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Abstract: Background. The rise in global obesity has worsened the prevalence of metabolic syndrome
and related cardiovascular complications, particularly among post-menopausal women. Dysfunc-
tions in thyroid hormone activity, critical for metabolic regulation, are often implicated in obesity
and its associated conditions. This study evaluated the interactions between thyroid function, body
composition, and cardiovascular health in post-menopausal women. Material and Methods. We con-
ducted an observational, prospective, open-label clinical study, involving post-menopausal women,
stratified into two groups based on weight changes after menopause: the Menopausal Weight Gain
Group (MWGG) and the Menopausal Weight Maintenance Group (MWMG). We included 12 cases
(MWGG) and 8 control (MWMG) women. Participants underwent cardio-metabolic assessments,
including evaluations of thyroid function, blood pressure, arterial stiffness, body composition, and
cardiovascular risk profiles. The statistical analysis employed t-tests and Pearson correlations. Results.
The MWGG showed significant increases in both the Augmentation Index (AI@75) and adiposity
markers (BMI, total fat mass, in percentage and kg, and lean–to–fat mass ratio) compared to the
MWMG. A notable decrease in FT3 and the FT3/FT4 ratio was observed in the MWGG. Moreover,
discrepancies in Cholesterol levels and insulinemia were reported between groups. Moreover, dif-
ferences in cholesterol levels and insulinemia were reported between groups. We analyzed the
correlation between blood pressure, cardiovascular stiffness, and body composition parameters;
notably, there was a strong correlation between AI@75 and weight, BMI, and total fat mass, and a
strong negative correlation with the lean–to–fat mass ratio. Conclusions. The MWGG presented a
higher BMI, greater total fat mass (kg) and a higher percentage of total fat mass compared to the
MWMG. Interestingly, we reported a significant difference in intramuscular adipose tissue between
the groups. These results highlight the importance of further research to elucidate the mechanisms
involved and to develop targeted interventions for managing menopause-related cardio-metabolic risks.

Keywords: adipose tissue distribution; cardiovascular risk; metabolic health; arterial stiffness; gender
medicine; cardiovascular prevention
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1. Background

The global rise in obesity is linked to a concurrent increase in the prevalence of
metabolic syndrome and its cardiovascular sequelae [1]. This trend is particularly pro-
nounced among post-menopausal women [2], who exhibit a higher prevalence of obesity
due to menopause-related shifts in energy metabolism, including diminished fat oxidation
and decreased spontaneous physical activity [3,4], leading to a decline in overall energy
expenditure [3]. Additionally, the deficiency in estrogen production during menopause
contributes to the loss of muscle mass and the increase in fat mass, particularly in central ar-
eas of the body, such as the abdomen and visceral regions. Consequently, this redistribution
of body fat increases the risk of cardiovascular diseases [5,6].

Thyroid hormones play a pivotal role in governing metabolic processes, encompassing
energy expenditure and thermogenesis, as well as the regulation of protein, carbohydrate,
and lipid metabolism, and thyroid dysfunction has the potential to precipitate obesity or
give rise to conditions associated with it [7]. Thyroid impairment or dysfunction, such as
hypothyroidism, can mimic metabolic syndrome characteristics, including weight gain
and altered body composition, and can potentially elevate cardiovascular risk through
associations with insulin resistance and dyslipidemia [7,8].

Focusing on thyroid function, total and free thyroid hormones, (including free-
triiodothyronine (FT3) and free-thyroxine (FT4) levels and the FT3/FT4 ratio) higher
serum thyroid-stimulating hormone (TSH) concentrations and low serum FT4 levels were
reported in obese individuals in comparison to non-obese ones. Observational studies
reported abnormal thyroid hormone levels in obesity, suggesting increased deiodinase
activity and a compensatory mechanism in total triiodothyronine (TT3) levels to counteract
obesity-related fat accumulation [7]. It should be noted that the observed increase in FT3
levels among obese individuals, which govern both resting metabolic rate and thermo-
genesis, could potentially represent a compensatory mechanism aimed at addressing the
heightened central fat accumulation associated with this condition [9,10]: to facilitate fat-
burning through the elevation of basal metabolic rate and the stimulation of brown adipose
tissue production [7]. However, the interplay between thyroid function and age-related
hormonal and adipose changes, particularly at a time when women are undergoing a
transition towards an increased cardiovascular risk, such as during menopause, remains
inadequately understood [7,9].

The relative inconsistency of research findings necessitates further exploration into
how societal and health factors can influence fat remodeling and cardiovascular risk
mitigation in post-menopausal women. This has been recently reaffirmed in a milestone
article published in The Lancet [11]. Based on these considerations, our study aimed to
conduct a detailed metabolic assessment of post-menopausal women within 2 to 8 years
post-menopause, focusing on thyroid function, blood pressure (BP), arterial stiffness, body
composition, and cardiovascular risk. Our population sample was stratified into two groups,
comparing those who have gained weight (menopausal weight gain group—MWGG) to those
who have maintained weight (menopausal weight maintenance group—MWMG).

