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Abstract: (1) Background: Obesity in the perimenopausal period is associated with hormonal changes,
lifestyle, and environment. In obesity, elevated levels of IL-6 and TNF-α and reduced levels of
adiponectin are observed, and the associated chronic inflammation favors the development of car-
diometabolic diseases. Therefore, the aim of our study was to assess the relationship between selected
measures of obesity (BMI, WC, RFM, VAI, WHtR) and parameters of chronic inflammation (CRP,
TNF-α, IL-6) in perimenopausal women. (2) Methods: The study involved 172 perimenopausal
women. The methods used in this study were diagnostic surveys, anthropometric measurements,
blood pressure measurements, and venous blood sampling. (3) Results: Preliminary multivariate
linear regression analysis showed that CRP moderately positively correlated with IL-6 (β = 0.25;
p = 0.001) and weakly negatively correlated with adiponectin (β = −0.23; p = 0.002). Similar associa-
tions were noted in preliminary multivariate linear regression analysis adjusted for age, menopausal
status, and smoking status. Preliminary multivariate linear regression analysis also showed that
BMI positively correlated with IL-6 (β = 0.16; p = 0.033). VAI weakly positively correlated with
CRP (β = 0.25; p = 0.001) and negatively correlated with adiponectin (β = −0.43; p = 0.000). (4) BMI,
WC, RFM, VAI, and WHtR are clearly related to selected parameters of chronic inflammation. Our
study suggests that each of the anthropometric variables provides distinct information on metabolic
processes associated with inflammatory parameters.

Keywords: chronic inflammation; visceral adipose tissue; subcutaneous adipose tissue

1. Introduction

Natural menopause, as defined by the World Health Organization (WHO), is the “per-
manent cessation of menstruation, resulting from the loss of ovarian follicular activity” [1].
Menopause is a critical stage in women’s aging and reproductive health. This is when
significant changes in fat mass and fat distribution occur, along with dyslipidemia and
neurodegeneration [2–4].

The Stages of Reproductive Aging Workshop (STRAW), held in 2001, proposed
a nomenclature and consistent staging system for ovarian aging, including menstrual
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and qualitative hormonal criteria for each stage [5]. The STRAW staging system is widely
regarded as a complex standard for characterizing reproductive aging during menopause.
Accordingly, STRAW divided the adult female life into three periods: reproductive, the
menopausal transition, and postmenopause. While premenopause is defined as the entire
period of reproductive life before menopause, perimenopause is the time immediately be-
fore the last menstrual bleeding, during which menopausal (endocrine, biological, clinical)
symptoms appear. Postmenopause is the time after the last menstruation (natural or surgi-
cal) [6]. Menopausal status is a key indicator of the endogenous hormonal environment
in women. The menopausal transition is a time of many changes in health and quality of
life. Menopause is a natural process. It affects every woman as she ages [7] and involves
a variety of symptoms, including hot flashes, night sweats, palpitations, mood swings,
insomnia, anxiety, depression, concentration problems, nervousness, headaches, states of
tension, and tearfulness [8].

Cardiovascular disease (CVD) is a serious problem often faced by women entering
menopause. The changing hormonal environment predisposes to cardiovascular disease
due to the accumulation of risk factors, among them visceral obesity, dyslipidemia, im-
paired glucose homeostasis, hypertension, and non-alcoholic fatty liver disease [6,7].

Aging entails an increased risk of obesity [9] and non-communicable diseases (NCDs),
including cardiovascular disease, type 2 diabetes, hypertension, and stroke [10]. A higher
risk of non-communicable diseases is related to central obesity, increased waist circumfer-
ence, and increased body mass index (BMI). During the perimenopausal period, women
often suffer from undesired weight gain, which may be associated with the hormonal
changes that then occur. Postmenopausal women may experience more severe changes in
lean and fat body mass than men of a similar age [11].

A review of the literature indicates that visceral adipose tissue increases in middle
age, unlike lean body mass, which appears to be reduced, possibly leading to sarcopenic
obesity [12]. Additionally, in obesity, elevated levels of interleukin 6 (IL-6) and tumor
necrosis factor alpha (TNF-α) [13] are observed. The related chronic inflammation promotes
the development of cardiovascular disease, insulin resistance, and diabetes [14,15]. In
obesity and diabetes, adiponectin (ADPN) levels are reduced, thus contributing to the
deterioration of insulin resistance [16,17].

During the postmenopausal period, both obese and insulin-resistant women have
reduced serum adiponectin levels [18], which may increase the incidence of metabolic
syndrome (MetS), osteoporosis, and obesity [19]. The mechanism underlying elevated
inflammatory markers in postmenopausal women is unclear, but it may be linked to
the production of inflammatory markers by adipose tissue or the effect of inflammatory
markers on insulin-stimulated glucose utilization. In addition, estradiol and progesterone
regulate TNF-α, so the decline in hormone levels during menopause may affect the produc-
tion of inflammatory markers [20]. It is worth noting that estradiol modulates cytokines,
including IL-6, Interleukin 1 beta (IL-1β), and TNF-α [21]. According to some authors,
postmenopausal status is more associated with increased levels of pro-inflammatory mark-
ers than premenopausal status [22,23], with IL-6 levels negatively correlating with estra-
diol levels during the menopausal transition [24]. Elevated levels of pro-inflammatory
immune markers, such as IL-6 and C-reactive protein (CRP), affect cardiac health and
metabolism [14,25], contributing to the risk of cardiovascular events in postmenopausal
women [26,27].

It is also worth noting that menopause is associated with changes in the lipid pro-
file. Postmenopausal women have higher levels of total cholesterol, triglycerides, and
low-density lipoprotein cholesterol (LDL-C), as well as reduced levels of high-density
lipoprotein cholesterol (HDL-C) [28]. Additionally, after menopause, the risk of MetS
increases due to impaired glucose metabolism, weight gain, and central abdominal obe-
sity [29,30]. Moreover, in menopausal women, waist to height ratio (WHtR) [31], waist to
hip ratio (WHR) [32], and lipid accumulation product (LAP) [33] can predict cardiovascular
disease and its risk factors [34].
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2. Materials and Methods

A total of 172 perimenopausal women living in the West Pomeranian Voivodeship
were invited to take part in the study.

The inclusion criteria for the study were: age 44–65, no history of menopausal hormone
therapy (MHT), no previous psychiatric treatment, eating a normal diet based on Polish
cuisine, no supplementation with micro- or macroelements. The exclusion criteria were:
the use of MHT, psychiatric treatment, thyroid disease, cancer, refusal to participate in the
study, and incorrectly completed documentation.

The study was conducted in accordance with the Declaration of Helsinki after ob-
taining the approval of the Bioethics Committee of the Pomeranian Medical University
in Szczecin (KB-0012/181/13). Recruitment was based on information posters in public
places and advertisements in local newspapers. Each respondent gave informed written
consent to participate in the study.

This study is part of a larger project aimed at assessing the health status of peri-
menopausal women from the area of the West Pomeranian Voivodship.

