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Abstract. Despite the established links between obesity, blood pressure variability, and
cardiovascular risks, the specific impact of the interaction between obesity and non-dipping blood
pressure status on left ventricular mass (LVM) in normotensive individuals remains underexplored.

Most studies have focused on hypertensive populations, leaving a critical gap in understanding how
these factors contribute to cardiovascular changes in normotensive young adults. This study aims
to address this gap by examining the combined effects of obesity and blood pressure dipping status
on LVM in a normotensive cohort of young subjects.

Methods: This cross-sectional study was conducted at Hasanuddin University Hospital and
Central General Hospital (RSUP) Dr. Wahidin Sudirohusodo from March 2023, with a sample of
63 subjects divided into 32 dippers and 31 non-dippers. Interviews and ambulatory blood pressure
monitoring (ABPM) were used to collect blood pressure data and history of hypertension. LVM
measurements were obtained via echocardiography. Data were analyzed using SPSS version 25,

with statistical significance set at p<0.05.

Results: LVM was significantly greater in males, obese individuals, and non-dippers compared
to females, non-obese individuals, and dippers (178.2£141.6 g vs. 102.68+32.1g; 156.3+124.3
g vs. 101.39+26.02 g; 150.5+£118.6 g vs. 103.5+38.4 g with p=0.029, p=0.026, p=0.037,

respectively). Both non-dipping status and obesity significantly affected LVM, with odds ratios of
4.27 and 3.31, respectively (p<0.05). Non-dipping status was the dominant factor affecting LVM,

with the lowest risk observed in the dipping and non-obese group (OR=1.00).

Conclusion: Obesity and non-dipping blood pressure status, and their interaction, increase LVM.

1t is necessary to control obesity in young adults even if they are normotensive.
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BB 02KMpiHHS TA HIYHOTO 3HMZKEHHS apTEPiajbHOr0 TUCKY HA Macy
JIBOIO IIJIYHOYKA Y MOJIOAMX JIIOJIei 3 HOPMOTEH3i€10
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2BinpineHHs eHIOKPUHOJIOTII Ta METAOOIYHUX 3aXBOPIOBaHb, Kadeapa BHYTPIlIHLOI MEIULIVHHA,
MeIUYHUi hakyasTeT YHiBepcuTeTy XacaHynaiHa, Makaccap, IHmoHe3is

3BinmineHHsa cepleBO-CyIMHHUX 3aXBOPIOBaHb, Kadeapa BHYTPILIHLOT MEAULIMHMU,
MeIuYHUi pakynsTeT YHiBepcuTeTy XacaHyaaiHa, Makaccap, IHgoHe3ist

4BinmizeHHsT peBMaTOJIOTi1, Kapenpa BHYTPIIHBOI MEIULIMHH,
MeIuYHU pakyasTeT YHiBepcuTeTy XacaHyaaiHa, Makaccap, IHgoHe3ist

SKagenpa (iziosorii, MeaquuHuii hakyasTeT YHiBepcuTeTy XacaHyanina, Makaccap, IHIoHe3isI

PesioMe. Hezsancaiouu Ha 6cmano6aeHi 36 I3KU MIdC OXNCUPIHHAM, 8apiabesbHICMI0 apmepiatbHo20 MUCKY ma
cepueso-cyOUHHUMU PUBUKAMU, KOHKDEeMHUI 6NAUE 83AEMOOIT MIdIC 0ICUPIHHAM i 8apiabeabHiCmI0 apmepianbHo20 MUCKY
Ha macy aigoeo wiayHouxa (MJIII) y atooeii 3 HOPMANbHUM MUCKOM 3AAUMAEMbCS HeOOCMAMHb0 eueyeHuM. birvwicmo
docaidxceHb 30cepediceHo Ha epYNax nayicHmie 3 2inepmoHicro, 3aAUaYy KpUMUu4Hy npo2aluty 6 po3yMiHHI moeo, K
yi pakmopu cnpusiroms cepueso-cyOUHHUM 3MIHAM Y MOA00UX AH00eil 3 HOPMAAbHUM MUCKOM. Memoro yboeo docaidicen-
H 0Y10 8UBMUMU BNAUB OICUPIHHA MA HIYHO20 3HUMICeHHs apmepianrbHoeo mucky Ha MJII y koeopmi moarodux arodeii 3
HOPMOMEH3IEN.

