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ABSTRACT
Background: One of the outcomes of having chronic hypertension, especially if unrecognized or undertreated is LV
hypertrophy (LVH) which is strongly correlated to cardiac morbidity and mortality, apart from the values of blood
pressure and existing comorbidities.
Objective: This study aimed at comparing the 24-hour ambulatory blood pressure monitoring vs office/lhome BP
measurement in predicting left ventricular mass in Egyptian hypertensive adults receiving anti-hypertensive
medications.
Patients and methods: The present study included 100 known hypertensive patients aged above 18 years. They were
on antihypertensive drugs coming for routine follow-up in Ain Shams University outpatient clinics and National Heart
Institute between June 2021 and July 2022.
Results: The patients were assigned to 2 groups; group 1 (28 patients) with normal Left ventricular mass index
(LVMI) and group 2 (72 patients) with increased LVMI. Female patients had larger LVMI (P < 0.01) and beta blocker
users were more in group 2 (P= 0.026). Difference between average home and office blood pressure was not
significant between both groups. Control of arterial blood pressure was better in ambulatory blood pressure
monitoring in group 1 (P= 0.042). Moreover, 24-hour systolic, average day systolic, diastolic blood pressure, average
day pulse pressure as well as reverse dipping had positive correlation with LVMI.
Conclusions: Superiority of ambulatory blood pressure over office and home measurement in predicting LV mass
index in Egyptian hypertensive medicated patients.
Keywords: Ambulatory Blood Pressure Monitoring; Office Blood Pressure; LV Mass Index; Egyptian Hypertensive
Patients; Medical Treatment.

treatment of hypertension is office blood pressure

INTRODUCTION measurement (OBPM). The ambulatory blood pressure
Around 1.28 billion adults worldwide are monitoring (ABPM) importance originates from the

hypertensives, more than half of them are residing in fact that blood pressure fluctuates throughout the day.

low and moderate socio-economic countries. Around So, this tool is becoming more valuable nowadays as a

40% of them are clearly diagnosed and receiving good monitor for blood pressure .

treatment. Moreover, only 1 of every 5 persons with

hypertension are controlled with their medications. AIM OF THE WORK

Hypertension is considered of the major causes of Evaluating the value of 24-hour ambulatory blood

cardiovascular death globally ™. The number of pressure versus in office/lhome BP measurement in

hypertensive patients is rising worldwide due to ageing predicting LV mass index in Egyptian adults with

of the population and increasing risk factors as harmful hypertension on antihypertensives.

diets (i.e. increased salt intake) and sedentary lifestyle.

Unfortunately, there is insufficient awareness, health PATIENTS AND METHODS

education regarding hypertension control and Study design:

treatment. So, the health authorities in the low and The present study included 100 known hypertensive

moderate socio-economic countries are facing a patients aged above 18 years. They were on

growing problem and burden because of this disease antihypertensive drugs coming for routine follow-up in

A, Ain Shams University outpatient clinics and National
One of the complications of having chronic Heart Institute between June 2021 and July 2022.

hypertension,  especially if  unrecognized or

undertreated is LV hypertrophy. LV hypertrophy is Definition of hypertension:

strongly correlated to cardiac causes of morbidity and When a patient’s systolic blood pressure was 140

mortality, apart from the values of blood pressure and mmHg or higher, or when diastolic blood pressure was

existing comorbidities. Among the long- term 90 mmHg or higher, and/or when they were taking

complications of chronic LVH are atrial fibrillation, antihypertensive medication, they were considered to

heart failure, and sudden cardiac death. Predicting and have hypertension .

early management of LVH, therefore, is of utmost
importance in hypertensive patients !,
So far, the standard tool to diagnose and monitor
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Exclusion criteria:

The following were excluded from the study to avoid

misleading data:

(1) Refusal to sign an informed consent to use the
data.

(2) Diabetic patients.

(3) Impaired left ventricular systolic function; (EF
<50%).

(4) History of myocardial infarction.

(5) Significant valvular heart disease.

(6) Congenital heart disease.

(7)

(8)

Primary cardiomyopathy.

Chronic kidney disease (ESRD)/or on dialysis.
Methodology:

All patients were studied in a stepwise approach along
the following scheme after obtaining written consent to
share in the study.

A) History and clinical evaluation:

A Complete personal history was taken from all
patients including age, gender, occupation as well as
detailed medical history with emphasis on cardiac risk
factors as well as the duration of hypertension, the type
and number of medications taken by the patient and
compliance of medications by the patient. Patients
were asked about other medical conditions that were
considered as exclusion criteria of the patient from the
study such as: DM, myocardial infarction, structural
heart disease.

