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Objectives. To evaluate the associations between individuals with and without changes in components of metabolic syndrome
(MetS) and demographic, nutritional, and lifestyle factors. Methods. A cross-sectional study was conducted with 224 individuals
followed-up at a public hospital in Northeast Brazil. We used National Cholesterol Education Program-Adult Treatment Panel III
(NCEP) criteria to diagnose MetS. We assessed components of MetS as dependent variables, while sex, age, food consumption,
smoking, alcohol intake, physical activity, anthropometric parameters, and sleep hours were independent variables. Results.
Comparing individuals with and without changes in components of MetS, the logistic regression models revealed that female sex
was predictive of increased waist circumference and low HDL-c levels while advanced age was predictive of increased blood
pressure and blood glucose levels. BMI emerged as a predictor for waist circumference and a protective factor for triglyceride
levels. In addition, potassium intake, physical activity, and sleep duration were protective against decreased HDL-c, elevated
triglyceride, and elevated blood pressure levels, respectively. Conclusion. Tis study demonstrated that sex, age, BMI, dietary
potassium intake, physical activity, and hours of sleep are factors to be targeted in public health actions for prevention and
treatment of MetS.

1. Introduction

Nowadays, in about 20 countries around the world, the risk of
dying prematurely from noncommunicable diseases (NCDs)
is higher than dying from infectious and parasitic diseases,
maternal and perinatal conditions, and nutritional defciencies

combined. In 2016, an estimated 40.5million (71%) of the
56.9million deaths worldwide were due to NCD. Te leading
causes of NCD deaths (80%) were cancer, cardiovascular
diseases, chronic respiratory diseases, and diabetes [1].

Metabolic syndrome (MetS) is a NCD defned as the
cluster of cardiometabolic risk factors such as obesity and
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type 2 diabetes (T2DM). MetS prevalence is estimated at
around a quarter of the world population [2]. Previous
hypotheses suggested that MetS is initiated by insulin re-
sistance. Interactions between genetic, environmental, and
lifestyle factors results in the inherent complexity of pre-
venting and monitoring MetS [3, 4].

Western dietary patterns deemed unhealthy and high
alcohol consumption are considered cardiovascular risk
factors [5]. A sedentary lifestyle has been associated with the
risk of developing T2DM, hypercholesterolemia, and MetS.
Smoking is also a risk factor for MetS, associated with HDL-
c, increased waist circumference, and high concentrations of
triglycerides. In addition, general sleep quality has a positive
association with MetS [6].

Identifying the predicting factors for each altered
component of the MetS can be an assertive alternative in
clinical care due to various MetS phenotypes that gather
cardiovascular risk factors. Terefore, this study evaluates
the association between components of MetS and de-
mographic, nutritional, and lifestyle factors to identify
predictive and protective factors associated with each
component of the MetS.

2. Methods

2.1. Study Design. We carried out a cross-sectional study
from 2013 to 2019 with individuals aged between 19 and 77,
diagnosed with MetS, followed-up at the Onofre Lopes
University Hospital (HUOL), Natal, Northeast Brazil. Te
Research Ethics Committee of the HUOL approved the
study under CAAE number 13699913.7.0000.5292. National
Cholesterol Education Program-Adult Treatment Panel III
(NCEP) criteria [7] were used to diagnose MetS. We ex-
cluded individuals with type 1 diabetes (T1DM) or T2DM
using insulin or using glucocorticoids for the past three
months, kidney (MDRD< 60mL/min) or hepatic changes
(transaminases three times over the upper normal limit),
decompensated heart failure; pregnancy or lactation, and
treatment with antiepileptic drugs or rifampicin from the
study. For sample size calculation, multinominal logistic
regression models were used, and a total of 220 individuals,
including losses, was estimated. Medical records were ini-
tially screened and 334 met the study criteria. Among the
eligible records, 77 individuals were absent on the collection
day and 33 were lost due to abandonment. Terefore, data
collection was completed with 224 participants.

