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Abstract

Background
Hypertension, affecting over 1.28 billion adults globally, and being a major public health challenge in
Ethiopia, with an adult prevalence of approximately 20%, is a major contributor to cardiovascular
morbidity and mortality. Achieving timely blood pressure (BP) control is critical for reducing
complications; however, evidence on the time to control and its determinants within Ethiopian hospital
settings remain limited.

Objective
To assess the time required to achieve BP control and to identify factors associated with delayed control
among hypertensive patients attending the medical outpatient department at Yekatit 12 Hospital
Medical College in Addis Ababa, Ethiopia, from May 09, 2024 to December 09, 2025

Methods
A retrospective cohort study was conducted using 12 months of patient records. Adult hypertensive
patients (≥ 18 years) with at least three follow-up visits were included. Time to BP control (< 140/90
mmHg) for all hypertensive patients and (< 130/80) for hypertensive patients with diabetes and/or CKD
was analyzed using Kaplan-Meier estimation and Cox proportional hazards regression. For clinical
interpretability, results are presented as Time Ratios (TR), where TR > 1 indicates a longer time to control.
Adjusted TRs with 95% confidence intervals (CIs) are reported.

Results
A total of 502 participants were included in the cohort (response rate: 96.2%). By 12 months of follow-up,
the cumulative incidence of blood pressure (BP) control was 72.3% (95% CI: 68.2–76.2%), with a median
time to BP control of 5.3 months. In the final adjusted model, older age (aTR = 1.06 per year, 95% CI:
1.00–1.08, p = 0.006), higher baseline systolic BP (aTR = 1.10 per mmHg, 95% CI: 1.01–1.11, p < 0.001),
and the presence of diabetes (aTR = 1.39, 95% CI: 1.10–1.72, p = 0.005) were independently associated
with longer time to achieve BP control.

Conclusion
Although most patients achieved BP control within one year, the duration was significantly prolonged for
older patients, those with higher initial systolic BP, and those with diabetes. These findings support the
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need for risk-stratified management, including earlier treatment intensification and closer monitoring for
high-risk groups to shorten the time to BP control.

Background
Hypertension (HTN), affecting over 1.28 billion adults globally, is a major contributor to cardiovascular
morbidity and mortality (1). A pooled analysis of population-based studies from 1990 to 2019 reported
substantial global improvements in hypertension awareness and treatment; however, effective BP
control remains inadequate in many regions, especially in low- and middle-income countries (2).

In Ethiopia, HTN represents a growing public health burden, affecting nearly 20% of the adult population
(3). The Federal Ministry of Health has incorporated non-communicable disease prevention and
management into national health sector development strategies aimed at strengthening chronic care
services and expanding access to treatment (4).

Despite the expansion of antihypertensive treatment strategies and clinical guidelines, blood pressure
(BP) control remains inadequate worldwide (2). Evidence shows that less than half of individuals with
hypertension receive treatment, and only a small proportion achieve adequate BP control (5). Large
global burden analyses further demonstrate persistent gaps between treatment coverage and effective
BP control, highlighting ongoing challenges related to treatment adherence, health system barriers, and
socioeconomic disparities (6, 7).

A national systematic review and meta-analysis conducted in Ethiopia reported that a substantial
proportion of hypertensive patients remain uncontrolled despite treatment, with considerable variability
across healthcare settings (8), particularly in Tertiary Hospital settings where complex comorbidities and
health system barriers often hinder optimal management. Recent national data indicate that only 49% of
hypertensive individuals achieve guideline-recommended BP control (9).

Hospital-based data highlights a high burden of uncontrolled hypertension and its complications. For
instance, studies at Jimma University Medical Center and other tertiary facilities report control rates as
low as 42.8% (10), with frequent hospitalizations for stroke, heart failure, and hypertensive crises (11,
12), resulting in prolonged hospital stays, high treatment costs, and increased risk of premature
mortality.

Several factors are associated with poor BP control in hospital settings, including delayed treatment
intensification, medication non-adherence, lack of standardized follow-up, and the presence of comorbid
conditions like diabetes and chronic kidney disease (CKD) (13, 14).