Focused clinical examination was performed for
every patient with focus on these data:

e Weight and height were used to determine
body mass index (BMI), which is calculated as
follows: kg/m? or weight in kilograms divided
by height in meters squared .

e Also, using the Du Bois equation, we calculated
the body surface area (BSA [m’] = Weight
[kg]®*® x height (cm)®™ x 0.007184] [,

e Pulse: full assessment of the pulse.

e Assessment of arterial blood pressure:

Office BP measurement: Blood pressure was
measured in compliance with 2018 ESC guidelines ':
i.e., from both upper limbs in the sitting position after
letting the patient sit for three to five minutes before
taking their blood pressure. A standard bladder cuff
measuring 12-13 cm wide and 35 cm long was
utilized. However, for large arms (with arm
circumference > 32 cm) a larger one was used with the
cuff at the heart level and the back and arm supported
to prevent muscle contraction. To detect any
discrepancy between both arms, measurement was
done bilaterally during the first visit. The arm that had
the greater value was regarded as the standard side.

Using a mercury sphygmomanometer and the
auscultatory method, phase | and V (disappearance)
Korotkoff sounds were used to assess the blood
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pressure, yielding the systolic and diastolic readings,
respectively. Blood pressure was measured three
times, one or two minutes apart, with extra readings
taken only if the first two readings differed by more
than 10 mmHg. The last two BP values were averaged
to record blood pressure .

Home blood pressure measurement (HBPM):

Every patient was instructed to use an electronic or
conventional blood pressure measuring device to
record their blood pressure at home.

e Focused local cardiac auscultation: this was done
to exclude the presence of pathological additional
sounds or murmurs.

B) Ambulatory blood pressure
(ABPM):

The Contec Ambulatory Blood Pressure Monitor

ABPM 50 device® was used to measure the

ambulatory blood pressure (ABPM) of each patient.

The measurement frequency was set to occur
every two hours during the day and night, and the
device was programmed to record for a full 24 hours.
The patient's note, which listed the times of day
(awake), night (sleep), exercise, symptoms and
medications, was interpreted. The patient's diary was
used to define day and night more precisely.
Numerical and graphical presentation of these readings
were written in the ABPM report, which included all
individual blood pressure readings, the percentage of
successful readings, the averages for each timeframe
(daytime, nighttime, 24 hours), and the "dipping"
percentage (the percentage, the average blood pressure
changes from the daytime to the nighttime). For the
test to be deemed effective and included in the study,
at least 70% of the readings had to be legitimate ).
The supervisors who were blind to the patient data
interpreted these data.

Controlled BP is defined if 75% of the
readings are below 140/90 mmHg. The difference
between day and night blood pressure is known as
night dipping (typical dippers show a 10% fall in night
blood pressure compared to day blood pressure).

Reverse dipping or night hypertension is
defined as night BP is 10% higher than day BP.

Early morning surge is defined as 10% increase in

early morning BP as compared to night BP ',

If the mean systolic/diastolic blood pressure measured

by ABPM was as follows: >130/80 mmHg for 24

hours, >135/85 mmHg during the day, or >120/70

mmHg at night, then the patient was assigned to have
hypertension (%,

measurement

C) Laboratory work up:
Complete blood count, renal and hepatic function tests,
fasting blood glucose, serum sodium and potassium.

D) Resting electrocardiogram:

Standard 12 lead ECG was done to detect conduction
abnormalities that might hinder echocardiographic
measurement, any ischemic patterns and previous or
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recent myocardial infarction, detection of LVH. The
Sokolow-Lyon LVH ECG criteria were applied, which
are as follows: S wave depth in V1 + highest R wave
height in \/5-V6 > 35 mm 4,

E) Transthoracic standard echocardiography:
Using the Simens Acuson X700 echocardiography
equipment, all patients underwent a standard
transthoracic  echocardiography  examination in
accordance with the 2015 criteria of the American
Society of Echocardiography. LV dimensions were
measured using the M-mode, and the Devereux
equation was used to conclude the LV mass ™.