We further explored the potential correlation between cardiovascular parameters and
physical and metabolic changes in our selected menopausal women with arterial hypertension.

2. Material and Methods
2.1. Participants and Study Design

The study was designed as an observational, prospective, open-label clinical study con-
ducted at the Hypertension Unit, Division of Cardiology, Sant’Andrea Hospital, Sapienza
University of Rome, for BP evaluation and CV risk assessment, and at the Section of Clinical
Nutrition and Nutrigenomics, Department of Biomedicine and Prevention, University of
Rome Tor Vergata, for nutritional and medical examinations, between 4 December 2023
and 28 March 2024.

The study participants were post-menopausal women (n = 20), who were consistently
followed at our hypertension unit at the Division of Cardiology, Sant’Andrea Hospital,
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Sapienza University of Rome. The participants were divided into two groups. The detailed
characteristics of the study participants are included in Table 1.

Table 1. Characteristics of study participants. Patients were categorized as MWGG for the menopausal
weight gain group or MWMG for the menopausal weight maintenance group.

MWGG (n = 12) Max-Min MWMG ( n = 8) Max-Min

Age (years)

(Mean ± SD, range) 56.08 ± 4.99 49–65 54.85 ± 5.75 46–60

Menarche years (years)

(Mean ± SD, range) 11.58 ± 0.99 10–13 11.86 ± 1.06 10–13

Menopause years (years)

(Mean ± SD, range) 51.33 ± 3.22 45–56 50.00 ± 3.06 44–54

Years since menopause (years)

(Mean ± SD, range) 4.75 ± 2.89 2–9 4.86 ± 2.67 2–9

Menopausal Weight Gain (Kg)

(Mean ± SD, range) 10.25 ± 2.92 2–13 2 ± 1 0–3

MWGG (n = 12) MWMG (n = 8)

Smoker (%) 8.33 14.28

Diabetes (%) 8.33 14.28

Dislipidemia (%) 50.00 28.57

Anti-hypertensive Drugs (%)

0 8.33 14.28

1 50.00 71.44

2 25.00 14.28

3 or more 16.67 0

The inclusion criteria required participants: to be female; to have post-menopause by
at least two years; to report either a weight increase or maintenance (categorized as MWGG
for the menopausal weight gain group or MWMG for the menopausal weight maintenance
group); to have a confirmed diagnosis of uncomplicated essential hypertension; to provide
signature for informed consent. Exclusion criteria encompassed hormonal replacement
therapy, active cancer within the past five years, a history of mental diseases including
depression before menopause, drug and alcohol addiction, and unwillingness to undergo
joint evaluations at both universities.

2.2. Study Procedures

Demographic and clinical data were systematically collected for all participants. An-
thropometric measurements, including height, weight, body mass index (BMI), and waist
and hip circumference (WC and HC), were meticulously recorded. BMI was calculated
using the formula: body weight in kilograms divided by the square of height in meters [12].
The categorization followed the guidelines established by the World Health Organization
(WHO). Additionally, the waist–to–hip circumference ratio (WHR) was assessed, with a
WHR value exceeding 0.85 considered indicative of risk in women [12,13].

Non-invasive measurements of clinic systolic/diastolic brachial and central (aortic)
BP levels, and heart rate were conducted using a validated cuff-based oscillometric de-
vice (Mobil-O-Graph PWA Monitor, I.E.M. GmbH, Stolberg, Germany), as previously
described [14]. Briefly, three consecutive BP measurements were taken at 1-min intervals,
with the average of the three considered the reference value for clinical BP. The central
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aortic BP was measured following a 30-s interval after the last clinic BP measurement, using
appropriately sized cuffs or larger or smaller cuffs for obese or thin subjects, respectively,
according to European guidelines [15].

All participants underwent a resting 12-lead electrocardiogram (ECG) while in the
supine position, utilizing a Mortara Eli 350 ECG device (Milwaukee, WI, USA). The ECGs
were recorded with a paper speed of 25 mm/s and a calibration of 1 mV/cm. Each ECG
was then scanned at 600 dpi, allowing for both conventional and novel ECG parameters
to be analyzed on a high-resolution computer monitor. We assessed heart rate (HR) and
conventional ECG parameters, including PR interval, QRS duration, QT and QTc intervals,
and left ventricular hypertrophy (LVH) indexes, as recommended by current European
guidelines [15] and as applied in previous studies [14].

