
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7.1 Strengths and limitations of the study

This study has its strengths and limitations using an appropriate study design to determine the

effect of multi-morbidity and other determinant factors associated with blood glucose control.

Despite the above strength, the use of FBS instead of HgbAlc is one limitation, since FBS can
fluctuate throughout the day based on various factors which may lead to an underestimation of
the overall glycemic control, but to overcome this problem we used the three-month average of
fasting blood glucose level. Information on determinant factors of blood glucose control was

obtained from self-reports of diabetes patients, which could result in recall bias.
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8. Conclusion

This study provides an investigation of the association between multimorbidity and blood
glucose control as well as other determinant factors that were associated with uncontrolled blood
glucose level at selected health centers in Addis Ababa. About forty-three percent of patients
with type 2 diabetes mellitus had additional chronic non-communicable diseases, and from those
around eighty-one percent of patients with multimorbidity had uncontrolled blood glucose level.
Further findings revealed that not adhering to anti-diabetic medication, type of treatment for
diabetes, polypharmacy, failure to comply with dietary advice, and alcohol consumption were
positively associated factors with uncontrolled blood glucose levels. Generally, a significant
number of patients failed to control their blood glucose levels due to additional non-

communicable chronic diseases they had.
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9. Recommendations

Based on the findings from the current study the following recommendations are forwarded:

Policymakers should develop policies that assist in improving access to healthcare services and

resources for type 2 diabetes patients living with multi-morbidity.

Health centers need to develop a comprehensive or multi-integrated patient-centered approach,
that takes into account the complex care needs of those patients living with multi-morbidity and

should emphasize early screening and treatment of diabetic patients for other chronic diseases.

Healthcare providers should weigh the potential risks and benefits of prescribed drugs to
minimize drug interactions and should refrain from prescribing unnecessary medications to
reduce the high pill burden. Encouraging patients’ adherence to their anti-diabetic medications,

and they should provide counseling on a healthy diet, and cessation of excessive use of alcohol.

For researchers, further prospective studies are needed to identify which specific diseases have a

greater impact on blood glucose for individuals with type 2 diabetes and multi-morbidity.
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Annexes
Annex I: Information sheet and Consent form
ADDIS ABABA UNIVERSITY
SCHOOL OF PUBLIC HEALTH
DEPARTMENT OF EPIDEMIOLOGY AND BIOSTATISTICS
Part I — Participant's Information Sheet

My name is and I am working on behalf of research conducted by

Ephrata Tegen, Addis Ababa University postgraduate student. You are selected to be a
participant in this study if you give me consent after you have understood the following

information;

Project title- Association between Multi-morbidity and blood glucose control among adult type

2 diabetic patients at selected health centers in Addis Ababa, Ethiopia.

Purpose of the study- The purpose of this study is to determine the effect of multi-morbidity on
blood glucose control among adult Type 2 diabetic patients attending selected health centers in
Addis Ababa. The findings of this study will provide important information on conditions related
to multi-morbidity and blood glucose control among adult diabetic patients as well as it will help
in providing information on strategies and programs that will facilitate better management,
control, and implementation of set guidelines for patients with diabetes, particularly those who

have multi-morbidities.

Study procedures- I invite you to help me with the study by taking part in this survey as the
information you provide us will contribute a lot in preventing multi-morbidity and poor blood
glucose control as well as premature death due to their complications. If you are willing to
participate in the study, I will proceed with the interview and administer questions that help to
answer the study questions. If you do not wish to answer any of the questions included in the

study, you may skip them and move to the next question.
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Risks, stress, or discomfort- There might be slight discomfort in sharing some personal information.
However, 1 do not want this to happen and you may refuse to answer any of the questions if you feel

uncomfortable.

Benefits- Your participation will help us to find out more about multi-morbidity and glycemic control
among adult Type 2 diabetes patients. Our study may help diabetes patients, health professionals, and

health facilities for better improvement of diabetes care.

Incentives- you will not receive payment for participating in this study, but I appreciate your participation.

Right to refuse or withdraw -Your participation is voluntary. You may withdraw from this study at any

time.

Confidentiality - The information that we collect in this study will be kept confidential and will not be

given to anyone.

Voluntary nature of the study- Participation in this study is voluntary. If anything is not clear or if you
need further information, I shall provide it to you. Your decision whether or not to participate in this

study will not affect your current or future relations with this facility or other institutions.

Contacts and Questions - The researcher conducting this study is Ephrata Tegen. You may ask any
questions you have now, or if you have questions later, kindly you can contact through this number:

0930670600 e-mail eph2706@gmail.com.