2.2. Lifestyle Variables. Sleep hours were obtained from the
average number hours individuals slept at night. Alcohol
intake was assessed based on the quantity and type of al-
coholic beverage consumed over a month [8]. Te in-
dividuals were categorized for smoking as follows: never
smoked, nonsmokers, ex-smokers, and smokers [9]. Te
level of physical activity was evaluated through the Brazilian
version of the International Physical Activity Questionnaire
[10]. Individuals were classifed as sedentary, irregularly
active (categories A and B), active, and very active. Irreg-
ularly active A category means one who meets at least one of

the recommendation criteria in terms of frequency or du-
ration of activity (frequency of 5 days/week or duration of
150min/week), and irregularly active B has not met any of
the recommendation criteria in terms of frequency or
duration.

2.3. Blood Pressure and Anthropometric Nutritional Status.
High blood pressure was defned as systolic pressure
≥130mmHg and diastolic pressure ≥85mmHg [7]. Te
anthropometric evaluation was performed using body mass
index (BMI) and waist circumference (WC). Te World
Health Organization (WHO) cutof points [11] for BMI
classifcation were used for adults, while the references
proposed by the Brazilian Ministry of Health [12] were used
for older adults. For the WC classifcation, WC values
>102 cm in men and >88 cm in women were considered for
diagnosis [7].

2.4. Biochemical Analysis. Fasting blood glucose, total
cholesterol, HDL-c, and triglycerides were analyzed using
commercial kits from the Wiener lab® (Wiener lab group,
Argentina) and an automated CMD800iX1 equipment
(Diamond Diagnostics, Holliston, MA, USA). Lipid and
blood glucose profles were classifed according to NCEP
criteria [7].

2.5. Food and Dietary Intake. Te 24-hour dietary recall
method was applied twice with a time interval between 30
and 45 days. Data on nutritional intake were analyzed using
the Virtual Nutri Plus® 2.0 software. Te energy and nu-
trient data were initially adjusted for inter- and intrapersonal
variability [13].Te adjustment by energy was made through
the residual method [14]. Te adequacy of energy, macro-
nutrient, and fber intake was classifed as recommended by
the I Brazilian guidelines for diagnosing and treating met-
abolic syndrome [15]. Micronutrient intake was compared
to the estimated average requirement (EAR) or adequate
intake (AI) [16–18].

2.6. Statistical Analysis. First, mean (standard deviation
(SD)) or medians (interquartile interval, Q1–Q3) were
calculated for the descriptive analysis of continuous vari-
ables. Te normality of the data was tested using the Kol-
mogorov–Smirnov Z test. Te Student’s t test was employed
to compare mean values for normally distributed data. For
data which were not normally distributed, mean values were
compared using the Wilcoxon test. A Chi-squared test was
used to verify associations between the categorical variables.
Fisher’s exact test was used for data with 25% of the expected
frequencies lesser than fve. Te imputation method was
applied through the multivariate imputation by chained
equation algorithm for missing data of weight, height,
systolic and diastolic blood pressure, triglycerides, and sleep
hours [19].

Te potential predictive or protective factors for the
components of MetS were analyzed using univariate logistic
regression. Components of MetS (WC, HDL-c, triglycerides,
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blood glucose, and blood pressure) were included as de-
pendent variables. Te independent variables were sex, age,
sleep hours, smoking, alcohol intake, physical activity level,
BMI, WC, and dietary components. Te independent var-
iables included in the logistic regression model were selected
according to the Wilcoxon test, Student’s t test, and Chi-
squared distribution (p< 0.05).

A logistic regression model with the stepwise (inclusion)
method was performed with variables that showed statis-
tically signifcant diferences (p< 0.05) in each component
of the MetS. We found fve fnal models, namely, (1)WC: sex
and BMI, (2) HDL-c: sex and potassium intake, (3) tri-
glycerides: BMI and physical activity, (4) glucose: age, and
(5) blood pressure: age and sleep hours. Te variance in-
fation factor test was used to check the absence of multi-
collinearity from the variables. Te odds ratios (ORs)
represent the measure of association between exposure to
predictive factors compared to alteration or not in the
components of MetS. Te statistical signifcance level
adopted in all analyses was p< 0.05. All analyses were
performed using R statistical software (v. 3.5.3).

