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Abstract: Objectives: Hypertension is a prevalent risk factor for cardiovascular mortality and morbidity, often lead-
ing to left ventricular hypertrophy (LVH). As ambulatory blood pressure monitoring (ABPM) gains prominence in
hypertension management, it is crucial to explore its association with LVH occurrence to enhance clinical under-
standing and treatment strategies. This study aims to investigate the correlation between nocturnal blood pressure
patterns and presence of LVH in hypertensive patients, offering insights into optimizing hypertension management
strategies. Methods: Fifty-four patients with confirmed hypertension were included in this study. All participants
underwent transthoracic echocardiography within two days of admission and 48-hour ABPM within one week of ad-
mission. Based on the presence of LVH, patients were categorized into LVH and non-LVH groups. Nocturnal systolic/
diastolic BP were compared between the two groups using the appropriate statistical tests. Results: Among the 54
hypertensive patients, those with LVH (n = 22) demonstrated a significantly higher nocturnal average SBP (124.04 +
11.92 mmHg) and DBP (76.24 + 9.76) compared to those without LVH (n =32, SBP = 116.78 + 13.92 mmHg, DBP =
72.45 £ 9.76, P < 0.001). Conclusion: This research shows a significant association between nocturnal BP patterns
and the presence of LVH in hypertensive individuals. Nocturnal SBP and DBP were identified as independent risk
factors for LVH. Further research, particularly on the timing of antihypertensive medication, is warranted to confirm
causal relationships and improve management strategies.
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Introduction an increase in the mass of the left ventricle (LV)

due to either thickening of the LV walls, enlarge-

Hypertension (HTN) is a leading and modifiable
risk factor contributing significantly to cardio-
vascular disease (CVD) morbidity and mortality.
The current guidelines define HTN as a systolic
blood pressure (SBP) of 130 mmHg or higher or
a diastolic blood pressure (DBP) of 80 mmHg or
higher, resulting in a substantial increase in the
prevalence of HTN, now affecting 46% of U.S.
adults [1, 2]. Left ventricular hypertrophy (LVH),
a target organ damage, is frequently observed
in individuals with HTN. Research findings sug-
gest that more than 40% of individuals with
HTN exhibit LVH [3-5]. LVH is characterized by

ment of the LV cavity, or both. This structural
change typically occurs as a response to pro-
longed pressure or volume overload, leading to
myocardial fibers enlargement. LVH is recog-
nized as an independent risk factor for the early
onset of cardiovascular complications, includ-
ing chronic heart failure, cardiac arrhythmias,
and sudden cardiac death. Therefore, its pres-
ence elevates the risk of both morbidity and
mortality [6-8]. Early detection, evaluation, and
treatment of LVH are crucial for preventing co-
ronary heart disease among hypertensive in-
dividuals.
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Circadian rhythm is an important factors influ-
encing blood pressure values, with BP typically
being lowest during the night [9]. According to
this fluctuation, individuals are categorized into
two groups: dippers and non-dippers. Dippers
characterized by a decrease in mean systolic/
diastolic nighttime BP by more than 10% com-
pared to daytime BP values, while, non-dippers
show a BP fall of less than 10% [10]. In recent
years, research has highlighted the importance
of circadian blood pressure patterns, especially
the non-dipping and reverse dipping patterns,
in predicting cardiovascular risk. A recent me-
ta-analysis of 6918 hypertensive patients re-
vealed that those with a reverse dipping pat-
tern faced a 2.5-fold higher risk of cardiovascu-
lar events compared to dippers, and a 2.0-fold
higher risk compared to non-dippers [11, 12].

Over the past three decades, 24-hour ABPM
has become the preferred method for measur-
ing BP outside clinical settings, significantly
enhancing HTN management by providing
insights into nocturnal BP levels that are inac-
cessible through traditional methods. To align
with current HTN guidelines, it is recommend-
ed to include ABPM as part of the assessment,
alongside the evaluation of clinical blood pres-
sure [1, 2, 13, 14]. Previous studies have sug-
gested that abnormal BP circadian rhythm,
including nocturnal HTN, are linked to both
structural and functional changes in the LV.
Non-dipping and reverse dipping BP patterns
have been associated with reduced left ven-
tricular strain and increased LVMI, indicating
impaired ventricular function and hypertrophy.
Specifically, reverse dipping patterns were
linked to significant reductions in both longi-
tudinal and circumferential LV strains and
increased risk of LVH [15-17].

