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Abstract

Introduction: The defi nition of Isolated Systolic Hypertension (ISH) is accepted by guidelines, which adopt a blood pressure (BP) cutoff point of 140/90 mmHg, with 
elevated Systolic Blood Pressure (SBP) and normal diastolic blood pressure (DBP) in the clinic. This phenotype represents the most common form of Hypertension (HT) 
in young individuals.

The prognosis of ISH differs according to various explanatory mechanisms. Some associations of this phenotype with Ambulatory Blood Pressure Monitoring (ABPM) 
have been described, but little emphasis has been placed on its association with nocturnal BP values. To the best of our knowledge, there is no epidemiological data on 
young patients establishing this relationship in Latin America.

Objective: To describe the characteristics of ISH in our population of young patients and analyze its relationship with different ABPM phenotypes.

Materials and methods: Consecutive adult individuals between 16 and 40 years of age, without antihypertensive treatment, were evaluated in a cross-sectional study. 
They were referred for ABPM to a tertiary hospital between July 2013 and August 2022.

Each individual underwent an initial interview, three BP measurements using current standards with OMROM HEM 705 devices, and subsequent ABPM with Spacelabs 
90207.

A general description of the sample was provided, and an analysis was conducted based on different patient phenotypes determined by clinic BP measurements in 
relation to various ABPM phenotypes.

Results: A total of 395 individuals (69% women, 29 ± 6.5 years) were fi nally evaluated. The frequencies according to clinic phenotypes were as follows: Normotensive 
= 77%, ISH = 6%, HT = 17%.

Among the ISH group, 29.2% had white coat hypertension (WCH). The Kappa agreement was 31% for clinic phenotypes vs. ABPM. Among ISH patients, 37% had at 
least one elevated period (daytime or nighttime), and 12.5% had elevated BP only during the nighttime.
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Introduction

The defi nition of Isolated Systolic Hypertension (ISH) is 
widely accepted by international guidelines, which adopt a 
Blood Pressure (BP) cutoff point of 140/90 mmHg [1-3]. Thus, 
systolic BP values above that threshold with normal diastolic 
BP are suffi cient to confi rm this condition. Remarkably, this 
phenotype represents the most common form of arterial 
hypertension in young individuals [1-3].

The prognosis of ISH differs according to the age of onset, 
being a seemingly benign condition in young individuals [4]. 
This is due to greater arterial elasticity, which allows peripheral 
arteries to increase the pulse wave without causing vascular 
wall damage [5]. However, several considerations should 
be taken into account: 1) the young population has various 
defi nitions and cutoff points, ranging from before the age of 30 
to 50 [2] which is crucial as the pathophysiological mechanisms 
differ 2) the initial description of ISH predates the recognition 
of other non-benign mechanisms associated with ISH (arterial 
stiffness, increased renin-angiotensin system activity, and 
increased peripheral resistance) [6]; 3) most studies that 
showed ISH as a benign condition are predominantly cohorts 
of non-smoking, disease-free, and lean men [7].

On the other hand, ISH is related to ambulatory blood 
pressure measurements, but no study has emphasized its 
association with nocturnal blood pressure values [8]. Moreover, 
to the best of our knowledge, there is no epidemiological data 
on young patients with this relationship in Latin America [9]. 
Therefore, our objective is to describe the characteristics of 
young adult individuals with ISH and analyze the relationship 
with ambulatory blood pressure.

Materials and methods

A non-probabilistic consecutive cross-sectional sample of 
adult individuals aged 16 to 40 years without antihypertensive 
treatment was evaluated. They were referred for Ambulatory 
Blood Pressure Monitoring (ABPM) to the Cardiometabolic 
Diseases Unit of the Hospital San Martín de La Plata from 
July 2013 to August 2022. Pregnant women or those in the 
postpartum period (< 3 months) and individuals with known 
secondary hypertension were excluded from this study.

Each individual underwent an initial interview lasting 
approximately 15 minutes, which collected personal, 
epidemiological, and social data, cardiovascular history, 
and risk factors (smoking, dyslipidemia, diabetes, use of 
antihypertensive medications). Subsequently, measurements 
of body weight with loose clothing and without shoes were 
taken using a scale (Femto Mod.03). Weight was estimated 
in kilograms (kg) and height in meters (m), calculating the 
body mass index using the formula weight/height2. Waist 
Circumference (WC) and Neck Circumference (NC) were 
measured in a standing position above the iliac crests and 
cricothyroid cartilage, respectively.

