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Abstract
Background
This case control study attempted to determine the relationship
between irregular intake of antihypertensive drugs and stroke
among hypertensive patients. Demographic profile of the
patients was analyzed thoroughly, and risk factors among those
characteristics were also sought.
Materials and Methods
90 cases matched with 90 controls were included in the study.
The relationship was determined employing statistical methods
including Chi Square (χ2) test, binary logistic regression.
Findings
The odds of development of stroke was 4.78 times higher (95%
confidence interval 2.465 - 9.272) in the group taking antihypertensive
drugs irregularly than in the group adhering to antihypertensive
medication on a regular basis. Age, sex, social-status, monthly
income, educational status, irregularity in taking drugs, all were
calculated as independent covariates, and development of stroke
as dependent variable, one year increase in age raises the odds of
developing stroke by 1.113, p value < 0.001, male sex has the odd’s
ratio = 30.029 of having stroke which is statistically significant, p
value = 0.004. Similarly, a person from small business has the odd’s
ratio = 32.423, p value = 0.006, illiterate educational group has
odd’s ratio = 20.250, p value = 0•016, irregularity of taking drugs
has odd’s ratio = 12.174, and p value < 0.001.
Conclusion
Irregular intake of antihypertensive drugs is associated with stroke.
Significant associations were also found with male sex, age, and
small business occupation and illiteracy with development of
stroke.
Keywords: Stroke; Antihypertensive Agents; Demography

Introduction
Stroke has been commented to be the most common neurological
BAOJ Cell Mol Cardio, an open access journal

disease [1]. The importance of stroke is increasing with the
advancement of time [2,3]. The American Health Association
estimates that 780 000 strokes occur each year; 600,000 of these are
new strokes, and 180,000 are recurrent strokes [4]. In Bangladesh,
there is no adequate data on incidence and mortality from stroke
[5]. According to yearbook of Department of Medicine at Dhaka
Medical College Hospital (2009), 14.7% of total admission in 2009
in Medicine Department in Dhaka Medical College Hospital was
due to stroke. In Bangladesh about 40-50% of beds in a neurology
ward are occupied by the stroke patients [6]. A recent Bangladeshi
study showed that 53% of the stroke patients had ischemic stroke,
40% intra cerebral hemorrhage and only 2% subarachnoid
hemorrhage. 72% of the patients were male and 28% were female
[6]. Stroke has certain recognized stroke risk factors [7]. Among
the risk factors, blood pressure is the most easily and conveniently
controllable condition, provided good compliance, awareness and
adherence to treatment protocol, and adaptation of a healthy life
style. Overall, there is an association between both systolic and
diastolic BP and risk of stroke without a clear threshold even at
a systolic BP of 115 mm-Hg [8]. Meta-analyses of randomized
controlled trials have shown that BP lowering is associated with
a 30% to 40% reduction in risk of stroke [9–11]. Risk reduction
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is greater with larger reductions in BP [11]. Evidence-based
recommendations for BP screening and treatment of persons with
hypertension are summarized in the American Stroke Association
(ASA) Guidelines on the Primary Prevention of Ischemic Stroke
and are detailed in the Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure (JNC 7) [12,13]. Unfortunately many
patients do not adhere to the treatment. What is more alarming
is, not only this practice renders the patient vulnerable to the
pathological effect of uncontrolled hypertension, but in actuality,
clinical experiences suggest that there may be an increased risk of
developing stroke, in taking antihypertensive drugs irregularly. A
Bangladeshi study showed that 66% of patients were aware that they
were hypertensive though only 12.9% were taking anti-hypertensive
drugs regularly. 62% of the patients had suffered from stroke within
five years of detection of hypertension, and 15% patients died in
the hospital [14]. A British study in 1997 demonstrated that risk
of stroke is clearly related to quality of control of blood pressure
with treatment [15]. In routine practice consistent control of blood
pressure to below 150/90 mm Hg seems to be required for optimal
stroke prevention. In another Bangladeshi study [16], one hundred
cases of hypertensive complications due to irregular drug-therapy
were studied in medicine units of Dhaka Medical College Hospital
for the period of one year from February 7, 1989 to February 6,
1990. Among those, stroke headed the list (48%). Adhering to
antihypertensive drugs has been said to be of great importance for
reduction of long-term consequences of hypertension [17]. The
purpose of this case control study is to establish the association
between irregular in-take of antihypertensive drugs and stroke and
find risk factors among the demography of the patients.
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Figure 1: Age Distribution of the respondents