Nevertheless, several other investigations have
shown that the correlation between circadian
rhythms of blood pressure and left LVH, as well
as its therapeutic implications, remains uncer-
tain [18, 19]. ABPM enable a comprehensive
24-hour evaluation of blood pressure parame-
ters, encompassing both daytime and night-
time measurements, while capturing the circa-
dian rhythm of blood pressure fluctuations.
Analyzing and identifying these patterns using
ABPM may yield valuable insights into the rela-
tionship between nocturnal HTN and organ
damage, such as LVH.
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Therefore, this observational cohort study was
conducted to explore the relationship between
48-hour ABPM and the circadian rhythm of
blood pressure with LVH in patients diagnosed
with HTN.

Materials and methods
Study participants

The primary objective of this investigation was
to explore the relationship between 48-hour
ABPM and cardiovascular mortality and mor-
bidity within the Iranian population. The study
was conducted at Labbafinejad Hospital, affili-
ated with Shahid Beheshti University of Medi-
cal Sciences. A cohort of 54 participants was
recruited for this analysis and divided into two
distinct groups. The first group comprised 32
hypertensive patients without LVH, while the
second group consisted of 22 hypertensive
patients who exhibited LVH.

Inclusion criteria for participation encompa-
ssed individuals with HTN who had confirmed
elevated BP and LVH through ECG, underwent
transthoracic echocardiography within two
days of their inpatient visit, and had 48-hour
ABPM obtained within one week of their index
inpatient visit. Exclusion criteria involved indi-
viduals with secondary HTN and those with
various forms of CVD, including but not limited
to restrictive or dilated cardiomyopathy, myo-
cardial infarction, coronary heart disease, intra-
cranial hemorrhage, ischemic stroke, valvular
heart disease, heart failure, hypertrophy, myo-
carditis, and congenital heart disease.

Clinical and biochemical data collection

Comprehensive clinical data were collected
from all patients, including measurements of
DBP, SBP, gender, age, and body mass index
(BMI). BMI was calculated as weight in kilo-
grams divided by the square of the height in
meters. Blood samples were collected after an
overnight fasting period. Biochemical parame-
ters, including serum triglyceride (TG), total
cholesterol (TC), low-density lipoprotein choles-
terol (LDL-C), and high-density lipoprotein cho-
lesterol (HDL-C), were determined using an
automatic biochemical analyzer (Roche modu-
lar 7600 automatic biochemistry analyzer).
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Echocardiography measurement

Echocardiographic measurements were per-
formed utilized the Color Doppler Ultrasonic
Diagnostic Apparatus (SEQUOIAS12, American
Siemens Co., Ltd.) operating at a frequency
range of 3.5 to 5 MHz. The chordae tendineae
of the mitral valve were evaluated using the
parasternal long-axis view, with patients were
positioned in the left-lateral decubitus position.
The parameters assessed included interven-
tricular septal thickness (IVST), left ventricular
end-systolic dimension (LVESD), left ventricular
end-diastolic dimension (LVEDD), and posterior
wall thickness (PWT). These measurements
were used to calculate fractional shortening
(FS) and left ventricular ejection fraction (EF).
Mean values were calculated from continuous
cardiac cycles measurments. According to De-
vereux et al. [20], the following formulas were
utilized to calculate the Left ventricular weight
or left ventricular mass (LVM):

LVM = 0.8 {1.04 [(LVEDD + IVSd + PWd)? -
LVEDD?3)]} + 0.6

LVM: left ventricular mass; LVEDD: Left ventric-
ular end-diastolic dimension; IVSd: interventric-
ular septal thickness at end-diastole; PWd: pos-
terior wall thickness at end-diastole.

Additionally, the left ventricular mass index
(LVMI) was determined by:

LVM

L= ignt®

Patients were categorized into LVH and non-
LVH groups based on the LVMI value. An LVMI
greater than 115 for males and 95 for females
was considered indicative of LVH [21]. Patient
with LVMI below these cutoffs were classified in
the non-LVH group.

Ambulatory blood pressure measurement

In this investigation, we employed the Ameri-
can Sun Tech OSCAR 2 24-hour ambulatory
blood pressure monitor, equipped with a cuff
measuring 22 cm x 12 cm, positioned on the
left upper arm of patients. The cuff was inflat-
ed within a pressure range of 40 to 220 mmHg,
with an outgassing rate set at 2 mmHg/s.
Continuous blood pressure monitoring was
conducted throughout the day, with measure-
ments automatically taken every 30 minutes
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during the daytime period (from 6:00 to 22:00)
and every hour during the nocturnal period
(from 22:00 to 6:00). Monitoring began at 8
a.m. and concluded after 24 hours at 8 a.m
the following day. Failure to effectively monitor
blood pressure was described as having a SBP
equal to or exceeding 260 mmHg and DBP
equal to or exceeding 150 mmHg. Parameters
obtained from ABPM included the average
daytime DBP and SBP (24-hour DBP, 24-hour
SBP), and the average nocturnal DBP and SBP.

