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1. Introduction
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License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Objective. This review aimed at figuring out the risk factors of uncontrolled hypertension in stroke. Method. This study
systematically analyzed the hypertension risk factors available in the ProQuest, EBSCO, and PubMed databases published
between 2010 and December 2019. The risk factors’ pooled odds ratio (POR) included in this research was calculated using both
fixed and random-effect models. The meta-data analysis was processed using the Review Manager 5.3 (Rev Man 5.3). Result. Of
1868 articles, seven studies were included in this review searched using specific keywords. Based on the analysis results, there
were 7 risk factors of uncontrolled hypertension in stroke: medication nonadherence (POR =2.23 [95% CI 1.71-2.89], p = 0.342;
I?=6.7%), use of antihypertensive drugs (POR=1.13 [95% CI 1.19-1.59, p=0.001; I* =90.9%), stage of hypertension
(POR = 1.14 [95% CI 1.02-1.27], p = <0.001; I* = 97.1%), diabetes mellitus (POR = 0.71 [95% CI 0.52-0.99], p = <0.001; I? = 96.5
%), atrial fibrillation (POR = 1.74 [95% CI 1.48-2.04)], p = <0.001; I? = 93.1%), triglycerides (POR = 1.47 [95% CI 1.23-1.75], p
=0.879; I> =0%), and age (POR =1.03 [95% CI 0.89-1.18], p = <0.001; I* = 97.5%). There were no bias publications among
studies. Medication nonadherence and triglycerides had homogeneous variations, while the others had heterogeneous variations.
Conclusion. Medication nonadherence, triglycerides, stage of hypertension, atrial fibrillation, and use of antihypertensive drugs
significantly affect the uncontrolled hypertension in stroke.

factors include hypertension, diabetes, atrial fibrillation, dys-
lipidemia, diet, physical activity, obesity, metabolic syn-
drome, alcohol consumption, and smoking [4, 5]. Patients

Stroke is one main cause of death and disability in many
countries [1]. It was globally reported that, in 2013, there
were nearly 25.7 million stroke sufferers and 10.3 million
new stroke cases [2]. The prevalence of stroke in Indonesia
annually increases. Based on the Basic Health Research
conducted in 2013, the prevalence of stroke was 7 per one
thousand people of the population. Meanwhile, in 2018, the
prevalence of stroke was 10.9 per one thousand people of
the population [3].

The risk factors in stroke include both nonmodifiable and
modifiable factors. The nonmodifiable factors include age,
sex, race/ethnicity, and genetics. Meanwhile, the modifiable

with hypertension have 2.87 times of risks to experience
stroke [6]. The other studies also stated that the prevalence
of stroke in patients with hypertension aged 50 years was
20% of the population with a risk ratio of 4 and the preva-
lence continuously increases along with the increasing
number of age [7].

Controlling the modifiable risk factors in stroke is greatly
important to prevent from stroke. The problems faced in
controlling the risk factors in stroke include inaccurate
knowledge [8], nonoptimal adherence [9, 10], and less aware-
ness to the stroke risks [11].
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F1GURE 1: Flow diagram on the selection processes examining the risk factors of uncontrolled hypertension in stroke.

This study determined the uncontrolled hypertension
risk factors in stroke using some studies through a systematic
review and meta-analysis to result in stronger conclusions.

2. Method

2.1. Research Design and Samples. This research was quanti-
tatively conducted with a meta-analysis research design.
The review followed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines
[12]. Meta-analysis was used to figure out the risk factors
for the uncontrolled hypertension in stroke. The research
samples were the research articles on hypertension risk fac-
tors available in the ProQuest, EBSCO, and PubMed data-
bases published between 2010 and December 2019. The
inclusion criteria were studies on the uncontrolled hyperten-
sion risk factors in stroke with a control case or cohort study.
Meanwhile, the exclusion criteria were those not available in
the full-text forms.

2.2. Operational Definitions. The variables in this study
including the independent variables were the modifiable fac-
tors consisting of physical activity, obesity, smoking, alcohol
consumption, sodium consumption, saturated fat consump-

tion, diabetes, hypercholesterolemia, triglycerides, knowl-
edge, therapy adherence, and atrial fibrillation. Meanwhile,
the nonmodifiable risk factors included age, sex, and family
history of hypertension. The dependent variable in this
research was the uncontrolled hypertension in stroke. It
was considered uncontrolled if the SBP is >140mm Hg
and/or the DBP is >90 mm Hg [13].