Materials and Methods
It was a case-control study. The cases were selected as hypertensive
patients who had sustained a non-fatal ischemic or hemorrhagic
stroke. WHO definition of stroke [18], was accepted as the
operational definition. A total of 90 cases were selected along
with 90 controls matching with cases in respect of age. Cases
and controls were selected via random sampling of stroke free,
hypertensive patients, similar in age to stroke cases. Sampling
technique was systematic random sampling. Place of study was
Dhaka Medical College Hospital. Duration of study was 1 July 2013
to 31December 2013. Method of data collection was interviews
with case record forms. Research instruments used in the study
were blood pressure machine, hammer, CT scanner, pen & paper,
personal computers, etc. As data analysis strategy, first, a Pearson’s
chi square test assessed risk association between development
of stroke and irregularity of drug intake. Then a binary logistic
model was created to see effects of some independent variables,
age, sex, social status, income, occupation, educational status.
For performing statistical tests standard statistical packages, SPSS
version 22 (International Business Machines Corporation,IBM,
USA) Microsoft Excel 2013 (Microsoft Corporation, Inc., USA)
were used.
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Figure 2: Age Distribution of subjects grouped by sex.

Results
A total of 180 subjects were studied (Table 1 - Age distribution
of the respondents), 90 cases were taken along with 90 controls
matching the case group. Among the 180 respondents, 117 (65%)
were male, and 63 (35%) were female.
Mean age was 54.69 years with a standard deviation of ±12.11 years
(Table 1).
The subjects were taken from diverse groups of occupations.
Different occupations of the respondents are shown in (Table 2).
The occupations of the cases and controls are compared side by
side in (Figure 3)
The levels of education and social status and income range of the
cases and controls are compared side by side in (Figure 3), (Figure
5) and (Figure 7), (Figure 9) Income of the cases and controls
compared side by side, Pearson’s chi square value= 8.482, p =
0.132. The practice of taking antihypertensive drugs regularly or
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Mean

54·69 years

Standard Deviation

12·11 years

Minimum

32·00 years

Maximum

80·00 years
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Table 1: Age Distribution of the Respondents
Types of occupation

Frequency

Percent

Housewife

44

24·4

Government employee

29

16·1

Non Govt· employee

20

11·1

Small business

25

13·9

Large business

5

2·8

Teacher

14

7·8

Farmer

18

10·0

Unemployed

14

7·8

Others

11

6·1

Total

180

100·0

Table 2: Occupation of the respondents

Figure 3: Occupation of the cases and controls compared side by
side, pearson’s chi-square value= 18.160, P= 0.020.
irregularly are represented on the basis of occupations, educational
level, social status, and monthly income are shown by bar charts in
(Figure 4), (Figure 6), (Figure 8), (Figure 10)
(Table 3) shows the association of educational level, social status,
and income range with case or control status, and irregular intake
of antihypertensive medication. It is evident from (Table 3).
Association of educational level, social status, and income range
with case or control status, and irregular intake of antihypertensive
medication, that occupation, educational level, and social status all
BAOJ Cell Mol Cardio, an open access journal

Figure 4: Practice of taking drugs regularly or irregularly represented here based on occupations, Pearson’s chi-square value=6.934,
p value= 0.544

Figure 5: Educational Level of the cases and controls compared
side by side. Pearson’s chi-square value = 28.888, P = <0.001
are associated with development of stroke, whereas, educational
level and social status are associated with habit of taking irregular
intake of antihypertensive drugs.
Out of 90 cases (Figure 11, Table 4), 72 (80%) took antihypertensive
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Figure 6: Practice of taking drugs regularly or irregularly represented on the basis of educational level, Pearson’s chi-square
value = 12.522, P = 0.006

Figure 7: Social status of the cases and controls compared side by
side. Pearson’s chi-square value = 19.064, P = <0.001
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Figure 8: Practice of taking drugs regularly or irregularly represented on the basis of social status, Pearson’s chi-square value =
15.971, P = 0.001

Figure 9: Income of the cases and controls compared side by side,
Pearson’s chi-square value = 8.482, P = 0.132.
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Figure 10: Practice of taking drugs regularly or irregularly represented on the basis of income, Pearson’s chi-square value = 5.098,
P = 0.404
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Figure 11: Irregularity of taking drugs among the cases and controls.

