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Background: One of the chronic diseases, all over the world, due to its significant contribution
to the existence of other health problems is hypertension. It is known that hypertensive patients
exposed to diabetes and the reverse is also true. The objective of the current investigation was to
identify joint risk factors for hypertension and type 2 diabetes for adults under treatment.
Methods: A random sample of 748 hypertensive and type 2 diabetic patients was selected.
A retrospective longitudinal study was conducted with the selected patients who were
receiving treatment for both hypertension and type 2 diabetes. A joint linear mixed-effect
model was used for data analysis in this investigation.

Results: The current investigation revealed that age (B = 0.18, p-value = 0.04 for hyperten-
sion, B = 0.81, p-value = 0.02 for type 2 diabetes) and weight of patients (f = 0.52, p-value
<0.01 for hypertension, B = 0.32, p-value <0.01 for type 2 diabetes) were positively and
significantly associated with existence of hypertension and type 2 diabetes whereas visiting
times (B = —0.08, p-value = 0.04 for hypertension, § = —0.38, p-value = 0.03 for type 2
diabetes) were negatively associated with the variables of interest. Similarly, patients who do
not exercise, who smoke, and drink and patients with a family history of disease were
positively associated with the existence of the variables of interest.

Conclusion: Hypertension and diabetes are highly correlated and one is the causes of the
other. Hypertensive and diabetic patients should be aware that they should stop drinking
alcohol and smoking and should attend properly to their medication as prescribed by health
staff. They should also be advised to undertake physical exercise to reduce risks related to
these two correlated diseases.

Keywords: joint modeling, longitudinal data analysis, hypertension, systolic, diastolic, type
2 diabetes, mixed model

Background

Hypertension and type 2 diabetes are the two general conditions that have the most
significant impacts on the health care systems in both the developed and developing
worlds." The existence of type 2 diabetes (the amount of fasting glucose concen-
tration in the blood) is about 2.5 times more likely in hypertensive patients as
compared to non-hypertensive patients.> These two associated diseases often co-
exist and lead to serious cardiovascular problems.” Adults with hypertension are
also exposed to stroke and serious heart disease.” Effective strategies to prevent
type 2 diabetes in people with hypertension are urgently needed, especially in
countries with a high prevalence of hypertension.’
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Hypertension is one of the sources of and risk
factors for the progression of a number of diseases.*’
Progression of hypertension is also associated with cardiac
and vascular abnormalities. This further becomes harmful
for other parts of the body like the heart, kidneys and other
organs.' The progress of hypertension forces patients to
check whether or not they are experiencing systolic and
diastolic blood pressure.’

A hypertensive and type 2 diabetic patient should visit
a health institution frequently in order to follow up the

progression of the two diseases.’

For hypertensive
patients, the average systolic reading is higher than
140 mm Hg and the average diastolic reading is greater
than 90 mm Hg.> For such patients, the small blood
vessels are mostly affected over time.® These blood vessels
become toughened and less elastic, which leads to further
organ injuries.” Therefore, maintaining normal blood pres-
sure is a very important component of reducing the risk of
heart attack, stroke or organ injuries.*

The

readings indicates that a person has hypertension, which

existence of very low and very high
is related to other diseases such as coronary heart disease
and type 2 diabetes.® Socio-demographic and clinical pre-
dictors can affect the risk/severity of these two diseases.’

Having hypertension appears to increase the risk of
having type 2 diabetes, and having type 2 diabetes
increases the risk of hypertension. In addition, having
one or both conditions increases the risk of various com-
plications and decreases kidney function, progressing to
dialysis, and problems with blood vessels in the eyes,
leading to vision loss and peripheral vascular disease.’
Hence, type 2 diabetes has been associated with an
increased risk of hypertension and vice versa. However,
whether there is a bidirectional causal relationship
between type 2 diabetes and hypertension remains to be
determined.’

