https://doi.org/10.1590/1678-9865202 134200136 | O RI G l NAL

Interrelationships between obesity,
blood pressure and metabolic
profile in climacteric women

Inter-relagoes entre obesidade, pressdo
arterial e perfil metabolico em
mulheres climatéricas

Vivianne Margareth Chaves Pereira REIS' 0000-0001-8797-2678
Rafael Silveira FREIRE2 0000-0002-3560-2082

Maria Fernanda Santos Figueiredo BRITO? 0000-0001-5395-9491

Lucinéia de PINHO? 0000-0002-2947-5806
Josiane Santos Brant ROCHA! 0000-0002-7317-3880
Marise Fagundes SILVEIRA* 0000-0002-8821-3160
ABSTRACT
Objective

This study aimed to evaluate the interrelationships between obesity, blood pressure and metabolic profile in climacteric
women.

Methods

This is a cross-sectional study with a random sample of 874 women, aged 40 to 65 years, assisted in Family Health
Strategies unitsin Montes Claros, Minas Gerais, Brazil. A structural equation model was used to assess the interrelationships
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between obesity, blood pressure and metabolic profile, adjusted for age. The variables blood pressure, obesity and
metabolic profile were treated as constructs, which measurement models were developed using confirmatory factor
analysis.

Results

It was observed that age has a positive and significant effect on blood pressure (8=0.20; p<0.001) and obesity (8=0.10;
p=0.004). There was a direct and positive effect of obesity on blood pressure (8=0.26; p<0.001) and on the metabolic
profile (3=0.10; p=0.037), adjusted for physical activity.

Conclusion

The simultaneous analysis of the relationships between age, obesity, blood pressure and metabolic profile in menopausal
women suggests that, ageing has an effect on the increase of obesity and blood pressure, just as obesity increases blood
pressure and changes the metabolic profile.

Keywords: Blood pressure. Climacteric. Metabolic profile. Obesity.

RESUMO

Objetivo
Avaliar as inter-relacées entre obesidade, pressao arterial e perfil metabdlico em mulheres climatéricas.
Métodos

Trata-se de estudo transversal com amostra aleatoria composta por 874 mulheres com idade entre 40 a 65 anos
assistidas em unidades de Estratégias de Saude da Familia em Montes Claros, Minas Gerais, Brasil. Foi utilizado modelo
de equacéao estrutural para avaliar as inter-relacées entre obesidade, pressao arterial e perfil metabdlico, ajustado pela
idade. As variaveis pressao arterial, obesidade e perfil metabdlico foram tratadas como construtos, cujos modelos de
mensuracao foram construidos utilizando-se a andlise fatorial confirmataria.

Resultados

Observou-se que a idade exerce efeito positivo e significativo sobre a pressao arterial (3=0,20; p<0,001) e a obesidade
(B=0,10; p=0,004). Houve efeito direto e positivo da obesidade na pressdo arterial (3=0,26; p<0,001) e no perfil
metabdlico (8=0, 10, p=0,037), ajustado por atividade fisica.

Conclusao

A anaélise simultanea das relacées entre idade, obesidade, pressao arterial e perfil metabdlico em mulheres no climatério
sugere que o aumento da idade tem efeito sobre o aumento da obesidade e da pressao arterial, assim como a obesidade
tem efeito positivo sobre o aumento da pressao arterial e sobre a alteracao no perfil metabdlico.

Palavras-chave: Pressdo arterial. Climatério. Perfil metabdlico. Obesidade.

INTRODUCTION

Climacteric is a phase of life characterized by endocrine changes such as reduction of ovarian
follicles, estrogens and progesterones, which can affect women’s health [1]. As a result of these hormonal
reductions, women in this stage of life have a considerable increase in the risk of cardiovascular disease,
which can be enhanced between the climacteric transition phases [2,3].

In this period, women are susceptible to the worsening of cardiovascular risk factors such as obesity,
systemic arterial hypertension and dyslipidemia [4]. All of these components are interrelated, and obesity
constitute a risk mechanism for the manifestation of dyslipidemia and systemic arterial hypertension [5]. It
is noteworthy that in the climacteric there is a noticeable increase in obesity in the abdominal region, which
has a modulating effect on the lipid profile, glucose intolerance, and, especially, on arterial hypertension [1].

There are studies in the literature that have investigated the risk factors associated with cardiovascular
diseases. The majority though have adopted classic statistical analysis techniques, such as linear regression
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models, logistic, Poisson and Cox regression [6-16]. These models are made up of multiple independent
variables, but are limited to a single relationship between the dependent variable and the independent ones.
However, using a multivariate statistical technique that makes it possible to deal with the complexity of the
correlations between different variables in a model will allow to know the interrelations simultaneously [17].
In this connection, this study aimed to investigate the interrelationships between obesity, blood pressure
and metabolic profile in climacteric women.