2.1. Research Project

The research was conducted in several stages. After obtaining written consent,
the patients filled in a proprietary questionnaire concerning sociodemographic data
(age, marital status, place of residence, education, employment status), stimulants
(alcohol, caffeine, tobacco), and health (menstruation, inflammation, mental and cancer
diseases, menopausal status). Menopausal status was classified as perimenopause
(menopausal transition with irregular menstruation) and menopause (last menstruation
at least 12 months prior to the study).

The next step was to take anthropometric measurements, measure blood pressure, and
analyze fasting blood samples.

2.2. Anthropometric Measurements

The next step was anthropometric measurements (waist and hip circumference, body
weight, height).

• Waist and hip circumference were measured to the nearest 0.01 m using a flexible
tape measure (SECA 711). Waist circumference (WC) was measured as the horizontal
distance around the abdomen at the level of the navel. Hip circumference (HC) was
measured as the horizontal distance across the two upper hip bones (ilia).

• Body weight and height were measured using a legalized medical scale with an integrated
SECA 711 height meter in accordance with a standardized procedure with an accuracy
of 0.1 kg and 0.1 cm, respectively. Participants stood with their backs straight, heels
together, barefoot, in light clothing.

2.3. Indicators of Obesity

In order to assess obesity in the women, the following were analyzed:

• body mass index (BMI) was calculated by the formula: BMI = body weight (kg)/height
(m)2. BMI was divided into the following categories according to the Centers for Disease
Control and Prevention (CDC): underweight (BMI < 18.5), normal weight (BMI = 18.5–24.9),
overweight (BMI = 25.0–29.9) and obesity (BMI ≥ 30) [35];

• waist circumference (WC): abdominal (central) obesity was diagnosed when WC ≥ 80 cm
(for women in Europe) [36];

• relative fat mass (RFM) index was calculated by the formula: RFM = 76− (20× (height (m)/
waist circumference (m))). The result of the RFM equation is written as a percentage—it
reflects the approximate fat content in the human body. For an obese person, the per-
centage of body fat (PBF) is ≥ 32% for women [37];
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• visceral adipose index (VAI) was calculated by the formula: VAI = [WC/39.68 +
(1.88 × BMI)] × (TG/1.03) × (1.31/HDL). This index helps to assess visceral adipose
dysfunction and cardiometabolic risk [37].

• waist to height ratio (WHtR) was calculated according to the formula: WHtR = (WC) (cm)/
height (cm).

2.4. Blood Pressure Measurement

The Korotkoff sound technique was used to measure blood pressure. Measurements
were taken in accordance with the recommendations of the American Heart Associa-
tion [38] and the Polish Cardiac Society [39]. The examination was performed on the
right upper limb artery in a sitting position. The correct position of the body, a period
of rest, an appropriate-size cuff, and the minimization of external factors affecting blood
pressure (smoking and ingestion of caffeine-containing products) were ensured prior to
blood pressure measurement [40].

2.5. Blood Collection

Blood was drawn fasting between 7:00 and 9:30 a.m. after a 10 min rest, in
a sitting position, using the Vacutainer system by qualified nurses. Blood sampling
was carried out in accordance with the rules and procedures for collecting, storing, and
transporting biological material. Biochemical analysis was carried out in a certified
laboratory of the Pomeranian Medical University in Szczecin—standard commercial
methods were used.

Biochemical parameters—insulin, glucose, glycated hemoglobin (HbA1c), total choles-
terol (TC), HDL, LDL, triglycerides (TG), and CRP—were measured.

Serum levels of IL-6, TNF-α, and adiponectin were determined by an enzyme-linked
immunosorbent assay (Immundiagnostik, Bensheim, Germany), while hs-CRP by im-
munonephelometry (Behring Nephelometer II, Dade Behring, Marburg, Germany) [41].

2.6. Determination of IL-6 Level

To determine selected serum inflammatory markers, we collected blood into serum
separation tubes. Serum IL-6 level was measured by the enzyme-linked immunosorbent
assay (ELISA) (DRG, Germany). The sensitivity of the IL-6 assay was 2 pg/mL, the intra-
and interassay CV values were 4.2% and 4.4%, respectively [41].

2.7. Classification of Respondents

The study recruited 200 perimenopausal women aged 45 to 65 representing the general
population of the West Pomeranian Voivodeship in northwestern Poland. Ultimately,
172 respondents who met all inclusion criteria were included in the study (completion
rate: 86%).

The size of the study sample was determined based on statistical data on the size of
the population of women aged 45–64 in the West Pomeranian Voivodeship in 2020 [42].
The confidence level was set at 95%, the maximum error at 7%, and the estimated fraction
size at 0.5.

The women were divided into groups according to the following variables:

(1) Menopausal status [6]:

• perimenopausal women—immediately before menopause, with endocrinologi-
cal, biological, and clinical symptoms of approaching menopause;

• postmenopausal women—the last menstruation at least 12 months before
the study.

(2) Metabolic Syndrome (MetS): based on the latest criteria proposed by the International
Diabetes Federation (IDF) and the modified National Cholesterol Education Program-
Adult Treatment Panel III (NCEP-ATP III) [43]; MetS is diagnosed in women if three
out of the following five risk factors are present:
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• WC ≥ 80 cm or treatment for this lipid abnormality;
• TG > 150 mg/dL (1.7 mmol/L) or treatment for this lipid abnormality;
• HDL < 50 mg/dL (1.3 mmol/L) or treatment for this lipid abnormality;
• elevated blood pressure (BP): systolic blood pressure (SBP) ≥ 130 or diastolic

blood pressure (DBP) ≥ 85 mmHg or treatment for hypertension;
• fasting plasma glucose (FPG) ≥ 100 mg/dL (5.6 mmol/L) or a diagnosis of type

2 diabetes. If FPG > 100 mg/dL (5.6 mmol/L), it is strongly recommended to
perform the oral glucose tolerance test (OGTT).

The women who did not meet the above criteria for MetS diagnosis but had at least
two components of MetS were defined as having pre-metabolic syndrome (pre-MetS) [44].

(3) Obesity [35,36]:

• abdominal obesity diagnosed in women if WC ≥ 80 cm;
• general obesity diagnosed in women if BMI ≥ 30 kg/m2.

2.8. Statistical Analysis

The data on CRP, TNF-α, IL-6, and adiponectin were not distributed normally and
were therefore log transformed for further analyses. We calculated Pearson’s correlations
between measures of obesity and between selected parameters of chronic systemic inflam-
mation. Additionally, we calculated partial correlation coefficients between inflammatory
parameters adjusted for age, current smoking status, and menopausal status.

In the first model, all parameters of chronic inflammation were mutually adjusted. Multi-
variate linear regression analysis was performed to assess the relationships of BMI, WC, RFM,
VAI, WHtR to CRP, TNF-α, IL-6, and adiponectin, adjusted for obesity (BMI < 30.0 kg/m2,
and BMI ≥ 30.0 kg/m2), smoking status (currently smoking, non-smoking), and MetS
(pre-MetS, Mets, no-MetS).

