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Abstract. - OBJECTIVE: Time in therapeutic
range (TTR) is a new approach to monitoring blood
pressure (BP), providing a more accurate picture
over time compared to the standard single BP mea-
surement during a clinic visit. Currently, no study
from Saudi Arabia has explored the use of TTR in
assessing BP control and its related factors. Thus,
we aimed to investigate them in this study.
PATIENTS AND METHODS: Participants aged
= 18 years with at least three BP measurements
from January 2016 to December 2020 were en-
rolled. Patient data were collected, including the
date of hypertension (HTN) diagnosis, comorbid-
ities, medication history, and laboratory test re-
sults. TTR values were calculated, and descrip-
tive statistical analysis was applied to assess the
differences between patients with TTR =50% and
those with TTR < 50%. The Poisson regression
model was used to describe the associations be-
tween patient characteristics and TTR values.
RESULTS: 30,694 patients were included, with
74% identified as having TTR < 50%. Female gen-
der, concomitant diabetes mellitus, or cardiovas-
cular diseases were significantly associated with
TTR =50% (p <0.02). Conversely, increasing age,
body mass index, years with HTN, or hyperlipid-
emia were associated with TTR <50% (p < 0.001).
CONCLUSIONS: According to the 2017 Amer-
ican College of Cardiology and the American
Heart Association (ACC/AHA) guidelines, about
three-quarters of the patients presented with TTR
< 50% among the screened Saudi cohort. The re-
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sults of this study may raise concerns about cli-
nicians’ adherence to the updated HTN manage-
ment guidelines and patients’ compliance with
their treatment plans. This underscores the ur-
gent need to improve HTN management and TTR
attainment among Saudi patients.
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Introduction

Hypertension (HTN) is a common medical con-
dition that increases the risk of life-threatening
diseases, mainly cardiovascular diseases (CVD)'.
Consequently, HTN is associated with a high
mortality rate globally?. The risk of CVD escalates
two-fold with each 20 millimeters of mercury (mm
Hg) increase in systolic blood pressure (SBP) or
10 mm Hg increase in diastolic blood pressure
(DBP)’. In contrast, CVD incidents and mortality
rates can be reduced significantly with each 10
mm Hg reduction in SBP, as concluded by a me-
ta-analysis involving more than 100,000 patients*.
The World Health Organization (WHO)? estimated
that 1.28 billion adults aged between 30 and 79
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years are affected by HTN. Essential (primary)
HTN is the most common form of HTN, affecting
more than 90% of hypertensive cases®. Essential
HTN is defined as an elevated blood pressure (BP)
of an unidentified cause that increases the risk
for cardiovascular, cerebral, and renal events®. In
Saudi Arabia, the estimated HTN prevalence in
2019 among individuals aged > 15 years was 14%/.
This finding is consistent with a previous national
survey® in 2013 indicating that 15.2% of Saudis
aged >15 years have HTN. Furthermore, a recent
study by Alyabsi et al’ in Riyadh covering 10,220
untreated individuals found that 14.1% of the sur-
veyed Saudi adults had HTN. According to these
studies”, males have a higher HTN prevalence
than females.

In 2003, the Seventh Report of the Joint Na-
tional Committee (JNC 7) on Prevention, Detec-
tion, Evaluation, and Treatment of High Blood
Pressure' released guidelines for HTN manage-
ment in clinical settings. The JNC 7 classified
BP levels into distinct categories. Normal BP
was defined as SBP < 120 mm Hg and DBP <
80 mm Hg. Prehypertension was characterized
by SBP ranging from 120 to 139 mm Hg and/or
DBP from 80 to 89 mm Hg. HTN was considered
when SBP readings > 140 mm Hg and/or DBP
readings > 90 mm Hg were confirmed in at least
three separate measurements'®'!. These thresh-
olds were recommended to be lowered thereafter
based on a randomized controlled Systolic Blood
Pressure Intervention Trial (SPRINT)™ involving
more than 9,000 participants. The patients in this
study were followed up for over three years to
evaluate whether lowering SBP values below 120
mm Hg (intensive treatment approach) had a bet-
ter prognosis than maintaining SBP values below
140 mm Hg (standard treatment approach). They
found that intensive BP lowering significantly
reduced the incidence of CVDs and mortality
events compared to standard treatment (1.65%
per year vs. 2.19% hazard ratio, respectively)'?.
Furthermore, evidence from multiple meta-anal-
yses of prospective and observational studies'*!°
indicated that increasing SBP above 130 mm Hg
was associated with an increased risk of CVDs.
Accordingly, in 2017, the American College of
Cardiology and the American Heart Association
(ACC/AHA) introduced a new classification of
BP levels that updated the previous (JNC 7)
guidelines. The main changes noted in the new
classification concern the prehypertension cat-
egory. This category has been divided into two
distinct groups: elevated BP, manifested by SBP