After a 8-h overnight fast, all subjects underwent whole-body and segmental fat mass
(measured in kilograms) assessment, employing Dual-Energy X-ray Absorptiometry (DXA)
scans, a Primus X-ray densitometer, and software version 1.2.2 (Osteosys Co., Ltd., Guro-gu,
Seoul, Korea). All individuals were instructed to remove their clothes (except underwear),
shoes, and any metal object before being measured. The total fat mass percentage (%FM)
was determined by dividing the total body fat mass (Total FM) by the combined mass of all
tissues, including the total body bone (TBBone). The formula used for this calculation is as
follows [16]:

%FM = (Total FM/(Total FM + Total Lean Mass (LM) + TBBone)) × 100

Subsequently, following a fasting period of at least 8 h, an array of metabolic markers,
including fasting blood glucose (FBG), insulin levels, total cholesterol, triglycerides, high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), TSH,
FT3, and FT4, were comprehensively analyzed.

For each patient, blood samples were drawn in the morning between 8:00 and 10:00
a.m. from the antecubital vein while the patient was seated and in a fasting state. Sam-
ples were collected using BD Vacutainer tubes (Franklin Lakes, NJ, USA), either without
anticoagulants or with anticoagulants (trisodium citrate, 3.8%, 1/10 (v/v) or 7.2 EDTA).

All patients consistently adhered to their baseline antihypertensive therapy without
any modifications prior to the diagnostic tests.

2.3. Statistical Analysis

Normality of the data distribution was assessed using the Shapiro–Wilk test. Categori-
cal variables were compared using Fisher’s exact test and the Chi-square test. Continuous
variables were presented as either median (interquartile range, IQR) or mean (± standard
deviation, SD) based on their distribution. Comparisons between groups were made using
either a paired sample t-test for normally distributed data or the Mann–Whitney U test
for non-normally distributed data. Specifically, variables with a normal distribution were
reported as mean ± SD, and analyses included the t-test and Pearson correlation. For vari-
ables that did not follow a normal distribution, the Mann–Whitney U test and Spearman
correlation were applied.

To assess significant differences within the MWGG and MWMG groups, t-tests were
employed. The Pearson correlation coefficient (denoted as “r”) was calculated to evaluate
the linear relationship between continuous variables, with correlation values ranging
between −1 and 1. Additionally, we visually inspected the scatterplot to verify linearity. A
p-value below 0.05 was considered statistically significant. All analyses were conducted
using Stata version 16.0 (StataCorp, College Station, TX, USA).

3. Results
3.1. Comparison of Cardiovascular and Body Composition Parameters between Menopausal Weight
Gain and Menopausal Weight Maintenance Groups

General characteristics of the study population are reported in Table 1.
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The comparison of physiological parameters between the MWGG and MWMG re-
vealed no statistically significant differences in brachial and central, systolic, and diastolic
BP levels, as well as in heart rate. There was no significant difference in the pulse wave
analysis (PWA) between the two groups. However, the augmentation index (Ai@75) re-
sulted as significantly higher in the MWGG compared to the MWMG (33.90 ± 2.63 vs.
22.42 ± 5.27, p = 0.04) (Figure 1).
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Figure 1. Blood Pressure Parameters. t-test performed for statistical analysis. Patients were cate-
gorized as MWGG for the menopausal weight gain group or MWMG for the menopausal weight
maintenance group. Ai@75: Augmentation Index; PWA: Pulse wave velocity. t-test. p < 0.05 *.

MWGG women presented with a higher BMI (29.00 ± 1.03 vs. 23.46 ± 1.16, p = 0.003),
greater total fat mass (Kg) (28.19 ± 1.56 vs. 17.58 ± 2.02, p < 0.001), and higher percentage
of total fat mass (38.71 ± 1.24 vs. 28.62 ± 2.48, p < 0.001) than MWMG ones. Additionally,
patients in the MWGG showed a lower lean–to–fat mass ratio (1.53 ± 0.08 vs. 2.52 ± 0.29,
p = 0.001) than those in the MWMG. However, there were no significant differences in
waist–hip ratio, visceral adipose tissue (VAT), or appendicular skeletal muscle mass index
(ASMI) between the two groups (p > 0.05).

Interestingly, we also reported a significant difference of intermuscular adipose tissue
(IMAT) between groups (1.14 ± 0.09 vs. 0.62 ± 0.09, p = 0.001) (Figure 2).