When reporting the results from the linear regression models, β-coefficients were
considered weak (β ≤ 0.3), moderate (β > 0.3 to ≤0.6), or strong (β > 0.6).

All statistical calculations were performed using Statistica v. 13.3 (TIBCO Software
Inc, Palo Alto, CA, United States). For all analyses, a two-tailed p < 0.05 was considered
statistically significant.

3. Results
3.1. Subject Characteristics

Characteristics of the study sample are shown in Table 1. The study involved 172 women,
whose mean age was 54.49 years (SD = 4.99). The vast majority of the respondents were
postmenopausal women (74.42%).

Table 1. Characteristics of the participants.

Variables

Premenopausal
(n = 44)

Postmenopausal
(n = 128)

All
(n = 172) tdf = 233 p-Value *

M SD M SD M SD

Age (years) 48.70 2.85 56.48 3.90 54.49 4.99 −12.152 <0.001

Menopausal age (years) - - 48.54 4.46 48.54 4.46 - -

Time since menopause (years) - - 7.94 5.09 7.94 5.09 - -

Body mass (kg) 75.86 19.08 75.05 13.52 75.26 15.14 0.301 0.7639

BMI (kg/m2) 28.44 6.72 28.66 5.38 28.60 5.73 −0.217 0.829

WC (cm) 88.43 12.41 90.20 13.11 89.75 12.92 −0.785 0.433
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Table 1. Cont.

Variables

Premenopausal
(n = 44)

Postmenopausal
(n = 128)

All
(n = 172) tdf = 233 p-Value *

M SD M SD M SD

WHtR 0.54 0.08 0.56 0.09 0.55 0.08 −1.085 0.279

RFM 38.41 5.13 39.33 5.59 39.09 5.48 −0.961 0.338

VAI 1.60 1.89 1.56 1.08 1.57 1.33 0.196 0.845

HbA1c (%) 5.56 0.99 5.64 1.02 5.62 1.01 −0.467 0.641

FBG (mg/dL) 92.54 31.63 95.17 38.37 94.46 36.78 −0.407 0.685

Insulin (µIU/L) 9.56 6.26 10.04 5.99 9.91 6.05 −0.454 0.650

SBP (mmHg) 122.32 16.86 124.31 19.12 123.80 18.54 −0.614 0.540

Cortisol (µg/dL) 16.48 7.41 14.85 6.12 15.27 6.49 1.442 0.151

DBP (mmHg) 78.52 10.63 77.15 10.69 77.50 10.66 0.737 0.462

Total cholesterol (mg/dL) 215.90 32.05 204.36 38.23 207.31 37.01 1.797 0.074

LDL (mg/dL) 69.13 18.40 62.91 17.09 64.50 17.59 2.042 0.043

HDL (mg/dL) 123.87 35.03 120.48 33.01 121.35 33.46 0.578 0.564

Triglycerides (mg/dL) 108.68 81.65 105.61 50.41 106.40 59.71 0.294 0.769

Adiponectin (ng/mL) 11,328.03 5557.73 10,866.76 6476.75 10,984.76 6242.00 0.422 0.674

CRP (mg/dL) 3.74 10.04 3.24 7.49 3.37 8.19 0.346 0.730

TNF-α (pg/mL) 4.22 5.29 5.37 8.18 5.08 7.56 −0.871 0.385

IL-6 (pg/mL) 16.25 21.71 64.63 160.43 52.26 140.30 −1.990 0.048

HOMA-IR 2.45 2.78 2.48 2.10 2.47 2.28 −0.054 0.957

BMI—body mass index, WC—waist circumference, WHtR—waist-to-height ratio, RFM—relative fat mass,
VAI—visceral adiposity index, HbA1c—glycated hemoglobin, FBG—fasting blood glucose, SBP—systolic
blood pressure, DBP—diastolic blood pressure, LDL—low density lipoprotein, HDL—high-density lipoprotein,
CRP—C-reactive protein, TNF-α—tumor necrosis factor alpha, IL-6—Interleukin-6, HOMA-IR—homeostasis
model assessment of insulin resistance, *—Student’s t-test, M—mean, SD—standard deviation, N—whole cohort
size, n—number, p—significance level.

Statistically significant differences between the groups defined by menopausal status
were noted for age (p < 0.001) and the levels of LDL (p = 0.043) and IL-6 (p = 0.048).
Postmenopausal women had significantly lower LDL levels and higher IL-6 levels than their
premenopausal counterparts (Table 1). For the rest of variables, there were no statistically
significant differences between the groups. The general characteristics of the population
studied is included in Table S1.

3.2. Interrelationships between Selected Parameters of Chronic Systemic Inflammation

We analyzed the interrelationships between selected parameters of chronic systemic
inflammation. Preliminary multivariate linear regression analysis showed that CRP
moderately positively correlated with IL-6 (β = 0.25; p = 0.001) and weakly negatively
correlated with adiponectin (β = −0.23; p = 0.002). Similar associations were noted in
preliminary multivariate linear regression analysis adjusted for age, menopausal status,
and smoking status. No correlations were found between TNF-α and CRP or between
IL-6 and adiponectin (Table 2).
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Table 2. Interrelationships between selected parameters of chronic systemic inflammation.

Independent Variable
Log CRP Log TNF-α Log IL-6

β p β p β p

Log CRP * - - 0.09 0.237 0.25 0.001
Log CRP ** - - 0.11 0.154 0.24 0.002

Log TNF-α * 0.09 0.237 - - 0.11 0.143
Log TNF-α ** 0.11 0.154 - - 0.11 0.136

Log IL-6 * 0.25 0.001 0.11 0.143 - -
Log IL-6 ** 0.23 0.002 0.12 0.136 - -

Log adiponectin * −0.23 0.002 −0.01 0.901 −0.03 0.708
Log adiponectin ** −0.23 0.003 −0.01 0.879 −0.02 0.776

β—standardized regression coefficient, * unadjusted regression model, ** regression model adjusted for age,
menopausal status, and smoking, CRP—C-reactive protein, TNF-α—tumor necrosis factor alpha, IL-6—Interleukin-6.

3.3. Relationships of BMI, WC, RFM, VAI, and WHtR with Selected Parameters of Chronic
Systemic Inflammation

We analyzed the relationships between anthropometric parameters (BMI, WC, RFM,
VAI, WHtR) and selected parameters of chronic systemic inflammation.

Preliminary multivariate linear regression analysis showed that BMI positively corre-
lated with IL-6 (β = 0.16; p = 0.033). VAI weakly positively correlated with CRP (β = 0.25;
p = 0.001) and negatively correlated with adiponectin (β = −0.43; p = 0.000).

Multivariate linear regression analysis adjusted for age, menopausal status, and smoking
status showed that VAI weakly positively correlated with CRP (β= 0.25; p = 0.001) and negatively
correlated with adiponectin (β = −0.43; p < 0.001). No other statistically significant relationships
between the anthropometric and inflammatory parameters were observed (Table 3).

Table 3. Relationships of BMI, WC, RFM, VAI, and WHtR with selected parameters of chronic
systemic inflammation.