Previously, separate studies were conducted to identify
factors influencing only systolic blood pressure (SBP) or
diastolic blood pressure (DBP), which did not investigate
the joint effect of these two longitudinal responses.'** Joint
modeling of continuous or discrete responses with time to
event is also commonly conducted for each response.®
However, the results obtained from such longitudinal and
time to event studies regarding predictors are
controversial.”'® Joint modeling of the two longitudinal
responses with fixed and random effects is more flexible in

terms of identifying the association between them.'' "

Therefore, the objective of the current investigation
was to identify joint predictors of longitudinal responses,
namely, hypertension (systolic/diastolic) and type 2 dia-
betes, for patients under treatment at Felege Hiwot
Teaching and Specialized Hospital, North-Western
Ethiopia. To the best of the author’s knowledge, there is
a scarcity of previous studies conducted to identify joint
predictors of the two longitudinal and correlated outcomes
in the study area.

Previous research recommends joint modeling of two
longitudinal responses to provide more efficient
inferences than separate analyses, given that the interest
is drawing joint inferences about similar or different
outcomes.'*!> It is also the author’s firm belief that the
statistically significant interaction effects of the two out-
comes obtained in the current investigation make
health The

results obtained in the current investigation also give

a practical contribution to the sector.
insights into complex and advanced theories related to
one of the critical problems facing the life sciences and
public health practitioners. Hence, the interaction effect of
two or more covariates/predictors helps to identify the
bidirectional effect of the two longitudinal responses.

Methods and Materials
Study Design

A retrospective cohort study design was conducted on 748
hypertensive and diabetic type 2 patients at Felege Hiwot
Specialized and Teaching Hospital, North-West Ethiopia.

Sources of Data

The data used for the current investigation were secondary
sources obtained at Felege Hiwot Specialized and
Teaching Hospital with the purpose of following up/check-
ing blood pressure and fasting glucose concentration in the
blood.

Sample Size and Sampling Procedure

From the total of 2004 hypertensive and diabetic patients
who started their treatment in the hospital from
September 2015 to June 2017, 748 were selected randomly
using a residence-based stratified random sampling tech-
nique. The data were recorded at every follow up by the
health staff, retrospectively, using the format developed by
the Ministry of Health. Samples of data and associated

variables were collected in the medical chart of each
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selected patient by the health staff, following orientation
about the variables included in the current investigation.

Data Collection Tools and Procedures
The available information was first observed and discussed
with health care service providers from the hospital. Data
were extracted using a format developed by the investiga-
tor in consultation with health service providers. Patients'
charts were retrieved using their registration card
numbers found in the hospital's electronic database.

Quality of Data

The quality of the data was controlled by data controllers
from the hospital as well as from the regional health
research center who had received intensive training from
the Ministry of Health for these and other purposes. The
data extraction tools and variables included in the analysis
were pre-tested for consistency of understanding, review
of tools and completeness of data items on 45 random
charts. Based on the pilot data results, the necessary
amendments were made on the final data extraction for-
mat. The retrieval process was closely monitored by the
principal investigator throughout the data collection per-
iod. Both predictor and response variables were checked
regularly and any problem traced was immediately com-
municated to data collectors for correction.

Measurements

The diagnosis of type 2 diabetes was conducted by the
endocrinologists in the hospital according to fasting
venous blood glucose concentration (tested with the
Glucose Oxidase Method) and was leveled based on the
1999 World Health Organization criteria.® The hyperten-
sion reading was also tested and recorded by qualified
health staff at each patient visit.

Inclusion Criterion

Both hypertensive and diabetic type 2 adult patients fol-
lowed up between September 2015 and August 2017, with
a minimum of three follow ups, were eligible for this study.
A minimum of three visits was insisted upon to ensure the
validity of results inferred from the whole patient cohort
based on the information obtained in selected samples.

Variables Under Current Investigation

The hypertension reading and amount of fasting glucose
concentration in the blood of a patient measured repeat-
edly at each follow up visit were considered response

variables. Age in years, weight in kg, smoking status
(yes, no), drinking status (yes, no), meat use (never, rarely,
frequently), use of vegetables (never, rarely, frequently),
physical exercise (never, rarely, frequently), residence area
(rural, urban), sex (male, female), family disease history
for hypertension or type 2 diabetes (yes, no), follow up
visits (1, 2), marital status (living with partner, living
without partner), level of education (illiterate, primary,
secondary and above), and chewing chat (yes, no) were
considered independent/predictor variables.