LV mass (in grams) = 0.8{1.04[([LVEDD + IVSd +
PWd]® - LVEDD?®]} + 0.6

The LVMI was then calculated by indexing the
LV mass to body surface area (BSA). For females, >95
g/m?> and for males, >115 g/m?> was considered
abnormal LVMI &4,

Left atrial enlargement was diagnosed using the
M-mode LA diameter, which was 4.1 cm or greater in
men and 3.9 cm or greater in women ™,

The top normal value of aortic root diameter was
found to be 3.3 cm for women and 3.7 cm for men
when measured in the conventional PLAX view at
end-diastole ™. LV diastolic function was assessed
using pulsed-wave Doppler echocardiography in the
apical four-chamber view. Deceleration time (DT), the
E/A ratio, and the velocities of the E and A waves
were measured ™,

Patients were split into two groups according to
the standard cut off value of LVMI, which is > 95 g/m?
for females and > 115 g/m? for males. Group 1: LVMI
was normal, and Group 2: LVMI was high.

Ethical approval:

The Helsinki Declaration guidelines were taken as a
reference while performing this research. Also, the
Cardiology Department Council and the Hospital’s
Ethical Committee of Ain Shams University
approved the study. All subjects participating in
the study had an insight of the study aim and
assessment tools used and gave us written informed
consents to be recruited to the study.

Statistical analysis

IBM SPSS version 23 was used to enter the data
after they had been gathered, edited, and coded. When
the quantitative data were parametric, they were shown
as mean, standard deviations, and ranges; when they
were nonparametric, they were shown as median and
interquartile range (IQR). Additionally, percentages
and numbers were used to represent qualitative
characteristics, which were compared by the Chi-
square test. Independent t-test was used to compare
guantitative data and parametric distributions; Mann-
Whitney test was used to compare non-parametric
distributions. The allowable margin of error was set at
5%, while the confidence interval was set at 95%.
Thus, the following p-value was deemed significant:
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P-values greater than 0.05 indicated non-significance
(NS), less than 0.05 indicated significance (S) and less
than 0.01 indicated high significance (HS).

RESULTS

In this cross-sectional observational study, 100
individuals with known hypertension who were taking
antihypertensive drugs were included.

Patients’ demographics:

The patients” mean age was 49.94 + 6.76 years.
Males were representing 60% of cases, the duration of
hypertension varied greatly from 6 months to 15 years
with a median of 8 years. 79% of our patients were
employed. Table (1) displays these data.

Table (1): Patients’ demographics

Variables N =100
Age (years) Mean + SD 49.94 +6.76
Range 32 -63
Sex Male 60 (60.0%)
Female 40 (40.0%)

Home and office BP measurements:

Patients were instructed on their first visit to
measure their BP on three successive occasions at
home using available machines. The mean home
systolic/diastolic BP was 133.55 +9.80/ 83.71+6.91
mmHg.

The mean office systolic/diastolic BP was 134.76
+8.45 / 85.37+6.24 mmHg. That was insignificantly
higher than average 3 home measurements.

Ambulatory blood pressure monitoring:

Most of the patients had controlled systolic and
diastolic BP with impaired night dipping in 40% of
patients, reversed dipping in 31% of patients and
normal night dipping was found in 29% of patients.
Exaggerated morning surge was recorded in 48% of
patients.

After the proper patients’ assessment, they were
divided into 2 groups according to their L\VMI (based
on the normal cut off value of LVMI defined as > 95
g/m? in females and >115 g/m? in males):

Group 1: That included 28 patients with normal
LVMI, and Group 2: That included 72 patients with
increased LVMI.

Both  groups were compared according to
demographics, anti-hypertensives, echocardiographic
parameters, office and home BP readings and
ambulatory BP monitoring.

Comparison regarding patients’ demographics:

Both groups were comparable as regards demographic
data with significantly high percentage of female
gender in group 2 than group 1(54.2% vs.3.6%) as
shown in Table (2)
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Eg?:pzé (ng?:pé Test value | P-value | Sig.

Age Mg 0298 2022 100 0.668 | 0506 |NS
| e [ S | SEN | [am e
Weight Me;‘;’nzeSD 93,90 2.0 L0238 0.896+ | 0372 |Ns
o | Mr© | R [ 2ET | o o v
ORI | W | 160|956 9| s | oon |

Tests used: *: Chi-square, *: Independent t; #: Mann-Whitney

Comparison regarding antihypertensive therapy:
Both groups were compared as regards the type, number and compliance to antihypertensive therapy, the use of beta
blocker was significantly higher in group 2 as in Table (3).