Independent
Variable

BMI WC RFM VAI WHtR

β p β p β p β p β p

Log CRP * 0.06 0.442 0.02 0.798 0.05 0.533 0.25 0.001 0.04 0.642
Log CRP ** 0.04 0.648 0.00 0.976 0.03 0.691 0.25 0.001 0.02 0.807

Log TNF-α * −0.05 0.534 0.01 0.923 −0.09 0.263 0.06 0.413 −0.04 0.635
Log TNF-α ** −0.04 0.565 0.01 0.914 −0.08 0.282 0.07 0.365 −0.03 0.661

Log IL-6 * 0.16 0.033 0.07 0.349 0.10 0.180 0.07 0.379 0.10 0.176
Log IL-6 ** 0.15 0.058 0.05 0.483 0.09 0.260 0.06 0.417 0.09 0.257

Log adiponectin * 0.05 0.502 0.01 0.933 −0.03 0.701 −0.43 0.000 −0.01 0.938
Log adiponectin ** 0.06 0.453 0.01 0.873 −0.02 0.761 −0.43 <0.001 0.00 0.995

β—standardized regression coefficient, * unadjusted regression model, ** regression model adjusted for age,
menopausal status, and smoking, BMI—body mass index, WC—waist circumference, RFM—relative fat mass,
VAI—visceral adiposity index, WHtR— waist-to-height ratio, CRP—C-reactive protein, TNF-α—tumor necrosis
factor alpha, IL-6—Interleukin-6.

3.4. Relationships between Anthropometric Parameters (BMI, WC, RFM, VAI, WHtR) and Selected
Parameters of Chronic Systemic Inflammation in the Subgroups Defined by BMI, Smoking Status,
and MetS

We analyzed the relationships between selected anthropometric parameters (BMI, WC,
RFM, VAI, WHtR) and the parameters of chronic systemic inflammation in the subgroups
defined by BMI, smoking status, and MetS.

Next, we conducted analysis stratified by obesity (BMI ≥ 30.0 kg/m2) adjusted for
age and menopausal status (Table 4). In subjects with BMI < 30.0 kg/m2, VAI positively
correlated with CRP (β = 0.19; p = 0.035) and moderately negatively correlated with
adiponectin (β = −0.42; p < 0.001). In subjects with BMI ≥ 30.0 kg/m2, VAI negatively
correlated with adiponectin (β = −0.29; p = 0.033). There were no statistically significant
correlations of BMI, WC, RFM, and WHtR with other inflammatory parameters (Table 4).
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Table 4. Relationships of BMI, WC, RFM, VAI, and WHtR with selected parameters of chronic systemic inflammation in the subgroups defined by BMI, smoking
status, and MetS.

Independent
Variable

BMI < 30.0 kg/m2 (n = 116) BMI ≥ 30.0 kg/m2 (n = 56)

BMI WC RFM VAI WHtR BMI WC RFM VAI WHtR

β p β p β p β p β p β p β p β p β p β p

Log CRP 0.00 0.979 −0.04 0.730 −0.02 0.835 0.19 0.035 −0.03 0.0793 −0.00 0.987 0.00 0.980 0.06 0.707 0.12 0.398 0.03 0.868

Log TNF-α −0.08 0.423 −0.02 0.840 −0.09 0.334 0.06 0.450 −0.05 0.603 −0.04 0.803 0.03 0.821 −0.12 0.431 0.01 0.967 −0.05 0.741

Log IL-6 0.19 0.052 0.08 0.436 0.12 0.227 0.02 0.822 0.12 0.215 0.05 0.734 0.00 0.992 0.02 0.901 0.06 0.653 0.01 0.932

Log
adiponectin −0.02 0.865 −0.06 0.551 −0.09 0.377 −0.42 <0.001 −0.06 0.571 0.12 0.421 0.13 0.396 0.10 0.490 −0.29 0.033 0.09 0.550

Current non−smoking (n = 132) Current smoking (n = 40)

Log CRP 0.04 0.686 −0.01 0.938 0.01 0.932 0.14 0.122 −0.00 0.959 −0.00 0.986 0.09 0.539 0.15 0.297 0.17 0.176 0.13 0.412

Log TNF-α −0.11 0.202 −0.13 0.148 −0.21 0.021 0.10 0.254 −0.16 0.071 0.09 0.618 0.39 0.008 0.31 0.030 −0.10 0.395 0.32 0.034

Log IL-6 0.18 0.048 0.05 0.583 0.11 0.235 −0.05 0.587 0.11 0.247 0.03 0.863 0.27 0.076 0.27 0.079 0.34 0.012 0.25 0.123

Log
adiponectin 0.07 0.466 −0.03 0.771 −0.08 0.368 −0.37 <0.001 −0.06 0.497 0.05 0.808 0.14 0.344 0.20 0.170 −0.47 0.001 0.20 0.196

No−MetS (n = 80) Pre−MetS/MetS (n = 92)

Log CRP −0.04 0.712 −0.08 0.516 −0.07 0.588 0.07 0.569 −0.05 0.702 0.07 0.533 0.03 0.801 0.03 0.781 0.05 0.649 0.02 0.865

Log TNF-α −0.12 0.310 0.03 0.823 −0.11 0.381 0.14 0.253 −0.05 0.677 −0.02 0.877 −0.03 0.782 −0.10 0.377 0.07 0.443 −0.05 0.664

Log IL-6 0.10 0.424 0.11 0.387 0.12 0.355 0.10 0.417 0.12 0.346 0.20 0.067 −0.01 0.945 0.04 0.712 −0.05 0.615 0.04 0.713

Log
adiponectin 0.10 0.380 0.02 0.886 −0.03 0.816 −0.19 0.088 −0.04 0.718 0.07 0.519 0.05 0.655 0.04 0.717 −0.47 <0.001 0.09 0.451

Models are adjusted for age, menopausal status, and all parameters of chronic systemic inflammation. BMI—body mass index, WC—waist circumference, RFM—relative fat mass,
VAI—visceral adiposity index, WHtR—waist-to-height ratio, CRP—C-reactive protein, TNF-α—tumor necrosis factor alpha, IL-6—Interleukin-6, MetS—metabolic syndrome.
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In the group of current non-smokers, BMI positively correlated with IL-6 (β = 0.18;
p = 0.048), RFM negatively correlated with TNF-α (β = −0.21; p = 0.021), and VAI moderately
negatively correlated with adiponectin (β = −0.37; p < 0.001). By comparison, in current
smokers, WC, RFM, and WHtR showed a moderate positive correlation with TNF-α
(β = 0.39; p = 0.008; β = 0.31; p = 0.030; β = 0.32; p = 0.034, respectively). In addition,
there was a moderate positive correlation between VAI and IL-6 (β = 0.34; p = 0.012),
and a moderate negative correlation between VAI and adiponectin (β = −0.47; p < 0.001)
(Table 4).

In the groups defined by MetS, a moderate negative correlation was observed between
VAI and adiponectin (β = −0.47; p = 0.001). No statistically significant correlations of BMI,
WC, RFM, and WHtR with other inflammatory parameters were found in the no-MetS,
MetS, and pre-MetS groups (Table 4).