After completing this stage, specially trained nurses 
performed three Offi ce Blood Pressure (OBP) measurements 

using validated automated devices (OMRON HEM 705), using 
appropriate cuffs for each patient’s arm circumference [10]. 
These measurements were taken with the patient sitting and 
supported, legs uncrossed and resting on the fl oor, without 
any clothing compressing the arm, and without speaking. 
Immediately after, ABPM was applied using a validated 
oscillometric device (Spacelabs 90207 - Spacelabs On track). 
Measurements were scheduled every 15 minutes during the 
day and every 20 minutes during the night. The daytime and 
nighttime periods were defi ned according to the patient’s 
diary, and studies with more than 70% of the scheduled 
measurements and at least one measurement per hour were 
considered valid.

Offi ce Blood Pressure (OBP) was defi ned as the average of 
these three measurements, and based on the OBP values, the 
sample was divided into: Normotension (values below 140/90 
mmHg), Isolated Systolic Hypertension (systolic value above 
140 and diastolic values below 90 mmHg), Hypertension 
(diastolic values above 90 mmHg regardless of systolic BP).

According to ABPM, four phenotypes were defi ned: 1) 
Normal blood pressure (both daytime and nighttime periods < 
135/85 and < 120/70 mmHg, respectively), 2) Isolated Daytime 
hypertension (Daytime BP ≥ 135/85 mmHg with nocturnal BP < 
120/70 mmHg), 3) Isolated Nighttime hypertension (Nocturnal 
BP ≥ 120/70 mmHg with daytime BP < 135/85 mmHg), 4) 
Sustained arterial hypertension (hypertension in both periods).

Furthermore, based on 24-hour ABPM values, the following 
categories were defi ned: 1) Isolated systolic hypertension 
(systolic BP > 130 mmHg and diastolic BP < 80 mmHg [ISH]), 2) 
Normotension (BP < 130/80 mmHg), 3) Diastolic hypertension 
(diastolic BP > 80 mmHg regardless of systolic BP).

For the description of categorical variables, frequencies 
were expressed as percentages, while means or medians were 
used to describe quantitative variables, as appropriate.

Differences between groups were assessed using the chi-
square test for categorical variables, while differences between 
quantitative variables were analyzed using ANOVA or the 
Kruskal-Wallis test depending on the variance analysis and 
normality of the data.

The correlation between offi ce-based phenotypes and 
ABPM phenotypes was assessed using the Kappa correlation 
coeffi cient. Pearson or Spearman correlation was also 
performed, as appropriate, to correlate offi ce-based systolic 
and diastolic blood pressure values with their respective ABPM 
values.

Statistical analysis was conducted using SPSS version 25.0. 
A two-tailed p-value of <0.05 was considered statistically 
signifi cant for all tests performed.

The study was conducted under the standards of the 2013 
Helsinki Declaration and approved by the institutional research 
ethics committee (PROTOCOL NO. HSMLP2023/0109) and 
registered with the joint health research commission (EX-
2023-42522616 - -GDEBA-CCISMSALGP).
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Results

A total of 1 558 individuals were evaluated, of which 472 
were between 16 and 40 years old. Sixty-four individuals were 
excluded due to pharmacological antihypertensive treatment, 
and 13 individuals were excluded due to an invalid ABPM. 
The remaining 395 individuals (69% women, 29 ± 6.5 years) 
constituted the study sample (Figure 1).

Table 1 presents the differences between the BP categories 
according to offi ce-based blood pressure (BP-offi ce): 1- 
Normotensive (77%), ISH (6%), and Arterial hypertension 
(17%). Individuals with ISH were more frequently male, 
younger, and had a larger neck circumference compared to 
other phenotypes.

Table 2 compares the BP categories with the ABPM 
phenotypes. It is important to note that approximately 
30% of individuals with isolated systolic hypertension were 
normotensive on ABPM (white coat hypertension).

The agreement between the PA-Con categories and ABPM 
phenotypes was statistically signifi cant but low (K = 31%). 
Similarly, the correlation between offi ce-based blood pressure 
and 24-hour blood pressure was signifi cant for both systolic 
and diastolic measurements (r = 0.62 and r = 0.63, respectively), 
with lower correlations observed for nighttime blood pressure 
measurements (r = 0.56 and r = 0.59, respectively).