Part I1: Informed Consent form

I have read this form or it has been read to me in the language I understand and I have realized all

conditions stated above. Are you willing to participate in this study?

1. No (Say Thank you) . 2. Yes (continue the interview)

I certify that the nature and purpose, potential benefits, and possible risks associated with

participating in this study have been explained to the volunteer.

Signature of interviewer Date
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Annex II: English Version Questionnaire

ADDIS ABABA UNIVERSITY

SCHOOL OF PUBLIC HEALTH

DEPARTMENT OF EPIDEMIOLOGY AND BIOSTATISTICS

This questionnaire was used to collect data for patients with type 2 diabetes at the study area.

The information from the respondent was handled confidently without discrimination of any

participants.
Participant Code /2024
Venue:
Part I: Socio-demographic characteristics

S. No. | Questions Response skip
101 Age in years Years
102 sex 1. Male 2. Female
103 What is your marital status? | 1. Single

2. Married

3. Divorced 4. Widowed
104 What is your religion? 1. Orthodox 3. Protestant

2. Muslim 4. Catholic

5. Others
105 What is the highest 1. Unable to read and write

education level you have

attained?

2. elementary school

3. secondary school
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4. college and above

106 What is your occupation? 1. employee (government/NGO)
2. Merchant/self-employee
3. Housewife
4. daily worker
5. Other (specify)
107 Income per month (ETB) Birr
Part II: Clinical or diabetes-related factors
S.No. | Question Response Skip
201 Does anyone else in your 1. Yes 2. No
family (Mother, Father and
siblings) have diabetes?
202 Duration since the disease year/s
diagnoses (in years) (observe
the record)
203 Do you have family support | 1. Yes 2. No If No skip to
related to your disease?
Q205
204 If yes, to Q203 what type of | 1. Remembering to take medication

support? (more than one

answer is possible)

2. Financial support

3. Physical support

4. Psycho-social support
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5. Others(specify)

205 Do you have a glucometer to | 1. Yes 2. No
measure your blood glucose
at home?
206 Specify the type of anti- 1. Insulin Only
diabetic medication regimen
the participant taking 2. Oral Anti Diabetic/s
currently 3. Combined (Insulin +Oral)
207 Does the participant have 1. Yes If No, skip to
any chronic diseases other Q212
than DM? 2. No
208 If yes, for Q207 which 1. Hypertension
additional chronic diseases 2. Dyslipidemia
do you have?
3. Asthma
4. Others(specify)
209 If yes, for Q207 does s/he 1. Yes
take medication for this
disease? 2. No
210 If yes, for Q209 how many
medications does the
participant take per day
211 List of FBS of the last three | FBS
consecutive months
1. mg/dl
2. mg/dl
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3. mg/dl

212 Weight and height 1.weight kg
2.height cm
3.BMI.................. kg/m?

Part III Diabetic Self-care practice questions

The questions below ask you about your diabetes self-care activities during the past seven days.
If you were sick during the past seven days, please think back to the past seven days that you

were not sick.

3.1 Diet

301 How many of the last 0 1 2 3 4 5 6 7
SEVEN DAYS have you
followed a healthful eating

plan?

302 On average, over the past 0 1 2 3 4 5 6 7
month, how many days per
week have you followed

your eating plan?

303 How many of the last 0 1 2 3 4 5 6 7
SEVEN DAYS did you eat
five or more servings of

fruits and vegetables?

304 How many of the last 0 1 2 3 4 5 6 7
SEVEN DAYS did you eat
high fat foods such as red

meat or full fat dairy

51




products?

3.2 Exercise

305

On how many of the last
seven days did you
participate in at least 30

minutes of physical activity?

306

On how many of last seven
days did you participate in a
specific exercise session
(such as swimming, walking,
and biking) other than what
you do around the house or

as part of your work?

3.3 Blood sugar testing

307

On how many of the last
SEVEN DAYS did you test

your blood sugar?

308

On how many of the last
SEVEN DAYS did you test
your blood sugar based on
the number of times
recommended by your health

care provider?

3.4 Foot care

309

On how many of the last
SEVEN DAYS did you

inspect the inside of your
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shoes?

310

On how many of the last
SEVEN DAYS did you

wash your feet?

311

On how many of the last
SEVEN DAYS did you soak

your feet?

312

On how many of the last
SEVEN DAYS did you dry
between your toes after

washing?

3.5 Medication

313

What type of diabetes

medication do you take?

1. Insulin injection

2. Diabetic pills

314

If the answer is insulin
injection for Q312, on how
many of the last SEVEN
DAYS, did you take your
recommended insulin

injection?