METHODS

This is an excerpt from a cross-sectional population-based study called “Health Conditions of
Climacteric Women” that investigated the health conditions of climacteric women. The population involved
30,018 women, aged 40 to 65 years, registered in 73 Family Health Strategies’ (FHS) Units in the city of
Montes Claros (urban and rural area), Minas Gerais, Brazil.

Since this is an epidemiological survey that sought to estimate the prevalence of different health
problems of women in menopause, the sample size was established with the aim of estimating population
parameters with a prevalence of 0.50, with a 95% level of confidence and 5% margin of error. Correction
was made for the design purpose, adopting a deff equal to 2.0 and adding 10% for the non-response rate.
The sample calculation comprised a minimum of 836 women. It is noteworthy that this sample size met
the assumptions for conducting structural equation modeling [17]. Exclusion criteria included women who
underwent angioplasty, were pregnant, puerperal and bedridden.

The sampling was probabilistic by conglomerate in two stages: in the first stage, 20 FHS units were
selected by Probability Proportional to Size (PPS) [18]. In the second stage, by Simple Random Sampling
(SRS), 48 women were drawn in each selected unit, totaling 960 individuals. Out of these, 86 (8.9%) did
not agree to participate in the study, so that the final sample consisted of 874 women. After the random
selection, a date was scheduled for filling out questionnaires, for anthropometric assessments and blood
collection. This data survey was carried out, on the premises of the FHS units, by a trained and qualified
team, composed of a doctor, a pharmacist, five university students from the nursing and physical education
course and the investigator in charge.

The sample profile was described, considering the following variables: age in years (age groups:
40 to 45 years, 46 to 51 years and 52 to 65 years), marital status (with partner and without partner), skin
color (not white and white), education (middle/higher, elementary I, elementary 1), formal work (yes/no),
physical activity (sedentary, irregularly active, active/very active) and climacteric phases (pre-menopause,
peri-menopause and post-menopause). The short version of the International Physical Activity Questionnaire
(IPAQ) was used to assess the practice of physical activity [19].

For the investigation of blood pressure, obesity and metabolic profile, the following variables were
considered: Systolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP), Waist Circumference (WC), Body
Mass Index (BMI), Waist-to-Height Ratio (WHtR), Triglycerides (TG), High Density Lipoprotein (HDL-c) and
glycemia

Blood pressure was measured using a calibrated digital aneroid sphygmometer, ONROM®, positioned
in the proximal region of the left upper limb to the antecubital fossa. Systolic blood pressure occurred at
the first arterial sounds (phase | of Korotkoff sounds) and diastolic blood pressure occurred when they
disappeared (phase V of Korotkoff sounds). Two measurements were performed with the woman seated,
after 5 minutes rest [20].
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To measure WC, a flexible and inelastic measuring tape was used, positioned around the smallest
curvature located between the ribs and above the umbilical scar. The BMI was assessed using the formula
(weight/height)’. Weight was measured with the woman barefoot and with the least clothes possible, using
the digital scale EKS 9800 Focus®, 180kg. Height assessment was performed in an anthropometric position
and barefoot, using a Sanny® stadiometer.

In the calculation of the WHtR, the formula waist circumference/height, both measured in centimeters,
was used. Waist circumference was measured using a flexible and inelastic measuring tape positioned at
the midpoint between the last costal arch and the antero-superior iliac crest [20].

For the analysis of biochemical parameters such as fasting glucose, fraction of HDLc and TG, the
subjects underwent blood collection in fasting conditions for at least 12 hours. Serum TG levels were
determined by the colorimetric enzymatic method. The HDLc level was obtained by selective precipitation of
Low Density Lipoproteins (LDL) and Very Low Density Lipoproteins (VLDL), followed by dosing by enzymatic
system, in a Cobas Mira S device [20].

Three latent variables were also used: blood pressure, obesity and metabolic profile. Blood pressure
was treated as a construct conditioned by four manifest variables: systolic blood pressure in the 15t and
2" measurement and diastolic blood pressure in the 1tand 2" measurement. Obesity was estimated as a
construct manifested by the variables WC, BMI and WHtR. The metabolic profile was developed using the
variables TG, HDL and glycemia [21-24].

The theoretical model hypothesized in this study is shown in Figure 1, in which the manifest variables
are represented by rectangles, the latent variables by ellipses and the associations by arrows (trajectories). The
arrows represent the direction of the functional relationship between the variables: from the independent
to the dependent variable [17,25].