Implementation of the updated American College of Cardiology/American Heart Association (ACC/AHA)
hypertension guidelines has increased the proportion of individuals classified as hypertensive,
emphasizing the need for earlier and more intensive blood pressure management to improve
cardiovascular risk reduction (15). However, in low-income settings such as Ethiopia, hypertension
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detection, treatment coverage, and blood pressure control remain substantially limited due to health
system constraints, low awareness, and barriers to long-term treatment adherence (16).

To date, no studies in Ethiopia have quantified time to BP control in hospital outpatient departments
using retrospective cohort data. This gap limits our understanding of hypertension treatment trajectories
under tertiary care. This study aims to fill that gap by conducting a hospital-based retrospective cohort
study using EMR data at Yekatit 12 Hospital Medical College, one of Ethiopia’s major urban tertiary
centers. The study will provide critical insights into delays in BP control, determinants of poor control,
and implications for improving quality care in hospital-based outpatient settings.

In Ethiopia, the burden of hypertension is increasing steadily. Studies estimate the prevalence of
hypertension to range from 15% to over 30% among adults, depending on age and location (9). Yet timely
control of BP remains poorly documented. Available data suggest that many patients remain
uncontrolled for prolonged periods, significantly elevating their risk of stroke, myocardial infarction,
kidney failure, and death (10, 11). Unfortunately, there are limited hospital-based studies that investigate
how long it takes to control BP and what delays it in real-world clinical settings.

Uncontrolled hypertension is a leading cause of hospitalization and cardiovascular complications in
tertiary hospitals in Ethiopia. According to national statistics, cardiovascular diseases now rank among
the top causes of premature death in Ethiopia (17, 18). Stroke and heart failure, often secondary to long-
standing uncontrolled BP, account for a large share of hospital admissions, particularly in medical wards
and emergency departments (19, 20).

This study is significant as it bridges a major knowledge gap in the longitudinal care of hypertensive
patients in Ethiopian hospitals. While most existing studies are cross-sectional and based in primary
care settings, this research will assess the time to BP control over 12 months in a tertiary care
environment, leveraging EMR data for precision. The findings help to identify the time to BP control,
reveal patient and system-level factors affecting control in hospital settings, and provide baseline data
for quality improvement initiatives, support the implementation of evidence-based hospital care
protocols, and inform national hypertension strategies beyond primary care.

Methods and materials

Study setting, design, and periods
This study was conducted at Yekatit 12 Hospital Medical College, a tertiary teaching hospital located in
Addis Ababa, Ethiopia. The hospital provides specialized outpatient and inpatient services, including a
dedicated chronic care clinic for hypertension patients. The hospital also offers health education
programs that emphasize lifestyle modifications and medication adherence for patients with established
chronic disease including hypertension. Yekatit 12 hospital medical college is among the major referral
hospitals in the capital and serves a large catchment population. EMRs are routinely used to document
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patient histories, follow-up visits, laboratory results, and medication prescriptions. The study was
conducted on hypertensive patients on follow-up at the medical outpatient department.

The study period covered follow-up data from May 09, 2024 to December 09, 2025, where data was
collected from December 25, 2025 to January 15, 2026.

A retrospective dynamic (open) cohort study design was employed using data extracted from the
hospital’s electronic medical record system. The cohort included adult hypertensive patients who either
initiated follow-up at the outpatient department or were already under follow-up with documented
elevated blood pressure and subsequently met the eligibility criteria. Participants were observed for a
12-month period from cohort entry, and those with at least three recorded blood pressure measurements
during follow-up were included in the analysis.

Population, sample size, and study variable
All adult hypertensive patients (aged ≥ 18 years) who attended follow-up care at the chronic illness clinic
of Yekatit 12 Hospital Medical College between May 9, 2024, and December 9, 2025 were source
population and;

All hypertensive patients who attended follow-up care at the chronic illness clinic of Yekatit 12 Hospital
Medical College between May 9, 2024, and December 9, 2025, who met the inclusion criteria and whose
data are complete in the EMR system were included in the analysis.

Adults (≥ 18 years) with a diagnosis of hypertension (SBP ≥ 140 mmHg or DBP ≥ 90 mmHg).

Patients who initiated and/or continued follow-up at Yekatit 12 Hospital during the study period.

And, those with at least three follow-up visits with BP measurements at approximately 3, 6, and 9/ 12
months were included.