ranging from 120 to 129 mm Hg and/or DBP <
80 mm Hg, while SBP ranging from 130 to 139
mm Hg and/or DBP between 80 and 89 mm Hg
was defined as stage 1 HTN. In addition, stage 2
HTN has been described as SBP > 140 mm Hg
and/or DBP > 90 mm Hg rather than the previous
JNC 7 thresholds (SBP > 160 mm Hg or DBP >
100 mm Hg)". Hence, the updated classification
has lowered the level of HTN to 130/80 mm Hg
and higher. The 2017 ACC/AHA guidelines were
later adopted by nine other medical organizations
within the United States, including the American
Academy of Physician Assistants (AAPA), Asso-
ciation of Black Cardiologists (ABC), American
College of Preventive Medicine (ACPM), Amer-
ican Geriatrics Society (AGS), American Phar-
macists Association (APhA), American Society
of Hypertension (ASH), American Society for
Preventive Cardiology (ASPC), National Medi-
cal Association (NMA), and Preventive Cardio-
vascular Nurses Association (PCNA), and the
culminating shared report was published'®. The
impact of the 2017 ACC/AHA guidelines on the
prevalence of HTN among Saudis was previously
assessed by Alyabsi et al®. Their findings revealed
that HTN increased from 14.49% based on JNC
7 to 40.77%, according to the latest guidelines.
However, it is crucial to recognize potential lim-
itations in their methodology; the estimation of
BP was based on average readings throughout the
study. This could be misleading where episodes
with abnormally high and low BP readings could
be averaged out to the targeted BP despite the pa-
tient being outside of the target therapeutic range.
Moreover, it is important to note their study was
confined to one city in Saudi Arabia (Riyadh).
The main goal in managing HTN extends beyond
merely achieving targeted BP levels; long-term
maintenance BP control is essential to prevent
both primary and secondary end-organ compli-
cations".

Assessing time in therapeutic range (TTR) is
a novel metric approach to monitoring patients
with HTN as it provides a better prediction of
clinical outcomes, such as cardiovascular prog-
nosis, renal events, and death?*?2, TTR provides
a comprehensive disease management assess-
ment by measuring BP over long-term follow-up
to uncover current and previous BP control sta-
tus rather than relying solely on incidental BP
readings obtained during clinic visits*. Based on
multiple BP recordings, TTR represents the pro-
portion of time a patient spends in a normoten-
sive range. Patients who consistently maintained
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SBP between 120-140 mm Hg for most of their
recorded time (> 50%) demonstrated a low risk
of all-cause mortality and morbidity compared to
those with intermediate (< 50%) or sporadic (<
0-25%) therapeutic BP control?%-24-26,

The TTR approach has been notably success-
ful in monitoring patients receiving warfarin,
an anticoagulant, to estimate prothrombin time
within the therapeutic range over long time in-
tervals. TTR has proven to have a significant
correlation with positive thromboembolic out-
comes; thus, assessment of TTR helps optimize
the efficacy and safety of warfarin?”*. TTR
assessment in patients undergoing treatment for
hypertension or thrombosis is similar to mea-
suring glycosylated hemoglobin (HbAlc) as a
biomarker to assess overall long-term glycemic
control. Despite the well-known benefits of TTR
assessment, no study has yet investigated its ap-
plication in the long-term management of HTN
in Saudi Arabia. Therefore, this study aimed to
fill the gap by evaluating TTR in Saudi patients
with essential HTN and examining its associ-
ation with patients’ demographic and clinical
characteristics.

Patients and Methods

Study Design

Patients’ records were screened over five years
(January 2016-December 2020). The required
data were extracted from an electronic medical
record (EMR) system called BESTCare, a patient
database platform developed by the Ministry
of National Guard Health Affairs (MNGHA),
facilitating access to patients’ EMRs. The study
included patients diagnosed with essential hy-
pertension attending primary care centers and
hospitals within MNGHA, including six large
medical hospitals across different regions of the
Kingdom [two hospitals in the Central region
(Riyadh), two in the East (Dammam and Al-Has-
sa), one in the West (Jeddah), and one in Madinah
city], along with 24 primary care centers.

Study Subjects

The recruited participants were Saudi adults
(> 18 years), with age determined at the time of
diagnosis and the first recorded BP value. A min-
imum of three BP measurements in an outpatient
setting were required for inclusion. Eligibility
criteria were restricted to patients diagnosed
with essential (primary) HTN, excluding patients
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with a history of a secondary form of HTN such
as renal parenchymal HTN, drug-induced HTN,
and renovascular HTN or those with concurrent
disease-causing HTN such as coarctation of the
aorta, primary hyperaldosteronism, Cushing’s
disease, unilateral or bilateral renal artery steno-
sis, pheochromocytoma, and polycystic kidney
disease.

Data Analysis

All BP recorded values, documented through-
out various clinic visits over the five years, were
collected. These values were used to calculate the
TTR, representing the percentage of time spent
within a specified BP range (SBP of 90-129 mm
Hg and DBP of 60-79 mm Hg). According to the
2017 ACC/AHA guidelines®, readings of (1) SBP
> 129 mm Hg and/or DBP > 80 mm Hg and (2)
SBP < 90 and/or DBP < 60 mm Hg were consid-
ered above and below the targeted therapeutic
range, respectively. Patients’ demographics [age,
gender, and body mass index (BMI)], and other
variables such as the total number of antihyper-
tensive medication (TNAHM) classes prescribed
during the therapeutic journey of the patient, date
of hypertension diagnosis (from which the years
with hypertension was estimated), lipid profiles,
and comorbidities [e.g., diabetes mellitus (DM),
heart and kidney diseases] were collected to
determine its association with TTR values. Fur-
thermore, the patients were classified into eight
distinct age groups (18-24, 25-34, 35-44, 45-54,
55-64, 65-74, 75-84, and 85 years and above) to
facilitate an analysis of the trends of the TTR pat-
tern across different age cohort. Patients’ charac-
teristics were reported using mean and standard
deviation (SD) for continuous parametric vari-
ables and number/frequency for binary variables.