Table (3): Comparison between both groups regarding antihypertensive therapy
lC\ngogpzé Eg?gpé Test value | P-value | Sig.
Compliant medications \N(gs 12 Eig%sg gg Egg:g;‘g 0.103* | 0.748 |NS
No. of 1 13 (46.4%) 27 (37.5%)
medications 2 15 (53.6%) 37 (51.4%) 3.531* 0.171 [ NS
3 0 (0.0%) 8 (11.1%)
BB 11 (39.3%) 46 (63.9%) 4.979* 0.026 | S
ACE | 6 (21.4%) 30 (41.7%) 3.584* 0.058 | NS
Type of medications ARB 8 (28.6%) 15 (20.8%) 0.682* 0.409 | NS
CCB 13 (46.4%) 24 (33.3%) 1.483* 0.223 | NS
HCTZ 5 (17.9%) 9 (12.5%) 0.481* 0.488 | NS
FRUSEMIDE 0 (0.0%) 1 (1.4%) 0.393* 0.531 | NS

Tests used: *: Chi-square.

Comparison regarding echocardiographic parameters:

Both groups were compared as regards echocardiographic findings, patients in group 2 had significantly increased
LVEDD, LVESD with reduced EF% though still in the normal range. Increased LA and aortic root diameters were
significant in group 2 compared to group 1 (Table 4).

Table (4): Comparison between both groups regarding echocardiographic parameters
Group 1 Group 2
Variables N =28 N=72 Test value |P-value |Sig.

Mean + SD 63.00 + 3.37 60.65 * 3.62

EF% Range 58 - 67 54 — 67 2.970e 0.004 HS
Mean + SD 34.11+£2.28 32.83+2.32

FS Range 31-38 28 — 37 2477 0.015 S
Mean + SD 46.43 £ 4.51 50.28 + 3.84

LVEDD Range 37-55 37 - 57 -4.286¢ <0.001 |HS
Mean + SD 29.75+2.73 32.28 +4.03

LVESD Range 26 — 36 27 47 -3.052¢ 0.003 [HS
Mean + SD 38.71+4.18 41.28 + 3.98

LA Range 30 -44 30-55 -2.852¢ 0.005 HS

Aortic root Mean + SD 29.75+2.80 31.44 +3.43 -2.330e 0.022 S

Tests used: *: Independent t.
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Comparison regarding home and office BP:
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No statistically significant difference was found between both groups regarding home blood pressure
measurement and office blood pressure measurement as shown in Table (5). So, home and office BP measurement
couldn’t predict the increase in LVMI.

Table (5): Comparison between both groups regarding home and office BP measurement

Group 1 Group 2 Test
Variable No. =28 No. =72 value P-value Sig.
Average home SBP Mean = SD 133.25 £ 8.64 133.67 £10.28
Range 113.3 —146.6 110-173.63 -0.192¢ 0.848 [NS
Average home DBP Mean + SD 83.53 £ 6.69 83.78+7.03
Range 65.3 — 93.63 60 —93.33 -0.157+ 0.875 [NS
Average office SBP Mean + SD 133.48 £9.75 135.26 = 7.90
Range 115 — 155 115 - 160 -0.946 0.346 |NS
Average office DBP Mean + SD 85.02+£5.90 85.51 +6.40
Range 70— 95 62.5 — 100 -0.353¢ 0.724 |NS

Tests used: *: Independent t

Comparison regarding ambulatory blood pressure monitoring:
ABPM controlled BP was defined as 75% of the readings are less than 140/90 mmHg, 58% of group 2 patients were
uncontrolled by ABPM (P = 0.042) as shown in Table (6). So, LVMI could be predicted by uncontrolled BP using

ABPM.
Table (6): Comparison of BP control using ABPM in both groups.
Group 1 Group 2
Variables No. =28 No. =72 Test value |P-value [Sig.
Ambulatory BP controlled Yes 18 (64.3%) 30 (41.7%)
No 10 (35.7%) 42 (58.3%) 4.132* 0.042 S

Tests used: *: Chi-square

Comparison regarding different ABPM parameters:
Group 2 patients had significantly higher values of recorded average 24 hour systolic and diastolic BP values as well
as average day and night systolic and diastolic BP values as shown in Table (7).