Case Control

Irregular intake of drug

Pearson’s chi-square value

P value

Pearson’s chi-square value

P value

Occupation

18.160

0.020*

6.934

0.544

Educational level

28.888

<0.001*

12.522

0.006*

Social status

19.064

<0.001*

15.971

0.001*

Income

8.482

0.132

5.098

0.404

*significant at p<0.05
Table 3: Association of Educational level, Social Status, and income rage with case or control status, and irregular intake of antihypertensive
medication
Irregularity of drug taking

Case or control

Irregular in drug taking

Regular in drug taking

Total

Case

Count

72

18

90

Control

Count

41

49

90

Count

113

67

180

Total

Table 4: Case or control by irregularity of drug taking cross tabulation

drugs irregularly, whereas only 18 (20%) took antihypertensive
drugs regularly. In contrast with that out of 90 controls, 41 (45.6%)
took antihypertensive drugs irregularly and 49 (54.4%) took
antihypertensive drugs regularly. So case group constituted 63.7% of
the group taking irregular antihypertensive drugs, whereas controls
consisted 36.3%. So 113 patients out of 180 took antihypertensive
drugs irregularly which is 62.8% of the total patients, and only 67
out of 180 (37.2%) took antihypertensive drugs regularly.
The number of cases and patients taking antihypertensive drugs
irregularly are higher in the lower socio-economic groups, groups
BAOJ Cell Mol Cardio, an open access journal

with low income and groups with lesser educational qualification.
A chi square test was performed and from these results there
is highly significant association between irregular intake of
antihypertensive and development of stroke in hypertensive adult
patients, χ2 (1, N= 180) = 22.848, p < 0.001.
Odd’s ratio is 4.78 with a 95% confidence interval (2.465 - 9.272).
Among these patients, (Figure 12) 48.9% of patients developed
stroke within <15 days or 15 days of discontinuation of drugs, and
14.4% within 1 month, 18.9% within two month or more than two
Volume 2; Issue 1; 008
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Responses

reasons for discontinuing drugs

Percent of Cases

N

Percent

Ignorance or lack of knowledge

37

37·8%

48·1%

High price

14

14·3%

18·2%

BP was normal
Difficulty in collecting medicine

21
11

21·4%
11·2%

27·3%
14·3%

Others

15

15·3%

19·5%

98

100·0%

127·3%

Total

Page 6 of 10

Table 5: Frequency of reason for discontinue frequencies

Figure 12: Duration of absence of treatment before development
of stroke in bar chart Causes of discontinuation of drugs are shown
in (Table 5, Figure 13).
months of the same. 17.8% of patients’ data were missing.
We performed a binary logistic regression analysis using age,
sex, occupation, educational status, social status, and monthly
income, intake of irregularity of drugs as independent covariates,
and development of stroke as dependent variable. We found in
the omnibus tests of model coefficients, the Chi Square value χ2=
120.087 with degree of freedom, df = 22, p < 0.001. So, the model
is statistically significant.
a. Variable(s) entered on step 1: sex, occupation, education, socialstatus, income (BDT monthly).

Discussion
It is clearly evident from our study, that odds of development of stroke
is significantly (p value < 0.001), 4.78 times higher (95% confidence
interval 2.465 - 9.272) in the group taking antihypertensive
BAOJ Cell Mol Cardio, an open access journal

Figure 13: Reasons for discontinuation of drugs.
drugs irregularly than in the group adhering to antihypertensive
medication on a regular basis, which is similar to the opinion of
Mayor, S (2013),[19][15]. According to a population based study
by [20],conducted on 73 527 hypertensive patients aged 30 years
or older and without pre-existing stroke or cardiovascular disease,
2144 died from stroke and 24 560 were hospitalized due to stroke
during the follow-up. At the two- and ten year follow-up after the
start of continuous antihypertensive medication, non-adherent
patients had 3.81 [95% confidence interval (CI) 2.85–5.10] and
3.01 (95% CI: 2.37–3.83) times higher odds of stroke death when
compared with the adherent patients. It is also noteworthy that poor
control of HTN or non-adherence to antihypertensive medication
is considered as an unrecognized risk factor in development of
cardiovascular disease by many researchers including [21].
In a study by[22], in 2006 in Pakistan, it was shown that factors
Volume 2; Issue 1; 008
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β
Step 1

a

Sex (1) = Male

2.812

Standard
Error.
.927

Occupation
occupation(1) = Housewife

Wald chi

Degree

square

of free-

value

dom

p
value

9.208

1

.002

16.479

8

.036
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95% C.I.for EXP(B) =
Exp(B)