3.5. Relationships between Plasma Adiponectin Levels and Cardiovascular Risk Factors

We analyzed the relationships between inflammatory parameters and cardiovascular
risk factors.

In the group of premenopausal women, we observed statistically significant positive
correlations between CRP and FSG (r = 0.38; p = 0.011) and between insulin (r = 0.57;
p < 0.001) and HOMA-IR (r = 0.52; p < 0.001). Furthermore, adiponectin statistically
significantly negatively correlated with FSG (r = −0.47; p = 0.001) and insulin (r = −0.46;
p = 0.002), and HOMA-IR (r = −0.56; p < 0.001) and statistically significantly positively
correlated with HDL (r = 0.53; p < 0.001). There were no statistically significant corre-
lations between the rest of inflammatory parameters and selected cardiovascular risk
factors (Table 5).

In the group of postmenopausal women, CRP statistically significantly positively
correlated with SBP (r = 0.22, p = 0.014), FSG (r = 0.42, p < 0.001), insulin (r = 0.33, p < 0.001),
and HOMA-IR (r = 0.46, p < 0.001). TNF-α statistically significantly positively correlated
with LDL (r = 0.20, p = 0.020), and IL-6 statistically significantly positively correlated with
BMI (r = 0.20, p = 0.025), FSG (r = 0.18, p = 0.047), HOMA-IR (r = 0.20, p = 0.022), and CRP
(r = 0.20, p = 0.025). Adiponectin statistically significantly negatively correlated with FSG
(r = −0.28, p = 0.002), insulin (r = −0.45, p < 0.001), and HOMA-IR (r = −0.49, p < 0.001),
and statistically significantly positively correlated with HDL (r = 0.53, p < 0.001). No
statistically significant correlations were found between the other inflammatory parameters
and selected cardiovascular risk characteristics (Table 5).

In the whole study sample, CRP statistically significantly positively correlated with
SBP (r = 0.23, p = 0.003), FSG (r = 0.41, p < 0.001), insulin (r = 0.39, p < 0.001), and HOMA-IR
(r = 0.48, p < 0.001), and statistically significantly negatively correlated with HDL (r = 0.39,
p < 0.001). In addition, there was a statistically significant positive correlation between IL-6
and BMI (r = 0.16, p = 0.033), FSG (r = 0.20, p = 0.010), HOMA-IR (r = 0.20, p = 0.009), and
CRP (r = 0.16, p = 0.039). Additionally, in this group adiponectin statistically significantly
negatively correlated with FSG (r = −0.32, p < 0.001), insulin (r = −0.45, p < 0.001), HOMA-
IR (r = −0.51, p < 0.001), and CRP (r = −0.15, p = 0.045), and statistically significantly
positively correlated with HDL (r = 0.48, p < 0.001) (Table 5).
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Table 5. Correlations between plasma adiponectin levels and cardiovascular risk factors.

Premenopausal Women (n = 44) Postmenopausal Women (n = 128) All Women (n = 172)

CRP TNF-α IL-6 Adiponectin CRP TNF-α IL-6 Adiponectin CRP TNF-α IL-6 Adiponectin

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

BMI
(kg/m2) −0.07 0.636 −0.16 0.313 0.06 0.693 0.23 0.132 0.12 0.180 −0.01 0.916 0.20 0.025 −0.03 0.764 0.06 0.442 −0.05 0.534 0.16 0.033 0.05 0.502

WC
(cm) 0.11 0.492 −0.03 0.859 0.25 0.096 0.23 0.125 −0.01 0.886 0.02 0.853 0.03 0.773 −0.07 0.452 0.02 0.798 0.01 0.923 0.07 0.349 0.01 0.933

SBP
(mmHg) 0.26 0.094 −0.06 0.712 −0.11 0.465 −0.05 0.738 0.22 0.014 −0.11 0.231 0.15 0.082 −0.09 0.290 0.23 0.003 −0.10 0.210 0.11 0.146 −0.09 0.264

DBP
(mmHg) 0.12 0.447 −0.01 0.961 −0.03 0.867 0.04 0.817 0.03 0.744 0.00 0.988 0.14 0.126 −0.01 0.871 0.05 0.507 0.00 0.989 0.10 0.197 0.00 0.990

FBG
(mg/dL) 0.38 0.011 0.01 0.952 0.28 0.064 −0.47 0.001 0.42 <0.001 −0.07 0.408 0.18 0.047 −0.28 0.002 0.41 <0.001 −0.06 0.456 0.20 0.010 −0.32 <0.001

Insulin
(mU/mL) 0.57 <0.001 0.06 0.694 0.13 0.409 −0.46 0.002 0.33 <0.001 −0.16 0.068 0.14 0.115 −0.45 <0.001 0.39 <0.001 −0.11 0.155 0.14 0.071 −0.45 <0.001

HDL
(mg/dL) −0.30 0.051 −0.21 0.173 −0.03 0.840 0.53 <0.001 −0.16 0.064 0.11 0.199 −0.07 0.415 0.46 <0.001 −0.20 0.007 0.04 0.644 −0.08 0.325 0.48 <0.001

LDL
(mg-dL) 0.11 0.492 −0.07 0.663 −0.12 0.444 −0.27 0.073 −0.02 0.806 0.20 0.020 −0.02 0.819 0.11 0.209 0.01 0.869 0.14 0.068 −0.04 0.575 0.01 0.915

HOMA-
IR 0.52 <0.001 0.03 0.826 0.22 0.151 −0.56 <0.001 0.46 <0.001 −0.16 0.072 0.20 0.022 −0.49 <0.001 0.48 <0.001 −0.10 0.176 0.20 0.009 −0.51 <0.001

CRP
(mg/dL) - - 0.15 0.337 0.07 0.652 −0.16 0.293 - - 0.11 0.210 0.20 0.025 −0.15 0.087 - - 0.12 0.119 0.16 0.039 −0.15 0.045

r—Pearson’s correlation coefficient, BMI—body mass index, WC—waist circumference, SBP—systolic blood pressure, DBP—diastolic blood pressure, FBG—fasting blood glucose,
HDL—high-density lipoprotein, LDL—low density lipoprotein, HOMA-IR—homeostasis model assessment of insulin resistance, CRP—C-reactive protein.
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4. Discussion
4.1. Interrelationships between Selected Parameters of Chronic Systemic Inflammation

In our study, the groups defined by menopausal status statistically significantly differed
in terms of age, as well as LDL and IL-6 levels. Postmenopausal women had substantially
lower LDL levels and higher IL-6 levels than premenopausal women. For the other vari-
ables, there were no statistically significant differences between the groups. Furthermore,
CRP moderately positively correlated with IL-6 and weakly negatively correlated with
adiponectin. Similar correlations were noticed in preliminary multivariate linear regression
analysis adjusted for age, menopausal status, and smoking status. No relationships were
found between TNF-α and CRP or between IL-6 and adiponectin.