Statistical Analysis

One way analysis of variance (ANOVA) was
used to identify and compare TTR trends across
different age groups. Conversely, the Chi-square
test was used to compare the frequency of cate-
gorical variables between groups. Poisson regres-
sion analysis was performed to compute adjusted
odds ratios (OR) and 95% confidence interval
(95% CI) to elucidate the association between
patients’ characteristics and TTR values (as con-
tinuous variables) among the cohort. The associ-
ation values were adjusted for age, gender, BMI,
and duration of HTN. Covariates were included
in the model if they reached a statistically signifi-
cant level at p < 0.05 in univariate analysis. Mul-
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ticollinearity was assessed using the variance in-
flation factor. Statistical analyses were performed
using the International Business Machines (IBM)
Statistical Package for the Social Sciences (SPSS)
27 (IBM Corp., Armonk, NY, USA).

Results

Patients’ Characteristics

Among a cohort exceeding 70,000 hyperten-
sive patients from Saudi Arabia, 30,694 fulfilled
the inclusion criteria and were enrolled in this
study. Notably, 74% of the cohort had TTR <
50% (Table I). Those patients were distinguished
by older age [mean age: 62 (+ 12) years vs. 58 (£
13) years, p < 0.001], high BMI values [32.7 (=
6.7) vs. 31.7 (£ 6.5), p < 0.001], were prescribed
more TNAHM [1.5 (= 14) vs. 1.2 (= 1.3), p <
0.001], and had a prolonged duration of HTN
[4.7 (£ 1.3) vs. 4.4 (= 1.4), p < 0.001] compared to
those with TTR > 50%. Regarding comorbidities,
patients with TTR < 50% had a slightly higher
prevalence of DM (80% vs. 79%), kidney diseas-
es (16% vs. 15%), and hyperlipidemia (14% vs.
13%), though they were less susceptible to CVD
(8% vs. 10%, p < 0.001) (Table I).

The Analysis of TTR Patterns Across
Different Age Groups

Among younger age groups (18-24, 25-34, and
35-44 years), the percentage of TTR < 50% was

remarkably lower (61%) than in the older age
group. The proportion of patients with TTR <
50% began to increase significantly from the age
group of 45-54 years, reaching its highest value
of 80% within the 55-64 and 65-74 years age
groups (Figure 1). Furthermore, a significant in-
crease in the TNAHM prescriptions was evident
with increasing age (Figure 2).

Factors Associated With TTR

After adjusting for age, gender, years with
HTN and BMI, the Poisson logistic regression
model shows that female gender (OR = 1.099,
95% CI = 1.05-1.26), concomitant DM (OR =
1.07, 95% CI = 1.01-1.14), or CVD (OR = 1.311,
95% CI = 1.22-1.41) were significantly associ-
ated with TTR > 50% (Table II). Conversely,
advancing age (OR = 1.015, 95% CI = 1.01-1.26),
elevated BMI (OR = 1.02, 95% CI = 1.02-1.03),
longer duration of HTN (OR = 1.04, 95% CI =
1.02-1.06), or the presence of hyperlipidemia (OR
= 1.189, 95% CI = 1.11-1.28) were associated with
TTR < 50%.

Discussion

Hypertension is a leading cause of cardiovas-
cular disorders, including myocardial infarction,
heart failure, renal impairment, and stroke. Ef-
fective antihypertensive pharmacotherapy, com-
bined with lifestyle modifications, is crucial for

Table I. Clinical characteristics of patients included in the study, stratified according to their TTR values.

0, 0,
e coror [ 1R o st | 1R st | e
TTR%, mean (+SD) 32.4 (+£26.5) 19.1 (= 14.4) 69.4 (+ 14.5) <0.001
Age, mean (+SD) 61 (+12) 62 (£12) 58 (£ 13) <0.001
Gender, female, n (%) 17,599 (57) 13,012 (58) 4,587 (56) 0.06
TNAHM, mean (+SD) 1.4 (x1.4) 1.5 1.4) 1.2 (+£1.3) <0.001
BMI, mean (+ SD) 32.4 (+6.6) 32.7 (£6.7) 31.7 (£ 6.5) <0.001
Years with HTN, mean (+ SD) 4.6 (+1.3) 4.7 (x1.3) 4.4 (+1.4) <0.001
Comorbidities
Diabetes mellitus, n (%) 24,536 (80) 18,139 (80) 6,397 (79) 0.001
Kidney diseases, n (%) 4,881 (16) 3,666 (16) 1,215 (15) 0.006
Hyperlipidemia, n (%) 4,249 (14) 3,232 (14) 1,017 (13) <0.001
CVD, n (%) 2,533 (8) 1,756 (8) 777 (10) <0.001
Stroke, n (%) 462 (2) 351 (2) 111 (1) 0.2

TTR: Time in therapeutic range, THAHM: Total number of antihypertensive medications, BMI: Body mass index, HTN: Hy-

pertension, CVD: Cardiovascular diseases.
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Table Il. Factors associated with the time in therapeutic range variability among the studied cohort. OR represents the adjusted
odds ratio based on the Poisson regression model.