Odd’s ratio
Lower

Upper

16.636

2.706

102.263

2.384

1.269

3.529

1

.060

10.851

.902

130.547

2.549

1.132

5.077

1

.024

12.800

1.393

117.595

.580

1.159

.250

1

.617

1.786

.184

17.311

3.275

1.164

7.911

1

.005

26.438

2.699

259.009

Occupation (5) = Small business

.689

1.783

.149

1

.699

1.991

.060

65.599

Occupation (6) = Large business

2.075

1.238

2.812

1

.094

7.967

.705

90.101

Occupation (7) = Teacher

.872

1.119

.607

1

.436

2.391

.267

21.444

Occupation (8) = Professional

.448

1.307

.117

1

.732

1.565

.121

20.277

16.500

3

.001

Occupation (2) = Govt. employee
Occupation (3) = Non Govt.
employee
Occupation (4) = Household
work / day labourer

education
Education (1) = Illiterate

3.478

1.121

9.633

1

.002

32.408

3.603

291.472

Education (2) = Primary

1.925

.921

4.363

1

.037

6.852

1.126

41.700

Education (3) = Secondary

-.463

.713

.422

1

.516

.629

.156

2.545

4.507

3

.212

Socialst (1) = Poor

1.053

1.221

.743

1

.389

2.865

.262

31.386

Socialst (2) = Lower middle class

-.322

1.045

.095

1

.758

.725

.093

5.618

Socialst (3) = Middle class

-.691

.857

.501

.093

2.690

Social status

Income
Income (1) = <2000

.650

1

.420

5.733

5

.333

3.270

1.757

3.464

1

.063

26.305

.841

823.195

Income (2) = 2000 - 4000

.756

.949

.635

1

.426

2.129

.332

13.671

Income (3) = 4000 - 6000

.168

.856

.038

1

.845

1.182

.221

6.333

Income (4) = 6000 - 8000

.516

.758

.464

1

.496

1.675

.379

7.401

Income (5) = 8000 - 10000

1.326

.833

2.532

1

.112

3.764

.736

19.263

-5.119

1.430

12.817

1

.000

.006

Constant

a. Variable(s) entered on step 1: sex, occupation, education, social-status, income (BDT monthly).
Table 6 Binary Logistic Regression analysis using sex, Occupation, Education, Income and social status as independent co-variants, and development
of stroke as dependent variable.

behind noncompliance were, missing of doses due to forgetfulness
in 56.8%, deliberate missing of doses in 12.7%, inability to take the
medicine due to side effects in 11.6%, not taking the dose due to
increased number of tablets in 10.4%, lack of proper counseling by
the physician in 4.6% and cost issues in 3.48%. Again in Nigeria,a
study [23], conducted in 2007 showed that the major reasons
for non-compliance were miscellaneous factors (60%) related
to both patient’s attitudes and beliefs (reflecting ignorance), and
consultation failure on the part of clinicians. Lack of finances
BAOJ Cell Mol Cardio, an open access journal