Data Analysis and Parameter Estimation

SAS software version 9.4 was used for data analysis. The
general linear mixed-effect model, which consists of fixed
and random components, was used for data analysis. The
random components in the data analysis describe how the
subject-specific profiles deviate from the average profile
for the two outcomes. The joint modeling of the two
response variables was used to detect the common risk
factors of the variables of interest. Both the fixed and
random components of the model were selected using
Akaike (AIC)
Information Criteria (BIC) considering the least is the best.

Information Criteria and Bayesian

In the current investigation, model building was started
from a single covariate analysis approach. To do this, first,
a single covariate analysis was conducted to detect poten-
tially significant variables in the multicovariate model. The
normality assumption for the current investigation was
also tested and the distribution satisfied the assumption
under consideration. In order to fit the joint model of the
two response variables, namely, hypertension and type 2
diabetes, linear mixed effect models were considered sepa-
rately for parameter estimation of marginal models. Then,
the conditional random effects model (combining the sepa-
rate models for hypertension and type 2 diabetes) was
developed. Finally, a joint multivariate distribution of ran-
dom effects of the variables of interest was conducted.
Parameter estimation of hypertension and type 2 diabetes
considering hypertension as a linear predictor was
constructed.

Results

The baseline characteristics of patients are shown in Table 1.
It shows that 362 patients (44.4%) were female, 225 (30.1%)
were living in a rural area and 236 (31.6%) were living
without a partner. Among the patients, 145 (19.4%) were
smokers and 215 (28.7%) were chewing chat. About 327
(43.7%) of the respondents were drinking alcohol. Regarding
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Table | Baseline Demographic and Clinical Characteristics of Hypertension and Diabetes Patients (n = 748)

Characteristics Average Category Frequency (n) Percent (%)

Age in years 45 years

Weight in kg 64 kg

Height in meters 1.5m

Baseline blood pressure 146/105

Sex Female 362 484
Male 386 51.6

Education level llliterate 125 16.7
Primary 368 49.2
Secondary and above 255 34.1

Residence Rural 225 30.1
Urban 523 69.9

Marital status Living with partner 512 68.4
Living without partner 236 31.6

Smoking No 145 19.4
Yes 603 80.6

Chewing No 533 71.3
Yes 215 28.7

Alcohol No 421 56.3
Yes 327 43.7

Physical exercise Never 252 337
Rarely 296 39.6
Frequently 200 26.7

Consumption of meat Never 55 74
Rarely 335 44.8
Frequently 358 479

Consumption of vegetables Never 35 4.7
Rarely 435 58.2
Frequently 278 372

Family history of disease (diabetes or hypertension) No 245 328
Yes 503 67.2

physical exercise, 252 (33.7%) did none at all. Table 1 also
indicates that about 693 patients (92.6%) frequently eat meat.
Of patients, 503 (67.2%) had a family history of one of the
two diseases.

As it indicated in Table 1, continuous predictors were
also recorded. The average age of patients was 45 years,
with a standard deviation of 3 years; average weight of
patients was 64 kg, with a standard deviation of 3.7 kg and
average height of patients was 1.5 meters, with a standard
deviation of 1.12 meters. Hence, the average BMI for all
patients selected from the hospital was 28.44 kg/m2, with
a standard deviation of 3.4 kg/m2, which indicates that

their body weight was not proportional with their height.
Table 1 indicates that the average hypertension value was
146/95mmHg, with a standard deviation of 4 mm HG and
the average fasting glucose concentration was 132mg/dL,
with a standard deviation of 3.5 mg/dL.

Among the random effects, fixed effect + random
intercept and random slope had the smallest AIC and
BIC; hence, it has been selected as a random effect and
included in the current investigation.