Pregnancy or gestational hypertension and those with incomplete BP records at baseline or follow-up
were excluded.

This study employed a retrospective cohort design, with time to BP control as the primary outcome. As
such, the sample size was determined using a method appropriate for survival analysis, specifically the
Schoenfeld formula for estimating sample size in Cox proportional hazards regression.

According to a previous study conducted at Jimma University Specialized Hospital, the proportion of
hypertensive patients with uncontrolled BP was reported to be 59.5%, implying that 40.5% of patients
achieved BP control during follow-up. This value (40.5%) was used as the event rate in the sample size
calculation.

The following assumptions were made:
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Proportion of patients who achieved BP control (event) = 0.405

Level of significance (α) = 0.05

Power = 80% (Zβ = 0.84)

Anticipated hazard ratio = 1.5

Z-value for 95% confidence interval = 1.96

Using the Schoenfeld formula:

n = ((Zα/2 + Zβ)² ) ÷ ((ln(HR))² × p × (1–p))

Substituting the values:

n = (1.96 + 0.84)² ÷ ((ln(1.5))² × 0.405 × 0.595)

n ≈ 7.84 ÷ 0.0395 ≈ 199

Thus, approximately 199 events (i.e., patients that would achieve BP control) were required.

To calculate the total sample size, the number of required events was divided by the event rate:

Total sample size = 199 ÷ 0.405 ≈ 491

Given that the total eligible hypertensive patient population in the hospital is 6066, a finite population
correction (FPC) was applied using the formula:

n_adj = (n × N) ÷ (n + (N − 1))

n_adj = (491 × 6066) ÷ (491 + 6065) ≈ 454

Adding a 15% contingency for incomplete or missing data:

Final sample size = 454 + (15% of 454) = 454 + 68 ≈ 522

Therefore, 522 hypertensive patient records were sampled, having approximately 502 complete records
for final analysis (96.2% response rate).

All eligible patients who met the inclusion criteria and were recorded in the EMR database during the
study period were reviewed. A random sampling approach was applied to select the number of study
participants. The data was downloaded from EMR using MRNs of hypertensive patients in excel then, the
participants were selected randomly using SPSS.

Data was extracted using a structured and pre-tested data abstraction checklist. This checklist was built
based on the WHO PEN protocol and adapted to the hospital's EMR fields. It included:
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Socio-demographics (Age, Sex, BMI, region);

Baseline clinical data (Systolic BP (SBP), Diastolic BP (DBP), Fasting blood sugar (FBS);

Medication history (antihypertensive, statins);

Lifestyle risk factors (History of alcohol consumption, tobacco, salt restriction, physical activity based on
physician documentation);

Duration of hypertension

Comorbidities (Diabetes mellitus, CKD, Cardiac disease, HIV/AIDS, dyslipidemia)

BP follow-up outcomes at 3, 6, 9, and 12 months.

Data was collected by trained internal medicine General practitioners and residents under the
supervision of the principal investigator. Data abstraction was performed using a secure Kobo Collect
platform on tablets.

Dependent variables
The outcome of interest was Time to BP Control

Independent Variables
The potential predictor variables considered for time to BP control during the follow up period were
categorized into five domains:

Socio-demographic Variables

Age, Sex, BMI

Baseline Clinical Data

SBP, DBP, BMI, Fasting Blood Glucose (FBS), and/or HgA1C, Primary Diagnosis (Type 1 Diabetes Mellitus
(TIDM), Type 2 DM, duration of hypertension, dyslipidemia, CKD, Cardiac disease, HIV/AIDS

Behavioral Risk Factors

History of Alcohol consumption, Tobacco Use, adherence to physical activity, salt restriction based on
physician documentation.

Medication List

Antihypertensive, Statin
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Medication adherence

based on physician documentation

Data collection procedure and quality
A pretest was conducted on 5% of randomly selected EMRs to ensure checklist clarity and
completeness. Data collectors were trained for one day prior to data collection to ensure a clear
understanding of the procedures and tools, and daily quality checks was performed by the principal
investigator to verify accuracy, completeness, and consistency.

Data analysis and statistics
Data were checked for consistency and completeness, coded, and analyzed using Stata version 27.1.
Descriptive statistics, including means with standard deviations or medians with interquartile ranges,
were used to summarize continuous variables, while frequencies and percentages were used for
categorical variables.