MWGG women showed significantly higher levels of insulinemia, LDL-C, triglyc-
erides, FT3, FT3/FT4 ratio, Homeostatic Model Assessment for Insulin Resistance (HOMA
index), TyG index, Chol Tot/HDL ratio, LDL/HDL ratio, and TG/HDL ratio (9.21 ± 0.38
vs. 6.86 ± 0.79, p < 0.007; 146.41 ± 7.43 vs. 109.74 ± 10.38, p = 0.001; 137.08 ± 16.31 vs.
85.14 ± 13.73, p = 0.04; 2.29 ± 0.37 vs. 3.70 ± 0.25, p = 0.02; 2,28 ± 0,17 vs. 1.45 ± 0.14,
p = 0.005; 8.73 ± 0.11 vs. 8.14 ± 0.15, p = 0.007; 5.46 ± 0.74 vs. 2.54 ± 0.17, p = 0.009;
3.71 ± 0.58 vs. 1.36 ± 0.14, p = 0.008; 3.60 ± 0.71 vs. 1.04 ± 1.75, p = 0.01, respectively)
and lower levels of HDL-C than MWMG patients (48.15 ± 5.26 vs. 81.85 ± 3.81, p < 0.001)
(Figure 3).
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Figure 3. Laboratory parameters. TOT-C: Total Cholesterol; High-density and low-density lipoprotein
cholesterol, respectively, HDL-C; LDL-C; TSH: Thyroid Stimulating Hormone; FT3: Free Triiodothy-
ronine; FT4:Free Thyroxine; HOMA Index: Homeostatic Model Assessment of Insulin Resistance;
TyG Index: A newer marker assessing insulin resistance and metabolic syndrome; Chol Tot/HDL,
LDL/HDL, TG/HDL Ratios: Ratios used to assess cardiovascular risk; AIP: Atherogenic Index of
Plasma; A marker used to evaluate the risk of cardiovascular diseases; PRL: platelet-Lymphocyte ratio,
NRL: neutrophil-lymphocyte ratios; GOT: Glutamate Oxaloacetate Transaminase; GPT: Glutamate
Pyruvate Transaminase. t-test. p < 0.05 *; p < 0.01 **; p < 0.001 ***.
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3.1. Correlations between Blood Pressure Parameters and Body Composition

The results of these analyses are reported in Table 2.

Table 2. Blood pressure parameters correlations. Pearson’s coefficient correlation coefficient was
used. Bold numbers represent significant correlations with p < 0.05. Ai@75: Augmentation Index;
PWA: Pulse wave velocity; BMI: Body Mass Index; WHR: Waist–hip ratio; Total FM %: Total Fat Mass
%; VAT: Visceral Adipose Tissue (g); IMAT: Intramuscular Adipose Tissue (Kg); ASMI: Appendicular
Skeletal Muscle Mass Index. r = Pearson’s correlation coefficient; p = p value.

Brachial
Systolic BP

Brachial
Diastolic BP Heart Rate Central

Systolic BP
Central

Diastolic BP Ai@75 PWA

r p r p r p r p r p r p r p

Weight (Kg) 0.18 0.48 0.08 0.75 0.12 0.61 0.15 0.54 0.08 0.72 0.49 0.03 0.08 0.75

BMI (Kg/m2) 0.32 0.19 0.28 0.25 0.20 0.41 0.30 0.22 0.29 0.24 0.56 0.01 0.19 0.44

WHR 0.55 0.01 0.47 0.04 −0.01 0.90 0.47 0.04 0.48 0.04 0.17 0.49 0.47 0.04

Total FM (%) 0.20 0.43 0.12 0.62 0.19 0.46 0.19 0.45 0.12 0.63 0.61 0.008 0.13 0.61

Lean/Fat Mass −0.19 0.44 −0.09 0.74 −0.13 0.61 −0.19 0.46 −0.08 0.75 −0.63 0.006 −0.16 0.53

VAT (g) 0.62 0.01 0.54 0.04 0.17 0.55 0.59 0.02 0.54 0.04 0.26 0.35 0.25 0.37

IMAT (Kg) 0.21 0.44 0.09 0.71 0.21 0.41 0.19 0.48 0.10 0.71 0.67 0.004 0.16 0.65

ASMI 0.19 0.47 0.14 0.60 0.20 0.45 0.12 0.65 0.16 0.54 0.01 0.95 0.17 0.53

There were some significant correlations observed. Waist–Hip Ratio (WHR) showed a
significant correlation with brachial systolic and diastolic blood pressure, central systolic
and diastolic blood pressure, and arterial stiffness as measured by AI@75. Additionally,
VAT had significant correlations with brachial and central systolic blood pressure, brachial
diastolic blood pressure, and AI@75. AI@75 was also significantly correlated with total fat
mass, lean/fat mass ratio, and IMAT.

In contrast, several correlations did not reach statistical significance. Specifically,
weight, BMI, and total fat mass (FM) did not show significant correlations with most of
the cardiovascular parameters, including brachial systolic and diastolic blood pressure,
heart rate, central systolic and diastolic blood pressure, and pulse wave analysis (PWA).
Similarly, lean/fat mass ratio and IMAT also had mostly non-significant correlations with
the cardiovascular parameters.