Categorical variables were described through their frequency distributions and the numerical variables
through the mean, standard deviation, asymmetry (sk) and kurtosis (ku) and 95% confidence interval,
corrected by the design effect (deff). The variables normality were assessed by the coefficients of asymmetry
and kurtosis, considering that absolute values of sk greater than three and ku greater than ten indicate
non-compliance with normality. All the variables observed, with the exception of age, were transformed on
a logarithmic scale, since their asymmetry and kurtosis coefficients suggested severe non-compliance with
normal distribution. In this phase, the statistical program IBM SPSS version 22.0 was used for data analysis.

Initially, measurement models were developed for the constructs blood pressure, obesity and metabolic
profile through confirmatory factor analysis [25,26]. Standardized factorial weights (A) and percentages of
the total variability of each variable explained by its construct (\2) were estimated. The factorial validity of
the measurement models was assessed by standardized factor weights (A), being considered adequate when
A>0.50 [17].

Then, the Structural Equation Modeling (SEM) shown in Figure 1 was adjusted, with direct effects
estimated through standardized structural coefficients whose significance was assessed by the relationship
between the value of the coefficient and its standard error (Critical Ratio - CR) [17,25-27].

The Bentler Comparative Fit Index (CFl), the Goodness of Fit Index (GOF) and the Tucker-Lewis Index
(TLI) were used to assess the overall quality of the adjusted models, with values greater than 0.90 being
considered adequate. Root Mean Square Error of Approximation (RMSEA) with a 90% Confidence Interval
(Cl) was also used [17,25-27]. A 90%ClI for the RMSEA with an upper limit of less than 0.10 was considered
to be an indicator of a reasonable fit. The absolute index y2/gl was also adopted, with an acceptable fit for
values below five [17]. The models were adjusted using the IBM SPSS AMOS 22.0 statistical program.
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Figure 1 — Hypothetical model of the interrelationships between obesity, blood pressure and metabolic profile of climacteric women. Montes
Claros (MG), Brazil, 2014/2015.
Note:BMI: Body Mass Index; DBP, and DBP,: Diastolic Blood Pressure in the 1 and 2" measurements; HDL: High Density Lipoprotein; SBP, and SBP,:
Systolic Blood Pressure in the 15t and 2" measurements; TG: Triglycerides; WC: Waist Circumference; WHtR: Waist-to-Height Ratio.

This study was approved by the Ethics Committee, complying with the ethical precepts of resolution
466/2012, and was approved under number 817,166.

RESULTS

The sample comprised 874 women with a mean age of 51.05 (x7.2 years); most women were
between 52 and 65 years old and had a partner; they reported non-white skin color, had attended
elementary school | or Il, did not work in formal jobs, were sedentary or irregularly active and were in the
post-menopausal period. As to the variables related to obesity and metabolic profile, altered mean values
were observed, considered inadequate to health, such as, WC>88.0; IMC>25.0; TG>150.0; HDL<0.50;
WHtR>0.50 (Table 1) [1,20].

The Figure 2 presents the measurement models for the constructs blood pressure, obesity and
metabolic profile. They describe the standardized factor weights (estimates allocated above the arrows) and
the percentages of the total variability of each variable explained by its construct (estimates allocated above
the rectangles. In the blood pressure measurement model (Figure 2A) all factor weights were high (>0.50),
suggesting that the four manifest variables (SBP1, SBP2, DBP1 and DBP) are strongly correlated with the
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Table 1 — Characterization of the sample of women in menopause according to sociodemographic variables, physical activity practice, phases
of menopause blood pressure, obesity indicators and metabolic profile. Montes Claros (MG), Brazil, 2014/2015.

Categorical variables n %"
Age group

40 to 45 years of age 236 27.9

46 to 51 years of age 241 26.8

52 to 65 years of age 397 453
Marital status

With partner 560 63.1

Without partner 314 36.9
Skin color™

Not white 714 82.8

Caucasian 154 17.2
Education™

Medium/High 281 31.8

Elementary I 231 26.6

Elementary | 358 41.6
Formal job™

Yes 347 40.4

No 520 59.6
Physical activity

Active/very active 114 13.0

Irreqularly active 480 54.9

Sedentary 280 32.1
Climacteric phases™

Pre-menopause 214 24.4

Peri-menopause 185 213

Post-menopause 473 54.3
Numeric Variables Mean SD Asymmetry™™ Kurtosis™*
Age (years) 51.05 7.19 0.34 -0.78
SBP1 (mmHg) 127.08 17.72 0.44 0.78
SBP2 (mmHg) 125.19 17.66 0.47 1.00
DBP1 (mmHg) 83.05 12.45 0.43 2.34
DBP2 (mmHg) 81.86 11.41 -0.12 0.49
WC (cm) 93.04 13.79 -0.46 1.24
BMI (kg/m2) 28.81 5.73 0.23 0.36
WH1R (cm) 0.60 0.09 -0.38 0.79
TG (mg/dL) 157.84 75.57 0.61 0.63
HDL (mg/dL) 41.09 10.26 0.81 0.12
Glycemia 89.06 32.16 1.55 3.67