Time to BP control was analyzed using survival analysis methods. The Kaplan–Meier method was used
to estimate the cumulative probability of control over time and the median time to control. Cox
proportional hazards regression was applied to identify factors associated with the time to BP control.
For clinical interpretability, adjusted hazard ratios (aHR) were converted to adjusted time ration (aTR)
using the formula aTR = 1/aHR, where aTR > 1 indicates longer time to control. Variables with a p-value < 
0.05 in the final multivariable model were considered statistically significant predictors. Results are
presented as aTR with 95% CIs.

Operational definitions
Controlled BP

BP < 140/90 mmHg in all ages of hypertensive patients, and < 130/80 in DM and CKD patients. The BP
range outside the specified cut point for the specified population was considered uncontrolled
hypertension [21].

Time to BP Control

The number of months from baseline/initial high BP records until the first visit at which the BP falls
within the defined controlled range.

Physical activity
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Categorized based on physician documentation in the EMR as physically active or physically inactive
during follow-up visits.

Alcohol consumption

Categorized as alcohol user or non-user based on documentation in the EMR during follow-up.

Tobacco use: Categorized as tobacco user or non-user based on documentation in the EMR during
follow-up

Medication adherence

Determined based on physician documentation in the EMR. Patients documented as adherent to
prescribed antihypertensive medications during follow-up were classified as adherent, while those
documented as non-adherent were classified as non-adherent.

Salt restriction: Classified as restricted or not, based on physician documentation in the EMR during
follow-up.

Ethical considerations
Ethical clearance was obtained from Yekatit 12 Hospital Medical College Research and Ethics Review
Board. As this was a retrospective study using anonymized EMR data, informed consent was waived.
Data confidentiality has been strictly maintained; patient identifiers were not collected, and all electronic
data has been stored securely with password protection.

Results

Presentation of Baseline Characteristics and Management
Patterns
This study enrolled a cohort of 502 participants, representing a response rate of 96.2%. The population
had a mean age of 57.1 years (SD ± 11.96), with 55.2% of participants aged between 46 and 65 years. A
slight majority were female 280 (55.8%). Geographically, the cohort was predominantly from Addis
Ababa 470 (93.6%). The mean BMI was 25.9 kg/m² (SD ± 4.44), with the largest proportion of
participants classified as normal 218 (43.4%) or overweight 197 (39.2%) (30). Documented behavioral
risk factors were low, with a history of smoking and alcohol consumption noted in only 12 (2.4%) and 22
(4.4%) of participants, respectively. The cohort exhibited a substantial burden of comorbidities, including
diabetes mellitus 204 (40.6%), dyslipidemia 104 (20.7%), and cardiac disease 92 (18.3%) (Table 1).
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Table 1
Baseline Demographic and Clinical Characteristics of

HTN Patients at a Tertiary Hospital, Addis Ababa,
Ethiopia (N = 502).

Characteristic n %

Sex    

Female 280 55.8

Male 222 44.2

Age (years)    

<45 92 18.3

46–65 277 55.2

>66 133 26.5

Region    

Addis Ababa 470 93.6

Amhara 5 1.0

Oromia 27 5.4

BMI (kg/m²)    

<18.5 (Underweight) 10 2.0

18.5–24.9 (Normal) 218 43.4

25.0–29.9 (Overweight) 197 39.2

≥30.0 (Obese) 77 15.3

Smoking History (Yes) 12 2.4

Alcohol Consumption History (Yes) 22 4.4

Diabetes Mellitus (Yes) 204 40.6

Dyslipidemia (Yes) 104 20.7

HIV/AIDS (Yes) 8 1.6

Cardiac Disease (Yes) 92 18.3

CKD (Yes) 28 5.6

Hypertension Treatment Patterns and Adherence
The majority of hypertensive patients presented with Stage 1, 326(64.9%) or Stage 2, 145(28.9%)
disease, with most 345(68.7%) having a duration of 1–5 years. The mean BP was elevated at 155.3/84.6
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mmHg, indicating suboptimal control. Metabolic parameters reflected a high comorbidity burden,
including elevated FBS (122.9 ± 39.08 mg/dL), consistent with impaired fasting glucose, while the mean
total cholesterol level (165.7 ± 43.4 mg/dL) was within the desirable range. Medication adherence
353(70.3%) was notably higher than adherence to physical activity 228(45.4%). Treatment was
predominantly based on amlodipine 292(58.2%) and Enalapril 265(52.8%), and over half of the cohort
287(57.2%) indicated for statin and were on therapy (Table 2).
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Table 2
Clinical Profile, Management, and Treatment of HTN Patients at Tertiary