2.3. Research Procedures. This study was conducted by iden-
tifying the research articles on the uncontrolled hypertension
risk factors in stroke available in the PubMed, ProQuest, and
EBSCO databases published between 2010 and December
2019 (Figure 1).

Searching was made by entering the following keywords:
((uncontrolled blood pressure OR uncontrolled hyperten-
sion) AND (risk factors OR age OR sex OR family history
of hypertension OR physical activity OR activity OR body
mass index OR obesity OR smoking OR tobacco use OR cig-
arette OR alcohol consumption OR unhealthy diet OR diet
OR trans-fat OR saturated fat OR sodium consumption OR
salt consumption OR diabetes OR hypercholesterolemia OR
knowledge OR stress OR anxiety OR adherence OR self-
care OR self-management OR compliance of therapy) AND
(Stroke)).
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F1GURE 2: Effect size of medication nonadherence on the uncontrolled hypertension.

Searching was limited only for the English language arti-
cles. The article type was limited only to the original journal
articles. The publication period was limited only from 2010
to December 2019. Articles with potentially relevant titles
were then reviewed based on their abstracts, while the irrele-
vant ones were excluded. The articles with potentially rele-
vant abstracts were then fully reviewed. Meanwhile, the
irrelevant ones were excluded. Furthermore, an article will
be excluded if the research design is not a case control or
cohort study and the variable is not the uncontrolled hyper-
tension in stroke.

2.4. Data Analysis. The data were analyzed to obtain the
value of pooled odds ratio (POR), that is, the combined odds
ratio values from the related studies. The data were analyzed
using the Mantel-Haenszel method with both fixed and
random-effect model proposed by DerSimonian-Laird. The
data were then analyzed using the Review Manager 5.3 (Rev
Man 5.3).

3. Results

The searching made using specific keywords was to iden-
tify 1868 articles and then review the article titles,
abstracts, and full-texts. Irrelevant articles were then
excluded. The included seven studies were reviewed since
correlated with the risk factors of the uncontrolled hyper-
tension in stroke (Table 1). The research variables were
systematically reviewed, while the meta-analysis was the
modifiable risk factors including BP medication nonadher-
ence, stage of hypertension, and the use of antihyperten-
sive drugs.

The effect of medication nonadherence on the uncon-
trolled hypertension was presented in Figure 2. Figure 2 shows
that the medication nonadherence contributed to the uncon-
trolled hypertension [pooled odds ratio (POR) = 2.23 (95%CI
1.71 — 2.89)]. There was heterogeneity among studies regard-
ing to the role of medication nonadherence factor on the
uncontrolled hypertension (p heterogeneity = 0.342; I> =6.7
%). It indicates that the variation among studies was homoge-
neous. The funnel plots to identify the publication bias among
studies related to the medication nonadherence factor on the

uncontrolled hypertension were presented in Figure 3.
Figure 3 shows that there was no significant publication bias
for the studies related to the medication nonadherence factor
on the uncontrolled hypertension, respectively, based on the
Egger’s test (p = 0.997) and Begg’s test (p = 0.602).

Figure 4 shows that the use of hypertensive drugs contrib-
uted to the uncontrolled hypertension [pooled odds ratio (POR
) =1.37(95%CI 1.19 — 1.59)]. There was heterogeneity among
studies regarding the role of the use of antihypertensive drugs
on the uncontrolled hypertension (p heterogeneity = 0.001; I*
=90.9%). It shows that the variation among studies was hetero-
geneous. The funnel plots to identify the publication bias among
studies related to the use of antihypertensive drugs on the
uncontrolled hypertension were presented in Figure 5. Figure 5
shows that there was no significant publication bias among stud-
ies related to the use of antihypertensive drugs on the uncon-
trolled hypertension, respectively, based on the Egger’s test
(p =0.602) and Begg’s test (p = 0.394).

Figure 6 shows that the stage of hypertension contributed
to the uncontrolled hypertension [pooled odds ratio (POR) =
1.14 (95%CI1.02 — 1.27)]. There was heterogeneity among
studies regarding the role of stage of hypertension on the
uncontrolled hypertension (p heterogeneity = 0.000; I* = 97.1
%). This indicates that the variation between studies was het-
erogeneous. The funnel plots to identify publication bias
between studies related to the stage hypertension and uncon-
trolled hypertension were presented in Figure 7. Figure 7
shows that there was no significant publication bias on the
studies related to the stage of hypertension on the uncon-
trolled hypertension, respectively, based on the Egger’s test
(p=0.222) and Begg’s test (p = 0.602).