Memoou. Lle nonepeune docaioxncenHs 6ya0 nposedeHo 6 yHieepcumemcoKiil nikapri Xacanyddina ma Ilenmpans-
Hiil 3aeanvHiil nikapii (RSUP) doxkmopa Baxidina Cydipoeycodo 3a yuacmi 63 ymoeHo-300po8ux cyo’ekmie. Yuacnuku
Oyau cmpamuikoeani 3a 3HUNCEHHAM HIYH020 apmepianbHo20 MUCKY Ha 2 epynu: dinnep (n = 32) ma HoH-Odinnep (n =
31). s 3060py 0anux wiodo apmepiansHO20 MUCKY 8UKOPUCIOBYBAAU ONUMYBAHHS MA aMOYAAMOPHULL MOHIMOPUHE ap-
mepianvrozo mucky (ABPM). Bumiprosanns MJIII 30iiicnrosanucs 3a donomoeor exoxapoioepaii. ani ananizyeaiu
3a donomoeoro SPSS eepcii 25, cmamucmuuna snavywicms écmanosaosanracs npu p<0.05.

Pesynomamu. MJIII 6yna 3uauno Ginvuwor y wonogixie (178.2 £ 141.6 e npomu 102.68 £ 32.12; p = 0.029), oci6
3 oocupinuam (156.3£124.3 e npomu 101.39+£26.02 2; p = 0.026) ma nou-dinnepie (150.5 £ 118.6 e npomu 103.5 £3 8.4
e; p =0.037). Cmamyc «HOH-Oinnep» Mma ONCUPIHHA Malu cmamucmuyHo sHavyuwui eeekm Ha MJIII 3 éionowenusm
wancie 4.27 i 3.31 gionosiono (p < 0.05).

Bucnoeku. OxcupinHs, «<HOH-0innep» cmamyc apmepianbHo20 MUCKY Ma iX NOEOHAHHA 00CMOBIPHO 30iNbULYIOMb
ML, wo ceiouums npo HeoOXiOHiCMb KOHMPOAIO MACU Mina HABIMb Y HOPMOMEH3UBHUX MOA0OUX AH00eil.

KnrouoBi ciioBa: oxcupinms, cnad apmepiansHoeo mucky, Maca Aig020 WAYHOYKA.

Introduction. Obesity is excessive fat accumulation  sity (waist circumference for men >90cm and women

due to an imbalance in energy intake (energy intake)
with energy used for a long time. The World Health Or-
ganization (WHO) sets a body mass index (BMI) cutoff
of > 25 for the obesity category in Asian adults Obesity
is found in adults, adolescents, and children [1]. More
than 1.4 billion adults are overweight and more than 500
million adults in the world are obese. Data from Lapo-
ran Nasional Riset Kesehatan Dasar (Riskesdas) 2008
in Indonesia shows that the prevalence of central obe-
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>80 cm) is 18.8%, whereas in 2013 it was 26.6%; BMI
>25 kg/cm?2 at age >18 years in 2007 was 13.9% and in
2013 it was 19.7% [2].

Obesity is associated with risk factors for hyperten-
sion where obese individuals continue to increase and
become an epidemic, along with excessive eating pat-
terns and lack of physical activity. Every 10% increase in
body weight will increase blood pressure by 6.5 mmHg.
Obesity is not only a risk factor for hypertension, but
also a direct risk factor for damage to the kidneys, brain,
and heart [3]. The Framingham Study showed that 78%
of male hypertension sufferers and 65% of female hy-
pertension sufferers were directly related to obesity. The
risk of hypertension increases up to 2.6 times in obese
men and 2.2 times in obese women compared to indi-
viduals with normal weight [4].
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Hypertension (HT) is an important health problem
because its prevalence is increasing with implications
for increased morbidity and mortality. A collaborative
meta-analysis study showed that research shows that
blood pressure (BP) levels are associated with cardio-
vascular (CV) risk, where the higher the BP, the greater
the risk. Starting from a systolic blood pressure (SBP) of
115 and a diastolic blood pressure (DBP) of 75 mmHg,
ifthe BP increases more than 20 mmHg at the SBP level
or 10 mmHg BP at the DBP level, it results in a two-
fold increase in CV risk [5].

