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Abstract

Objective: Although hypertension is the leading cause of cardiovascular complications, time to develop cardiovascular complications
among hypertensive patients has not been adequately investigated in Ethiopia. Therefore, the aim of this study was to assess time to
develop cardiovascular complications and its predictors among adult hypertensive patients at the Ayder Comprehensive Specialized
Hospital, Ethiopia. Result: A total of 578 hypertensive patients from the Cardiology Department were included in the study and followed
for a total of 60 months (median 28 months). Half of the participants (290, 50.2%) were females. The median age of subjects was 54 years.
Out of the 578 hypertensive patients who were analysed, 25.4% of them developed a cardiovascular complication. The incidence rate
was 8.25 per 1000 persons per month. Significant predictors in the development of cardiovascular complications among hypertensive
patients were age [AHR = 1.03 (95% Cl=1.016, 1.046)], baseline cardiovascular complications [AHR=3.03 (95% CI=2.009, 4.870)], protein-
uria [AHR=3.9 (95% Cl=1.3, 11.68)], baseline systolic blood pressure [AHR =1.01 (95% Cl=1.003, 2.012)], and baseline diastolic blood pres-
sure [AHR = 1.013 (95% CI=1.005, 2.021)]. JRCD 2019; 4 (4): 96-100
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Introduction Hypertension accounted for 45% of global cardiovascular mor-
bidity and mortality [4]. Furthermore, ischaemic heart disease

Cardiovascular diseases (CVDs) are the leading cause of death and stroke are among the top 10 causes of death in all low- and

worldwide [1]. In 2017, the World Health Organization (WHO) middle-income regions4,5,6). CVD risk is raised by a pathological

reported that cardiovascular disease was responsible for 17.7 mil- increase in blood pressure, glucose, lipids, and body mass index

[7]. Even in countries with a good health care system, the rate of
sub-Saharan Africa [1,2]. Currently, African populations are sig- death due to CVD is still high [8]. Ethiopian studies have indicated
nificantly affected by CVD [3]. that the prevalence of uncontrolled hypertension among hyperten-
sive patients varied from 52.7% in the Jimma University Special-

lion deaths worldwide. Fourteen million of those deaths were in
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ized Hospital, to 53.4% in the Gondar hospital, and up to 59.9% in
the Tikur Anbessa Hospital [9-11]. Even with controlled hyperten-
sion, the magnitude of CVD among hypertensive patients ranges
from 2.6% in Kenya to 17.8% in Namibia [16].

The WHO reported that more than one-third of annual deaths
in Ethiopia were due to non-communicable diseases (NCDs). Of
these, cardiovascular diseases were the most common, which ac-
counted for 15% of cases [17]. The WHO estimated that worldwide,
approximately 62% of CVD and 49% of ischaemic heart diseases are
caused by hypertension [18]. In Ethiopia, hypertension contributed
to 30.9% of cardiac deaths [19].

Results from Ethiopia’s recent 10-year CVD study showed that
prevalence increased by 50% since the previous study, which dem-
onstrates the importance of CVD [17]. Another study performed in
Addis Ababa showed that 51% of deaths were due to NCDs [20]. In
the same study, among NCDs, cardiovascular disease was the lead-
ing cause of death (24%). A study carried out at the Ayder Compre-
hensive Specialized Hospital showed that patients with cardiovascu-
lar diseases were the leading cause of intensive care unit admissions
(26%). The most common specific causes of admission were heart
failure (16%) and stroke (15.2%), with the latter being the most
frequent cause of death (17%)(21). Certain findings in the same re-
gion showed that the prevalence of stroke among hypertensive pa-
tientsrecievinganti-hypertensivetreatmentwasnearly38%. Approxi-
mately 66.2% of patients admitted to the hospital were hypertensive
[22].