Table 2 shows the separate parameter estimations;
Table 3 shows the joint multivariate distribution of random
effects of the variables of interest; and Table 4 indicates
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Table 2 Parameter Estimates and Corresponding Standard Errors for Univariate Data Analysis of Hypertension and Type 2 Diabetes

Parameter Hypertension Type 2 Diabetes
Effect Std. Deviation p-value Effect Std. Deviation p-value

Intercept 134.82/91.4 1.66 <0.001 121 6.69 0.33
Age 0.18 0.16 0.04* 0.65 0.8l 0.02*
Weight 0.52 0.15 <0.01* 0.71 0.38 <0.01*
Physical exercise (Ref. = frequently)

Never 6.85 2.69 0.23 27.33 2.80 0.75

Rarely 2.23 0.23 0.14 5.32 1.52 0.15
Sex (Ref.=Male)

Female -1.97 3.47 0.01* —4.36 2.34 0.02*
Residence (Ref. = Urban)

Rural -1.09 2.4230 0.04* -1.79 2.50 <0.01*
Marital status(ref. = Single)

Divorce —14.51 7.95 0.08 —8.67 476 0.02

Married -15.07 5.01 0.0l -9.90 3.85 <0.01
Smoking (Ref. = Yes)

No —0.65 1.61 0.03* -1.39 6.26 0.04*
Chewing chat (Ref. = Yes)

No -3.93 291 0.31 —1.65 3.73 0.96
Drinking alcohol (Ref. = Yes)

No -3.98 2.54 0.02% -5.75 2.17 0.03*
Level of education (Ref. = Tertiary)

llliterate 6.62 4.60 0.24 -9.42 229 0.72

Primary 5.71 4.34 0.28 13.27 2.14 0.59

Secondary 4.13 5.89 0.48 —5.06 2.08 0.85

Visiting time —0.08 0.11 0.041* —0.38 0.18 0.03*
Visiting time *sex (Ref. = Male)

Female -1.97 347 <0.01* 0.36 1.34 0.01*
Age* sex (Ref. = Male)

Female -1.27 4.47 0.01* 1.34 1.24 0.01*
Visiting time *Residence area (Ref. = Urban)

Rural -0.27 3.47 <0.01* -0.26 1.34 0.02*

Note: *Statistically significant variable at 5% level of alpha.
parameter estimations of hypertension and type 2 diabetes, The conditional independence random intercept

considering hypertension as a linear predictor.

The univariate separate model in Table 2 indicates that
age, weight, sex, area of residence, smoking status, drink-
ing status and visiting times statistically affected the two
response variables. Similarly, among the interaction
effects, visiting time with sex of patients, age with sex of
patients and visiting time with area of residence signifi-

cantly affected the variable of interest.

model in Table 3 indicates that age, weight, physical
exercise, family history of disease, smoking status,
drinking alcohol status, and visiting times were statisti-
cally significant for the two responses. On the other
hand, the interaction effects like visiting time with sex,
age with sex, and the interaction of visiting time with
area of residence significantly affected the variable of
interest.
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Table 3 Parameter Estimates and Corresponding Standard Errors for Conditional Independence Random Intercept Model with

Hypertension and Type 2 Diabetes Data

Parameter Hypertension Type 2 Diabetes
Effect Std. Deviation p-value Effect Std. Deviation p-value

Intercept 135/92 1.66 <0.001 125.95 6.69 0.33
Age 0.18 0.16 0.04* 0.65 0.8l 0.02*
Weight 0.52 0.15 <0.01* 0.71 0.38 <0.01*
Physical exercise (Ref. = frequently)

Never 6.85 2.69 0.023* 27.33 2.80 0.75

Rarely 2.23 0.23 0.014* 5.32 1.52 0.15
Sex (Ref. = Male)

Female -1.97 347 0.010% — 436 2.34 0.02%
Residence (Ref. = Urban)

Rural -1.09 2.4230 0.064 -1.79 2.50 <0.051
Family history of hypertension or diabetes (Ref. = Yes)

No —4.25 1.45 0.023* —2.62 1.52 0.020%*
Marital status (ref. = Living without partner)

Living with partner —14.51 7.95 0.08 —8.67 4.76 0.02
Smoking (Ref. = Yes)