Data from The Third National Health Nutri-
tion and Examination Survey (NHANES III) in 2003
showed a significant linear relationship between in-
creasing BMI, DBP, and pulse pressure in the Ameri-
can population [6]. The circadian pattern during the 24
hours in normotensive adults is characterized by a ten-
dency for BP to be higher during the morning to midday
and lower at night to early morning. Nighttime BP de-
creases from 10% to 20% of daytime BP. This variability
is different for everyone, which can occur in normoten-
sive subjects or hypertensive. BP variability is a physi-
ological condition based on hormonal, environmental,
and activity stimuli [7].

Hypertension is classified based on several catego-
ries. The American College of Cardiology (ACC) and
the American Heart Association (AHA) set SBP >130
mmHg and DBP >80 mmHg as criteria for hyperten-
sion [8]. Meanwhile, the European Society of Hyper-
tension (ESH) and the European Society of Cardiology
(ESC) SBP >140 mmHg and or DBP >90 mmHg as
hypertension [9].

Increased BP and the presence of BP variability
can be associated with increased cardiovascular risk and
damage to target organs in the cardiovascular system
[10-12], and the degree of damage to these target organs
will increase as BP variability increases over 24 hours
[12-14]. BP variability refers to changes in BP that can
occur in the short term (24 hours) and long term, which
is characterized by circadian variations in BP both dur-
ing the day and at night. The pattern of decreasing BP
at night is classified into 4 groups, namely dipping,
non-dipping, riser (reverse dipping), and extreme dip-
ping patterns [8]. Based on the ratio of decreasing SBP
at night and during the day it can be categorized into
reverse dipping (>1.0), non-dipping (0 .9-1.0), dipping
(0.8-0.9), and extreme dipping (<0.8) [7, 15].

A systematic review involving 23,856 hyperten-
sive patients and 9641 normotensive subjects from
Asia, Europe, and South America in 2011 found that
BP variability at night was associated with an increased
risk of cardiovascular mortality and morbidity in hy-
pertensive patients and healthy individuals [16]. Man-
cia et al. in 2001 stated that subjects who experienced a
decrease in BP of less than 10% at night showed more
severe target organ damage and a higher incidence of
cardiovascular disease when compared with subjects
who experienced a decrease in BP of more than 10%
at night [17].

Ambulatory blood pressure monitoring (ABPM)
can assess circadian BP patterns, namely patterns in
the morning, evening, and 24-hour average blood
pressure which are not detected in regular blood pres-
sure checks in the clinic. Population-based and clini-
cal studies using ABPM show that nighttime blood
pressure is a better predictor than daytime blood pres-
sure. An increase in systolic blood pressure is associ-
ated with the incidence of left ventricular hypertrophy
(LVH), which is a condition that is a predictor of CV
events [18-20]. LVH is damage to the target organ of
the heart with a higher prevalence in people with hy-
pertension. An increase in left ventricular mass (LVM)
is caused by the thickening of the left ventricular wall
as a compensatory mechanism to minimize wall stress
in response to increased blood pressure. LVM is one
of the echocardiographic parameters used to diagnose
LVH [21].

Overweight and obesity are additional cardiovas-
cular risk factors that can lead to left ventricular re-
modeling. Several studies examining obese patients or
research participants with metabolic syndrome found
an unfavorable influence of obesity on left ventricular
mechanics. Research conducted to examine the effect
of the interaction between obesity and dipping and non-
dipping status on LVM in HT subjects has been widely
reported, but the effect on normotensive subjects is still
very limited. This study is done to learn the effects of
obesity and blood pressure dipping status on LVM in a
normotensive cohort of young subjects.

Methods. This cross-sectional study was conduct-
ed at Hasanuddin University Hospital and the Integrat-
ed Heart Center of Central General Hospital (RSUP)
Dr. Wahidin Sudirohusodo in Makassar from March
2023 to November 2023. The research was carried out
after obtaining ethical approval from the Ethics Com-
mittee for Biomedical Research on Humans, Faculty
of Medicine, Hasanuddin University, Makassar with
approval number 923/UN4.6.4.5.31/PP36/2023. In-
formed consent was also obtained from participants for
their participation in the study.