The World Economic Forum has stated that 5% of the global
gross domestic product, or 47 trillion U.S. dollars, was spent on
the treatment of NCDs [23]. Another study conducted in Ethiopia
also showed that CVD expenses were approximately 67 U.S. dollars
per disability-adjusted life year (DALY) and about 7 million U.S.
dollars annually [24]

Because of this, investigating the time to develop cardiovascular
complications among hypertensive patients is very important for
prevention and control of CVD. However, there has been little re-
search done in Ethiopia regarding time to develop cardiovascular
complications, specifically in hypertensive patients. In addition,
creation of awareness and understanding of CVD patterns, its fac-
tors, and time to develop CVD are crucial for guiding policy mak-
ers to focus on this emerging issue and to develop programs which
play a key role in controlling CVD. This study can be also used as
a baseline for future researchers and other concerned bodies.

Therefore, the primary purpose of this study was to assess time
to develop cardiovascular complications and its predictors among
adult hypertensive patients at the Ayder Comprehensive Special-
ized Hospital, Northern Ethiopia.

Methods

Study design and setting

A hospital-based retrospective cohort study was conducted in
the Ayder Comprehensive Specialized Hospital. Data was collect-
ed between February and April 2018. The data pertained to pa-
tients who were hospitalised from January 2013 to January 2018.
This hospital is the largest in the region and the second largest

public referral centre and teaching hospital in Ethiopia which is
affiliated with Mekelle University.

Study population

Hypertensive patients aged 18 years or greater who were fol-
lowed-up for at least 3 months in the Ayder Comprehensive Spe-
cialized hospital from January 2013 to January 2018 were includ-
ed in our study. Pregnant women and hypertensive patients who
had developed CVD complications prior to commencement of
the present study were excluded.

Sample size determination

All hypertensive patients during the follow-up time from Janu-
ary 2013 to January 2018, who met the inclusion criteria, were in-
cluded in the study.

Data collection tools and procedures

A structured questionnaire in English and checklist were used.
Four nurses served as data collectors while 1 nurse supervised.
Secondary data were used to collect the required variables.

Study variables

In this study, the outcome variable was cardiovascular complica-
tion (time to event) among all adult hypertensive patients who
received anti-hypertension treatment follow-up at the Ayder
Comprehensive Specialized hospital from January 2013 to Janu-
ary 2018. The independent variables were socio-demographic
characteristics (age, residence, sex, and educational status), hy-
pertension status (baseline cardiovascular complications, base-
line diastolic blood pressure, baseline systolic blood pressure, and
pulse pressure), medical history (diabetes mellitus, chronic renal
disease, dyslipidaemia, and obesity), and lifestyle (smoking, alco-
hol, and amount of salt in diet).

Data Quality Assurance

To ensure data quality, training by the primary investigator was
provided to data collectors and the supervisor. The questionnaire
was initially prepared in English, translated into Tigrigna, and
then back to English to verify its consistency. The collected data
was reviewed on-site for completeness and consistency by the su-
pervisor and principal investigator on a daily basis during data
collection.

Data processing and analysis

Data was coded, entered, edited, and organised by Epi-data
manager version 4.2 and then exported into SPSS version 23 for
analysis. The Kaplan-Meier (KM) survival function was applied
to estimate the probability of patient survival after initiation of
follow-up, while the log-rank test was used to compare the KM.
The Cox proportional-hazards model was used to determine
the relationship between independent variables and the outcome
variable. Every independent variable was tested via the log-rank
test and bivariate Cox proportional-hazards against the depen-
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Table 1. Kaplar Meier estimates of survival function for hypertensive among adult hypertensive patients attending at the
Ayder comprehensive, specialized hospital, Tigray, Ethiopia, 2018 (n = 578)

Time in months Beginning total Event S(t)

24 423 53 0.7739
36 303 2 0.7147
48 225 18 0.6438
60 120 0 0.6438

dent variable and all variables with P-value <0.25 were included in
the Cox-regression model. Cox-regression analysis was performed
to estimate the hazard ratios. Finally, statistical significance was de-
clared at P-values less than 0.05.

Operational definition

Censored

Individuals with unknown outcome, including a patient lost from
follow-up who died but did not have any cardiovascular complica-
tions during the 5-year follow-up period.