3. Results

Te mean age (SD) of the participants, 76.8% of whom were
female, was 51 (12) years. Participants were treated with
antihypertensive (73.2%), hypoglycemic (39.3%), and lipid-
lowering agents (37%). Te median systolic and diastolic
blood pressures were above recommended parameters. Most
individuals reported being moderately to very active, not
smoking, and not consuming alcohol. Body mass index
(BMI), triglyceride, and blood glucose values were increased
while HDL-c levels were decreased.

Comparing individuals with and without changes in
components of MetS, females more often presented with
WC changes. Monthly alcohol intake was more frequent in
individuals with high blood pressure while hours of sleep
were signifcantly shorter among individuals with high blood
pressure (Table 1). Low HDL-c levels were most frequent in
females and individuals with between one and four alcoholic
beverages per month. High triglyceride levels were more
frequently observed in individuals in the irregularly active B
group. Increased blood glucose levels were most prevalent in
females and smokers (Table 2).

Comparing the daily dietary energy and nutrient in-
take and the relationship with components of MetS, en-
ergy intake was lower in individuals with high blood
pressure (Table 3). Individuals with low HDL-c levels
consumed smaller quantities of selenium and larger
quantities of potassium. Higher copper and potassium
intake was observed among individuals with higher blood
glucose levels (Table 4). Among components of MetS, the
percentage of calories intake from carbohydrates in re-
lation to the total caloric intake of the diet was adequate,
except in individuals without changes in WC and blood
pressure (48.8%). Protein intake was above the recom-
mended level for all components (between 15.6 and
17.6%); meanwhile, fber intake (12–13.5 g/day) was below
recommended levels. Total fat values were within the

normal range (between 21.7 and 27.8%) [15] (Tables 3
and 4).

Logistic regression models revealed that female sex was
predictive of increased WC and low HDL-C levels while
advanced age was predictive of increased blood pressure and
blood glucose levels. BMI emerged as a predictive and
protective factor for waist circumference and triglyceride
levels, respectively. Finally, potassium intake, physical ac-
tivity, and sleep duration were protective against decreased
HDL-C, elevated triglyceride, and elevated blood pressure
levels, respectively (Table 5).

4. Discussion

Tis study showed that females were more likely to have
increased WC and low HDL-c among patients with MetS.
Advanced age was a predictive factor for arterial hyper-
tension and glycemia, BMI was a predictive factor for WC
and a protective factor for triglycerides, sleeping hours
showed positive efects on arterial hypertension, dietary
potassium intake was associated with low HDL-c, and
physical activity was a protective factor for increased tri-
glycerides in this population.

Diferent fndings of the prevalence of MetS in the sexes
have been reported [20, 21], but women over 50 are more
likely to develop MetS. Insulin resistance increased ab-
dominal obesity, and reduced HDL-c are frequent metabolic
disorders after menopause, in addition to other disorders
related to diet and psychosocial changes [21]. Age has been
found to be a predictive factor for hypertension, which can
be explained by hemodynamic changes that take place with
age in the vascular system that afect blood pressure, such as
increased stifness and pressure in the arteries [22]. Ad-
vanced age is also a risk factor for T2DM. Glucose in-
tolerance increases with age due to body fat accumulation,
eating habits changes, and physical inactivity [23].

Te association between BMI and WC highlights the
importance of BMI as an anthropometric indicator in di-
agnosing MetS in clinical practice [24]. However, the inverse
association observed between BMI and triglycerides should
be cautiously interpreted since BMI cannot diferentiate
between lean mass and fat and cannot measure visceral fat
accurately. Some biases arising from the intrinsic charac-
teristics of the population must be considered. For example,
in Table 2, the categorization of participants according to
BMI and hypertriglyceridemia values (yes/no) shows that in
the “no” category, the distribution of BMI results was more
heterogeneous (29.4–39.9) in addition to presenting the
highest values. BMI also has limitations regarding signifcant
associations with metabolic markers, including those related
to lipid profles [25]. In addition, 37% of the sample used
lipid-lowering agents, and it is attributed that individuals
with higher BMI were targets of drug interventions focused
on the lipid profle, whose efects on metabolic control are
practical, regardless of weight loss.