Hospital, Addis Ababa, Ethiopia (N = 502).
Characteristic n %

Hypertension Stage    

Stage 1 326 64.9

Stage 2 145 28.9

Hypertensive Urgency 26 5.2

Hypertensive Emergency 05 1.0

Duration of HTN    

≤ 1 year 71 14.1

1–5 years 345 68.7

> 5 years 36 7.2

Fasting blood glucose among DM (n = 181)    

<70mg/dl 27 13.2

70-130mg/dl 35 17.2

> 130mg/dl 119 58.3

Fasting blood glucose among non DM (n = 193)    

<100mg/dl 97 33.2

101-126mg/dl 74 25.3

>126mg/dl 22 7.5

Adherence    

Adherent to physical activity (Yes) 228 45.4

Medications (Adherent) 353 70.3

Salt Restriction (Adherent) 274 54.6

Use of Specific Antihypertensive Drug Classes    

Amlodipine 292 58.2

Enalapril 265 52.8

Hydrochlorothiazide 139 27.7

Losartan 76 15.1
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Characteristic n %

Hypertension Stage    

Beta Blockers 44 8.8

Nifedipine 28 5.6

Spironolactone 19 3.8

Statin Indication at Baseline (Yes) 287 57.2

Mean score of clinical variables

  n Mean (SD)

Blood Pressure (n = 502)    

Systolic BP (mmHg) 502 155.25 (13.44)

Diastolic BP (mmHg) 502 84.62 (11.86)

Metabolic Parameters (n = 502)    

FBS (mg/dl) 375 122.93 (39.08)

Hemoglobin A1c (%) 145 7.40 (1.93)

LDL Cholesterol (mg/dL) 336 93.23 (36.28)

Total Cholesterol (mg/dL) 376 165.70 (43.42)

Cumulative Distribution of Time to BP Control
The data shows a clear trend of progressive increase in the measured outcome over time. The overall
blood pressure control at the end of the 12-month follow-up was 72.3% (363/502) (95% CI: 68.2%–
76.2%). The cumulative percentage rises steadily from 37.6% by month 3 to 72.3% by month 12. The
most substantial increase occurs in the first six months, with growth slowing somewhat in the second
half of the year, though it remains consistent. This pattern indicates an accumulating or time-dependent
effect, with the majority of the outcome (over 70%) realized within the first year. Overall, 4.38% (22/502)
of patients were lost to follow-up, with rates rising from 1.56% at 3 months to a peak of 17.78% at 9
months before declining to 4.73% at 12 months (Fig. 1).

Incidence of BP control
The Kaplan–Meier curve demonstrates a progressive increase in the incidence of blood pressure control
over the follow-up period. This median indicates that half of the patient cohort experienced control BP
within about 5.3 months of follow-up. At baseline, all participants had uncontrolled blood pressure. By
approximately 3 months, about 38% of patients had achieved control, increasing to around 56% at 6
months and 64% at 9 months (Fig. 2).
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Factors Associated with Time to BP Control
In univariate analysis, age, BMI, baseline systolic BP, baseline diastolic BP, and diabetes each showed a
statistically significant association with time to BP control and were included in the multivariable model.

In the final adjusted model, older age, higher baseline systolic blood pressure, and the presence of
diabetes remained independently associated with a longer time to achieve control. Specifically, each
one-year increase in age was associated with a 6% longer time to control (adjusted TR = 1.06, 95% CI:
1.00–1.08, p = 0.006). Each 1 mmHg increase in baseline systolic blood pressure was associated with a
10% longer time to control (aTR = 1.10, 95% CI: 1.01–1.11, p < 0.001). Patients with diabetes required
39% longer time to achieve control compared to those without diabetes (aTR = 1.39, 95% CI: 1.10–1.72,
p = 0.005).