Cardiovascular complications (event)
Cardiovascular complications were defined as the development of
1 or more of the following cardiovascular diseases in the study
group: stroke, myocardial infarction, or heart failure in any time
of the follow-up period diagnosed by physician. Cardiovascular
complication was confirmed by reviewing the medical chart in
the hospital and the appointment registration book. Survival time
was calculated in months using the time interval between the date
of anti-hypertensive therapy initiation or initiation of hyperten-
sion follow-up and the date of the event (cardiovascular complica-
tion) and date of censoring until the final date of the follow-up.
Baseline cardiovascular complication was defined as a complica-
tion which was present at the beginning of the follow-up period.

Results

Socio-demographic characteristics

A total of 578 hypertensive patients were included in the study
group. The median age was 54 years. Half of the study cohort (290,
50.2%) was female. Analysis of the educational status of the par-
ticipants showed that 242 (41.9%) were not formally educated
and 146 (25.4%) achieved a primary level of education. Almost all
(96.2%) of the participants were from Tigray. More than halflived
in an urban area (323, 55.9%) and the rest in rural areas. Almost
all were orthodox in religion (539, 93.3%).

Based on the socio-demographic characteristics, the findings
showed that the distribution of cardiovascular complications was
slightly higher among male participants (p=0.486; 53.1% vs. 46.9%)
and significantly higher among participants living in urban areas

Std.err (95% ClI)
O m omesosw
0.0193 0.7333-0.8092
0.0218 0.6696 -0.7549
0.0252 0.5921-0.6908
0.0252 0.5921-0.6908

(p=0.001; 77.6% vs 22.4%) and illiterate participants (p=0.035; 51.
7% vs 23.8%) when compared with their counterparts.

Survival Analysis and Kaplan-Meier
estimation of survival function

Out of 578 patients, 147 (25.4%) developed cardiovascular compli-
cations. The total person-month follow-up was 17 824 with an in-
cidence rate of 8.25/1000 person-months.

The overall survival probability of hypertensive patients in
the follow up at the end of 60 months was found to be 0.64 (95%
CI=0.5921, 0.6908), while the survival probability of hypertensive
patients at the end of 12 months and 24 months was 0.89 (95%
CI=0.8665, 0.9190) and 0.77 (95% CI=0.7333, 0.8092) respectively
(Table 1).

Discussion

One quarter (25.4%) of the study participants (95% Cl= 21.97,
29.23) developed cardiovascular complications within the 5-year
follow-up period. This result was in line with previous studies
conducted in Bahir-dar (22%) [25] (25). A study conducted in Ke-
nya showed that the prevalence of CVD complications was 33.4%
[26], which is higher than in our study. This difference may be due
to variations in study design, study population, and follow-up pe-
riod. Our study also revealed a higher prevalence of CVD compli-
cations when compared with a study done in Spain (9%). This dif-
ference may be due to socio-demographic differences
between the study populations.

The incidence rate was 8.6 per 1000 person-months (95% Cl=
7.016, 9.694), which is lower than in the study conducted in Ba-
hir-dar (12 per 1000 per person- month).

In the Cox-proportional hazards model analysis, age was a risk
factor for cardiovascular disease complications with a hazard ratio
AHR=1.03 (95% CI= 1.3, 11.68). This result is in accordance with
studies conducted in Ethiopia, Spain, and Australia [25,28,29].

On the other hand, a systematic review conducted in Spain,
based on the Cox proportional hazards model of age, revealed that
the relative risk of cardiovascular events was 2 times higher in hy-
pertension, which is higher than results from our study [28].