Characteristics TTR OR 95% CI p-value
Gender (female) >50% 1.099 1.046-1.256 <0.001
Age <50% 1.015 1.014-1.017 <0.001
BMI <50% 1.02 1.016-1.025 <0.001
Duration of HTN <50% 1.04 1.02-1.06 <0.001
Diabetes mellitus >50% 1.07 1.008-1.135 0.027
Cardiovascular diseases >50% 1.311 1.219-1.409 <0.001
Kidney diseases <50% 1.042 0.971-1.118 0.256
Hyperlipidemia <50% 1.189 1.108-1.277 <0.001
Stroke <50% 1.027 0.882-1.179 0.727

BMI: Body mass index, HTN: Hypertension, TTR: Time in therapeutic range.

both symptom relief and cardiovascular protec-
tion*’, The Global Burden of Disease study® in
2019 indicated that HTN is one of the leading
causes of death in the Kingdom of Saudi Arabia.
Despite the seriousness of the disease, only a
fifth of hypertensive patients under treatment
achieve adequate BP control globally?. Accord-
ing to the JNC 7 guidelines, the Saudi national
survey study in 2014 revealed that 40.6% of the
screened individuals were in the prehypertensive
stage, 57.8% of hypertensive patients remained
undiagnosed, and 55% of treated patients exhib-
ited uncontrolled BP8. Additionally, if the newly

recommended 2017 ACC/AHA HTN guidelines!
were applied, it is anticipated that the prevalence
of HTN will increase further. The principal
finding of this observational retrospective cohort
study is that the majority of the included patients
demonstrated poor BP control and low TTR
levels, with approximately three-quarters of the
cohort showing a mean TTR of less than 20%.
This rate of uncontrolled HTN is higher than the
previously reported rates (55-65%) by the Saudi
national survey and a recent meta-analysis study
focusing on hypertensive patients undergoing
treatment®??. This disparity can be attributed to

1007 §TTR < 50%

807

OTTR 250%

60
40
204

Percentage of the participants in the groups

(129) (586)

18-24 25-34 35-44 45-54 55-64 65-74 75-84 285
(2,166) (5,998) (10,381) (7,343) (3,349) (742)

Figure 1. Differences in time in therapeutic range (TTR) among different age groups of HTN patients. Significant statistical

differences were obtained (p < 0.001).
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Figure 2. Differences in number of prescribed antihypertensive medications among different age groups of HTN patients.
Significant statistical differences were obtained (p < 0.001).

the strict criteria applied in our study, which are
aligned with the 2017 ACC/AHA guidelines. The
low TTR rates observed in our study are consis-
tent with findings from previous studies conduct-
ed on diverse populations, all of which adhered
to the latest BP guidelines. For instance, a study*
conducted in Korea reported that the percentage
of patients with uncontrolled BP elevated from
40.9% (based on the JNC 7) to 83.9% (based
on the 2017 ACC/AHA guidelines). Similarly, a
study** on the US population revealed that more
than 50% of patients receiving antihypertensive
medications exhibited uncontrolled HTN when
assessed using the 2017 ACC/AHA guidelines.
Moreover, our study identified significant asso-
ciations between TTR values and various vari-
ables. The results showed that factors including
female gender, diabetes mellitus, or CVD were
major contributors to high TTR rates (> 50%).
Conversely, an increase in age, elevated BMI,
longer HTN duration, or hyperlipidemia were as-
sociated with lower TTR rates. These risk factors
have been previously reported to be associated
with resistant HTN and poor control of BP*>-7,
Our results revealed that for each year of age
increment, there was a 1.5% increase in the risk
of achieving a TTR level < 50%. The majority
of patients in our study cohort aged > 60 years
exhibited lower TTR levels. This observation
aligns with previous findings in patients re-
ceiving warfarin treatment, where advanced age

was associated with a reduction in TTR values
measured by International Normalized Ratios
(INR)*. Aging is frequently accompanied by the
development of multiple comorbidities, requiring
the usage of various medications, a phenomenon
known as polypharmacy®. This was evident in
our study, where the number of given medica-
tions (TNAHM) proportionally increased with
increasing age. Consequently, patient adherence
to numerous medications becomes crucial, es-
pecially among older patients who are more
vulnerable to experiencing TTR < 50%. An-
other factor underlying lower TTR% in older
age groups is the implementation of former BP
guidelines, which set up BP level < 150/90 mm
Hg as the treatment goal for patients aged > 60
years*’. Thus, healthcare providers should follow
the latest 2017 ACC/AHA recommendations and
conduct comprehensive medication reviews to
assess adherence issues among their patients,
thereby ensuring effective management of HTN.

Another important finding is the impact of
BMI as a modifiable risk factor, with each unit
increase in BMI leading to a 2% reduction in
TTR levels. This finding is consistent with previ-
ous studies demonstrating a correlation between
BMI and developing HTN and its influence on
poor BP control in patients treated with antihy-
pertensives* . Diabetes and HTN commonly
coexist due to shared biological characteristics,
making hypertension particularly concerning
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for individuals with diabetes. This comorbidity
significantly increases the risk of premature mi-
crovascular and macrovascular complications*.
In our study, we found that 80% of the current
hypertension cohort is also diabetics, and our
adjusted regression model revealed that diabetic
patients are more prone to achieve higher TTR
rates. Interestingly, we recently reported that the
majority (70%) of diabetic Saudi patients have
comorbid hypertension®, which emphasizes a
bidirectional relationship between hypertension
and DM. These findings confirm the strong cor-
relation between HTN and DM?*6-48, In addition,
we found that patients with CVD showed better
TTR values than those without CVD. This could
be attributed to the higher medication adherence
among CVD patients. This conclusion is sup-
ported by a previous study indicating greater
compliance among CVD patients using HTN
medications for secondary prevention purposes
compared to those using them for primary pre-
vention purposes®. It is important to indicate
that compliance data for our study cohort was
unavailable. Using the tight BP control suggest-
ed by 2017 ACC/AHA guidelines, along with
TTR methodology, is essential to reduce CVD
complications, predict adverse events, and im-
prove clinical outcomes?%:26:33:5051,