*kk

Note: *Corrected by the effect of the drawing (deff); **The totals vary due to losses; ***Values obtained after logarithmic transformation. BMI: Body Mass
Index; DBP1 and DBP2: Diastolic Blood Pressure in the 1°t and 2" measurements; HDL: High Density Lipoprotein; SBP1 and SBP2: Systolic Blood
Pressure in the 1°t and 2" measurements; SD: Standard Deviation; TG: Triglycerides; WC: Waist Circumference; WHtR: Waist-to-Height Ratio.

blood pressure construct, that is, the increase in blood pressure is reflected in the increase in SBP and DBP
levels. All trajectories of the obesity construct (Figure 2B) also showed high factor weights (>0.50) indicating
a high correlation between the construct and the variables CA, BMI and WHR, that is, high levels of obesity
are reflected in higher values of WC, BMI and WHtR. In the metabolic profile construct (Figure 2C), only TG
had a factor weight greater than 0.50. The factorial estimates of this model suggest that a greater change
in the metabolic profile is reflected in an increase in TG and glycemia levels and in a reduction in HDL.

Revista de Nutricdo Rev Nutr. 2021;34:e200136
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Figure 2 — Measurement models for blood pressure, obesity and metabolic profile of climacteric women. Montes Claros (MG), Brazil, 2014/2015.

Note: “All manifest variables are on a logarithmic scale; BMI: Body Mass Index; DBP, and DBP,: Diastolic Blood Pressure in the 1 and 2" measurements;
HDL: High Density Lipoprotein; SBP, and SBP,: Systolic Blood Pressure in the 1t and 2" measurements; TG: Triglycerides; WC: Waist Circumference;
WHtR: Waist-to-Height Ratio.

The adjusted structural model presented acceptable fit indexes (y*/df=3.45; CFI=0.983; GOF=0.975;
TLI=0.973; RMSEA=0.05 (Cl:0.04-0.06); p=0.292. It was observed that age had a positive and significant
effect on obesity (8=0.10) and blood pressure (8=0.20), indicating that the increase in age is correlated with
the increase in these parameters. On the other hand, age was negatively correlated with the practice of
physical activity (8=-0.12), that is, with increasing age, women reduced the frequency of physical activity.
There was no significant effect of age on the metabolic profile and of the metabolic profile on blood
pressure There was also a positive effect of obesity on blood pressure (8=0.26) and on the metabolic profile
(8=0.10), suggesting that the increase in the obesity indicators is correlated with increased blood pressure
and metabolic levels. The practice of physical activity was negatively correlated with obesity (8=-0.07),
indicating that a higher frequency of physical activity is correlated with a reduction in obesity indicators
(Table 2 and Figure 3).

Table 2 — Standard and non-standard coefficients estimates, with their relevant standard errors, for the interrelationships between blood
pressure, obesity and metabolic profile of menopausal women. Montes Claros (MG), Brazil, 2014/2015.

Coefficient
Effects p-value
Standard Non-standard SE
Age effect on
Blood pressure 0.20 0.18 0.03 <0.001
Obesity 0.10 0.1 0.04 0.004
Metabolic profile 0.05 0.11 0.09 0.245
Physical activity -0.12 -0.53 0.16 <0.001
Physical activity effect on
Blood pressure 0.01 0.001 0.006 0.929
Obesity -0.07 -0.02 0.008 0.044
Metabolic profile -0.02 -0.009 0.02 0.635
Obesity effect on
Blood pressure 0.26 0.23 0.03 <0.001
Metabolic profile 0.10 0.18 0.09 0.037
Metabolic profile effect on
Blood pressure 0.02 0.004 0.02 0.826

Note: SE: Standard Error
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Figure 3 — Structural equation model of the interrelationships between blood pressure, obesity and metabolic profile of climacteric women.
Montes Claros (MG), Brazil, 2014/2015.

Note: “p<0.05; BMI: Body Mass Index; DBP, and DBP,: Diastolic Blood Pressure in the 1 and 2"* measurements; HDL: High Density Lipoprotein; SBP, and
SBP,: Systolic Blood Pressure in the 1 and 2" measurements; TG: Triglycerides; WC: Waist Circumference; WHtR: Waist-to-Height Ratio.