Although many studies show no association between menopausal status and CRP
levels [20,45–47], Metcalf et al. [48] have provided evidence that menopausal status af-
fects several markers of inflammation. Since, in their research, IL-6 levels were signif-
icantly higher during the late transition compared to the premenopausal period, these
authors have concluded that the changes intrinsically linked to the menopausal transition
(e.g., hormonal changes) may affect inflammatory markers. Similar results were obtained
by Cioffi et al. [23], who noted that serum IL-6 levels were higher in postmenopausal
women. Taleb-Belkadi et al. [22], on the other hand, reported that TNF-α and IL-1α were
higher in postmenopausal women, while CRP levels were elevated in both peri- and
postmenopausal women.

According to Sites et al. [49], TNF-α was higher in postmenopausal women com-
pared to premenopausal women. IL-6 and CRP did not differ depending on menopausal
status. In both premenopausal and postmenopausal women, CRP positively correlated
with total body fat. CRP correlated with abdominal fat only in postmenopausal women
and negatively correlated with insulin and glucose levels in both premenopausal and
postmenopausal women.

As stated by Razmjou et al. [47], TNF-α levels increase in the peri- and postmenopausal
periods, while the levels of IL-6 and IL-1β do not change. In addition, Lee et al. [20]
have confirmed a statistically significant increase in adiponectin levels in pre- and post-
menopausal women. Moreover, an increase in visceral (or intra-abdominal) fat was
negatively correlated with changes in adiponectin. This finding suggests that an increase
in visceral obesity during menopause has an adverse effect on the levels of adiponectin
and inflammatory markers. Yasui et al. [24] noted that the concentration of IL-6 was
weakly positively correlated with age. Postmenopausal women who were five years post
menopause showed a significant increase in interleukin-2 (IL-2). Serum estradiol levels
significantly negatively correlated with IL-6 and weakly negatively correlated with IL-2,
interleukin-8 (IL-8), and granulocyte-macrophage colony-stimulating factor (GM-CSF).
Vural et al. [50], on the other hand, reported that postmenopausal women, compared to
premenopausal women, had elevated levels of TNF-α, IL-beta, and interleukin-10 (IL-10).

4.2. Relationships of BMI, WC, RFM, VAI, and WHtR with Selected Parameters of Chronic
Systemic Inflammation

Preliminary multivariate linear regression analysis in our study showed that BMI was
positively correlated with IL-6. Moreover, VAI was observed to be weakly positively corre-
lated with CRP and negatively correlated with adiponectin. In addition, multivariate linear
regression analysis adjusted for age, menopausal status, and smoking status showed that
VAI was weakly positively correlated with CRP and negatively correlated with adiponectin.
No other statistically significant relationships were observed between the anthropometric
(BMI, WC, RFM, VAI, and WHtR) and inflammatory parameters.

The linking mechanism and the complications between obesity and inflammation
are well-documented in the literature, which indicates that the excess of macronutrients
in the adipose tissues stimulates them to release inflammatory mediators such as TNF-α
and IL-6 and reduces the production of adiponectin, predisposing to a pro-inflammatory
state and oxidative stress. The increased level of IL-6 stimulates the liver to synthesize and
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secrete CRP. Inflammation is a risk factor for developed cardiovascular diseases including
metabolic syndrome, insulin resistance, and diabetes mellitus [51,52].

Additionally, a review of the literature indicates that the correlations of VAT, BMI, and
WC with hs-CRP are definitely stronger in women than in men [53], which is mainly due
to increased estrogen production in adipose tissue.

In a study by Park et al. [54], overall serum concentrations of CRP, TNF-α, and IL-6
were significantly correlated with body weight, BMI, WC, hip circumference, and WHR. In
obese subjects, CRP and IL-6 significantly correlated with BMI, WC, and VAT. Multivariate
regression analysis revealed that CRP was significantly related to BMI, while IL-6 was
significantly associated with visceral adiposity in obese subjects.

Additionally, Piché et al. [55] informed that hs-CRP and IL-6 were significantly associ-
ated with anthropometric and metabolic variables, including VAT and SAT, SBP, DBP, TG,
HDL, and insulin sensitivity. Women with higher hs-CRP levels had worse metabolic risk
profiles, including abdominal obesity, higher TG and lower HDL levels, and lower insulin
sensitivity compared to women with lower hs-CRP levels.

In a study by Panagiotakos et al. [53], all inflammatory markers (CRP, TNF-α, serum
amyloid A (SAA), white blood cells and IL-6 were related to BMI, WC, and WHR in
both sexes. Moreover, models that included WC or hip circumference as an independent
variable had higher explanatory power than models with BMI, especially in women, even
after adjusting for age and various other potential confounders. In the case study of
Thorand et al. [56], it was observed that fat mass, BMI, WC, and WHR were strongly
correlated with markers of systemic inflammation (CRP, SAA, fibrinogen (FIB), IL-6) in
both women and men.

Judkin et al. [57] reported that the levels of CRP, IL-6, and TNF-α were statistically
significantly related to measures of obesity (BMI, WHR). In addition, CRP levels were
significantly associated with IL-6 and TNF-α levels, as well as HOMA-IR, SBP, HDL, and
TG. These data suggest that adipose tissue is an important determinant of low levels of
chronic inflammation, as reflected in IL-6, TNF-α, and CRP levels.

Schlecht et al. [58] informed that VAT, SAT, BMI, and WC were significantly associated
with hs-CRP. Additionally, BMI was negatively correlated with adiponectin. Similar results
were obtained among healthy adults, where VAT, SAT, BMI, and WC positively correlated
with CRP [59–61]. While some studies have shown a comparable association of VAT and
SAT with CRP [62], in others the relationship between CRP and VAT [55,60] or SAT was
stronger [63].

In the analysis by Schlecht et al. [57], all anthropometric variables showed stronger
correlations with hs-CRP in current smokers than in non-smokers. Shielts et al. [64]
confirm that cigarette smoking is associated with increased CRP levels. There are few
studies concerning the relationship between obesity and CRP, taking into account smoking
status [59]. A study by Forouhi et al. [59] showed that obesity measures and CRP levels
were significantly correlated in both South Asian and European residents. In addition,
strong correlations were noted between CRP and central obesity measures (WC and visceral
fat area) in South Asians. In Europeans, BMI and PBF were significantly associated with
CRP. In regression analysis adjusted for age, sex, and smoking, CRP levels were significantly
correlated with fasting insulin and lipid levels in both ethnic groups. This means that
obesity (especially VAT) is a key promoter of low-grade chronic inflammation.

Marques-Vidal et al. [65] found no differences in IL-1β levels between healthy respon-
dents and participants with elevated obesity markers. In addition, multivariate regression
analysis revealed a negative correlation between PBF and IL-1β. Participants with high
PBF or abdominal obesity had higher levels of IL-6, but no independent association was
found between IL-6 levels and obesity markers. Respondents with abdominal obesity had
higher levels of TNF-α, and positive correlations were found between TNF-α and BMI in
women. Obese participants had higher levels of hs-CRP, and these differences persisted
after multivariate adjustment. Similarly, positive correlations were found between hs-CRP
levels and all obesity markers analyzed in the study.
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5. Conclusions

BMI, WC, RFM, VAI, and WHtR are clearly related to selected parameters of chronic
inflammation. Our study suggests that each of the anthropometric variables provides
distinct information on metabolic processes associated with inflammatory parameters.