These new data raise an important question
of how clinicians adhere to and apply the cur-
rent guidelines of HTN management. Therefore,
continued education for healthcare providers and
patients regarding the latest treatment guidelines
and the significance of the TTR approach in as-
sessing BP control is crucial to ensure safe and ef-
fective monitoring and management of HTN*. In
a previous study, Kario et al** demonstrated that
digital technology significantly improved adher-
ence to medications, physical activity, salt intake
restriction, and lifestyle modifications, resulting
in improved TTR rates and HTN management.
To the best of our knowledge, no research in
Saudi Arabia has investigated the impact of dig-
ital technology on TTR for BP levels and subse-
quent clinical outcomes. Therefore, future studies
should prioritize investigating the effectiveness
of digital tools in improving BP control, not only
in Saudi Arabia but globally. This approach is
optimal for encouraging multidisciplinary care
involving physicians, pharmacists, nurses, dieti-
tians, and patients, thereby promoting HTN man-
agement through ensuring medication adherence
and proper monitoring of BP control.

The present study is the first to investigate
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the TTR values in assessing BP control in Saudi
Arabia. Our study’s strengths include the large
sample size (exceeding 30,000 hypertensive pa-
tients) and the collection of patient data from pri-
mary care centers and hospitals across multiple
regions in the country. Furthermore, our study’s
utilization of the TTR to examine HTN manage-
ment effectiveness offers valuable insights into
current practice and points out factors requiring
attention for improved HTN management within
similar patient cohorts.

Limitations

Several limitations in our study should be
acknowledged. Firstly, the precise history of an-
ti-hypertensive medication classes prescribing
and the pattern of their combination were not
feasible. This could create uncertainty in assess-
ing the relationship between specific drug classes
and TTR values as data were collected retrospec-
tively. This limitation restricted our ability to
evaluate the appropriateness of anti-hypertensive
medications usage and interpret their effective-
ness truthfully. Secondly, since follow-up data
is unavailable, longer-term treatment outcomes
associated with antihypertensive medications,
including efficacy and adverse drug reactions,
were not obtained. Finally, it was not possible to
describe the trajectory of antihypertensive med-
ication used over time and its correlation with
changes in the disease progression or manage-
ment courses.

Conclusions

The TTR monitoring approach, which relies
on measuring BP over long-term follow-up,
affords objective and unbiased information
to healthcare providers to assess BP control
better, manage, and predict outcomes for HTN
patients. The extremely low TTR values no-
ticed in the majority of hypertensive patients
in our study are alarming and emphasize the
need for intensified efforts from clinicians
to monitor and manage patients. They need
to follow the latest treatment guidelines sug-
gested by ACC/AHA and closely monitor the
patient’s adherence to their treatment plans.
This is essential to achieve and maintain BP
within the target TTR values, which is expect-
ed to improve disease outcomes and minimize
its complications and burden among Saudi
patients.



Blood pressure and time in therapeutic range

Conflict of Interest
The authors declare no conflict of interest to report.

Authors’ Contributions

M. Alshabeeb and R. Alajlan conceptualized the study, 2)
prepared the study proposal, and planned and collected

data. M. Alshabeeb, R. Alajlan, and S. Abohelaika analyzed

patients’ profile data. S. Abohelaika, A. Alqurain, and M.

Alshabeeb performed data analyses, while F. Alomar, R. 3)
Alajlan, and F. Alherz supported data analysis. M. Alsha-
beeb, R. Alajlan, S. Abohelaika, and A. Alqurain wrote the 4)

introduction, methods, and results sections. All authors par-
ticipated in preparing the discussion section, and F. Alomar
and F. Alherz edited the manuscript. All authors have read
and agreed to the final version of the manuscript.

5)
Acknowledgments 6)
We appreciate Mr. Bien Paras’s efforts from Research Data
Management at KAIMRC in extracting the data from the
BestCare database.

7)

Informed Consent

The data were collected from chart reviews devoid of direct
interaction with patients or presentation of identifiable im-

ages or data. Thus, informed consent from patients was not 8)
required for this study according to the national legislation

and institutional policy.

Ethics Approval

This observational retrospective cohort study was reviewed
and approved by the Institutional Review Board (IRB) at
King Abdullah International Medical Research Centre
(KAIMRC), Riyadh, Kingdom of Saudi Arabia (approval ref-
erence number: NRC21R/464/11; date: 28 November 2021).

10)

Funding
This research project did not require any financial support.

Availability of Data and Materials
The data supporting the findings of this study are available
upon reasonable request from the corresponding author.

S EEEE— 11)
Al Disclosure

No artificial intelligence tools were used for writing or con-

ducting the research. 12)

ORCID ID
Mohammad Alshabeeb: 0000-0002-8885-6254

References

Kjeldsen SE. Hypertension and cardiovascular
risk: General aspects. Pharmacol Res 2018; 129:
95-99.

World Health Organization (2023). Hypertension.
Available at: https://www.who.int/news-room/fact-
sheets/detail/hypertension. (Accessed on: 11 Jan
2024).

Franco V, Oparil S, Carretero OA. Hypertensive
therapy: Part I. Circulation 2004; 109: 2953-2958.