No —0.65 1.6l 0.03* -1.39 6.26 0.04*
Chewing chat (Ref. = yes)

No -3.93 291 0.31 —1.65 3.73 0.96
Drinking alcohol (Ref. = Yes)

No -3.98 2.54 0.02* —=5.75 2.17 0.03*
Level of education (Ref. = secondary and above)

llliterate 6.62 4.60 0.24 —9.42 229 0.72

Primary 5.71 434 0.28 13.27 2.14 0.59

Visiting time —0.08 0.11 0.041* —0.38 0.18 0.03*
Visiting time *sex (Ref. = Male)

Female -1.97 3.47 <0.01* 0.36 1.34 0.01*
Age* sex (Ref.=Male)

Female -1.27 4.47 0.01* 1.34 1.24 0.01*
Visiting time *Residence area (Ref. = Urban)

Rural -0.27 347 <0.01* —0.26 1.34 0.02*
Association parameter(o) 0.134 0.74 <0.01* 1.14 1.001 0.03*

Note: *Statistically significant variable at 5% level of alpha.
In Table 3, the same sign in parameter correlated errors is important. However, the relaxation of

estimations indicates a positive correlation between the
two responses. The conditional independence assumption
in Table 3 was too restrictive in introducing estimation of
errors and the parameter estimation is not reliable. During
this time, relaxation of conditional independence by re-
fitting the joint random intercepts model with possible

the conditional independence approach in Table 3 lacked
convergence. In such situations, it is important to intro-
duce the conditional dependence of one response on the
other using a linear predictor'® which validates the
observed correlation between the two responses arising

from the association of random intercepts. This was done
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using a generalized linear mixed-effect model for type 2
diabetes as a response and hypertension as a linear pre-
dictor. The generalized linear mixed-effect model of type 2
diabetes considering hypertension as a linear predictor is
shown in Table 4.

As shown in Table 4, age, hypertension, weight, phy-
sical exercise, sex, area of residence, family history of

disease, smoking status, drinking alcohol status, marital
status, chewing chat and visiting times significantly
affected the progression rate of type 2 diabetes. Hence,
as patients' age increased by one year, the amount of
fasting glucose concentration in the blood increased by
0.65 mg/dL (95% CI: (0.03, 0.98), p-value <0.01) keeping

the other variables constant. As patients' weight increased

Table 4 Parameter Estimates for Joint Model of Type 2 Diabetes Data Using Linear Predictor for Hypertension

Parameter Effect Std. Deviation 95% CI p-value
Intercept 126.95 6.69 —2.54 9.87 0.33
Age 0.65 0.8l 0.03 0.98 0.02*
Weight 0.71 0.38 0.04 0.99 <0.01*
Hypertension 0.67 0.52 0.03 0.95 <0.01*
Visiting time —0.38 0.18 -3.45 —0.54 0.03*
Physical exercise (Ref. = frequently)

Never 233 0.80 0.87 4.15 <0.01*

Rarely 1.32 0.52 0.98 3.83 0.03*
Sex (Ref. = Male)

Female - 236 2.34 —4.43 —0.65 0.02*
Residence (Ref. = Urban)

Rural -1.79 2.50 -3.98 —-0.87 <0.01I*
Family history of hypertension or diabetes (Ref. = Yes)

No —2.34 0.56 —4.45 —0.04 <0.01*
Marital status (ref. = Living without partner)

Living with partner —2.90 3.85 —4.23 -0.75 <0.01*
Smoking (Ref. = Yes)

No -1.39 6.26 -3.24 —0.45 0.04*
Chewing chat (Ref. = Yes)

No —1.65 3.73 -3.56 —0.45 0.03*
Drinking alcohol (Ref. = Yes)

No -3.75 2.17 —6.25 —0.53 0.03*
Level of education (Ref. = Secondary and above)

llliterate 9.42 2.29 —-0.92 12.43 0.72

Primary 4.53 1.87 —0.34 7.34 0.08
Visiting time *sex (Ref. = Male)

Female —0.36 1.34 —2.01 —0.02 0.01*
Age* sex (Ref. = Male)

Female —-1.34 1.24 —4.43 —0.54 0.01*
Visiting time *Residence area (Ref. = Urban)

Rural —-1.26 1.34 —4.24 —0.45 0.02*
Association parameter (o) 1.13 0.3741 1.004, 1.43 0.02*

Note: *Statistically significant variable at 5% level of alpha.
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by 1 kg, amount of fasting glucose concentration in the
blood also increased by 0.71 mg/dL (95% CI: (0.04, 0.99),
p-value <0.01) keeping the other variables in the model
constant.