While BMI was an indicator of elevated IL-6 levels, VAI was a significant indica-
tor of decreased levels of adiponectin. Subgroup analyses revealed that BMI, MetS,
and smoking were factors modifying the relationships between obesity measures and
inflammatory parameters.

6. Limitation and Strength

The strength of our study is expressed when examining the relationship between
selected measures of obesity (BMI, WC, RFM, VAI, WHtR) and parameters of chronic
inflammation (CRP, TNF-α, IL-6) in perimenopausal healthy women. Another strength of
this study was examining the interrelationships between selected parameters of chronic
systemic inflammation, the relationships between anthropometric parameters (BMI, WC,
RFM, VAI, WHtR) and selected parameters of chronic systemic inflammation, as well as the
relationships between selected anthropometric parameters (BMI, WC, RFM, VAI, WHtR)
and the parameters of chronic systemic inflammation in the subgroups defined by BMI,
smoking status, and MetS, and the relationships between plasma adiponectin levels and
cardiovascular risk factors in perimenopausal healthy women. As far as we know, this is
the first study that has assessed the above.

The limitation of our study is the small sample size, which may result in insuffi-
cient statistical power to detect specific relationships. Another limitation was the nature
of our study design, which did not allow the assessment of cause-effect relationships
between selected measures of obesity (BMI, WC, RFM, VAI, WHtR) and parameters of
chronic inflammation (CRP, TNF-α, IL-6) in perimenopausal healthy women. Moreover,
our analyzes may not reflect the actual long-term mean serum concentrations of chronic
inflammation parameters in perimenopausal healthy women as they were based on a single
laboratory measurement.
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41. Morrow, C.B. Badania Laboratoryjne i Obrazowe dla Pielęgniarek, 1st ed.; PZWL Wyd. Lekarskie: Warszawa, Poland, 2006.
42. GUS. Population. Size and Structure and Vital Statistics in Poland by Territorial Division in 2020. As of 31 December. Available

online: http://eregion.wzp.pl/sites/default/files/ludnosc._stan_i_struktura_oraz_ruch_naturalny_w_przekroju_terytorialnym_
na_31.12.2020_0.pdf (accessed on 7 November 2022).

43. Parikh, R.M.; Mohan, V. Changing definitions of metabolic syndrome. Indian J. Endocrinol. Metab. 2012, 16, 7–12. [CrossRef]
44. Vidigal, F.D.C.; Ribeiro, A.Q.; Babio, N.; Salas-Salvadó, J.; Bressan, J. Prevalence of metabolic syndrome and pre-metabolic

syndrome in health professionals: LATINMETS Brazil study. Diabetol. Metab. Syndr. 2015, 7, 6. [CrossRef]
45. Wang, Q.; Ferreira, D.L.S.; Nelson, S.M.; Sattar, N.; Ala-Korpela, M.; Lawlor, D.A. Metabolic characterization of menopause:

Cross-sectional and longitudinal evidence. BMC Med. 2018, 16, 17. [CrossRef]
46. Matthews, K.A.; Crawford, S.L.; Chae, C.U.; Everson-Rose, S.A.; Sowers, M.F.; Sternfeld, B.; Sutton-Tyrrell, K. Are changes in

cardiovascular disease risk factors in midlife women due to chronological aging or to the menopausal transition? J. Am. Coll.
Cardiol. 2009, 54, 2366–2373. [CrossRef] [PubMed]

47. Razmjou, S.; Bastard, J.P.; Doucet, E.; Rabasa-Lhoret, R.; Fellahi, S.; Lavoie, J.M.; Prud’homme, D. Effect of the menopausal
transition and physical activity energy expenditure on inflammatory markers: A MONET group study. Menopause 2016, 23,
1330–1338. [CrossRef] [PubMed]

48. Metcalf, C.A.; Johnson, R.L.; Freeman, E.W.; Sammel, M.D.; Epperson, C.N. Influences of the menopause transition and adverse
childhood experiences on peripheral basal inflammatory markers. Brain Behav. Immun. Health 2021, 15, 100280. [CrossRef]
[PubMed]

49. Sites, C.K.; Toth, M.J.; Cushman, M.; L’Hommedieu, G.D.; Tchernof, A.; Tracy, R.P.; Poehlman, E.T. Menopause-related differences
in inflammation markers and their relationship to body fat distribution and insulin-stimulated glucose disposal. Fertil. Steril.
2002, 77, 128–135. [CrossRef]

50. Vural, P.; Akgul, C.; Canbaz, M. Effects of hormone replacement therapy on plasma pro-inflammatory and anti-inflammatory
cytokines and some bone turnover markers in postmenopausal women. Pharmacol. Res. 2006, 54, 298–302. [CrossRef]

51. Ellulu, M.S.; Patimah, I.; Khaza’ai, H.; Rahmat, A.; Abed, Y. Obesity and inflammation: The linking mechanism and the
complications. Arch. Med. Sci. 2017, 13, 851–863. [CrossRef]

52. Kern, L.; Mittenbühler, M.J.; Vesting, A.J.; Ostermann, A.L.; Wunderlich, C.M.; Wunderlich, F.T. Obesity-induced TNFα and IL-6
signaling: The missing link between obesity and inflammation-driven liver and colorectal cancers. Cancers 2018, 11, 24. [CrossRef]

https://doi.org/10.1016/j.ecl.2013.02.003
https://doi.org/10.1016/j.ogc.2018.07.006
https://doi.org/10.3390/nu12010202
https://doi.org/10.1371/journal.pone.0216877
https://doi.org/10.1097/GME.0000000000001419
https://doi.org/10.1530/EJE-14-0094
https://doi.org/10.1371/journal.pone.0107212
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://www.who.int/nutrition/publications/obesity/WHO_report_waistcircumference_and_waisthip_ratio/en/
https://www.who.int/nutrition/publications/obesity/WHO_report_waistcircumference_and_waisthip_ratio/en/
https://doi.org/10.17219/pzp/92368
https://doi.org/10.1161/01.CIR.0000154900.76284.F6
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1016/j.ekir.2017.02.009
http://eregion.wzp.pl/sites/default/files/ludnosc._stan_i_struktura_oraz_ruch_naturalny_w_przekroju_terytorialnym_na_31.12.2020_0.pdf
http://eregion.wzp.pl/sites/default/files/ludnosc._stan_i_struktura_oraz_ruch_naturalny_w_przekroju_terytorialnym_na_31.12.2020_0.pdf
https://doi.org/10.4103/2230-8210.91175
https://doi.org/10.1186/s13098-015-0003-x
https://doi.org/10.1186/s12916-018-1008-8
https://doi.org/10.1016/j.jacc.2009.10.009
https://www.ncbi.nlm.nih.gov/pubmed/20082925
https://doi.org/10.1097/GME.0000000000000716
https://www.ncbi.nlm.nih.gov/pubmed/27529462
https://doi.org/10.1016/j.bbih.2021.100280
https://www.ncbi.nlm.nih.gov/pubmed/34589780
https://doi.org/10.1016/S0015-0282(01)02934-X
https://doi.org/10.1016/j.phrs.2006.06.006
https://doi.org/10.5114/aoms.2016.58928
https://doi.org/10.3390/cancers11010024