Emdin CA, Rahimi K, Neal B, Callender T, Perkov-
ic V, Patel A. Blood pressure lowering in type 2
diabetes: a systematic review and meta-analysis.
JAMA 2015; 313: 603-615.

Almeida MQ, Silva GV, Drager LF. What Is the
Most Common Cause of Secondary Hyperten-
sion? An Interdisciplinary Discussion. Curr Hy-
pertens Rep 2020; 22: 1-9.

Carretero OA, Oparil S. Essential hypertension:
part I: definition and etiology. Circulation 2000;
101: 329-335.

Saudi Ministry of Health (2019). World Health
Survey Saudi Arabia (KSAWHS). Available at:
https://www.moh.gov.sa/en/Ministry/Statistics/
Population-Health-Indicators/Documents/World-
Health-Survey-Saudi-Arabia.pdf. (Accessed on:
09 Sep 2023).

El Bcheraoui C, Memish ZA, Tuffaha M, Daoud
F, Robinson M, Jaber S, Mikhitarian S, Al Saeedi
M, Almazroa MA, Mokdad AH, Al Rabeeah AA.
Hypertension and its associated risk factors in
the Kingdom of Saudi Arabia, 2013: A National
Survey. Int J Hypertens 2014; 2014: 564679.

Alyabsi M, Gaid R, Alqunaibet A, Alaskar A, Mah-
mud A, Alghamdi J. Impact of the 2017 ACC/AHA
guideline on the prevalence of elevated blood
pressure and hypertension: a cross-sectional
analysis of 10,799 individuals. BMJ Open 2020;
10: e041973.

Chobanian AV, Bakris GL, Black HR, Cushman
WC, Green LA, Izzo JL Jr, Jones DW, Materson
BJ, Oparil S, Wright JT Jr, Roccella EJ; National
Heart, Lung, and Blood Institute Joint National
Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure; National
High Blood Pressure Education Program Coor-
dinating Committee. The Seventh Report of the
Joint National Committee on Prevention, Detec-
tion, Evaluation, and Treatment of High Blood
Pressure: the JNC 7 report. JAMA 2003; 289:
2560-2572.

Zhang PY. Review of new hypertension guide-
lines. Eur Rev Med Pharmacol Sci 2015; 19: 312-
315.

SPRINT Research Group; Wright JT Jr, William-
son JD, Whelton PK, Snyder JK, Sink KM, Rocco
MV, Reboussin DM, Rahman M, Oparil S, Lewis
CE, Kimmel PL, Johnson KC, Goff DC Jr, Fine LJ,
Cutler JA, Cushman WC, Cheung AK, Ambrosius

4663


https://www.who.int/news-room/fact-sheets/detail/hypertension
https://www.who.int/news-room/fact-sheets/detail/hypertension
https://www.moh.gov.sa/en/Ministry/Statistics/Population-Health-Indicators/Documents/World-Health-Survey-Saudi-Arabia.pdf
https://www.moh.gov.sa/en/Ministry/Statistics/Population-Health-Indicators/Documents/World-Health-Survey-Saudi-Arabia.pdf
https://www.moh.gov.sa/en/Ministry/Statistics/Population-Health-Indicators/Documents/World-Health-Survey-Saudi-Arabia.pdf

M.A. Alshabeeb, R. Alajlan, S. Abohelaika, F.A. Alherz, A.A. Alqurain, F.A. Alomar

13)

14)

15)

16)

17)

18)

19)

20)

21)

WT. A Randomized Trial of Intensive versus Stan-
dard Blood-Pressure Control. N Engl J Med 2015;
373: 2103-2116. Erratum in: N Engl J Med 2017;
377: 2506.

Shen L, Ma H, Xiang MX, Wang JA. Meta-analy-
sis of cohort studies of baseline prehypertension
and risk of coronary heart disease. Am J Card
2013; 112: 266-271.

Guo X, Zhang X, Guo L, Li Z, Zheng L, Yu S,
Yang H, Zhou X, Zhang X, Sun Z, Li, J, Sun
Y. Association Between Pre-hypertension and
Cardiovascular Outcomes: A Systematic Review
and Meta-analysis of Prospective Studies. Curr
Hypertens Rep 2013; 15: 703-716.

Ettehad D, Emdin CA, Kiran A, Anderson SG,
Callender T, Emberson J, Chalmers J, Rodgers
A, Rahimi K. Blood pressure lowering for preven-
tion of cardiovascular disease and death: a sys-
tematic review and meta-analysis. Lancet 2016;
387: 957-967.

Rapsomaniki E, Timmis A, George J, Pujades-Ro-
driguez M, Shah AD, Denaxas S, White IR,
Caulfield MJ, Deanfield JE, Smeeth L, Williams
B, Hingorani A, Hemingway H. Blood pressure
and incidence of twelve cardiovascular diseases:
lifetime risks, healthy life-years lost, and age-spe-
cific associations in 1-25 million people. Lancet
2014; 383: 1899-1911.

Whelton PK, Carey RM, Aronow WS, Casey DE Jr,
Collins KJ, Dennison Himmelfarb C, DePalma SM,
Gidding S, Jamerson KA, Jones DW, MacLaughlin
EJ, Muntner P, Ovbiagele B, Smith SC Jr, Spencer
CC, Stafford RS, Taler SJ, Thomas RJ, Williams
KA Sr, Williamson JD, Wright JT Jr. 2017 ACC/
AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/
NMA/PCNA Guideline for the Prevention, Detec-
tion, Evaluation, and Management of High Blood
Pressure in Adults: A Report of the American
College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines. J Am
Coll Cardiol 2018; 71: e127-e248.