Meta-analysis results showed the effect of diabetes on the
uncontrolled hypertension (Figure 8). Figure 8 shows that stage
of diabetes did not contribute to the uncontrolled hypertension
[pooled odds ratio (POR) = 0.71 (95%CI 0.52 — 0.99)]. 'There
was heterogeneity among studies regarding the role of diabetes
on the uncontrolled hypertension (p heterogeneity = <0.001;
I2 = 96.5%). This indicates that the variation between studies
was heterogeneous. The funnel plots to identify the publication
bias among studies related to diabetes on the uncontrolled
hypertension were presented Figure 9. Figure 9 shows that there
was no significant publication bias among studies related to
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FiGgure 3: Funnel plot role of medication nonadherence on the uncontrolled hypertension.
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FiGuRre 4: Effect size of use of antihypertensive drugs on the uncontrolled hypertension.
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FiGure 5: Funnel plots role of use of antihypertensive drugs on the uncontrolled hypertension.
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FIGURE 6: Effect size of hypertension stage on the uncontrolled hypertension.
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FiGure 7: Funnel plots role of hypertension stage on uncontrolled hypertension.
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F1GURE 8: Effect size of diabetes on the uncontrolled hypertension.
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FiGure 9: Funnel plots role of diabetes on the uncontrolled hypertension.
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FiGure 11: Funnel plots role of atrial fibrillation on the uncontrolled hypertension.
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F1GURE 13: Funnel plots role of triglycerides on the uncontrolled hypertension.

diabetes on the uncontrolled hypertension, respectively, based
on the Egger’s test (p = 0.221) and Begg’s test (p = 0.602).

The meta-analysis results showed the effect of atrial fibril-
lation on the uncontrolled hypertension (Figure 10).
Figure 10 indicates that the atrial fibrillation contributed to
the uncontrolled hypertension [pooled odds ratio (POR) =
1.74 (95%CI 1.48 —2.04)]. There was heterogeneity among
studies regarding the role of atrial fibrillation factor on the
uncontrolled hypertension (p heterogeneity = 0.000; I* =
93.1%) This shows that the variation among studies was het-
erogeneous. The funnel plots to identify publication bias
among studies related to the atrial fibrillation on the uncon-
trolled hypertension were presented in Figure 11. Figure 11
shows that there was no significant publication bias among
the studies related to the atrial fibrillation on the uncon-
trolled hypertension, respectively, based on the Egger’s test
(p =0.856) and Begg’s test (p =0.317).

Figure 12 shows that triglyceride contributed to the
uncontrolled hypertension [pooled odds ratio (POR) = 1.47 (

95%CI 1.23 — 1.75)]. There was heterogeneity among studies
regarding the role of triglyceride factor on the uncontrolled
hypertension (p heterogeneity = 0.879; I* =0%). This indi-
cates that the variation among studies was homogeneous.
The funnel plots to identify the publication bias among studies
related to the triglyceride factor on the uncontrolled hyperten-
sion were presented in Figure 13. Figure 13 shows that there
was no significant publication bias among the studies related
to the triglyceride factor on the uncontrolled hypertension,
respectively, based on the Egger’s test (p = 0.547) and Begg’s
test (p=0.317).

The meta-analysis results showed that age was the nonmo-
difiable risk factor of the uncontrolled hypertension
(Figure 14). Figure 14 indicates that age did not contribute
to the uncontrolled hypertension [pooled odds ratio (POR) =
1.03 (95%CI0.89 — 1.18)]. There was heterogeneity among
studies regarding the role of age on the uncontrolled hyperten-
sion p( heterogeneity = <0.001; I* =97.5%). This indicates
that the variation among studies was heterogeneous. The
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FiGure 15: Funnel plots role of age on the uncontrolled hypertension.

funnel plots were to identify the publication bias among stud-
ies related to the age on the uncontrolled hypertension
(Figure 15). Figure 15 shows that there was no significant pub-
lication bias among studies related to the age on the uncon-
trolled hypertension, respectively, based on the Egger’s test
(p=0.919) and Begg’s test (p = 0.520).