Similarly, as patients’ hypertension increased by one
unit, the amount of fasting glucose concentration in the
blood also increased by 0.67 mg/dL (95% CI: (0.03, 0.95),
p-value <0.01). As visiting time of a patient increased by
one unit, the amount of fasting glucose concentration in
the blood decreased by 0.38 mg/dL (95% CI: (—3.45,
—0.54), p-value = 0.03).

Comparing female and male patients, the amount of
fasting glucose concentration in the blood of female
patients decreased by 2.36 (95% CI. (—4.43, —0.65),
p-value = 0.02) as compared to male patients, keeping
the other variables constant.

The amount of fasting glucose concentration in the blood
of rural patients decreased by 1.79 (95% CI: (—3.98, —0.87),
p-value <0.01) as compared to that of urban patients.
Comparing smokers with non-smokers, the amount of fast-
ing glucose concentration in the blood of non-smokers
decreased by 1.39 (95% CI. (—3.24, —0.45), p-value =
0.04) as compared to smokers. Similarly, the average
amount of fasting glucose concentration in the blood of
non- alcohol consumers decreased by 3.75 (95% CI:
(—6.25, —0.53)) as compared to alcohol consumers, keeping
the other factors constant. Similar to main effects, some
interaction effects were also significant in Table 4. Some
of the significant interaction effects are described below.

Interaction Effects Between Visiting Time

and Sex of Patients

The results in Table 3 indicate that, as visiting time
increased by one unit, the amount of fasting glucose con-
centration in the blood of female patients decreased by
0.36 mg/dL compared to male patients, keeping the other
variables constant. Therefore, the variation gap in the
variables of interest between males and females observed
at the beginning of the follow-up period increased as the
number of follow-up visits increased.

Interaction Effect Between Visiting Time

and Area of Residence

Even though rural patients had lower fasting glucose
concentrations in their blood at initial treatment, the rate of
decrease for average amount of fasting glucose concentra-
tion for urban patients was greater than that of rural patients

after initiation of treatment. Hence, as time from commence-
ment of treatment increased, the average decreasing rate of
fasting glucose concentration for urban patients was faster
than that of rural patients, keeping other things constant.

Interaction Effect Between Age and Sex

of Patients

Table 4 indicates that, as patient age increased by one unit,
the average amount of fasting glucose concentration also
increased. Comparing female with male patients, the rate
of increase for the variables of interest in female patients
was smaller than that in male patients.

The joint mixed-effect model in Table 4 indicates that
the variation in hypertension is also associated with the
amount of fasting glucose concentration in the blood of
patients. The association between the variables of interest
increased as visiting time increased. In the current inves-
tigation, the variation between the random slopes for the
variables of interest was positive and, hence, the larger
value of the random slope between the variables of interest
indicates a positive strong association between the
response variables. Finally, the association parameter (o)
had positive values with significant p-values (B = 1.13,
95% CI: (1.004, 1.43)). The positive value indicates that
the two response variables were positively correlated and
the occurrence of one leads to the occurrence of the other.