and side effects of medications accounted for 23.8% and 16.2%
of non-compliances respectively. But in this respect, our study
shows that the top cause behind non-compliance was ignorance
or lack of knowledge, followed by normality of BP causing sense of
needlessness of the treatment. So the causes of non-compliance are
different from those in Pakistan or Nigeria.
A Bangladeshi study conducted in 199014 showed that out of 100
patients studied in Dhaka Medical College Hospital, there were
Volume 2; Issue 1; 008
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73(73%) males, 27 (27%) patients had no formal schooling and 53
(53%) had some education. 48 (48%) patients were from middle
class and 36 (36%) were poor, 66 (66%) patients were aware that
they were hypertensive though only eight (12.9%) were taking antihypertensive drugs regularly. 62% of the patients had suffered from
stroke within five years of detection of hypertension, and 15 (15%)
patients died in the hospital. We also have similar sex distribution
of the respondents (all having hypertension as a common factor),
we found 65% male, and 35% females among our hypertensive
patients.
Most of our cases were from lower socio-economic class and with
an average income of 6000- 8000 BDT per month. In the middle
class and rich group, there were more controls than cases, whereas
in the lower middle class and the poor group, there were more cases
than controls. The same thing can be said for the respondents with
a monthly income of up-to 4000 BDT. And then again, the number
of patients with stroke were much higher in the groups who were
illiterate or only had had primary education. Again, it is clearly shown
in the charts that in the group with higher education, percentage of
patients taking drugs regularly is higher than the other groups, and
in respect to social status, in the middle class, and rich group, more
patients took antihypertensive drugs regularly whereas the patients
from poor and lower socio-economic status more patients took
antihypertensive medications irregularly. In our study, it is evident
from (Table 3), that occupation, educational level, and social status
all are associated with development of stroke, whereas, educational
level and social status are associated with habit of taking irregular
intake of antihypertensive drugs. Income range of the respondents
were associated with neither development of stroke nor the habit of
taking irregular intake of antihypertensive medication.
The findings of binary logistic regression analysis are in conformity
with the currently available data on stroke. It has been commented
that age is the single most important risk factor for stroke [24].
For each successive 10 years after age 55, the stroke rate more than
doubles in both men and women [24–26]. Similarly gender has
significant association with development of stroke [24]. Though the
levels of education, occupation, and socio-economic status are not
common risk factors, recent studies show that there is significant
association between lower education level and stroke [27]. found
that incidence of first-ever stroke was significantly higher among
low-educated compared to high-educated men and women [27,28]
, has found that lower education level is associated with increased
stroke risk in mid-aged women, and is partially mediated by known
risk factors, particularly lifestyle and biological factors [28]. In this
respect, Our study shows illiteracy is associated with stroke, p value
= 0.016, and odd’s ratio = 20.250.
A very recent Indian study by [29]. On North Indian population
showed that the occupations which involve sitting at work were
independently associated with the risk of ischemic stroke after
adjustment for demographic and risk factor variables (OR 2.2, 95%
CI 1.12-3.8) [29]. Not much scientific evidence is available about
association between occupational status and stroke. We have found
that our small business group has the odd’s ratio = 32.423, p value
BAOJ Cell Mol Cardio, an open access journal
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= 0.006.
In the setting of stroke, several population-based studies have
documented an inverse relationship between socioeconomic status
and overall stroke mortality rates [30–33]. It is not known whether
this is due to differences in stroke incidence or stroke case fatality
rates [34]. A clear socioeconomic gradient in stroke incidence in
the Netherlands is observed [35]. There is a strong association
among elderly women between socioeconomic status and stroke
[36].
The derived odd’s ratios from Pearson’s chi square model, and
odd’s ratio from the later done Binary logistic model are not same.
The reason for this lies in the differences between two models.
The binary logistic model though gave odd’s ratio, different from
which was found from the original Pearson’s model, it helped
in identifying some risk factor association among the sociodemographic variables and development of stroke.
We have to mention various limitations of our study here. First, the
cases and controls were matched on the basis of age only. Due to
scarcity of resources and available volunteers, lack of enthusiasm on
the part of the patients due to many causes including social taboos,
enough number of patients could not be selected, and stratified
random sampling could not be done. It may have given rise to bias
seen and unseen. The socio-demographic variables were chosen
without any prior knowledge, and the cut-off values were often
determined arbitrarily.
Though for better compliance it is advised by many researchers to
take necessary steps by the physicians such as, patient education,
adoption of easy to follow dosage regimen such as once daily
regimen,[37] it is found by another study that even an easy regimen
like once-daily schedule may fail to get expected patient compliance
[38] and thus may culminate into poor antihypertensive control.
But strict adherence to drug regimen is of utmost importance as
noncompliance may cause half of antihypertensive drug failures
[39].

Key Messages
1. Irregular intake of antihypertensive drugs increases the risk of
stroke (significant association is found).
2. In Bangladesh, people of different occupations, educational level,
and social status all are associated with development of stroke,
whereas, educational level and social status are associated with
habit of taking irregular intake of antihypertensive drugs.
3. Significant association with stroke was found with small business
group occupation and the illiterate people.

Conclusion
Clearly there is significant association between irregular intake of
antihypertensive or discontinuation of antihypertensive drugs in
hypertensive adults and the development of stroke. And also the
results found in this study demonstrate that there is much deficiency
of awareness among the patients about the danger of this harmful
practice. In respect of Bangladesh, different occupations, educational
Volume 2; Issue 1; 008
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level, and social status all are associated with development of
stroke, whereas, educational level and social status are associated
with habit of taking irregular intake of antihypertensive drugs.
Small business occupational group and illiterates have higher odds
of developing stroke. Further study should be done to explain this.
The responsibility of non-compliance cannot solely be attributed to
the patients [40,41] and the physicians must play an essential role.
We recommend raising awareness among both the physicians and
the concerned patients.
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