0

1

2

3

4

5

6

315

If the answer is diabetic pills
for Q312, how many of the
last SEVEN DAYS, did you
take your recommended

diabetic pills?

3.6 Smoking
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316 Have you smoked a 1. Yes
cigarette—even one puff—
. 2. No
during the past SEVEN
DAYS?
317 If yes to Q316, how many cigarettes
cigarettes did you smoke on
an average day?
3.7 Alcohol intake
318 Have you ever consumed 1. Yes
Icohol such as b
any alcohol such as beer, > No
wine, tela, or arekie?
319 If yes, Have you consumed | 1. Yes If No, skip to
Icohol within th t 321
any alcohol within the pas 2 No Q
12 months?
320 If yes, During the past 12 1. Daily
ths, how fr tly h
FROMELS, HOW HEQUEREY Ve 15 5.6 days per week
you had at least one standard
alcoholic drink? 3. 3-4 days per week
4. 1-2 days per week
5. 1-3 days per month
6. Less than once a month
7. Never
321 Have you consumed any 1. Yes If No, skip to
Icohol within th t 30 324
alcohol within the pas » No Q
days?
322 If yes, During the past 30 1. Number ----------------
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days, on how many 2. Do not know/remember
occasions did you have at
least one standard alcoholic

drink?

323 During the past 30 days, 1. Number

h k alcohol
when you drank alcohol, 2. Do not know/remember
how many standard drinks
on average did you have
during one drinking

occasion?

324 During each of the past 7 1. Monday

days, h tandard
ays, how many standar 2. Tuesday

drinks did you have each
3. Wednesday

day?
4. Thursday

5. Friday

6. Saturday

7. Sunday

Part IV: The questions below ask you about diabetic health literacy

Instruction- these are questions concerning the diabetic health literacy of patients

S.No. | Questions Response

1. When reading instructions or leaflets from health facilities or pharmacies, how do you agree

or disagree about the following? (1. Strongly agree, 2. Agree, 3. Not sure, 4. Disagree, 5.
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Strongly disagree)

401 You find characters that 5 4 3 2 1

you cannot read

402 You find that the print was | 5 4 3 2 1
too small to read (even if you

wear glass)

403 You feel the content was |5 4 3 2 1
too difficult for you to

understand

404 It takes you a long time to | 5 4 3 2 1
read them

405 you need someone to help | 5 4 3 2 1

you to read them

2. Since you are diagnosed as having diabetes Mellitus, have you had the following experiences
in seeking information related to diabetes (e.g., diagnosis, treatment, self-care issues, alternative

therapy, etc.)? (1. strongly disagree, 2. disagree, 3. Not sure, 4. Agree, 5. Strongly agree)

406 You collect information from | 1 2 3 4 5

various sources

407 You extract the information | 1 2 3 4 5
you wanted
408 You understand the | 1 2 3 4 5

information that you obtained

409 You tell your opinion about | 1 2 3 4 5
your illness to your doctors,

families or friends

410 You apply the obtained | 1 2 3 4 5

information to your daily life

3. Since you are diagnosed as having Diabetes Mellitus, you can obtain information about

diabetes and its treatment, how do you agree or disagree about the following? (1.Strongly
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disagree, 2. disagree, 3. Not sure, 4.Agree, 5. Strongly agree)

411 You consider whether 1 2 3 4
the information applies to
you or not

412 You consider whether 1 2 3 4
the information is credible

413 You checked whether 1 2 3 4
the information is valid and
reliable

414 You collect information to | 1 2 3 4
make your health care
decisions

THANK YOU
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Annex III: Amharic version Information sheet and consent form

NheA h0A ZACAL
PULtAN MmS TUCT O
PATATLENE, AT af0FF0thd TPUCT heh
PTGk TGP PEFLTITE aoMmPRP hG avTIanG P
hGA 1 - PTTE TSP AT PE.PLTIF P

AAT°F: LUT ALS

o Gl S ANAAU-:: AT AROCU~ PAUT NASN AN RZOCHT +916 P10 AGeF 117 N9 T0-0-
PGHP JOCIPCT Nav@hA avl8 ANANL PE 10+ 27LhtAF? avl8PTF kP A (HY TS @t
T4 AL TaCnPo::

eTCEhE: COO- NAC 20LS NAFPT AG (L9 PANC oM RPTC avhhd LAD-T ATTFYF %L1t v\t
AnC QNVFO- APEPT (1AS.0 ANO @-OT O MG NOLCPT ATITGT