Reboussin DM, Allen NB, Griswold ME, Guallar
E, Hong Y, Lackland DT, Miller lii ER, Polonsky
T, Thompson-Paul AM, Vupputuri S. Systematic
review for the 2017 ACC/AHA/AAPA/ABC/ACPM/
AGS/APhA/ASH/ASPC/NMA/PCNA guideline for
the prevention, detection, evaluation, and man-
agement of high blood pressure in adults: a report
of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice
Guidelines. Hypertension 2018; 71: e116-e135.

Sakima A. Time in therapeutic range in context
of blood pressure management. Hypertens Res
2024; 47: 200-202.

Doumas M, Tsioufis C, Fletcher R, Amdur R,
Faselis C, Papademetriou V. Time in therapeutic
range, as a determinant of all-cause mortality in
patients with hypertension. J Am Heart Assoc
2017; 6: e007131.

Bakris G, Sternlicht H. Time in therapeutic range:

redefining “optimal” blood pressure control. J Am
Coll Cardiol 2021; 77: 1300-1301.

4664

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

Bloch M. Should we be using time in therapeutic
range as a performance measure for hyperten-
sion control? Consultant360. Published online
May 12, 2021. Available at: https://www.consul-
tant360.com/exclusive/cardiology/hypertension/
should-we-be-using-time-therapeutic-range-per-
formance-measure. (Accessed on: 02 Feb 2024).
Nagarajan N, Townsend RR. Time in therapeutic
range: timely in hypertension therapeutics? J
Hum Hypertens 2023; 37: 244-247.

Kasiakogias A, Tsioufis C, Konstantinidis D, Michas
C, Dimitriadis K, lliakis P, Andrikou E, Mantzoura-
nis M, Thomopoulos C, Petras D, Papademetriou
V, Doumas M, Tousoulis D. 1157Blood pressure
time in therapeutic range versus visit-to-visit blood
pressure variability for prediction of cardiovascular
events: data from a 6-year prospective registry.
Eur Heart J 2018; 39 (suppl_1): 231.

Wallentin F, Bengtsson-Bostrom K, Hasselstrém
J, Hjarpe P, Manhem K, Qvarnstrom M, Schi6ler
L, Wettermark B, Kahan T. The time blood pres-
sure is in therapeutic range predicts cardiovas-
cular and all-cause mortality in hypertension: the
Swedish primary care cardiovascular database
(SPCCD). J Hypertens 2019; 37: €86-e87.

Fatani N, Dixon DL, Tassell BWV, Fanikos J,
Buckley LF. Systolic blood pressure time in target
range and cardiovascular outcomes in patients
with hypertension. J Am Coll Cardiol 2021; 77:
1290-1299.

Abohelaika S, Kamali F, Avery P, Robinson B,
Kesteven P, Wynne H. Anticoagulation control
and cost of monitoring of older patients on chron-
ic warfarin therapy in three settings in North East
England. Age Ageing 2014; 43: 708-711.

Alyousif SM, Alsaileek AA. Quality of anticoagula-
tion control among patients with atrial fibrillation:
An experience of a tertiary care center in Saudi
Arabia. J Saudi Heart Assoc 2016; 28: 239-243.

Greenland P, Peterson E. The new 2017 ACC/
AHA guidelines “up the pressure” on diagnosis
and treatment of hypertension. JAMA 2017; 318:
2083-2084.

Sestito A. Hypertension therapy and cardiovas-
cular protection. Effects of angiotensin Il receptor
block with Valsartan. Eur Rev Med Pharmacol Sci
2011; 15: 1247-1255.

Institute for Health Metrics and Evaluation (IHME)
(2019). Global Burden of Disease (GBD) 2019.
Available at: https://ghdx.healthdata.org/record/
ihme-data/gbd-2019-disease-and-injury-bur-
den-1990-2019. (Accessed on: 12 June 2023).
Alshammari SA, Alshammari AS, Alshammari HS,
Ahamed SS. Overview of hypertension in Saudi
Arabia: A systematic review and meta-analysis.
Saudi Med J 2023; 44: 951-964.

Lee JH, Kim SH, Kang SH, Cho JH, Cho Y, Oh
IY, Yoon CH, Lee HY, Youn TJ, Chae IH. Blood
pressure control and cardiovascular outcomes:
real-world implications of the 2017 ACC/AHA hy-
pertension guideline. Sci Rep 2018; 8: 13155.


https://www.consultant360.com/exclusive/cardiology/hypertension/should-we-be-using-time-therapeutic-range-performance-measure
https://www.consultant360.com/exclusive/cardiology/hypertension/should-we-be-using-time-therapeutic-range-performance-measure
https://www.consultant360.com/exclusive/cardiology/hypertension/should-we-be-using-time-therapeutic-range-performance-measure
https://www.consultant360.com/exclusive/cardiology/hypertension/should-we-be-using-time-therapeutic-range-performance-measure
https://ghdx.healthdata.org/record/ihme-data/gbd-2019-disease-and-injury-burden-1990-2019
https://ghdx.healthdata.org/record/ihme-data/gbd-2019-disease-and-injury-burden-1990-2019
https://ghdx.healthdata.org/record/ihme-data/gbd-2019-disease-and-injury-burden-1990-2019

Blood pressure and time in therapeutic range

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

Muntner P, Carey RM, Gidding S, Jones DW,
Taler SJ, Wright JT Jr., Whelton PK. Potential
US population impact of the 2017 ACC/AHA high
blood pressure guideline. Circulation 2018; 137:
109-118.