A total of 63 normotensive adult subjects, divided
into 32 dippers and 31 non-dippers, were recruited
through consecutive sampling. The inclusion criteria
for participation were: (1) age range 25-40 years, (2)
non-diabetic, and (3) willingness to participate in the
study. Subjects were excluded if they had a history of
hypertension, were pregnant, or had a history of con-
genital heart disease.

The research involved interviewing all subjects to
gather information about their hypertension history,
ensuring they met the inclusion and exclusion criteria,
and obtaining informed consent. Subsequently, ABPM
measurements were performed using a BTL-08 ABPM
device by BTL Industries Ltd. The cuff was placed on
the non-dominant arm, and blood pressure was record-
ed every 30-60 minutes. After 24 hours, the data were
downloaded and processed using the Cardiopro appli-
cation.
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Daytime and nighttime average SBP and DBP
were calculated based on ABPM readings. The IDACO
criteria defined a complete ABPM period as having at
least 10 daytime (10 AM—8 PM) and 5 nighttime (12
AM—6 AM) SBP and DBP measurements. Mean day-
time and nighttime SBP and DBP were calculated by
averaging the respective readings. The mean 24-hour
blood pressure was determined by averaging all avail-
able BP measurements from ABPM. The nighttime-to-
daytime SBP ratio was defined as mean nighttime SBP
divided by mean daytime SBP.

Dipping patterns were categorized based on the
nighttime to daytime SBP ratio: dipping pattern (<0.90)
and nondipping pattern (>0.90). Participants with a re-
verse dipping pattern (>1.0) were included in the non-
dipping pattern category due to the small sample size
(n=19).

Subjects were instructed to maintain normal daily
activities, remain calm during measurements, avoid ex-
ercising or driving during pumping, press the drug but-
ton if engaging in excessive activity, and avoid medica-
tions that could affect blood pressure.

LVM measurements were obtained through trans-
thoracic echocardiography at the Integrated Heart
Center of Dr. RSUP. Wahidin Sudirohusodo Makas-

sar, using the GE Vivid E95 device. Parameters as-
sessed included left ventricular dimensions such as left
ventricular end-diastolic diameter (LVEDD), inter-
ventricular septal thickness (IVSD), and posterior wall
diameter (PWD).

SPSS version 25 (Armonk, NY: IBM Corp) was
used for data analysis, employing descriptive methods
and statistical tests. The descriptive method provided
general information on the research sample, while the
statistical method calculated mean values, standard
deviation, and frequency distribution. Statistical tests
utilized the student’s t-test for normally distributed
data and the Mann-Whitney U test for non-normally
distributed data, comparing variations in blood pres-
sure and left ventricular mass. Further analysis involved
univariate and multivariate logistic regression to iden-
tify factors influencing LVM. The results, expressed as
Odds Ratio (OR) with a 95% confidence interval (95%
CI), will be presented in narrative form, accompanied
by tables and figures. Statistical significance was deter-
mined at a p-value of <0.05.

Results. Among the study cohort, there were 20
men (31.7%) and 43 women (68.3%) aged 25-39, with a
mean age of 30.63 + 3.04 years. Subject characteristics
are presented in Table 1.

Table 1
Study subject characteristics
Descriptive statistics
Variable
n (%) (Mean + SD)

Sex

Male 20 (31,7)

Female 43 (68,3)
Age, year 63 (100) 30.63 + 3.04
BMI

Obese 34 (54)

Non-Obese 29 (46)
BP variability

Dipping 32(50,8)