PTG GATY - PHY TGT 9497 AC PALS (AFPT MALTF Ut PG VardHETF AR PAFDT aPm? AS
NnC EPTC AL PAFOT +80F ATITGT 10+ TSR NAC P0L9% NGFPT AT NARC °m7 RPTC HSP
AAND* U3 MPT, aol8 LAMA:: PPGE TrRF ARG Uard*HE OFAL® AC ALL NPT AnOFo-
PN aPavg PP, RPTC AS ALI09°T ATIPFFL AARTT AG TCACPTT ATINFOP OLI® ATIPL:
£lA0::

PIIPE LIF- ACAL PULAMT vl OC P0L% NAFPT AT PLATSMNMET PAMC aPm7? Adrhahd
ATU9° G UarIPHETF oG RPRH Aeme U N FACTT WILUIP (Warge+EET 091.8CAMTT Ot
AoehAhd  AQtPeh ANTLLLCA ONHY TGT @-AT (ePAte TGET R80T AIONHPINT: 0TS+
AA+e 2. PLE NIPE N FPA-a°MPE LT hPTAAU- AGTI° ATGT TEEPT aoAh AaPAmt 27145 TEEPT
AMRPAL:: TSR OO ikl POEPT OAT APSFOI® AdvavA Po90LAT NPT CHAN  AS
OLTPTAD: TEE LA

ALt @RI° AATPLIDTF - A58 910 aolEPTY ATt T ALNTAC &TAN U7 ATE. 2V
ATNAT A7AC AG 2910900 PR aPAOPT AATPAMT S TAN::
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PGt PPPT - +AFEP (AC 2028 NAFPT AT 129° PONC °m? &PTC ovPhd PAD-T 17 F 1T P0AM
ATIOP LLEGA:: TGHTT ARC VIPPPHETFT MG AATPPPTFT AT .S +299H7 G vhI®T A1t
ATTAAA ALLCT STAA::

LT - (LY TGF FAF4 QAP hEP ALNLATIPTI® ANTATELT AGPAITAT::

eavt@< @PE,P° RAIRLT OVt ANTEP (8.PLATE 1009775 D-9° 1LH, PAIPTII° PN DHY TG ALl
e FaN::

TAMLLYE -0V TST @AT PPINNAND a0lF NTLAML 2n0PA AT TPCET LA A@ OdteC
AT hRATIP.

PGk 4. PLAYE HPC -OHLY TGT PATE (14.PLATE 10+ IAX NAPY ORI T6nT16 aPL% NEAT AG
AT0TPHAT: (LY TSF OO oAt ORI PAA|e @-ALP Y MS ML OLP bt tm.S L9t
IC AT ORI° RDLE T T FITPT h@189°::

AD-EePT WG TLRPT

CUT TG  PIOFavL0 A& I 17 G zhvrT PAPTT TEE Am@dk STANIOLI® oL Nt
(HY €TC: 0930670600, A.7BA eph2706@gmail.com (L1 AL199Z7  TAN::

hed v\t:- PoolE €98 P&

LUT P& ATNOLPAU- ORI AL ALAA. (PPTAD 212 FINATA AS AL PTHLHGTT U-79° U339 F
N°7710 AO-PPAU-~::

(LY 7T APATe 4PLT 1912

1. A AhaPOIS AU

2. h® PO MLPPT LPPi

OHY TG @O Noeedtq oC PHEPHD- +4PET 9T, TPOT AT ALANTFA 27T 0 ALOPT ATAS 4

MNANU-:: P28 ANA(L &CT7 +7
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Annex IV: Amharic Version Questionnaire

ey TfE ALt uv-At G NG hAGF@. FO1PE avlE ATIN0AN PO .

LhTATLENCE, WG at0Z~Ttha TPUCT h&d

A0 ANA eZACAT

euNLtaN mS TPVCT Lt

TeEPF

PILANNND. av28 U7 ALAL PATSP (WP aPAne L eHA::

etmPe@. av\P ¢P( /2024

0

ntmfPPE

h&d A28 e1a34 LTIUNEE AT ADTTILE Uit

& | TPE ao\( HAd
101 0£:99, (1av+( Gavt+ G av-t
102 | 2 1. 078 2. (vt
103 | OH4C vz 1. PA10/F 2. £10 /T

3.6 P4.80v /1

4. T4k PPFOT @g9e a4, P9t
104 | h@IITTP o7 17 1. AC-P&hn0

2. a1\ 9P

3. TCEOVF T

4. bfAh

5. AT

105

Prmee@. /P +IUCT

L9700 AS PG P71\ /PTTTTA
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2.0a0BavlQ R0

3. PUOTE 028

4. PAE AS DILE NAL

106 | PG 0P L7 107 1. P20V @RI° PN LCOF M
2. 198
3. 0 F Aoe(Lt
4. 7 (S
5. AT

107 NAThe PoC 1P Ot NC
AP N1C 1A ?

h&d vt hA7hA @g9° haC vaed® IC 0HP0H TPEPT

+. & | B ao\( ‘HAd

201 | AP (AT OLI° 1. hP 2. ARLATP
AGT OLI° @7LI°hUT)
a.nt ealc O
L1040 A@. AN?