Statistical methods

Statistical analysis was conducted using the
SPSS 13.0 software package (SPSS Inc., Chi-
cago). Continuous variables were presented as
means accompanied by standard deviations or
as medians with interquartile ranges (IQR),
while categorical variables were expressed as
absolute frequencies, counts, and percentag-
es. The chi-squared (x?) test was utilized to ev-
aluate categorical variables, and disparities in
baseline characteristics between groups were
assessed using Student’s t-test.

Results
Baseline characteristics

In this investigation, out of the 54 individuals
diagnosed with HTN, 22 were identified as hav-
ing concurrent LVH, while 32 did not (40% vs.
74%). The baseline clinical characteristics of
both groups are presented in Table 1. No nota-
ble variations were observed between the two
groups concerning baseline features, encom-
passing age, SBP and DBP, cholesterol levels,
triglycerides, LDL-C, and HDL-C among hyper-
tensive patients with and without LVH (P >
0.05). Nonetheless, hypertensive patients with
LVH displayed a notably elevated body mass
index (BMI) (26.2 + 3.05 vs. 24.1 + 2.9) and a
greater proportion of female individuals (81%
vs. 59%) compared to hypertensive patients
without LVH (P < 0.05).

Nocturnal blood pressure assessment

The evaluation of nocturnal blood pressure
parameters in hypertensive individuals with
and without LVH reveals significant differences.
The results demonstrated that hypertensive
patients with LVH (n = 22) exhibited higher
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Table 1. Clinical characteristics

Characteristics Hypertensive patients without LVH (n = 32) Hypertensive patients with LVH (n = 22)
Age (years) 59.78 + 12.17 64.09 + 10.72

Gender (female) 59% (n = 19) 81% (n = 18)

BMI (kg/m?) 241 +2.9 26.2 + 3.05

SBP (mmHg) 150.2 £ 10.3 153.4 £ 10.9

DBP (mmHg) 98.2+79 99.5 +8.2

HDL-C (mmol/L) 1.11 £0.53 1.25+0.35

LDL-C (mmol/L) 3.01+0.57 3.12+0.51

TC (mmol/L) 5.15 + 0.95 5.23+1.18

TG (mmol/L) 1.42 +0.78 1.58 £ 0.85

Abbreviations: BMI: Body Mass Index; BP: Blood Pressure; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; HDL-C:
High-Density Lipoprotein Cholesterol; LDL-C: Low-Density Lipoprotein Cholesterol; TC: Total Cholesterol; TG: Triglyceride.

Table 2. Comparison of nocturnal blood pressure variables in hypertensive patients with and without

LVH

Variables Hypertensive patients without LVH (n = 32) Hypertensive patients with LVH (n = 22) P-Value
NSBP (mmHg) 116.78 £ 13.92 124.04 +£11.92 <0.001
NDBP (mmHg) 72.45 + 9.76 76.24 £ 9.76 <0.001

NSBP: Nocturnal Systolic Blood Pressure; NDBP: Nocturnal Diastolic Blood Pressure; LVH: left ventricular hypertrophy.

mean nocturnal SBP (124.04 + 11.92 mmHg)
compared to those without LVH (116.78 +
13.92 mmHg), with a p-value < 0.001, indicat-
ing statistical significance. Similarly, the mean
nocturnal DBP was elevated in the LVH group
(76.24 + 9.76 mmHg) compared to the non-
LVH group (72.45 + 9.76 mmHg), also with a
p-value < 0.001. These findings suggest a
strong association between the presence of
LVH and increased nocturnal blood pressure
levels in hypertensive individuals (Table 2).

Discussion

In this study, we examined hypertensive in-
dividuals’ nocturnal blood pressure profiles
and stratified them based on the presence or
absence of LVH. Our findings revealed signifi-
cant discrepancies in nocturnal SBP and DBP
between individuals with LVH and those with-
out, underscoring the critical importance of
evaluating nocturnal blood pressure patterns
in hypertensive individuals, particularly con-
cerning the presence of LVH. These observa-
tions suggest a potential association between
nocturnal BP patterns and the presence of LVH
in hypertensive patients.

Blood pressure exhibits a characteristic noctur-
nal dipping pattern, wherein it decreases dur-
ing nighttime hours. While daytime blood pres-
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sure targets typically aim for values below
130/80 mmHg, thresholds for nocturnal blood
pressure are lower, often set at or above
120/70 mmHg, although more stringent crite-
ria advocate for values surpassing 110/65
mmHg [1, 22, 23]. Nocturnal HTN is prevalent,
affecting a substantial proportion, estimated
to be between 40-60%, of the population. This
condition is associated with adverse effects on
end-organ health, notably leading to elevated
left ventricular mass and carotid intima-media
thickness, which in turn elevate the risks of car-
diovascular events and mortality [24-27].