Non-dipping 31(49,2)
24 hours mean BP, mmHg

SBP 63 (100) 117.9 £ 10.9

DBP 63 (100) 72.95 £ 8.5
Night-time BP, mmHg

SBP 63 (100) 117.36 £ 13.5

DBP 63 (100) 72.5+10.9
Daytime BP, mmHg

SBP 63 (100) 117.3+94

DBP 63 (100) 72.3£8.3
LVM, gram 63 (100) 126.6 £ 90.03

The data revealed that 54% (n = 34) of the sub-
jects were obese, while 46% (n = 29) were non-obese.
Regarding blood pressure, 50.8% (n = 32) were clas-

sified as dipping, and 49.2% (n = 31) were non-dip-
ping. Analysis of 24-hour blood pressure monitoring
indicated that the average night-time SBP ranged
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from 94-147 mmHg (mean 117.36 =+ 13.5 mmHg),
while the daytime SBP ranged from 96-146 mmHg
(mean 117.3 £ 9.4 mmHg). The minimum SBP was
72-127 mmHg (mean 94.57 + 11.25 mmHg), and the
maximum SBP ranged from 120-178 mmHg (mean
139.13 £ 11.21 mmHg). The daytime DBP ranged
from 56-91 mmHg (mean 72.3 + 8.3 mmHg), the
minimum DBP ranged from 36-86 mmHg (mean

57.24 £ 9.4 mmHg), and the maximum DBP ranged
from 67-111 mmHg (mean 88.89 + 9.8 mmHg). The
LVM for all subjects ranged from 53.4-763 g (mean
126.67 = 90.03 g).

Further analysis showed that LVM was significant-
ly greater in males, obese individuals, and the non-dip-
ping group compared to females, non-obese individu-
als, and the dipping group (Table 2).

Table 2
Comparison of LVM based on sex, obesity, and BP dipping status
Variable n (Megl‘:l-\_i-/[ SD) p-value
Sex
Male 20 178.2 + 141.6 0.029
Female 43 102.68 + 32.1
Obesity
Obese 29 156.3 £ 124.3 0.026
Non-Obese 34 101.39 + 26.02
BP Variability
Dipping 32 103.5 + 38.4 0.037
Non-dipping 31 150.5 £ 118.6

The impact of blood pressure dipping status and
obesity on LVM was examined by categorizing LVM
based on median values for males (147.02 g) and females
(101.03 g). This allowed for multivariate analysis using

logistic regression. Table 3 displays the results of the
regression analysis, showing the relationship between
gender, dipping status, obesity, and LVM category (>
median and < median).

Table 3
Univariate and multivariate logistic regression analysis factors influencing LVM
Univariate analysis Multivariate Analysis
Variable
Crude OR 95%CI p-value Crude OR 95%CI p-value
Sex (M/F) 0.955 0.33-2.76 1.000
Obese (Yes/No) 3.07 1.09-8.61 0.057 3.31 1.09-10.02 0.004
Dipping (ND/D) 4.00 1.41- 11.44 0.007 427 1.42-12.86 0.010

R2=22.9%

As presented in Table 3, dipping status and obe-
sity had an impact on LVM. Subsequent adjustments
for LVM changes revealed that both non-dipping sta-
tus and obesity significantly affected LVM, with odds
ratios of 4.27 and 3.31 respectively (p<0.05).

Next, an analysis of the interaction effect of dip-
ping status and obesity on left ventricular mass (> me-
dian and < median) was carried out by grouping sub-
jects based on a combination of blood pressure dipping
status (dipping or non-dipping) and obesity (obese or
non-obese). Table 4 reveals the impact of dipping status
and obesity on changes in LVM.
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Table 4
Association between dipping status and obesity with LVM
LVM
Category > median < median OR 95% CI
n (%) n (%)

Dipping non-obese 4(22.2) 14(77.8) 1.00 -
Dipping obese 7(46.7) 8(53.3) 3.06 0.68-13.79
Non-dipping non-obese 9(60.0) 6(40.0) 5.25 1.15-23.94
Non-dipping obese 12(80.0) 3(20.0) 14.00 2.60-75.41

LVM (> median and < median)

As shown in Table 4, non-dipping is the dominant
factor, with the lowest risk observed in the dipping+non-
obese group (OR=1.00). The dipping+obese group has a
higher risk (OR=3.05), followed by non-dipping+non-
obese (OR=5.25), and the highest risk is found in the
non-dipping+obese group (OR=14.00). Obesity alone
does not pose a significant risk, but non-dipping BP
status has a significant effect (OR=5.25, 95%CI=1.15-
23.94). This risk increases to 14.00 when obese indi-
viduals have non-dipping status compared to those with
dipping status without obesity.