3.3. Correlations between Cardiovascular and Cardiometabolic Risk Indices and Blood Pressure and
Body Composition Parameters

The results of these analyses are reported in Table 3.
We showed moderate to strong positive correlations with brachial and central systolic

BP with the HOMA Index (r = 0.65, p < 0.01; r = 0.57, p = 0.01, respectively), TyG index
(r = 0.56, p < 0.01; r = 0.52, p = 0.02, respectively), and atherogenic index of plasma (AIP)
(r = 0.51, p = 0.02; r = 0.48, p = 0.04, respectively).

Peripheral arterial stiffness, as measured by PWA, correlates with the HOMA Index
(r = 0.49, p = 0.04) and the neutrophil–to–lymphocyte ratio (N/L Ratio) (r = 0.54, p = 0.01).

Metabolic syndrome and cardiovascular risk indices such as the triglycerides to HDL
ratio (TG/HDL) and BMI (r = 0.47, p = 0.03).

Moreover, the HOMA index showed a strong positive correlation with VAT (r = 0.59,
p = 0.01) and WHR (r = 0.50, p = 0.03).
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Table 3. Cardiovascular index correlations. Pearson’s coefficient correlation coefficient was used.
Bold numbers represent significant correlations with p < 0.05. BP: Blood Pressure; B-Systolic blood
pressure: Brachial Systolic Blood Pressure; B-Diastolic blood pressure: Brachial Diastolic Blood
Pressure; C-Systolic blood pressure: Central Systolic Blood Pressure; C-Diastolic blood pressure:
Central Diastolic Blood Pressure; HOMA Index: Homeostatic Model Assessment Index; TyG Index:
Triglyceride-Glucose Index; TG/HDL: Triglycerides to High-Density Lipoprotein Ratio; Ctot/HDL:
Total Cholesterol to High-Density Lipoprotein Ratio; LDL/HDL: Low-Density Lipoprotein to High-
Density Lipoprotein Ratio; CV Risk: AIP: Atherogenic Index of Plasma; N/L Ratio: Neutrophil to
Lymphocyte Ratio. r = Pearson’s correlation coefficient; p = p value.

Correlations HOMA Index TyG Index TG/hdl Ctot/hdl LDL/HDL CV Risk: AIP N/L Ratio

r p r p r p r p r p r p r p

B-Systolic BP
(mmHg) 0.65 0.004 0.56 0.01 0.42 0.08 0.42 0.08 0.42 0.07 0.51 0.02 0.42 0.08

B-Diastolic BP
(mmHg) 0.42 0.07 0.42 0.08 0.37 0.12 0.36 0.16 0.32 0.18 0.37 0.12 0.41 0.09

HR (bpm) 0.50 0.81 0.39 0.19 0.38 0.11 0.30 0.27 0.24 0.32 0.34 0.15 0.05 0.83

C-Systolic BP
(mmHg) 0.57 0.01 0.52 0.02 0.39 0.10 0.41 0.08 0.41 0.08 0.48 0.04 0.40 0.06

C-Diastolic BP
(mmHg) 0.43 0.07 0.43 0.07 0.37 0.12 0.36 0.13 0.33 0.17 0.37 0.12 0.40 0.09

AI@75 0.46 0.05 0.21 0.39 0.25 0.30 0.23 0.35 0.23 0.35 0.27 0.26 0.28 0.24

PWA 0.49 0.04 0.18 0.47 0.08 0.73 0.15 0.56 0.18 0.45 0.18 0.45 0.54 0.01

Weight (Kg) 0.25 0.29 0.41 0.07 0.41 0.08 0.27 0.25 0.23 0.33 0.38 0.10 0.28 0.23

BMI (Kg/m2) 0.24 0.31 0.43 0.06 0.47 0.03 0.36 0.12 0.32 0.17 0.44 0.05 0.36 0.13

WHR 0.50 0.03 0.37 0.11 0.22 0.36 0.11 0.64 0.08 0.73 0.21 0.38 0.22 0.35

Total FM (%) 0.35 0.15 0.20 0.40 0.27 0.27 0.23 0.35 0.28 0.40 0.24 0.32 0.20 0.42

Lean/Fat Mass −0.35 0.14 −0.16 0.51 −0.28 0.26 −0.26 0.29 −0.24 0.32 −0.24 0.32 −0.17 0.48

VAT (g) 0.59 0.01 0.44 0.08 0.31 0.24 0.20 0.44 0.16 0.54 0.28 0.28 0.47 0.06

IMAT (Kg) 0.36 0.14 0.33 0.19 0.31 0.23 0.19 0.44 0.16 0.52 0.29 0.24 0.25 0.32

ASMI −0.16 0.51 0.32 0.19 0.21 0.40 0.10 0.67 0.10 0.70 0.24 0.35 0.19 0.46

3.2. Correlation between Endocrine-Metabolic Setting and Blood Pressure and Body Composition

The results of these analyses are reported in Table 4.
Glucose levels exhibit correlations with body composition parameters, particularly

WHR (r = 0.52, p = 0.02) and VAT (r = 0.61, p = 0.01) and insulinemia correlates with brachial
systolic BP (r = 0.50, p = 0.03) and Ai@75 (r = 0.56, p = 0.01). HDL-C emerged as a central
connection between BP and body composition, with a significant negative correlation
observed with systolic BP, both central (r = −0.48, p = 0.04) and brachial (r = 0.47, p = 0.04,)
and BMI (r = −0.46, p = 0.04). Triglycerides moderately correlate with weight (r = 0.47,
p = 0.04) and BMI (r = 0.48, p = 0.03).