Discussion
In this research, certain predictors and covariates signifi-
cantly and jointly affected the two responses, namely,
hypertension and type 2 diabetes. As age of patient
increased, the two responses also increased but the
rates of increase for female and male patients were differ-
ent. Hence, as age increased by one year, the average
increasing rates of hypertension and type 2 diabetes for
female patients were smaller as compared to male patients.
This finding agrees with that of previous research.'"!”
Weight
responses and this result also agreed with previous

of patients positively affected the two
research.'® The potential reason for this may be the fact
that patients who eat meat frequently weigh more than
vegetarian patients and such patients are exposed to hyper-
tension and associated diseases like type 2 diabetes.'’
Patients who do not engage in physical exercise also
weigh more than patients who do exercise'® and are thu-
salso exposed to hypertension and its correlated disease,
diabetes 2.%°
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Male patients experience higher hypertension and type
2 diabetes readings as compared to females. The reason for
this variation may be that females are always busy, with
housework, childcare, shopping and cooking, which means
they get more physical exercise, which postively influ-
ences their hypertension and type 2 diabetes readings.
Females have good experience of taking pills for family
planning and this might further lead to good adherence to
medication for hypertension and type 2 diabetes. This
result is consistent with one previous study”' and contra-
dicted by another.*? Hence, this result needs further inves-
tigation in the future.

The severity of both diseases is greater in urban
patients as compared to rural patients because of the nature
of daily work for rural patients. Peasants are laborers,
which involves physical activity and thus reduces their
readingings for the two correlated diseases. This result is
consistent with one of the previous studies.”

Hypertensive and type 2 diabetic patients who drink
alcohol are exposed to greater severity of the two diseases.
Such patients may not be adherent to medication after
drinking alcohol, as described by health staff, because of
the interaction between alcohol and the drug toxicity pro-
blem. Hence, such patients may skip taking pills after
which
readings for both diseases.”?

drinking alcohol, leads to an inflation of

Similarly, the severity of hypertension and type 2 dia-
betes for smokers leads to additional diseases such as
cardiovascular disease; such patients are more likely to
die than non-smokers. Smoking has side effects for the
lungs of such patients and the existence of such additional
diseases affects the severity of hypertension and its corre-
lated disease, type 2 diabetes.**

Patients living with their partners experience less
severe hypertension and type 2 diabetes because partners
may give proper care and encourage them to adhere to
prescribed medication. Partners may remind patients when
to take their pills and to visit the health institution.?

As visiting time of patients increased by one unit, vari-
ables of interest decreased. The possible reason for this may
be that successive treatment reduces hypertension and type 2
diabetes. However, the rate of reduction for female patients is
greater than that for male patients. One possible reason for
this is that women are used to adhering to child vaccination
programs and family planning pills, which may positively
affect their adherence to medication for hypertension and
type 2 diabetes.?*?’

As time from commencement of treatment increased
by one unit, the rate of reduction for urban patients was
greater than for rural patients. This result is similar to that
of previous research.® One possible reason for this might
be that urban patients take their treatment more seriously,
attend check ups and adhere to medication as instructedf.
28 Most of the time peasants living in rural areas go to
health facilities whenever they are freed from regular
activities rather than on the date prescribed by health
staff. Patients in rural areas travel long distances to health
facilities for follow-up appointments regarding their dis-
ease status and this may be another reason for loss

to follow up.

Conclusions

This investigation indicates that the variables of interest
decreased as visiting time of patients increased. However,
the rate of decrease for different groups such as area of
status different.
Consequently, due attention should be given to the specific

residence, sex, and marital was
needs of each group of patients. Patients with very high
hypertension and type 2 diabetes in this long-term treat-
ment program were at risk and should receive continuous
advice to engage in physical exercise. Rural patients under
treatment, non-vegetarian patients, patients who do not
engage in physical exercise, patients who drink alcohol
and smoke cigarettes are at higher risk and should thus be
identified for follow up.

The interaction effects of two or more covariates that
occurred in the current investigation, and were not con-
sidered in previous investigations, indicate that this is
a complicated health-related problem for both hyperten-
sion and type 2 diabetes. This further indicates that the
occurrence of one is a cause of the other. The suggestions
given in relation to the interaction effects of certain patient
characteristics is useful for future research in this study
area. The results obtained in the current investigation can
help policy makers and health staff amend policies and
instigate proper interventions aimed at reducing the sever-
ity of hypertension and type 2 diabetes.

This study was not without limitations. The data were
obtained from only one treatment site and including more
sites may provide additional information. The author
recommends that future studies include additional treat-
ment sites.
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