202 | P0G A0 TP Gav-t
8y (7 qavt @

(aH7 +avdnt/T)

203 | vavar<y (\-+avAnt 1. AP 2. hELAI avd\(x “hLLAT°" NPt
AN 06 Ah @RI @L 2055 TPE HAA
£.LLIN?

204 | 02035 TPE dPAN AP 1. a3 WILOAL TN T D0

nwr 9°7 agrt &o%

2. P17 L%
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1? 3. ANA® &6 (AFPAN, (LFava>: R

AVhIPS o0 g:)
4. PN1-ANG &6

5.000F Nk emen

205 | N9 2L9° (G 9P 1. AP 2. hLLAI
afh ¢
a1 0 (ANDTLHC)
ANPT?

206 | TAFEAIP AU 1 AT0AT T

APOAL/T PAMTT PANC
2. (AS P9LDAL: av L5yt

av @5yt Gt P2
3. BOETPP (AT00T AT (A

o100
207 | hawC 0fF asp AA 1. AP 2. hLLAJ® ao\(x ALLATC hUPt @f,
TAAL PAUT @RI° (C
2022 (TFPF AP 2125 TEE HAA
208 | A2075 TPE dPAN AP 1. PL9° “)4st avgn,av(
hPr eaa @y 405+
a4 “ 2. Pt POt aom avgn,av(
go L.
3. ANgP
4. 5.000T 0 2P0
209 | A2075 TPE dPAN AP 1. AP 2. h8LAI°
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LOOSN?
21 P+ @77 PY PO FBS
+hg e ot A
( FBS) oy 1 7/,
2. 7.9/ 2.0\,
3. T9/%A,
212 | ¢TAFE@ P WLt AG 1. hnet+ .
qavt
2. ¢avt (.99,
0. t/kaot? o

hed o0k PARC Var-aTy AGATF@- 070201 A7hNhN,

NHY OFF PAF ERPT QAT AT T O-OT NALLHTF PAMC YaPdP 207 Par 7N A7POPAPT
LMeEPFA:z0ASF AT PG+ @O Fovd- NINS A0hP hH (&1 210517 A0 PG+ aoAd AD- PO

3.1 AP D7)

301 | 0A%-t A0t ¢+ @.AT 0 1 2 3 4 5 6 7
A9°7 PUAN P77 RAaP D)

APLPT HINGF?

302 | (1A“1he QN.@- OC 0 1 2 3 4 5 6 7
@ NA°7rF AQTE
PGt AT OPLPY
TFAPA?
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AI°7 PUN D7 hIPOTS
DL NAL &F6T

ATRATT TP ?
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ORI T TPOLP T
Farq(t?

3.2 PhhA 3T AP0

305 | 0A¢<t A0t ¢9+ @.aT
A9°7 SUN P77 AhAT
ATPOP O ALCIPA
(PR7IC THY @I°C)

306 | hav@(5 (&P -en,
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eRI°PT 0! C oMy
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3.4 PAIC A7hN(,

309 | 0A¢-t a0t ¢ Q.07
A7 PUA P
PO-OMT D7 PBLTIPY
h&d tavd P

310 | 0A%-t A0+t P91+ QAT
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0A%t A+ 9T AT
A7 PUA PG AOICPTY
@Y OAT HEHS?

312

A%t At 9T QAT
A9°7 PUN PST WOICPT
ham AAA TP
AL:CPPA?

3.5 PAC &Yt hoAn:

313

7 W&t NG &Yt
LONGN?

1. AT0R7

2. A7 (A

314

ATEE €TC 313 PAN-
A0 DRt QAT aat
PGt @AT AT PUA
+GF eFHHAP T
A10-\.7 aPC4,
TOVTPAN?

315

ATEE €TC 313 PAN-
AThA her QAs<t At
PGF NP AT PUA
+GF eFHHAP T P0G
a7+ K714
DALPAN?

3.6 AL2¢- TIen

316

0Aét OO+ PG+ QAT
LI¢ APPO@+ PP -?

1.AP

2. A0, AAD-Ppg°

317

ATLE £TC 316 PAN-
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3.7 AAhd eo k-
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(L& T TPH?
3. 4o
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6. P87,

2. hag

7. A&
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