Table 3
Univariate and multivariate Cox proportional analysis of factors associated with time to BP control,

Addis Ababa, 2025.
Variables Univariable Analysis Multivariable Analysis

β (SE) HR (95%
CI)

TR
(95%
CI)

P-
value

β (SE) HR (95%
CI)

TR
(95%
CI)

P-
value

Age
(Years)

-0.013
(0.004)

0.987
(0.979–
0.995)

1.10
(1.01–
1.11)

0.001 -0.012
(0.004)

0.988
(0.980–
0.996)

1.06
(1.00–
1.08)

0.006

BMI -0.033
(0.012)

0.968
(0.945–
0.991)

1.03
(1.01–
1.05)

0.008 -0.024
(0.013)

0.976
(0.952–
1.001)

1.04
(1.00–
1.05)

0.056

Baseline
SBP

-0.028
(0.005)

0.973
(0.963–
0.982)

1.12
(1.02–
1.18)

< 
0.001

-0.024
(0.005)

0.976
(0.967–
0.986)

1.10
(1.01–
1.11)

< 
0.001

Baseline
DBP

-0.010
(0.004)

0.990
(0.982–
0.998)

1.01
(1.00–
1.02)

0.019 -0.006
(0.005)

0.994
(0.984–
1.004)

1.01
(1.00–
1.02)

0.258

Diabetes -0.400
(0.110)

0.670
(0.540–
0.832)

1.49
(1.20–
1.85)

< 
0.001

-0.323
(0.114)

0.724
(0.579–
0.905)

1.39
(1.10–
1.72)

0.005

Discussion
This retrospective cohort study evaluated the time required to achieve blood pressure control and its
determinants among hypertensive patients at a Tertiary Hospital in Ethiopia. The primary findings
indicate that 72.3% of patients attained control within 12 months of follow-up, with a median time to
control being 5.3 months. Multivariable Cox proportional hazards regression identified older age, higher
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baseline systolic blood pressure (SBP), and the presence of diabetes mellitus as independent clinical
factors associated with a significantly longer time to achieve control.

The cumulative control rate of 72.3% at one year represents a favorable outcome compared to previously
reported control rates in LMICs. Global data indicate that while control rates have improved over recent
decades, they remain suboptimal, particularly in hospital settings where patients present with greater
disease severity and comorbidity burdens (22–24). The rate observed in this cohort exceeds those
documented in several prior Ethiopian studies, which have reported control rates ranging from
approximately 22% to 43% in both hospital and primary care contexts (1, 10, 11, 14). This discrepancy
may be attributable to several key distinctions. Firstly, this study specifically followed hypertensive
patients during their inaugural year of treatment, capturing the early treatment response trajectory. In
contrast, many earlier studies employed cross-sectional designs that assessed a heterogeneous mix of
patients at various, often advanced, stages of chronic management, where therapeutic inertia and long-
standing uncontrolled hypertension are more prevalent. Secondly, the study site’s participation in
structured, ministry-led hypertension management programs, with an emphasis on protocolized care and
provider training, likely contributed to more consistent and effective treatment delivery. This aligns with
literature underscoring that healthcare system organization, including reliable medication supply,
standardized protocols, and continuity of care, is a critical determinant of hypertension outcomes in
resource-limited settings (22, 23).

The median time to control of 5.3 months provides a valuable metric for understanding the pace of
treatment effectiveness. This finding situates the cohort’s experience meaningfully within the global
continuum. It is markedly shorter than the 9.2 months reported in a Nigerian study (3) and is comparable
to, though slightly faster than, the 6.42 months found in a similar Ethiopian hospital-based study (1).
However, it remains longer than the 3.4 months documented in a high-income setting utilizing integrated
electronic health records (9, 25). This gradient, from high-income settings to LMICs, highlights a
persistent care gap. It reflects disparities in fundamental health system infrastructures, such as the
frequency and ease of follow-up visits, patient navigational support, and perhaps the timeliness of
treatment intensification, which collectively influence the speed of achieving therapeutic targets (24).

The association between older age and delayed control is robustly supported by both local and
international literature (10). The physiological rationale is multifold: age-related increase in arterial
stiffness reduces vascular compliance, potentially blunting the response to certain antihypertensive
agents. Furthermore, older patients frequently have a higher burden of comorbidities, which complicates
pharmacotherapy due to polypharmacy, drug-disease interactions, and a heightened risk of adverse
effects, often necessitating a slower, more cautious titration of therapy.