Table (7): Comparison of both groups regarding ABPM parameters

Variables Group 1 Group 2 Test P- |Sig.
No. = 28 No.=72 value value

Average 24 h systolic Mean + SD 117.57 £ 11.57 127.47 £ 13.21 -3.478 <0.001 |HS
Range 103 — 145 107 — 158

Average 24 h diastolic Mean + SD 71.29 £ 14.14 76.76 £7.71 -2.482¢ 0.015 S
Range 50 -97 58 — 96

Average day systolic Mean £+ SD 115.25+11.01 129.29 + 13.23 -4.980¢ <0.001 |HS
Range 105 — 148 106 — 158

Average day diastolic Mean = SD 69.39 + 11.99 79.21 + 8.97 -4.454e <0.001 |HS
Range 54 — 98 54 — 98

Average day MAP Mean £ SD 92.43+£15.88 94.38 £ 10.50 -0.715¢ 0476 |NS
Range 74116 69 — 116

Average day P.P Mean + SD 45.82 £ 6.13 53.67 £ 12.06 -3.275¢ 0.002 |HS
Range 33-59 35-93

Average night systolic Mean £ SD 112.36 £ 12.20 122.19 £ 12.46 -3.565¢ <0.001 |HS
Range 95— 137 101 - 157

Average night diastolic Mean + SD 65.07 +13.87 74.78 +9.88 -3.919- <0.001 |HS
Range 45-92 55 -96

Average night MAP Mean + SD 88.32 £ 15.39 89.43+£9.75 -0.430e 0.668 | NS
Range 70-110 70-115

Average night P.P Mean + SD 47.25 £ 8.40 49.92 +£7.82 -1.499+ 0.137 |NS
Range 32 -60 34 — 65

Tests used: *: Independent t.

Also, the presence of reverse dipping and exaggerated morning surge was significantly higher in group 2 as compared
to group 1 as shown in Table (8).

598




Table (8): Comparison between both groups regarding night dipping and exaggerated morning surge
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Variables lc\l;go:pzé (NB:;O:p?g Test value P-value | Sig.
No 7 (25.0%) 34 (47.2%) 4.116 0.042 S
Night dipping Yes 17 (60.7%) 13 (18.1%) 17.470 <0.001 HS
Reverse 4 (14.3%) 25 (34.7%) 4.089 0.043 S
Exaggerated morning No 20 (71.4%) 32 (44.4%)
surge Yes 8 (28.6%) 40 (55.6%) 5.881* 0.015 S

Tests used: *: Chi-square.

Univariate and multivariate analysis showed that
office records had no correlation to LVMI. On the
other hand, average 24-hour systolic, average day
systolic, diastolic BP, average day heart rate and pulse
pressure as well as reverse dipping had positive
correlations with LVVMI as shown in Table (9).

Table (9): Correlation between LVMI and BP
parameters of the studied patients

ABPM LVMI (g/m?
r P-value
Average 24 hr systolic 0.216* 0.031
Average 24 hr diastolic 0.027 0.789
Average 24 hr MAP 0.003 0.973
Average 24 hr P.P 0.118 0.243
Average 24 hr HR 0.126 0.211
Average day systolic 0.282** 0.004
Average day diastolic 0.251* 0.012
Average day HR 0.237* 0.017
Average day MAP -0.101 0.316
Average day P.P 0.274** 0.006
Average night systolic 0.141 0.162
Average night diastolic 0.105 0.300
Average night HR 0.145 0.150
Average night MAP -0.077 0.446
Average night P.P 0.134 0.184
Night dipping % 0.122 0.319
Reverse night dipping % 0.400* 0.026
Average office SBP 0.046 0.647
Average office DBP 0.037 0.714

P value for Spearman correlation coefficient sheet.

DISCUSSION

This work is considered a cross-sectional
observational study on 100 Egyptian hypertensive
medicated patients who have all undergone a standard
full echocardiographic study as well as a 24-hour
ambulatory blood pressure measurement as well as
office and home BP measurement. This work was done
in outpatient clinics of Ain Shams University and
National Heart Institute between June 2021 and July
2022.

One hundred patients were recruited to our
study, 60 males (60%) and 40 females (40%). Our
mean age was 49.94 + 6.76 years. Our inclusion
criteria were any hypertensive medicated patients
above the age of 18 on one or two anti-hypertensive
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medications. Our exclusion criteria included any
history of ischemia and MI as it may deter the accurate
measurement of LV dimensions and so LVMI
measurement.

One of our exclusion criteria were diabetic
patients because it was proven to be a cause of left
ventricular hypertrophy in normotensive diabetic
patients as stated by Santra et al. ™ this study
revealed the prevalence of high LVMI in normotensive
diabetic patients (Type 2) compared to matched
counterparts non-diabetic normotensive individuals.