Among individuals with ISH in the offi ce setting (n = 24), 
9 of them (37%) were hypertensive in at least one period on 
ABPM (daytime/nighttime) regardless of the 24-hour value. 
Twelve-point fi ve percent (n = 3/24) of individuals with 
ISH had elevated blood pressure only during the nighttime 
period (isolated nocturnal hypertension), and 25% (6/24) had 
hypertension only during the daytime period (isolated daytime 
hypertension).

Figure 1: Patient fl owchart.

Table 1: Characteristics of patients by offi  ce blood pressure categories.

Variable
Normotensive

n = 302
Hypertensive

n = 69

Isolated systolic 
hypertensive

n = 24

p - 
value.

 Female (%) 73.2% 66.7% 29% <0.0001

Age (mean ± SD) 29.6 ± 6.7 31.4 ± 6.3 27.8 ± 6.3 0.04

PA. 1ª degree relatives 
hypertension (%)

58.% 68% 75% 0.1

Diabetes (%) 4.6% 5.8% 0% 0.4

TBQ active (%) 15.6% 17.4% 12.5% 0.8

IBM (Kg/m2) 31.3 ± 7.1 31.0 ± 7.4 31.5 ± 7.9 0.9

Waist cm (mean ± SD) 96.2 ± 15.2 98.9 ± 16.1 98.5 ± 14.2 0.4

Neck cm (mean ± SD) 37.8 ± 3.5 38.1 ± 4.0 40.4 ± 3.7 0.03

SBP (median ± IR)* 121.0 (16.3) 144.7(16.3) 147.7(9.75) <0.001

DBP (median ± IR)* 74.3(12.3) 96.6(8.33) 82.3(7.3) <0.001

HR offi  ce (median ± SD) 83.1 ± 13.8 86.7 ± 14.1 81.3 ± 14.9 0.1

SD: Standard Deviation; TBQ: Smoking; DBT: Diabetes; IBM: Body Mass Index; 
SBP: Systolic Blood Pressure; HR: Heart Rate; DBP: Diastolic Blood Pressure; IR: 
Intercuartil Range; PA: Personal Antecedents
*Kruskall-Wallis for not fulfi lling homoscedasticity

Table 2: Offi  ce blood pressure categories and 24-hour ambulatory blood pressure 
monitoring (ABPM) categories.

Offi  ce category ABPM NT (n = 193) ABPM ISH(n = 35) ABPM HT (n = 98)

Offi  ce NT (302) 179 (59.3%) 25 (8.3%) 98 (32.5%)

Offi  ce ISH (24) 7 (29.2%) 7 (29.2%) 10 (41%)

Offi  ce HT (69) 7 (10.1%) 3 (4.3%) 59 (85.5%)

ISH: Isolated Systolic Hypertension; NT: Normotensive; HT: Hypertensive

The mean values of mean arterial pressure for individuals 
with isolated nocturnal and daytime elevations were 90 ± 3.8 
mmHg and 93 ± 4.7 mmHg, respectively.
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Discussion

This study showed that 6.1% of young adults have ISH. 
Although the frequency cannot be directly compared to Latin 
America due to limited data, it is similar to that described 
in studies in young subjects in Asia (5.2%) [11] the United 
Kingdom (8%) [7], and Italy (6.8%) [8]. However, there are 
differences in the published data that need to be highlighted. 
Our study shows that the proportion of women with ISH is 
superior to those in other studies (29% vs. 6-10%). This may be 
partly attributed to the fact that our basal sample had a higher 
proportion of women (69% vs. ~30%) and that our patients 
had larger neck circumference(38 cm) and body mass index 
compared to other studies (~30 vs. 25) [12,13]. Both of these 
conditions are risk factors for the development of obstructive 
sleep apnea syndrome, which is more commonly observed in 
this type of patient population [14]. Additionally, our study 
demonstrates that the most common offi ce-based blood 
pressure phenotype is systo-diastolic arterial hypertension 
rather than ISH [9].

Likewise, in our sample, there was a greater number of 
women, as we have mentioned, which could modify this 
prevalence. In the long term, although the risk of stroke may 
be lower [15,16]; The systolic blood pressure value where events 
occur in females is usually lower, with what this implies [17]. 
Likewise, the curve of blood pressure elevation in women has a 
greater slope, surpassing that of men after age 60 [18].