4. Discussion

The meta-analysis results showed that the modifiable risk
factors of the uncontrolled hypertension in stroke was treat-
ment nonadherence with the highest POR value (POR =
2.23[95%CI1.71 - 2.89], p=0.342; I*=6.7%) followed by
atrial fibrillation (POR = 1.74 [95%CI 1.48 — 2.04]), triglycer-
ides (POR = 1.47 [95%CI 1.23 — 1.75], p=0.879; I =0%, p
=<0.001; I =93.1%), stage of hypertension (POR=1.14
95%CI 1.02 — 1.27], p = <0.001; I* = 97.1%), and use of anti-
hypertensive drugs (POR=1.13 [95%CI1.19-1.59, p=
0.001; I* = 90.9%). Medication nonadherence and triglycer-

ides had the homogeneous variations among the studies,
while the others had heterogeneous ones.

Based on the research results, 80.73% of stroke patients
had the uncontrolled blood pressure, and 75.11% had the anti-
hypertensive medication nonadherent. The main reasons to
the treatment nonadherence were forgetfulness (58.08%), lack
of confidence in obtaining the long-term antihypertensive
treatment (27.75%), and not realizing the importance of
long-term treatment (24.75%) [14]. A high prevalence of
uncontrolled hypertension and medication nonadherence
was also shown in the other studies with 67.1% of patients
had the uncontrolled blood pressure and 56.1% had the ther-
apy nonadherence [15]. However, other studies showed that
the prevalence of uncontrolled hypertension in stroke patients
was lower with 43.5% had the uncontrolled systolic blood
pressure (SBP), 22.8% had the uncontrolled diastolic blood
pressure (DBP), and 18.5% had the combination of SBP and
DBP. One risk factor in this study was related to the medica-
tion nonadherence which became the obstacles to adherence
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including forgetfulness, believing in the unwanted side effects,
health irresponsibility, absence of symptoms, and problems
with access to treatments and drugs [16].

The second factor influencing the uncontrolled hyperten-
sion in this study was atrial fibrillation. The prevalence of
atrial fibrillation in stroke patients in some studies was
4.3% [16]. Meanwhile, the other studies included in this
study had the prevalence of atrial fibrillation in stroke
patients by 8.6% [17]. Atrial fibrillation is one of the most
common cardiac arrhythmias found to increase the risks of
heart failure and stroke as well as to increase the mortality
in cardiovascular diseases [18, 19]. In some studies on
patients with hypertension, the prevalence of atrial fibrilla-
tion was higher in the uncontrolled hypertension patients
than that in the controlled hypertension [20]. The risk of
atrial fibrillation was decreased with the use of antihyperten-
sive drugs, such as beta blockers and angiotensin converting
enzyme inhibitors (ACEI) [21-23].

Triglycerides affect the uncontrolled hypertension. High
triglyceride levels can lead to the thickening walls of blood
vessels which can increase the risk of stroke and heart disease
since related to the occurring arterial plaque as a covariate of
the uncontrolled hypertension in stroke patients [24].

Stage of hypertension was the other factor having a sig-
nificant effect in this study. Every 10 mmHg increase in sys-
tolic blood pressure (SBP) will also increase the risk of
uncontrolled hypertension in the poststroke patients [25].
Other studies explained that stage of hypertension was asso-
ciated with the controlled blood pressure (stage I at the dis-
charge of OR=0.30[95%CI=0.15-0.59] and stage II at
the discharge of OR =0.24 [95%CI = 0.12 — 0.49]) [26].

The use of antihypertensive drugs also influenced the
uncontrolled hypertension. The optimal blood pressure target
for the secondary prevention in ischemic stroke patients was
still debatable [27]. The results of study conducted by Oftedal
et al. [24] revealed that the patients with uncontrolled hyper-
tension used a higher number of antihypertensive drugs than
those with the controlled hypertension, although the average
number of drugs was <2 in both groups, less than 10% used
3 or more antihypertensive drugs. Thus, the systematic antihy-
pertensive treatments given to the ischemic stroke patients
with hypertension were more potential to reduce the high risk
of the occurring vascular disorders [28].

5. Conclusion

Medication nonadherence, stage of hypertension, atrial fibril-
lation, triglycerides, and use of antihypertensive drugs had a
significant effect on the uncontrolled hypertension in stroke.
The medication nonadherence and triglycerides strongly
affected the uncontrolled hypertension in stroke. To improve
the controlled blood pressure in stroke patients, some efforts
are greatly required to overcome the obstacles to adherence.

Data Availability

All data is attached in the table, and the data analysis has
been shown in the figure.
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