Survival analysis of time to develop cardiovascular complications and its predictors

929

Table 2. Bivariate and multivariable Cox proportional regression analysis, among adult hypertensive patients attending
at the Ayder comprehensive, specialized hospital, Tigray, Ethiopia, 2018 (n = 578)

Bivariate

P-value

0.001"

0.001"

0.001"

0.001"

0.001"

0.001"

0.001"

0.001"

0.001"

0.001"

0.001"

0.001"

0.001"

Variables Sub-category Final outcome Multivariable
e Gnoed()  Ple W 950%0 | pue W sokd
Clower Upper Clower U
Blood Pressure Controlled (Ref) 6(4.1) 322(74.7)
Uncontrolled 141(95.9) 109(25.3) 40.89 18.05 92.64 0.130 2.330 0.780 6.960
Age Mean +5D(53.18+14.393) 1.075 1.060 1.089 0.001" 1.030 1.016 1.046
Residence Urban (Ref) 114(77.6) 209(48.5) 0.370 0.251 0.546 0.170 0.720 0.868 225
Rural 33(22.4) 222(51.5)
Baseline cardiovascular Yes 88(59.9) 68(15.8) 5.889 4223 8.212 0.001" 3.030 2.009 4870
complication
No (Ref) 59(40.1) 363(84.2)
Protein urea Yes 137(93.2) 9(2.1) 68.68 35.96 1311 0.020" 3.900 1.300 11.68
No (Ref) 10(6.8) 422(97.9)
Chronic kidney disease Yes 122(83.0) 6(1.4) 29.34 18.91 45.50 0.570 1.190 0.647 2197
No (Ref) 25(17.0) 425(98.6)
Baseline systolic BP Mean +5D(157.48+39.770) 1.026 1.023 1.029 0.001" 1.007 1.003 2012
Baseline diastolic BP Mean £5D(101.96+20.257) 1.048 1.042 1.054  0.001" 1.013  1.005 2.021
Baseline pulse pressure Mean +5D(70.58+20.643) 1.039 1.031 1.046 0.070 1.010 0.999 1.017
Baseline body mass index Mean +5D(24.09+3.076) 1.396 1331 1.464 0.910 0.995 0.920 1.078
Dyslipidemia Yes 109(74.1) 49(11.4) 10.60 7.329 15.45 0.460 1.180 0.759 1.833
No (Ref) 38(25.9) 382(88.6)
Diabetic mellitus Yes 86(58.5) 77(17.9) 4.079 2936 5.666 0.130 0.752 0.518 1.091
No (Ref) 61(41.5) 354(82.1)
Cigarette smoking Yes 84(57.1) 8(1.9) 10.80 0.067 0130  0.420 1360  0.639 2.906
No (Ref) 63(42.9) 423(98.1)
Salt reduction Yes 5(3.4) 171(39.7) 0.061 0.025 0.150 0.100 0.452 0.175 1171
No (Ref) 142(96.6) 260(60.3)

Note * Variables with significant association at bivariate analysis. ** Variables with significant association at multivariable analysis. Ref: Reference category. HR: Hazard ratio. BP: Blood pressure.

A study conducted in Japan demonstrated that level of protein-
uria was a risk factor for cardiovascular disease, which is in line
with our study. This could be due to the nature of the study design.
Similarly, a systematic review and meta-analysis conducted in Aus-
tralia indicated that the presence of proteinuria was associated with
an approximate 50% increase in coronary heart disease risk (HR
1.47, 95% Cl= 1.23, 1.74) after adjustment for known risk factors,
which is lower than our study (HR 3.9, 95% CI= 1.3, 11.68) [29].
Baseline cardiovascular complications were another risk factor for
cardiovascular complications with a hazard ratio HR =3.03 (95%

CI= 2.009, 4.870), which is compatible with a study conducted in
America and Ethiopia [25,31,32].

In our study, diastolic blood pressure and systolic blood pressure
were significant predictors of cardiovascular disease complications
with hazard ratios of 1.13 and 1.07 respectively. This result is in
line with other studies conducted in the US, UK, and South Africa
[25,33-35]. Review articles in the US National Library of Medicine
show that systolic blood pressure was a powerful predictor for car-
diovascular disease at every age [36].
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Conclusion

Cardiovascular complications among hypertensive patients were

frequent in the study region. Age, baseline systolic blood pressure,

baseline diastolic blood pressure, proteinuria, and baseline com-

plications were major predictors for the development of cardio-

vascular complications.

Limitations

The inherent retrospective nature of the study design leads to

the exclusion of patients with incomplete medical records.
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