DISCUSSION

The present study investigated the interrelationships between obesity, blood pressure and metabolic
profile in climacteric women adjusted for age, through the analysis of structural equations. This multivariate
technique has been adopted in epidemiological studies, as it allows to analyze, simultaneously and not
alone, a set of variables, in addition to allowing the incorporation of latent variables in the adjusted model
[17,28]. The structural equation model adopted showed acceptable fit quality and suggests that, in this
population, the ageing is correlated with the increase in obesity and blood pressure, just as higher obesity
rates are correlated with increased blood pressure and altered metabolic profile.

Advancing age is a risk mechanism for increasing body weight and abdominal fat. Aging changes
the composition and function of the adipose tissue, causing insulin resistance and ectopic lipid storage. A
reduction in the activity of the brown adipose tissue, decreased levels of sex hormones and expansion of
abdominal adipose tissue occur over the years through the redistribution of lipids from the subcutaneous
to the visceral fat compartment [29]. Studies point to an average gain of 0.5kg per year in climacteric
women [22]. In this period of a woman’s life, factors such as reduced energy expenditure and metabolism
are responsible for obesity [30]. The adoption of inadequate health habits such as physical inactivity and
excessive food intake have been commonly observed in the climacteric [31]. In addition, it is observed with
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advancing age the reduction of estrogen in the body, which favors the reduction of estradiol and elevation
of leptin, hormones that regulate obesity and appetite [22].

Age also has an important influence on the increase in blood pressure [32]. A cohort study
conducted with postmenopausal women found that the early age of natural menopause is associated with
the prevalence of hypertension. Each 1-year delay in menopause has been associated with a 2% reduction
in the prevalence of hypertension [33]. Arterial vessels stiffen with advancing age; this stiffness is due to
the degree of fibrosis and calcification of the arterial walls. There is also a greater release of free radicals,
which can lead to oxidative stress. This stress, in turn, favors the loss of nitric oxide, a vasodilator substance
released by the endothelium, which consequently reduces the vasodilator capacity of the arteries. Both
disorders are considered early markers of arterial hypertension [34].

In this study, a positive effect of obesity was found in altering blood pressure, which is consistent with
the results of a previous study [35]. Retrospective cohort study with postmenopausal women found that the
presence of obesity was associated with more than three-fold increased risk of incident hypertension [36].
The body with the presence of obesity presents an increase in arterial stiffness, thus causing an increase in
blood pressure [37]. Obesity also indicates greater fat reserve, insulin resistance, salt retention and reduced
physical activity, factors that influence blood pressure increase [35].

It was also observed that obesity showed a positive correlation with metabolic changes, corroborating
the outcome of a previous study carried out in Estonia [38]. Investigations conducted with postmenopausal
women seen at an outpatient clinic in southern Brazil found that Lipid Accumulation Product, altered
blood glucose, low HDL and metabolic syndrome were more prevalent in overweight and obese women,
when compared with eutrophic women [39]. The accumulation of abdominal fat in menopausal women
is considered to be a critical factor for changes in the metabolic profile [40,41]. It is also noteworthy that
insulin resistance caused by weight gain is an important component for increasing blood glucose in the
body [42]. Visceral fat is associated with a high rate of lipolysis. The breakdown of triacylglycerol into
glycerol and free fatty acid results in an increased flow of free fatty acids to the liver and increased resistance
to hepatic insulin. One of the strategies for the treatment of insulin resistance involves the elimination of
excess free fatty acids [41].

The interrelationships involving age, obesity, blood pressure and metabolic profile in women in
menopause, found in this investigation, were also observed in previous studies [28]. Probably, these
results can be explained by the profile of this sample, consisting of women in which the majority was
in the post-menopausal period, sedentary, with high indicators of obesity and high levels of triglycerides,
which average values are above the appropriate cut-off point for health.

A limitation of this study was the lack of information on insulin resistance, which did not allow
inserting the construct diabetes in the structural model, suggested in both studies [28]. Another limitation of
the study was the absence of correction due to the design effect (deff) in the adjustment of the measurement
and structural models, since the IBM SPSS AMOS 22.0 statistical program was adopted which does not carry
the implementation of this correction.

CONCLUSION

The simultaneous analysis of the relationships between age, obesity, blood pressure and metabolic
profile in menopausal women showed that these variables are interrelated. This suggests that increasing
age has an effect on the increase in obesity and blood pressure, just as obesity has a positive effect on the
increase in blood pressure and changes in the metabolic profile.
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