Our fnding of a negative association between sleeping
hours and blood pressure is in line with current evidence on
the impact of sleep on MetS [26, 27]. Sleep duration in-
fuences blood pressure through hormonal imbalances,
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increased adiposity, metabolic dysfunction, and circadian
rhythm disturbances [28]. In addition, waking up late can
also afect health due to high concentrations of cortisol,
which can increase blood glucose, heart rate, and blood
pressure [29]. Tus, the results found in this study can also
be extended to assess sleep quality and latency in individuals
with MetS.

In the present study, patients with high blood pressure
had lower energy intake than those with normal blood
pressure. It is essential to highlight that caloric intake is not
the only indicator of diet quality that infuences blood
pressure, and it is crucial to consider this factor together with
the quality of the nutrients consumed. Te efects of dietary
composition on blood pressure are infuenced by several
mechanisms, in particular, mediated by body weight loss,
attenuation of systemic infammation, increased insulin
sensitivity, and antihypertensive efects inherent to certain
isolated nutrients [30]. In addition, during the clinical follow-
up of these patients with high blood pressure, sodium re-
striction in the diet is emphasized, possibly leading to a re-
duction in the consumption of processed foods rich in
sodium, which, in turn, may infuence the total calorie intake.

We found a low consumption of dietary fber (between 12
and 13 g/day), and minimum consumption of 25 g per day is
recommended to improve glycemic control and attenuate
postprandial hyperglycemia [31]. In this context, the difer-
ence observed between total fber intake and hyperglycemia is
insignifcant for application in dietary guidelines. Copper
intake was higher in individuals with hyperglycemia. Still, this
fnding would need to be further explored in models of as-
sociation with glycemic control markers, but the variable was

not classifed to be included in logistic regression. However,
a study conducted with adult subjects without MetS dem-
onstrated by multiple regression models that dietary copper
intake was inversely associated with fasting glucose [32].
Cooper has a pro-oxidant role in the metal-catalyzed for-
mation of free radicals. It has been explored in diabetes due to
its relationship with glycemic control [33].

Potassium intake was found to be a protective factor for
low HDL-c, an uncommon fnding in the literature. How-
ever, we recognize the limitation of discussing dietary po-
tassium intake without associating it with biochemical
markers and urinary excretion to elucidate probable
mechanisms of the relationship with HDL-c. Low dietary
potassium intake may increase the risk of chronic diseases
such as T2DM and cardiovascular disease [34, 35]. Our
population’s average daily potassium intake was lower than
the adequate intake (AI) values of 3 400.0mg for men and
2 600.0mg for women [18].

A lower selenium intake was observed in individuals
with low HDL-c. Selenium, as an essential trace element,
plays an important role in lipid metabolism protecting
against damage caused by oxidative stress. It is believed that
adequate selenium intake may reduce the risk of chronic
diseases from oxidative and infammatory imbalances as-
sociated with MetS [36, 37].

Our results reinforce the need of practicing physical
activity for individuals with MetS, especially those with
hypertriglyceridemia. Te benefts of physical activity for
individuals with MetS include improved body composition,
cardiovascular health, and metabolic profle [38]. WHO
recommends that adults perform at least 150–300minutes of

Table 1: Comparing demographic, nutritional, and lifestyle factors and changes in waist circumference and blood pressure in patients with
metabolic syndrome.

Factors
Increased waist circumferencea Elevated blood pressureb

p
Yes No P Yes No

Sexc

Male 30 (57.7) 22 (42.3) <0.001 35 (67.3) 17 (32.7)
Female 167 (97.1) 05 (2.9) 129 (75.0) 43 (25.0) 0.272
BMI (kg/m2)d 32.7 (29.5–39.1) 25.8 (24.1–27.5) <0.001 32.0 (28.2–38.0) 31.9 (28.4–37.0) 0.992
Smokingc