Discussion. This study evaluated the impact of the
interaction between obesity and BP dipping status on
LVM in normotensive young adult subjects. This re-
search was conducted on 63 adult subjects consisting
of 20 men (31.7%) and 43 women (68.3%) with an age
range of 25-39 years with a mean of (30.63+3.04) years.
Obese subjects 34 (54%) and non-obese 29 (46%), dip-
ping 32 (50.8%), non-dipping 31 (49.2%). The 24-hour
BP monitoring using the ABPM method obtained a
SBP range ranging from 96-148 mmHg (117.9+10.9
mmHg), and an average DBP between 57-87 mmHg
(72.95+8.5 mmHg).

In this study, it was found that obesity influenced
LVM. It was found that LVM was significantly greater
in the obese group compared to the non-obese group
(150.5+118.6 g vs 103.5+38.4 g). Previous studies re-
ported the same results. Rider et al. in 2009 reported that
obesity was significantly associated with increased LVM
(126127 in obese subjects compared to 9020 g in non-
obese subjects; p<0.001) [22], Avelar et al. in 2007 found
in severely obese subjects 234165 g compared to 160£38
g in non-obese [23] and linear regression analysis con-
ducted by Maugeri et al. in 2019 found that increasing
BMI was an independent predictor of increasing LVM
[24]. This may be related to the interaction between sys-
temic hypertension and pressure overload in obese indi-
viduals which is reported to produce an exponential ef-
fect on the prevalence of LVH. The effect of increasing
BP on changes in LVM appears to be significantly greater
in obese individuals compared to non-obese individuals.

Obesity leads to excessive adipose accumulation,
resulting in increased blood volume and cardiac out-
put. The increase in cardiac output is due to a rise in

stroke volume, as heart rate remains unchanged with
weight gain. This causes systemic vascular resistance
to decrease, leading to left ventricular dilatation. Re-
cent research has found TNF alpha receptors in heart
muscle, explaining how obesity can cause LVH with-
out hypertension. Increased secretion of TNF alpha
by fat cells in obesity leads to its binding to myocardial
receptors, triggering reactions such as myocyte apop-
tosis and fibrosis, ultimately resulting in LVH [25].

BP variability can be divided into several catego-
ries based on the ratio of night-time to daytime SBP,
namely into the dipping category if the SBP ratio is
<0.9, non-dipping if the SBP ratio is >0.9-1.0, and re-
verse dipping if the ratio SBP > 1.0 [26]. Based on the
results of measuring the average daily BP for 24 hours,
32 subjects in this study (50.8%) showed BP variability
with a dipping pattern, while the remaining 31 subjects
(49.2%) showed a non-dipping pattern.

This study also found that non-dipping subjects had
LVM values that were greater and statistically significant
than dipping subjects (150.5+118.6 g vs 103.5+38.4 g;
p=0.037) thus indicating the possibility of an influence
from 24-hour VTD on changes in LVM in young adults
in healthy conditions. Previous research also obtained
similar results, including research from Radhakrishna
et al. who reported a significantly greater mean LVM in
non-dipping subjects when compared to dipping subjects
(217.7£59.3 compared to 197.6+54 g; p=0.011) [26].

The cause of the increase in LVM is not fully un-
derstood, but it is believed to be linked to heightened
blood pressure and various changes in blood vessels like
increased tension, muscle cell growth, reduced artery
elasticity, and increased aortic stiffness. As a result, the
heart muscle is burdened with a sustained workload
[27]. Research has shown that LVM increases in re-
sponse to a higher heart workload due to disturbances
in daily changes or vascular tone dysfunction (VTD)
[27]. Hendriks et al. (2019) found that there is a direct
relationship between high blood pressure (SBP) and in-
creased LVM, with a 10 mmHg increase in SBP esti-
mated to raise LVM by 4.01g [28].

This study found a link between VTD and changes
in LVM, establishing the effectiveness of 24-hour BP
monitoring in detecting night-time BP changes and
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identifying early CV risk in healthy individuals with-
out symptoms. This allows at-risk individuals to take
prompt preventive actions, reducing future cardiovas-
cular disease-related morbidity and mortality.