Nutrients 2023, 15, 2789 16 of 16

53. Panagiotakos, D.B.; Pitsavos, C.; Yannakoulia, M.; Chrysohoou, C.; Stefanadis, C. The implication of obesity and central fat on
markers of chronic inflammation: The ATTICA study. Atherosclerosis 2005, 183, 308–315. [CrossRef]

54. Park, H.S.; Park, J.Y.; Yu, R. Relationship of obesity and visceral adiposity with serum concentrations of CRP TNF-alpha and IL-6.
Diabetes Res. Clin. Pract. 2005, 69, 29–35. [CrossRef]

55. Piché, M.E.; Lemieux, S.; Weisnagel, S.J.; Corneau, L.; Nadeau, A.; Bergeron, J. Relation of high-sensitivity C-reactive protein;
interleukin-6; tumor necrosis factor-alpha; and fibrinogen to abdominal adipose tissue; blood pressure; and cholesterol and
triglyceride levels in healthy postmenopausal women. Am. J. Cardiol. 2005, 96, 92–97. [CrossRef]

56. Thorand, B.; Baumert, J.; Döring, A.; Herder, C.; Kolb, H.; Rathmann, W.; Giani, G.; Koenig, W.; KORA Group. Sex differences in
the relation of body composition to markers of inflammation. Atherosclerosis 2006, 184, 216–224. [CrossRef]

57. Yudkin, J.S.; Stehouwer, C.D.; Emeis, J.J.; Coppack, S.W. C-reactive protein in healthy subjects: Associations with obesity; insulin
resistance; and endothelial dysfunction: A potential role for cytokines originating from adipose tissue? Arterioscler. Thromb. Vasc.
Biol. 1999, 19, 972–978. [CrossRef]

58. Schlecht, I.; Fischer, B.; Behrens, G.; Leitzmann, M.F. Relations of Visceral and Abdominal Subcutaneous Adipose Tissue; Body
Mass Index; and Waist Circumference to Serum Concentrations of Parameters of Chronic Inflammation. Obes. Facts 2016, 9,
144–157. [CrossRef]

59. Forouhi, N.G.; Sattar, N.; McKeigue, P.M. Relation of C-reactive protein to body fat distribution and features of the metabolic
syndrome in Europeans and South Asians. Int. J. Obes. Relat. Metab. Disord. 2001, 25, 1327–1331. [CrossRef]

60. Saijo, Y.; Kiyota, N.; Kawasaki, Y.; Miyazaki, Y.; Kashimura, J.; Fukuda, M.; Kishi, R. Relationship between C-reactive protein and
visceral adipose tissue in healthy Japanese subjects. Diabetes Obes. Metab. 2004, 6, 249–258. [CrossRef]

61. Beasley, L.E.; Koster, A.; Newman, A.B.; Javaid, M.K.; Ferrucci, L.; Kritchevsky, S.B.; Kuller, L.H.; Pahor, M.; Schaap, L.A.; Visser,
M.; et al. Health ABC study. Inflammation and race and gender differences in computerized tomography-measured adipose
depots. Obesity 2009, 17, 1062–1069. [CrossRef]

62. Pou, K.M.; Massaro, J.M.; Hoffmann, U.; Vasan, R.S.; Maurovich-Horvat, P.; Larson, M.G.; Keaney, J.F., Jr.; Meigs, J.B.; Lipinska, I.;
Kathiresan, S.; et al. Visceral and subcutaneous adipose tissue volumes are cross-sectionally related to markers of inflammation
and oxidative stress: The Framingham Heart Study. Circulation 2007, 116, 1234–1241. [CrossRef]

63. Saito, T.; Murata, M.; Otani, T.; Tamemoto, H.; Kawakami, M.; Ishikawa, S.E. Association of subcutaneous and visceral fat mass
with serum concentrations of adipokines in subjects with type 2 diabetes mellitus. Endocr. J. 2012, 59, 39–45. [CrossRef]

64. Shiels, M.S.; Katki, H.A.; Freedman, N.D.; Purdue, M.P.; Wentzensen, N.; Trabert, B.; Kitahara, C.M.; Furr, M.; Li, Y.; Kemp,
T.J.; et al. Cigarette smoking and variations in systemic immune and inflammation markers. J. Natl. Cancer Inst. 2014, 106, dju294.
[CrossRef]

65. Margues-Vidal, P.; Bochud, M.; Bastardot, F.; Lüscher, T.; Ferrero, F.; Gaspoz, J.M.; Paccaud, F.; Urwyler, A.; von Känel, R.; Hock,
C.; et al. Association between inflammatory and obesity markers in a Swiss population-based sample (CoLaus Study). Obes. Facts
2012, 5, 734–744. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.atherosclerosis.2005.03.010
https://doi.org/10.1016/j.diabres.2004.11.007
https://doi.org/10.1016/j.amjcard.2005.02.051
https://doi.org/10.1016/j.atherosclerosis.2005.04.011
https://doi.org/10.1161/01.ATV.19.4.972
https://doi.org/10.1159/000443691
https://doi.org/10.1038/sj.ijo.0801723
https://doi.org/10.1111/j.1462-8902.2003.0342.x
https://doi.org/10.1038/oby.2008.627
https://doi.org/10.1161/CIRCULATIONAHA.107.710509
https://doi.org/10.1507/endocrj.EJ11-0132
https://doi.org/10.1093/jnci/dju294
https://doi.org/10.1159/000345045

	Introduction 
	Materials and Methods 
	Research Project 
	Anthropometric Measurements 
	Indicators of Obesity 
	Blood Pressure Measurement 
	Blood Collection 
	Determination of IL-6 Level 
	Classification of Respondents 
	Statistical Analysis 

	Results 
	Subject Characteristics 
	Interrelationships between Selected Parameters of Chronic Systemic Inflammation 
	Relationships of BMI, WC, RFM, VAI, and WHtR with Selected Parameters of Chronic Systemic Inflammation 
	Relationships between Anthropometric Parameters (BMI, WC, RFM, VAI, WHtR) and Selected Parameters of Chronic Systemic Inflammation in the Subgroups Defined by BMI, Smoking Status, and MetS 
	Relationships between Plasma Adiponectin Levels and Cardiovascular Risk Factors 

	Discussion 
	Interrelationships between Selected Parameters of Chronic Systemic Inflammation 
	Relationships of BMI, WC, RFM, VAI, and WHtR with Selected Parameters of Chronic Systemic Inflammation 

	Conclusions 
	Limitation and Strength 
	References