Thirty percent of individuals with ISH in the offi ce setting 
have normal blood pressure on ambulatory blood pressure 
monitoring (white coat hypertension). Citoni, et al. [8] 
previously demonstrated this correlation with even higher 
coeffi cients (R=0.62 vs. 0.73). However, their study included 
individuals up to 50 years old, and approximately 45% of 
them were under pharmacological treatment (white coat 
effect) [8]. Therefore, our study emphasizes the importance of 
using measurements outside the offi ce setting to confi rm this 
phenotype. Furthermore, a recent meta-analysis evaluating 
the long-term cardiovascular risk of white coat hypertension 
showed an increased incidence of arterial hypertension and 
future cardiovascular diseases [19].

One-third of individuals with ISH had isolated hypertension 
in either the daytime or nighttime period, with 12.5% of them 
being hypertensive only during the nighttime period (isolated 
nocturnal hypertension). While this phenotype has been 
described in the general population by Liu [20], the prevalence 
was similar to our study, highlighting the importance of 
performing ambulatory blood pressure monitoring over home 
blood pressure monitoring. Therefore, being able to detect 
this phenotype in young and healthy individuals could lead to 
specifi c prevention and monitoring strategies.

Lastly, the correlation between nighttime measurements 
and offi ce measurements is signifi cant but of lesser value than 
24-hour and daytime measurements. Therefore, the absolute 
value of offi ce blood pressure alone should not be a reason 
for performing ambulatory blood pressure monitoring. This 

was described by Salazar, et al. [10], who found no difference 
in the frequency of isolated nocturnal hypertension among 
hypertensive and normotensive individuals based on offi ce 
categories (optimal, normal, high-normal, and arterial 
hypertension).

New analyses of ABPM have been recently published. 
Palatini, et al. [21] described a parameter related to the incidence 
of sustained hypertension and the need for pharmacological 
treatment in young individuals with ISH. They demonstrated 
that mean daytime blood pressure values ≥ 97 mmHg double 
the risk of progressing to sustained hypertension and the need 
for pharmacological treatment within 6 years of follow-up. 
While a considerable percentage of individuals in our study 
with ISH had mean blood pressure below this cutoff point (90 
mmHg for isolated nighttime hypertension and 93 mmHg for 
isolated daytime hypertension), one-third of them had these 
isolated elevated periods with the aforementioned implications.

Currently, isolated systolic hypertension does not have a 
specifi c prognosis, it is a heterogeneous condition and therefore 
the recommendations of the latest European guidelines [22] are 
not clearly issued regarding the time to start pharmacological 
treatment. However, the treatment decision is based on 
expert recommendations to evaluate the risk-benefi t [22] and 
extrapolation of the benefi ts in other age ranges [23,24].

This study has some limitations that should be addressed. 
First, the individuals evaluated, although presumed to be 
“healthy,” were referred to a specialized unit for ABPM. 
Therefore, the results may not be widely applicable to the 
general population. Second, the phenotypes of arterial 
hypertension were determined based on a single offi ce blood 
pressure measurement visit. However, these measurements 
were performed following international measurement 
standards and were compared with the ABPM performed on the 
same day. Finally, the lack of a standardized survey on physical 
activity and sleep quality and disorders could not identify 
factors that might have infl uenced the frequency of isolated 
nocturnal hypertension phenotype.

As a limitation, it must be taken into account that since it is 
a heterogeneous condition with different phenotypes [25,26], 
evaluating the long-term prognostic risk with an evaluation 
of 24-hour ambulatory measurements without taking into 
account other risk factors is imprudent.

Despite these limitations, our study demonstrates that the 
frequency of isolated systolic hypertension (ISH) in young 
individuals is like that reported in other countries. One-third 
of these individuals are not confi rmed by ambulatory blood 
pressure measurements (white coat hypertension), and more 
than 30% of those with confi rmed ambulatory hypertension 
are only classifi ed based on measurements during isolated 
periods, with over 12% of them having isolated nocturnal 
hypertension. Finally, although the prognosis of ISH remains 
under discussion, it is crucial to continue prospective follow-
up studies in young and healthy individuals to further elucidate 
this issue.
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Conclusion

Isolated systolic hypertension is a heterogeneous entity 
reported in some countries as the most common subtype of 
hypertension in young patients. In this cross-sectional study, it 
is observed that systo-diastolic hypertension is more frequent 
even among the young. Other signifi cant differences reported 
include a higher percentage of women with this condition based 
on our sample, which could imply different pathophysiological 
mechanisms and prognoses.

The use of 24-hour ambulatory blood pressure monitoring 
was of great importance as it uncovered a high percentage 
of white coat hypertension (30%), as well as other types of 
masked hypertension such as isolated nocturnal hypertension. 
The prognostic value of this condition has not been studied, 
and its implications should be evaluated in the future.
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