Our study showed that female gender was a
contributing factor to abnormal LVMI, with 54.2% of
our female patients had abnormally high LVMI, in
contrast to 45% of our male patients. This result was
further supported by Gerdts et al. ™ who concluded
that LVH was more prevalent in women than in men
(43.4% vs 32.2%. p<0.01). Another study that
concluded a similar finding was conducted by the
same author in 2008. The authors concluded that
women had higher prevalence of LVH than men in
hypertensive populations that included previously
treated patients.

A third study supported the same finding by
Succurro et al. 8. However, this study was done on
prediabetic and diabetic patients so there could be a
confounding variable affecting the results.

In our study, patients having high LVMI utilized
more beta blockers (p<0.026). The reason for this is
probably because ESC guidelines on hypertension in
2018 have concluded that beta blockers are not as
effective in reducing LVH as CCBs, ACEIs and
ARBs. This was further confirmed by Koracevic et al.
19 who have demonstrated the inefficiency of beta
blockers to reverse left ventricular hypertrophy.

Our study concluded that patients with larger left
atrial size had higher LVMI, where the average LA
size was 41.28 + 3.98 mm in the abnormal LVMI
group compared to 38.71 + 4.18 mm in the normal
LVMI group (P <0.005). Altalhi and Abdalgbar
stated that echocardiographic left atrial enlargement
may be an early sign of hypertensive disease in
patients with no other cause of left atrial enlargement.

In our study, aortic root size was larger in the
abnormal LVMI group, with 31.44 + 3.43 mm in the
abnormal LVVMI group versus 29.75 £+ 2.80 mm in the
normal LVMI group. Parikh et al. ™ stated that



https://ejhm.journals.ekb.eg

association of hypertension with aortic root dilatation
is controversial.

While in 2009, Cipolli et al. ? found that
hypertensive patients with aortic root dilatation
showed increased LV wall thickness and LV mass
index.

In the present study, average 24-hour ambulatory
systolic BP was highly correlated with an increase in
LVMI. This finding is supported by Weber et al. %
who concluded that ambulatory blood pressure
measurement was able to predict left ventricular mass
in hypertensive individuals.

Richey et al. ! concluded that as systolic
ABPM variables increase, there is greater likelihood
for increased LVMI. However, this study was done on
children aged 6-18 years.

In our study the average 24-hour MAP was not
statistically significant in patients with abnormal
LVMI compared to the other group. However, in
Rojek et al. ™! it was strongly correlated with LVMI
above the median range. This may be explained by the
greater sample size in this study (205 patients versus
100 in our study).

Average  24-hour  pulse  pressure  was
significantly higher with abnormal LVVMI in our study.
This was concordant with a study conducted by
Kunisek and KuniSek *® which concluded a similar
finding that pulse pressure was significantly higher in
concentric LVVH. However, this was done with office
and home blood pressure measurements not with
ambulatory BP measurement. Also, Rizzo et al. ]
concluded that ambulatory pulse pressure had
statistically significant correlation with LVH.

Our study concluded that average day systolic
blood pressure had a highly significant correlation with
abnormal LVMI. This was further supported by
Blanch et al. ?® who deduced the association between
office, 24-hour, daytime and night time BP
measurements and left ventricular hypertrophy,
although their main aim was to find the association
between central and peripheral BP measurement in
assessing LVH in hypertensives.

Our study found that average systolic BP at
night was highly linked to higher LVMI and therefore
LVH. This was in concordance with Felicio et al. !
who concluded that night time SBP and hyperglycemia
were associated with LVH. However, this study was
done on diabetic patients and a correlation between
diabetes and LVVH was later discovered so there could
be confounding results within this study.

In the present study, night non-dippers and
reverse dippers had larger L\VMI. This was supported
by Sang et al. ®¥ who observed that non-dipping and
reverse dipping pattern were associated with a higher
LVMI and LVH.

Also, this was in concordance with Son et al. B!
and Abdalla et al. ®? who concluded that reverse
dippers had in fact higher LVM than non-dippers.
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In this study, exaggerated early morning surge
had a statistically significant correlation with an
increased LVMI. This came in agreement with Durak
et al. ¥ who found that patients with LVH and higher
LVMI had higher nighttime systolic blood pressure
values and morning blood pressure surges.

STUDY LIMITATIONS AND RECOMMENDATIONS

The study had the following limitations:

e The study included a relatively small number of
patients.

e The use of LA diameter rather than LA volume to
screen for LA dilatation.