The powerful and independent role of diabetes mellitus in prolonging the time to control is a critical
finding, consistent with studies from other African regions, such as Kenya, where diabetes significantly
increased the odds of poor control (14). The pathophysiological synergy between hypertension and
diabetes, mediated through mechanisms like endothelial dysfunction, chronic inflammation, and renal
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sodium handling, creates a therapeutic challenge. Management often requires more complex drug
regimens (e.g., prioritizing RAAS inhibitors) and stricter target goals, which can extend the period needed
to find an effective and tolerated treatment combination.

The finding that higher baseline SBP is an independent predictor of longer time to control is clinically
intuitive, but importantly, quantified in this model. It confirms that the initial severity of hypertension is a
principal driver of management complexity. Patients presenting with markedly elevated SBP likely require
a more aggressive initial approach, possibly including early combination therapy, to overcome their
heightened vascular resistance and achieve control within a reasonable time-frame. This observation
argues against therapeutic inertia and supports guideline recommendations for timely treatment
intensification in patients with higher-grade hypertension.

This study has several notable strengths. First, the application of a time-to-event (survival) analytical
framework allowed for a dynamic assessment of the process of achieving BP control. This approach is
superior to cross-sectional analysis, as it accounts for the timing of the event and appropriately handles
censored data, providing clinically meaningful estimates of cumulative incidence and median time to
control. Second, the relatively long follow-up period of 12 months enhanced the reliability of identifying
factors associated with both timely and delayed control. Third, the study directly addresses a recognized
evidence gap by employing a retrospective cohort design with electronic medical record data from a
hospital setting in Ethiopia, offering longitudinal insights that are scarce in the existing literature.

Several limitations must also be acknowledged. First, the single-center, facility-based design may limit
the generalizability of findings to community or primary care settings and other geographical regions.
Second, the retrospective reliance on routine clinical data introduces the potential for measurement bias
and unmeasured confounding. Key determinants such as detailed medication adherence,
socioeconomic status, health literacy, and specific reasons for clinical decisions (e.g., delays in
treatment intensification) were not captured. Third, the definition of control was based on clinic BP
measurements, which are subject to variability and may not reflect out-of-office control. Finally, while the
model adjusted for major clinical confounders, residual confounding from other unmeasured patient and
provider-level factors cannot be excluded.

Conclusion
In this hospital-based cohort, approximately three-fourths of hypertensive patients achieved BP control
within 12 months of follow-up, with a median time to control of 5.3 months. This demonstrates that
effective control is achievable with structured management. However, the time to control was
significantly longer for older patients, those who had a higher baseline SBP, or those who had diabetes
mellitus. These findings highlight the need for a risk-stratified approach to hypertension management to
accelerate control in high-risk subgroups and reduce cumulative cardiovascular risk exposure.

Patients identified in this study as having delayed BP control (such as those with older age, higher
baseline SBP, or diabetes) should receive closer follow-up and timely treatment intensification in routine
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clinical practice. Health facilities should consider implementing structured risk-based monitoring
approaches to reduce prolonged uncontrolled blood pressure and prevent complications.

Interventions should focus on supporting patients to maintain recommended lifestyle behaviors through
education, counseling, and digital reminders. Tailored strategies targeting both medication and lifestyle
adherence, especially for high-risk groups such as older adults, patients with high baseline BP, and those
with diabetes may help reduce the time to achieve BP control.

Strengthening patient education and employing digital tools for appointment and medication reminders
to address adherence, a key factor influencing time to control are vital.

In addition, conducting Prospective and Mixed-Methods Studies that prospectively collects detailed data
on adherence, socioeconomic barriers, and clinical decision-making to better understand the
determinants of delay in BP control, is recommended.
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Figure 1

Cumulative Achievement over Time among HTN Patients at a Tertiary Hospital, Addis Ababa, Ethiopia.
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Figure 2

Kaplan-Meier Curve of Cumulative BP Control over 12‑Month Follow‑up among Hypertensive Patients at
Tertiary Hospital, Addis Ababa, Ethiopia.
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