There were no consistent correlations observed between BP, arterial stiffness parame-
ters, and thyroid function markers except for the FT3/FT4 ratio, which correlates with heart
rate (r = −0.05, p = 0.03). Moreover, the FT3/FT4 ratio consistently correlates negatively
with weight (r = −0.58, p = 0.01), BMI (r = −0.59, p = 0.009), and total FM% (r = −0.63,
p < 0.01), and IMAT (r = −0.68, p <0.01) and positively with lean mass ratio (r = 0.61,
p = 0.009) (Table 5).
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Table 4. Lipid laboratory profile correlations. Pearson’s coefficient correlation coefficient was used.
Bold numbers represent significant correlations with p < 0.05. r = Pearson’s correlation coefficient;
p = p value.

Correlations Glicaemia Insulinemia TotColesterol HDL LDL TG

r p r p r p r p r p r p

B-Systolic BP (mmHg) 0.46 0.05 0.50 0.03 0.19 0.45 −0.48 0.04 0.36 0.14 0.40 0.09

B-Diastolic BP (mmHg) 0.33 0.18 0.28 0.25 0.33 0.17 −0.30 0.17 0.30 0.21 0.31 0.20

HR (bpm) 0.06 0.80 0.09 0.70 0.42 0.07 −0.25 0.31 0.34 0.16 0.41 0.08

C-Systolic BP (mmHg) 0.44 0.06 0.42 0.08 0.16 0.52 −0.47 0.04 0.32 0.19 0.35 0.16

C-Diastolic BP (mmHg) 0.33 0.17 0.29 0.23 −0.34 0.16 −0.30 0.21 0.31 0.20 0.32 0.18

AI@75 0.14 0.56 0.56 0.01 0.10 0.67 −0.35 0.15 0.09 0.70 0.20 0.40

PWA 0.31 0.20 0.43 0.69 −0.21 0.40 −0.26 0.30 0.01 0.93 0.02 0.92

Weight (Kg) 0.16 0.50 0.23 0.27 0.09 0.69 −0.35 0.12 0.16 0.49 0.47 0.04

BMI (Kg/m2) 0.17 0.47 0.23 0.34 0.10 0.67 −0.46 0.04 0.22 0.36 0.48 0.03

WHR 0.52 0.02 0.30 0.20 −0.00 0.99 −0.18 0.44 0.03 0.91 0.27 0.26

Total FM (%) 0.32 0.18 0.31 0.19 −0.12 0.62 −0.40 0.09 0.07 0.75 0.18 0.46

Lean/Fat Mass −0.32 0.18 −0.33 0.18 0.18 0.47 0.44 0.06 −0.06 0.79 −0.14 0.57

VAT (g) 0.61 0.01 0.42 0.10 0.04 0.86 −0.24 0.36 0.06 0.82 0.28 0.28

IMAT (Kg) 0.35 0.17 0.32 0.19 −0.05 0.85 −0.37 0.14 0.11 0.65 0.31 0.21

ASMI −0.08 0.76 −0.24 0.34 0.35 0.16 −0.05 0.83 0.27 0.27 0.43 0.08

Table 5. Thyroid laboratory profile correlations. Pearson’s coefficient correlation coefficient was used.
Bold numbers represent significant correlations with p < 0.05. TSH: Thyroid-Stimulating Hormone;
FT3: Free Triiodothyronine; FT4: Free Thyroxine. r = Pearson’s correlation coefficient; p = p value.