RECOMMENDATIONS

- Larger community-based studies are needed.

- Other modalities to calculate LV mass and LA size
can be used, e.g., cardiac MRI.

CONCLUSION

1. Ambulatory blood pressure monitoring is superior
to office and home blood pressure measurement in
predicting LV hypertrophy in patients with
hypertension.

2. Many ABPM parameters correlate well with LVMI.

Thus, ABPM is a good modality to monitor

complications in hypertensive patients on medications.

ABBREVIATIONS

ABPM | Ambulatory blood pressure measurement
BMI Body mass index

BP Blood pressure

BSA Body surface area

DBP Diastolic blood pressure

HR Heart rate

LVH Left ventricular hypertrophy

LVMI | Left ventricular mass index

MAP | Mean arterial pressure

OBPM | Office blood pressure measurement
PP Pulse pressure

SBP Systolic blood pressure

Sources of funding: The author did not get a
particular grant from a public or nonprofit funding
source to conduct this study.

Conflicts of interest: No conflicts of interest

REFERENCES

1. World Health Organization (2014): Global status report
on noncommunicable diseases. https:// www.who.int/
publications- detail- redirect/ 9789241564854

2. Mills K, Stefanescu A, He J (2020): The global
epidemiology of hypertension. Nat Rev Nephrol., 16:223—
237.

3. Katholi R, Couri D (2011): Left ventricular hypertrophy:
major risk factor in patients with hypertension: update and
practical clinical applications. Int J Hypertens., 11:495349.
doi: 10.4061/2011/495349.

4. Chobanian A, Bakris G, Black H et al. (2003): Seventh
report of the Joint National Committee on Prevention,


http://www/

10.

11.

12.

13.

14.

15.

16.

17.

18.

https://ejhm.journals.ekb.eg

Detection, Evaluation, and Treatment of High Blood
Pressure. Hypertension, 42:1206-1252.

Williams B, Mancia G, Spiering W et al. (2018): 2018
ESC/ESH Guidelines for the management of arterial
hypertension: The Task Force for the management of
arterial hypertension of the European Society of
Cardiology and the European Society of Hypertension: The
Task Force for the management of arterial hypertension of
the European Society of Cardiology and the European
Society of Hypertension. J Hypertens., 36:1953-2041.
Khosla T, Lowe C (1967): Indices of obesity derived from
body weight and height. Br J Prev Soc Med., 21:122-128.
Du Bois D, Du Bois E (1989): A formula to estimate the
approximate surface area if height and weight be known.
1916. Nutrition, 5: 303-311.

Mancia G, Fagard R, Narkiewicz K et al. (2013): 2013
ESH/ESC guidelines for the management of arterial
hypertension: the Task Force for the Management of
Arterial Hypertension of the European Society of
Hypertension (ESH): and of the European Society of
Cardiology (ESC). Eur Heart J., 34:2159-2219.

Leung A, Nerenberg K, Daskalopoulou S et al. (2016):
Hypertension Canada’s 2016 Canadian Hypertension
Education Program Guidelines for Blood Pressure
Measurement, Diagnosis, Assessment of Risk, Prevention,
and Treatment of Hypertension. Can J Cardiol., 32:569—
588.

O’Brien E, Parati G, Stergiou G et al. (2013): European
Society of Hypertension position paper on ambulatory
blood pressure monitoring. J Hypertens., 31:1731-1768.
Sokolow M, Lyon T (1949): The ventricular complex in
left wventricular hypertrophy as obtained by unipolar
precordial and limb leads. Am Heart J., 37:161-186.
Devereux R, Alonso D, Lutas E et al. (1986):
Echocardiographic  assessment of left ventricular
hypertrophy: comparison to necropsy findings. Am J
Cardiol., 57:450-458.

Galderisi M, Cosyns B, Edvardsen T et al. (2017):
Standardization of adult transthoracic echocardiography
reporting in agreement with recent chamber quantification,
diastolic ~ function, and heart valve disease
recommendations: an expert consensus document of the
European Association of Cardiovascular Imaging. Eur
Heart J Cardiovasc Imaging, 18:1301-1310.

Douglas P (2003): The left atrium: a biomarker of chronic
diastolic dysfunction and cardiovascular disease risk. J Am
Coll Cardiol., 42:1206-1207.