Never smoked 86 (91.5) 08 (8.5) 69 (73.4) 25 (26.6)
Nonsmokers 34 (81.0) 08 (19.0) 28 (66.7) 14 (33.3)
Ex-smoker 63 (86.3) 10 (13.7) 0.302 55 (75.3) 18 (24.7) 0.696
Smokers 14 (93.3) 01 (6.7) 12 (80.0) 03 (20.0)
Alcohol consumption/monthc

Nonconsumer 101 (87.1) 15 (12.9) 90 (77.6) 26 (22.4)
1 drink 50 (90.9) 05 (9.1) 43 (78.2) 12 (21.8)
1–4 drinks 20 (90.9) 02 (9.1) 0.751 11 (50.0) 11 (50.0) 0.0 8
>5 drinks 26 (83.9) 05 (16.1) 20 (64.5) 11 (35.5)
Physical activityc

Sedentary 17 (73.9) 06 (26.1) 14 (60.9) 09 (39.1)
Irregularly active A 43 (91.5) 04 (8.5) 34 (72.3) 13 (27.7)
Irregularly active B 31 (86.1) 05 (18.5) 0.149 27 (75.0) 09 (25.0) 0.541
Active/very active 106 (89.8) 12 (10.2) 89 (75.4) 29 (24.6)
Sleep hoursd 7.0 (6.0–8.0) 7.0 (6.0–8.0) 0.745 7.0 (6.0–8.0) 8.0 (6.0–8.0) 0.00 
aReference values: >102 cm for men and >88 cm for women (NCEP, 2002); breference values: systolic blood pressure ≥130mmHg or diastolic blood pressure
≥85mmHg (NCEP, 2002); cdata presented as n (%); ddata presented as medians (Q1� quartile 1 or percentile 25; Q3� quartile 3 or percentile 75). BMI: body
mass index. Signifcant values are given in bold (p< 0.05, Chi-square test, Fisher’s exact, and Wilcoxon test).
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moderate-intensity aerobic physical activity or at least
75–150minutes of vigorous-intensity aerobic physical ac-
tivity or an activity-equivalent combination of moderate or
vigorous exercise throughout the week for substantial health
benefts [39].

Te lack of association observed between blood pressure
and physical activity levels can be attributed to the complex
multifactorial interaction to be considered in the approach
to blood pressure, such as genetic/epigenetic, environ-
mental, and social [40], which masks the signifcance of the
level of physical activity as the only determining factor of
arterial hypertension. It is also noteworthy that the partic-
ipants received specifc guidance for treating high blood
pressure, which may have infuenced the association of some
variables. Another factor to be considered is the instrument
used (International Physical Activity Questionnaire
(IPAQ)), a short version validated in Brazil, which probably
overestimated the level of physical activity [41]. In addition,
the complexity in the interpretation of specifc questions,
such as the distinction between vigorous and moderate
activities, as well as the difculty in quantifying sedentary
activities [10], may have impacted the accuracy of the
measurements.

We found no statistical diference between smoking and
MetS; however, our results align with other studies [42, 43].
By the way, life-course cigarette smoking was associated with
increased odds of MetS, especially among individuals aged
<70 years [44]. It is crucial to consider that the history of
smoking is a complex and multidimensional phenomenon,
encompassing aspects such as duration, intensity of the
habit, and time since cessation across life course. Many
researchers adopt simplifed approaches to avoid the

analytical challenges posed by this multidimensionality,
focusing on a single factor of smoking in their studies.
However, this simplifcation can result in the loss of crucial
information related to other dimensions of smoking. Even if
we choose to model several smoking-related variables si-
multaneously, this can induce multicollinearity or extremely
unstable estimates [45]. In our study, we decided to cate-
gorize individuals into four distinct groups concerning
smoking: “never smoked,” “nonsmokers,” “ex-smokers,”
and “smokers” according to Brazilian consensus [9]. We
recognize that this approach represents a simplifcation of
the complexity of smoking by focusing on broad categories.

Tis study presents some limitations, such as the cross-
sectional design, the inherent complexity of the evaluation of
food intake, and the assessment of sleep duration without
assessment of sleep quality and latency. A strong point of the
study is the investigation of biological, nutritional, and
lifestyle factors related to isolated components of MetS,
making it possible to identify suggestions of clinical actions.