Correlations TSH FT3 FT4 FT3/FT4 Ratio

r p r p r p R p

B-Systolic BP (mmHg) −0.07 0.77 0.11 0.65 0.09 0.72 0.13 0.62

B-Diastolic BP (mmHg) −0.11 0.67 −0.04 0.88 0.21 0.40 −0.01 0.96

HR (bpm) −0.21 0.41 −0.38 0.12 0.37 0.14 −0.50 0.03

C-Systolic BP (mmHg) −0.15 0.56 0.16 0.53 0.15 0.57 0.08 0.76

C-Diastolic BP (mmHg) −0.01 0.68 −0.04 0.90 0.20 0.43 0.00 0.97

AI@75 0.22 0.39 −0.27 0.28 −0.07 0.80 −0.15 0.54

PWA 0.00 0.99 0.17 0.51 −0.25 0.32 0.31 0.21

Weight (Kg) −0.16 0.52 −0.41 0.08 0.30 0.22 −0.58 0.01

BMI (Kg/m2) −0.40 0.09 −0.43 0.07 0.33 0.17 −0.59 0.009

WHR 0.02 0.91 −0.05 0.83 0.16 0.51 −0.10 0.68

Total FM (%) −0.04 0.87 −0.45 0.06 0.23 0.37 −0.63 0.006

Lean/Fat Mass −0.03 0.90 0.39 0.11 −0.23 0.36 0.61 0.009

VAT (g) −0.10 0.70 −0.17 0.53 0.31 0.25 −0.32 0.23

IMAT (Kg) −0.08 0.74 −0.49 0.05 0.22 0.41 −0.68 0.003

ASMI −0.62 0.01 −0.00 0.99 −0.05 0.86 0.17 0.53

Minimal, non-significant influence of TSH is reported on BP measurements (as de-
scribed by Liu D and colleagues [17]: heart rate and body composition parameters. FT3 and
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FT4 levels demonstrate weak to negligible correlations with the variables measured in the
study, suggesting a limited influence on blood pressure regulation and body composition.
Table 5.

We recognized the limitations posed by the small sample size and emphasize the
need for caution in interpreting these findings. We confirmed our results using both the
Mann–Whitney U test and Spearman’s correlation.

4. Discussion

The data presented offer a compelling foundation for investigating the correlations
between body composition and BP, highlighting the importance of considering body com-
position as a factor influencing BP. Despite the limited sample size of our population,
the observed correlations reveal weak, yet significant relationships between specific an-
thropometric measures and BP. These preliminary findings emphasize the necessity for
further research with a larger population, to explore these relationships in greater depth.
Moreover, the results suggest that body composition could serve as a valuable marker for
identifying individuals at risk of hypertension or other BP-related disorders, especially in
post-menopausal women. Integrating measurements of body composition with routine
BP assessments may enhance our understanding of the pathophysiology underlying car-
diovascular diseases and facilitate the development of more personalized preventive and
therapeutic strategies.

The findings of our study reveal pronounced differences in physiological parameters
between the MWGG and MWMG. Notably a significant increase in AI@75 was observed in
the MWGG compared to the MWMG, thus suggesting a condition of increased arterial stiff-
ness and potentially elevated cardiovascular risk among women experiencing menopausal
weight gain. Previous studies focusing on arterial stiffness in the context of obesity have
rarely included assessments of peripheral wave reflection, such as AI@75, thus highlighting
an emerging interest in the role of these parameters in evaluating arterial health in obese in-
dividuals [18]. While PWV relies on aortic wall stiffness and lumen diameter, AI@75-gauge
peripheral wave reflection delineates central pressure wave characteristics within the aorta.
Specifically, AI@75 denotes the proportion of central pulse pressure attributable to the late
systolic pressure increase resulting from the convergence of forward and reflected pressure
waves [19].

Our findings indicate that MWGG is strongly correlated with increased adiposity,
as evidenced by higher BMI, total fat mass, and percentage of total fat mass evaluated
with DEXA. These results align with previous research linking menopausal transition with
alterations in body composition, marked by an increase in adiposity [20]. Interestingly,
the MWGG was also associated with a reduced lean–to–fat mass ratio, suggesting a shift
towards less favorable body composition characterized by decreased muscle mass relative
to fat mass even if we did not observe significant differences in the ASMI. While menopausal
weight gain is associated with changes in overall adiposity and metabolic parameters, it
may not necessarily affect muscle mass distribution in this cohort significantly.

Furthermore, our study highlights significant metabolic changes associated with the
MWGG, including higher levels of insulinemia, LDL-C, triglycerides, and unfavorable lipid
ratios such as Tyg Index, Chol Tot/HDL, LDL/HDL, and TG/HDL, coupled with lower
levels of HDL-C. These findings confirm a dysregulation in lipid metabolism and insulin
sensitivity among women experiencing menopausal weight gain, a phenomenon exten-
sively documented in the literature [21,22] that may contribute to increased cardiovascular
risk in this population. This emphasizes the necessity for targeted prevention efforts during
this vulnerable phase of women’s lives (menopause transition), when a close monitoring is
important to prevent these sequelae

Thyroid hormones play a crucial role in regulating metabolism, and alterations in
thyroid function can have significant metabolic consequences, including changes in energy
expenditure and lipid metabolism. The significative decrease in FT3 and thyroid hormone
conversion and metabolic activity (FT3/FT4 ratio) in the MWGG, suggests a reduced
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peripheral conversion of T4 to the more metabolically active T3 hormone [23,24]. This may
indicate impaired thyroid hormone metabolism, potentially contributing to the metabolic
disturbances observed with weight gain during menopause and confirming our initial
hypothesis, as well as increasing cardiovascular risk (low FT3/FT4 ratio) [23].