Mahapatra R, Kaliyappan A, Chinnakali P, Hanu-
manthappa N, Govindarajalou R, Bammigatti C.
Prevalence and risk factors for resistant hyperten-
sion: cross-sectional study from a tertiary care refer-
ral hospital in South India. Cureus 2021; 13: €18779.

Cordero A, Bertomeu-Martinez V, Mazon P, Faci-
la L, Bertomeu-Gonzalez V, Cosin J, Galve E,
Nunez J, Lekuona |, Gonzalez-Juanatey JR. Fac-
tors associated with uncontrolled hypertension in
patients with and without cardiovascular disease.
Rev Esp Cardiol 2011; 64: 587-593.

Calhoun DA, Jones D, Textor S, Goff DC, Murphy
TP, Toto RD, White A, Cushman WC, White W,
Sica D, Ferdinand K, Giles TD, Falkner B, Carey
RM, American Heart Association Professional Ed-
ucation. Resistant hypertension: diagnosis, evalua-
tion, and treatment: a scientific statement from the
American Heart Association Professional Educa-
tion Committee of the Council for High Blood Pres-
sure Research. Circulation 2008; 117: €510-e526.

Abohelaika S, Wynne H, Avery P, Robinson B,
Kesteven P, Kamali F. Impact of age on long-term
anticoagulation and how gender and monitoring
setting affect it: implications for decision making
and patient management. Br J Clin Pharmacol
2016; 82: 1076-1083.

Al-Qurain AA, Gebremichael LG, Khan MS, Wil-
liams DB, Mackenzie L, Phillips C, Russell P,
Roberts MS, Wiese MD. Prevalence and fac-
tors associated with analgesic prescribing in po-
ly-medicated elderly patients. Drugs Aging 2020;
37: 291-300.

Mahajan R. Joint National Committee 8 report:
How it differ from JNC 7. Int J Appl Basic Med Res
2014; 4: 61-62.

Sabaka P, Dukat A, Gajdosik J, Bendzala M,
Caprnda M, Simko F. The effects of body weight
loss and gain on arterial hypertension control: an
observational prospective study. Eur J Med Res
2017; 22: 43.

Hall JE, Crook ED, Jones DW, Wofford MR,
Dubbert PM. Mechanisms of obesity-associated
cardiovascular and renal disease. Am J Med Sci
2002; 324: 127-137.

Re RN. Obesity-related hypertension. Ochsner J
2009; 9: 133-136.

44)

45)

46)

47)

48)

49)

50)

51)

52)

53)

Anwer Z, Sharma RK, Garg VK, Kumar N, Ku-
mari A. Hypertension management in diabetic
patients. Eur Rev Med Pharmacol Sci 2011; 15:
1256-1263.

Al-Mutairi AM, Alshabeeb MA, Abohelaika S,
Alomar FA, Bidasee KR. Impact of telemedicine
on glycemic control in type 2 diabetes mellitus
during the COVID-19 lockdown period. Front En-
docrinol 2023; 14: 1068018.

Stanciu S, Rusu E, Miricescu D, Radu AC, Axinia
B, Vrabie AM, lonescu R, Jinga M, Sirbu CA.
Links between metabolic syndrome and hyper-
tension: the relationship with the current antidia-
betic drugs. Metabolites 2023; 13: 87.

Sethi Y, Uniyal N, Vora V, Agarwal P, Murli H,
Joshi A, Patel N, Chopra H, Hasabo EA, Kaka
N. Hypertension the ‘missed modifiable risk fac-
tor’for diabetic neuropathy: a systematic review.
Curr Probl Cardiol 2023; 48: 101581.

Alreshidi FS, Alshammari AO, Alnasser B,
Alshammari MH, Alreshidi NM, Aldugieman
TZ, Alanezi RS, Obaid Almuhaihi KH, Aljarwan
MS, Alreshidi NF, Ahmed HG. The association
between hypertension and glucose tolerance
among adults with prediabetes in Hail City, Saudi
Arabia. Eur Rev Med Pharmacol Sci 2023; 27:
3534-3544.

Leslie K, Mccowan C, Pell J. Adherence to car-
diovascular medication: a review of systematic
reviews. J Public Health 2019; 41: e84-e94.

Buckley LF, Baker WL, Van Tassell BW, Cohen
JB, Alkhezi O, Bress AP, Dixon DL. Systolic
blood pressure time in target range and major
adverse kidney and cardiovascular events. Hy-
pertension 2023; 80: 305-313.

Reboldi G, Angeli F, De Simone G, Staessen
JA, Verdecchia P. Tight versus standard blood
pressure control in patients with hypertension
with and without cardiovascular disease. Hyper-
tension 2014; 63: 475-482.

Dixon DL, Baker WL, Buckley LF, Salgado TM,
Tassell BWV, Carter BL. Effect of a physician/
pharmacist collaborative care model on time in
target range for systolic blood pressure: post
hoc analysis of the CAPTION Trial. Hypertension
2021; 78: 966-972.

Kario K, Nomura A, Harada N, Okura A, Nakaga-
wa K, Tanigawa T, Hida E. Efficacy of a digital
therapeutics system in the management of es-
sential hypertension: the HERB-DH1 pivotal trial.
Eur Heart J 2021; 42: 4111-4122.

4665