Our investigation identified significant associa-
tions between nocturnal SBP and DBP with
LVH. Individuals presenting with LVH demon-
strated markedly elevated levels of both SBP
and DBP compared to those without LVH. The
precise pathophysiological mechanisms linking
nocturnal HTN and LVH remain unclear. The
nocturnal rise in blood pressure is primarily
attributed to increased sympathetic nervous
system activity and decreased parasympathet-
ic activity during sleep. Studies consistently
demonstrate elevated catecholamine (norepi-
nephrine and epinephrine) levels in untreated
essential hypertensive patients with reduced
nocturnal blood pressure decline, suggesting a
role for sympathetic activation in circadian
blood pressure fluctuations. Additionally, noc-
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turnal sympathetic nervous system activity may
stimulate the renin-angiotensin-aldosterone
system (RAAS) in hypertensive individuals, lea-
ding to heightened Angiotensin Il and aldoste-
rone secretion. Angiotensin Il directly induces
myocardial hypertrophy, while aldosterone pro-
motes myocardial fibrosis through increased
collagen production, contributing to LVH.

As mentioned, our findings indicate a signifi-
cance difference between nocturnal SBP and
DBP between patients with and without LVH (P
< 0.001), aligns with previous studies in this
field. For example, Toriumi et al. [28] perform-
ed a cross-sectional investigation employing
data extracted from the Japan Morning Surge
Home Blood Pressure (J-HOP) study, encom-
passing 1,277 patients subjected to ambu-
latory blood pressure monitoring and echocar-
diography. Their analysis revealed a notable
association between poor control of nocturnal
SBP and an increased risk of LVH. Intriguingly,
in contrast the clear association between noc-
turnal BP and LVH, daytime SBP did not display
a substantial association with the risk of LVH in
this cohort [28].

Furthermore, the study by Andrikou et al. [29]
involving 305 hypertensives patients followed
up for an average duration of 42 months, dem-
onstrated that baseline nocturnal SBP was a
strong predictor for the development or persis-
tence of LVH. Whereas baseline daytime SBP
did not exhibit such predictive capability. Addi-
tionally, a decrease in nocturnal SBP was asso-
ciated with a nearly threefold increase in the
likelihood of left ventricular mass index (LVMI)
reduction, regardless of daytime BP changes
[29]. This reinforces the importance of noctur-
nal BP in predicting LVH outcomes, which is
consistent with our finding that nocturnal SBP
and DBP are significantly higher in patients with
LVH.

Furthermore, findings from a substantial cohort
within the Italian general populace also high-
lighted the role of nocturnal blood pressure as
a strong, independent predictor for the onset of
LVH among individuals with initially normal left
ventricular mass [30]. These results confirmed
our results that nocturnal BP measurements
can serve as an important marker for LVH in
hypertensive patients.

This study exhibits notable strengths, including
comprehensive data collection encompassing
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clinical, biochemical, and echocardiographic
parameters, facilitating a thorough examina-
tion of factors influencing cardiovascular out-
comes. Employing ambulatory blood pressure
monitoring over a 48-hour period enhances
the accuracy and detail of measurements,
augmenting the reliability of the findings.
Moreover, including an echocardiographic eval-
uation by a cardiologist enhances the credibi-
lity and precision of the results. However, sev-
eral limitations should be considered. The
small sample size may restrict the generaliz-
ability of findings and diminish statistical
power for detecting significant associations.
Additionally, being a single-center study con-
ducted at a hospital, the research’s findings
may lack representativeness of the broader
population, potentially compromising the ex-
ternal validity of the results. Moreover, the
cross-sectional design precludes establishing
causal relationships between nocturnal blood
pressure and left ventricular hypertrophy,
emphasizing the need for future prospective
studies to elucidate causal pathways.

Conclusion

In conclusion, our study highlights a significant
association between nocturnal BP patterns
and the presence of LVH in hypertensive in-
dividuals. The nocturnal SBP and the DBP
emerged as independent risk factors for LVH.
However, further investigation is warranted,
particularly regarding the timing of drug admin-
istration in hypertensive patients. While our
findings underscore the importance of moni-
toring nocturnal blood pressure in this popula-
tion, further research is needed to confirm
causal relationships and expand generaliza-
bility. Despite limitations such as sample size
and study design, our study contributes valu-
able insights into potential mechanisms un-
derlying cardiovascular risk in hypertensive
patients with LVH, informing future clinical
practice and research efforts.
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