Investigating the correlations between BP and body composition, WHR, and VAT
evaluation emerge as the parameters most strongly correlated with BP characteristics. This
encourages the inclusion of at least WHR as a vital control parameter for BP monitoring.
Additionally, the AI@75 not only showed an association with FBP, consistent with recent
findings by Melo and colleagues [25], but also established itself as a significant link be-
tween anthropometric measures such as BMI and weight, and the assessment of fat mass
using DEXA.

On the other hand, according to our data, PWA correlates with WHR and the HOMA
index, emphasizing the importance of focusing on abdominal circumference, metabolic
syndrome, insulin resistance, and arterial stiffness [26,27]. Therefore, these laboratory and
anthropometric parameters could also serve as indirect markers of initial vascular damage.

Moreover, from the DEXA assessment, we observed a strong positive correlation
between Ai@75 and IMAT, which indicates the amount of fat accumulated between muscle
fibers or in muscle cells. These results are in line with Therkelsen and colleagues [28], who
observed that intramuscular fat accumulation is associated with metabolic risk factors, and
particularly in women with metabolic syndrome, in which the most frequent component
is the increase of BP [29]. Our cohort reports a significant difference in IMAT, with a
strong increase in the MWGG, which reports significative metabolic changes, compared
with the MWMG.

Our results illuminate the multifaceted nature of the relationship between body com-
position, metabolic markers, and cardiovascular risk factors with BP. They underscore the
importance of considering various metabolic and anthropometric parameters in assessing
cardiovascular risk and suggest that alterations in these accessible parameters may underlie
relevant cardiometabolic changes.

Once again, the HOMA index and cardiovascular risk indices, particularly the TyG
index, become predictors of vascular remodeling.

The data underscore the intricate interplay among metabolic markers, lipid profiles,
body composition, and blood pressure regulation. They emphasize the cruciality of consid-
ering multiple physiological factors in cardiovascular risk assessment and the development
of tailored interventions. Such interventions could include supporting thyroid function
and promoting a healthy diet, especially for menopausal women at heightened risk of
hypertension and metabolic disorders.

From our data, significant correlations emerge between HDL and systolic blood
pressure, as well as between BMI and Total Fat Mass and Lean/Fat Mass. These correlations
underline the importance of interventions that encourage proper HDL intake in the lifestyle
of menopausal women.

Furthermore, the findings reveal a complex relationship between thyroid function
markers, heart rate, body composition, and BP regulation. During clinical evaluations,
special attention should be paid to heart palpitations, commonly reported by menopausal
women and part of a range of symptoms that significantly affect their quality of life.

Potential Limitations

Our study is constrained by several factors that may limit the generalizability and
robustness of our findings. Indeed, one of the main limitations of our study is the small
sample size and the heterogeneity of the study population. We opted for a smaller sample
size because even within this limited cohort, we observed significant differences. We plan
to confirm our findings in a larger cohort of patients in the future. Additionally, we did not
extract data from a broader database, which could have provided a much larger sample
size; instead, we observed the data in a non-selected population of consecutively enrolled
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patients, making the sample entirely random. We intend to validate our findings in a larger
population, using both prospective and retrospective approaches.

Moreover, our study included limited thyroid function tests that were conducted
without the inclusion of ultrasound parameters, which might have provided deeper insights
into thyroid health and its correlation with metabolic factors. Additionally, we did not
assess the plasma concentrations of the proteins responsible for transporting T3 and T4 in
the bloodstream, such as thyroxine-binding globulin (TBG) and transthyretin.

Furthermore, our study captures only initial post-menopausal stages without con-
sidering detailed dietary habits, which are crucial for a comprehensive understanding
of cardiometabolic health. This omission could skew the understanding of the interplay
between diet, metabolism, and cardiovascular risk in this specific population.

5. Conclusions

In conclusion, our findings highlight the complex relationship between menopausal
weight gain, body composition, and cardiometabolic health: the MWGG exhibited a higher
BMI, along with greater total fat mass in kilograms and a higher percentage of total fat mass,
compared to the MWMG. Notably, we also observed a significant difference in the amount
of intramuscular adipose tissue between the two groups. Integrating measurements of
body composition with routine BP assessments may enhance our understanding of the
pathophysiology underlying cardiovascular diseases and facilitate the development of
more personalized preventive and therapeutic strategies. This approach could foster
increased awareness and encourage the adaptation of clinical practices aimed at identifying
and managing patients at risk of cardiovascular diseases, thereby enhancing preventive
healthcare measures for menopausal women.
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