Tis study demonstrated that sex, age, BMI, dietary
potassium intake, physical activity, and hours of sleep are
factors to be targeted in public health actions for prevention
and treatment of MetS. Furthermore, the knowledge of
predictive and protective factors for eachMetS component is
also fundamental to guide the monitoring of MetS with
a focus on phenotypes most frequent in each population.

Data Availability

Te datasets used and/or analyzed during the current study
are available from the corresponding author on reasonable
request.

Table 5: Logistic regression for the prediction of associations among the independent variables and components of metabolic syndrome.

Components Estimate SE Z p OR 95% CI
Waist circumference
Intercept −20.66 4.409 −4.686 <0.001
Sexa 4.749 0.976 4.865 <0.001 1.155 2.177; 1.087
BMI 0.717 0.154 4.662 <0.001 2.048 1.583; 2.929
HDL-c
Intercept 2.539 2.812 0.005 0.903
Sex 0.933 0.374 2.495 0.013 2.543 1.208; 5.276
Potassium intake −0.001 0.001 −2.053 0.04 0.999 0.998; 0.999
Triglycerides
Intercept 2.903 0.894 3.247 0.001
BMI −0.053 0.021 −2.543 0.011 0.947 0.908; 0.987
Irregularly active Ab −0.117 0.587 −0.199 0.842 0.89 0.267; 2.746
Irregularly active Bb −0.011 0.624 −0.017 0.986 0.989 0.279; 3.330
Active/very activeb −1.158 0.523 −2.216 0.026 0.314 0.104; 0.834
Blood glucose
Intercept −1.986 0.663 −2.993 0.003
Age 0.061 0.013 4.48 <0.001 1.063 1.036; 1.09
Blood pressure
Intercept 0.427 1.056 0.444 0.686
Age 0.049 0.013 3.937 <0.001 1.05 1.024; 1.079
Sleep hours −0.258 0.111 −2.078 0.02 0.772 0.617; 0.956
SE, standard error; OR, odds ratio; CI, confdence interval; BMI, body mass index; irregularly active category A, meeting at least one of the recommendation
criteria (frequency of 5 days/week or duration of 150min/week); irregularly active category B did not meet any of the recommendation criteria in terms of
frequency or duration. aMale sex was used as baseline; bSedentary lifestyle was used as baseline.
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[5] P. Pérez-Mart́ınez, D. P. Mikhailidis, V. G. Athyros et al.,
“Lifestyle recommendations for the prevention and man-
agement of metabolic syndrome: an international panel
recommendation,” Nutrition Reviews, vol. 75, no. 5,
pp. 307–326, 2017.

[6] A. Smiley, D. King, and A. Bidulescu, “Te association be-
tween sleep duration and metabolic syndrome: the NHANES
2013/2014,” Nutrients, vol. 11, no. 11, pp. 2582–2613, 2019.

[7] National Cholesterol Education Program NCEP Expert Panel
on Detection Evaluation and Treatment of High Blood
Cholesterol in Adults, “Expert panel on detection, evaluation,
and treatment of high blood cholesterol in adults (adult
treatment panel III): third report of the national cholesterol
education Program (NCEP) expert panel on detection,
evaluation, and treatment of high blood cholesterol in adults
(adult treatment panel III) fnal report,” Circulation, vol. 106,
no. 25, pp. 3143–3421, 2002.

[8] publicacoes, “Health surveillance secretariat. Vigitel
Brazil 2018: surveillance of risk and protective factors
for chronic diseases by telephone survey/Ministry of
health, health surveillance secretariat- brası́lia: Ministry of
health,” 2019, http://bvsms.saude.gov.br/bvs/publicacoes/
vigitel_brasil_2018_vigilancia_fatores_risco.pdf.

[9] National Cancer Institute (INCA),Approach and Treatment of
Smokers: Consensus 2001, INCA, Rio de Janeiro, Brazil, 2001.
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2004.

[13] B. Slater, D. L. Marchioni, and R. M. Fisberg, “Estimando
a prevalência da ingestão inadequada de nutrientes,” Revista
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