Lang R, Badano L, Mor-Avi V et al. (2015):
Recommendations for cardiac chamber quantification by
echocardiography in adults: an update from the American
Society of Echocardiography and the European
Association of Cardiovascular Imaging. Eur Heart J
Cardiovasc Imaging, 16:233-270.

Santra S, Basu A, Roychowdhury P et al. (2011):
Comparison of left ventricular mass in normotensive type
2 diabetes mellitus patients with that in the nondiabetic
population. J Cardiovasc Dis Res., 2:50-56.

Gerdts E, l1zzo R, Mancusi C et al. (2018): Left
ventricular hypertrophy offsets the sex difference in
cardiovascular risk (the Campania Salute Network). Int J
Cardiol., 258:257-261.

Succurro E, Miceli S, Fiorentino T et al. (2021): Sex-
specific differences in left ventricular mass and myocardial
energetic efficiency in non-diabetic, pre-diabetic and

601

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

newly diagnosed type 2 diabetic subjects. Cardiovasc
Diabetol., 20: 60. doi: 10.1186/s12933-021-01248-z.
Koracevic G, Stojanovic M, Lovic D et al. (2021):
Certain beta blockers (e.g., bisoprolol): may be reevaluated
in hypertension guidelines for patients with left ventricular
hypertrophy to diminish the ventricular arrhythmic risk. J
Hum Hypertens., 35:564-576.

Altalhi H, Abdalgbar A (2019): Left atrial enlargement is
an early signs of hypertensive heart disease. AJBSR.,
5:172. DOI: 10.34297/AJBSR.2019.05.000904

Parikh N, Pencina M, Wang T et al. (2008): A risk score
for predicting near-term incidence of hypertension: the
Framingham Heart Study. Ann Intern Med., 148:102-110.
Cipolli J, Souza F, Ferreira-Sae M et al. (2009): Sex-
specific hemodynamic and non-hemodynamic
determinants of aortic root size in hypertensive subjects
with left ventricular hypertrophy. Hypertens Res., 32:956—
961.

Weber T, Wassertheurer S, Schmidt-Truckséss A et al.
(2017): Relationship between 24-hour ambulatory central
systolic blood pressure and left ventricular mass: A
prospective multicenter study. Hypertens., 70:1157-1164.
Richey P, Disessa T, Hastings M et al. (2008):
Ambulatory blood pressure and increased left ventricular
mass in children at risk for hypertension. J Pediatr.,
152:343-348.

Rojek M, Rajzer M, Wojciechowska W et al. (2017):
The relation between blood pressure components and left
atrial volume in the context of left ventricular mass index.
Medic (Baltimore), 96:€9459. doi:
10.1097/MD.0000000000009459.

Kunisek J, KuniSek L (2018): Impact of blood pressure
components on left ventricular hypertrophy remodeling.
Acta Clin Croat., 57:638-645.

Rizzo V, di Maio F, Petretto F et al. (2004): Ambulatory
pulse pressure, left ventricular hypertrophy and function in
arterial hypertension. Echocardiog., 21:11-16.

Blanch P, Armario P, Oliveras A et al. (2018):
Association of either left ventricular hypertrophy or
diastolic dysfunction with 24-hour central and peripheral
blood pressure. Am J Hypertens., 31:1293-1299.

Felicio J, Pacheco J, Ferreira S et al. (2006):
Hyperglycemia and nocturnal systolic blood pressure are
associated with left ventricular hypertrophy and diastolic
dysfunction in hypertensive diabetic patients. Cardiovasc
Diabetol., 5:19. doi: 10.1186/1475-2840-5-19.

Sang Z, Zeng X, Yuan X et al. (2022): Association of
office and ambulatory blood pressure with left ventricular
structure and function in hypertensive patients. Int J Gen
Med., 15:4649-4656.

Son J, Lee J, Hong S et al. (2011): Reverse dipper in
ambulatory blood pressure monitoring is related to
increased left ventricular mass index. Int J Cardiol., 152:
71. DOI:10.1016/j.ijcard.2011.08.703

Abdalla M, Caughey M, Tanner R et al. (2017):
Associations of blood pressure dipping patterns with left
ventricular mass and left ventricular hypertrophy in blacks:
The Jackson heart study. J Am Heart Assoc., 6:e004847.
doi: 10.1161/JAHA.116.004847.

Durak B, Tutal E, Durak M (2021): The relationship
between morning blood pressure surge and left ventricular
hypertrophy in newly diagnosed hypertensive patients.
Ann Med Res., 28:1268-72.