After categorizing changes in LVM based on gen-
der, multivariate analysis showed that BP dipping sta-
tus and obesity independently influenced LVM with a
significant impact (p<0.05). The odds ratio (OR) for
blood pressure dipping status was 4.27 and for obesity
was 3.31. Another study by Kim et al. in 2017 also found
that non-dipping status and obesity were independent
factors contributing to increased left ventricular mass,
with OR values of 2.134 and 3.694, respectively [29].

Further analysis was conducted to assess the risk
of increased left ventricular mass based on dipping sta-
tus and obesity. The reference group comprised non-
obese subjects who experienced dipping (OR=1.00).
The lowest risk increase (OR=3.06) was observed in
obese subjects with dipping status. Non-obese subjects
with non-dipping status exhibited a higher risk increase
(OR=5.25), while the highest risk increase (OR=14.00)
was seen in obese subjects with non-dipping status,
compared to the reference group.

The analysis reveals that the combination of obesi-
ty and non-dipping status significantly increases the risk
of LVM changes. This can be attributed to the impact of
obesity and insulin resistance, which activate the renin-
angiotensin-aldosterone system, sympathetic tone, and
salt sensitivity. These factors ultimately lead to endo-
thelial dysfunction, arterial stiffness, and elevated blood
pressure [30]. Previous studies have also demonstrated
a link between obesity and reduced nocturnal dipping.
For instance, Cuspidi et al. (2013) reported a 15% lower
prevalence of nocturnal systolic blood pressure reduc-
tion in obese individuals compared to non-obese indi-
viduals [31]. Similarly, Talalaj et al. (2023) found lower
levels of nocturnal dipping in obese subjects [32], and
Miazgowski et al. (2019) identified a significant corre-
lation between visceral fat and nocturnal dipping levels
[33].

This study shows that non-obese-non-dipping
subjects are more at risk of experiencing LVM changes
than obese-dipping subjects which shows that obesity
does not significantly increase the risk of LVM changes
without non-dipping status, and non-dipping status can
have a more significant influence on LVM risk even
though without being accompanied by obesity.

Previous research also found a similar interac-
tion between obesity and blood pressure in causing left
ventricular changes. Maugeri et al. in 2019 found that
BMI and SBP were the main independent predictors of
changes in LVM, and these two variables could interact
with each other because changes in systolic blood pres-
sure were proven to have a greater effect on changes in
LVM in obese subjects (f=0.195; p=0.033) compared
to non-obese (B=0.134; p=0.048) [6, 24]. Chobanian
et al. in 2003 also found that the effect size of increasing
BP in causing left ventricular remodeling appeared to
be greater in obese subjects compared to non-obese [7,

34]. In contrast, Maugeri et al in 2019 did not find any
significant differences in LVM between obese and non-
obese subjects who did not experience an increase in
BP [24], while research from Cleva et al. in 2018 [35],
Zhang et al in 2014 [36], and Maugeri et al in 2019 [24]
found that increasing BP was proven to increase the risk
of changes in LVM without being affected by BMI.

The results of this study and several previous stud-
ies show that the interaction between obesity status and
the occurrence of BP dipping at night has the potential
to influence changes in LVM although obesity cannot
trigger a significant pathological remodeling process of
the left ventricle without being accompanied by chang-
es in BP variations while changes in BP variations can
influence LVM is not affected by obesity. Interestingly,
our study found that subjects with non-dipping status
or the absence of a decrease in BP at night in normo-
tensive young adults have a greater role in causing an
increase in LVM when compared with obesity.

Our study has several limitations. Considering at
least physical activity levels that could influence the
study results, a small sample size, cross-sectional de-
sign, and limitations specific to the measurement
methodology for addressing. There is a need for further
analysis regarding physical activity measured by MeT
level (type of activity x amount minute of activity x day/
week) (routine and exercise) as well as a larger study
sample size to increase the power of statistical tests.

Conclusions. In conclusion, LVM was found to be
significantly greater in obese subjects compared to non-
obese subjects, in non-dipping subjects than in dipping
subjects, and the presence of obesity in non-dipping
subjects will further increase LVM. Overall, obesity and
non-dipping BP status and their interaction increase
LVM. It is necessary to control obesity in young adult
subjects even though they are normotensive. Further
observation study is needed in obese subjects regarding
the risk of LVH.
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