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Introduction

Metabolic syndrome (MetS) refers to a cluster of metabolic 
abnormalities mostly linked to abdominal obesity and insu-
lin resistance,1 which simultaneously act to increase the 
risk of developing cardiovascular diseases (CVD), type 2 
diabetes mellitus (DM) and death.2 In Brazil, the preva-
lence of MetS varied according to the characteristics of the 
population studied, reaching an average of 29.6%.3

MetS is a challenging condition for public health,4 and 
it is associated with higher incidence of CVD and DM,5 
poorer physical performance6,7 and greater risk of develop-
ing functional deficiencies.8

It is already clear that several socioeconomic factors 
influence the prevalence of MetS.9 Among women, MetS 

risk increases after menopause,10 reaching a prevalence 
that varies between 31% and 55%.11 Menopause appears to 
affect almost all components of MetS,10 since changes in 
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the levels of the sex hormone estradiol during this stage of 
life are associated with metabolic changes and fat gain; 
therefore, menopausal status can be an additional and pos-
sibly independent determinant of MetS.10

In addition to gender-related factors, different studies 
have shown that MetS is associated with socioeconomic 
inequalities in the low- and middle-income regions,3 and 
that low-income women are more likely to be involved in 
behavioral risk factors, having more children and present-
ing a younger age at natural menopause,12 which can 
increase the risk of MetS.

There are still few studies carried out in Brazil13on the 
prevalence of MetS, mainly in the northeastern region,14 
where social inequality is considered to affect access to 
quality health care, which can increase MetS risks. 
Understanding how the prevalence of MetS varies among 
middle-aged and older women of these characteristics is 
important because this population group is more vulnera-
ble to MetS during the transition period from menopause 
and aging. Thus, the main objective was to compare the 
prevalence of MetS between different age groups of mid-
dle-aged and older women and to assess whether these dif-
ferences are independent of potential covariates, such as 
socioeconomic factors, reproductive history and lifestyle 
habits.

Materials and methods

Setting and population

This cross-sectional study was conducted in Natal and 
Parnamirim, two cities in the Northeast of Brazil. Natal is 
the capital of the Rio Grande do Norte state (RN), and 
Parnamirim is located within its metropolitan region. The 
sample consisted of middle-aged and older women aged 
45–74 years. We defined this age range to recruit only 
adults classified as young-older adults,15 thus reducing the 
impact of advanced aging on the proposed analysis. This 
study included women who did not have severe cognitive 
disorders. For women above 60 years of age, the orientation 
scale of the Leganes Cognitive Test (LCT) was applied, 
considering four or more errors to be exclusion criteria 
since it indicates inability to complete the study protocols.16 
Details can be found in the flowchart (Figure 1).

The sample in Natal was recruited on the basis of a list 
of people included in the Family Health Care Program, 
and the data collection was performed at home. In 
Parnamirim, the sample was recruited after disclosing the 
project at primary health care units in all neighborhoods 
and community centers around the city. In Brazil, pri-
mary health care is universally funded by the federal gov-
ernment through the Family Health Care Program and 
80% of women in this age group are registered in this 
program. The minimum sample size required for the 
study was established using the following parameters: 

50% for the proportion of the outcome in the population,3 
a 0.05 margin of error (d) and a 95% confidence interval, 
calculated in 415 subjects. However, to compensate for 
any losses, 25% was added to this value, resulting in a 
proposed sample of 518 women. Considering a recruit-
ment of 588 and the exclusion of 78 women, the final 
study sample consisted of 510 women. The entire sample 
was recruited by convenience (n = 588). Laboratory data 
needed for the assessment of MetS were not available  
for 78 women who were excluded from this study, lead-
ing to a final sample of 510 women. Data were collected 
between 2012 and 2014.

MetS evaluation

MetS was defined according to the National Cholesterol 
Education Program Adult Treatment Panel III (NCEP-ATP 
III) criteria17 (NCEP, 2002). The presence of at least three 
criteria of the following was indicative of MetS: abdominal 
obesity (waist circumference > 88 cm for women), insulin 
resistance (fasting glucose ⩾ 110 mg/dL) or diagnosed dia-
betes, reduced high-density lipoprotein (HDL) cholesterol 
(< 50 mg/dL), elevated triglycerides (⩾ 150 mg/dL) and 
hypertension (blood pressure ⩾ 130/85 mmHg) or diag-
nosed hypertension (NCEP-ATP III, 2002).17

We used a Fiber Glass® metric tape to quantify the waist 
circumference by measuring the waist midway between 
the lowest rib and the iliac crests, with the subject standing 
and at the end of normal expiration.18 The participants 
were positioned with their feet together, arms crossed over 
their chests and were instructed to relax. We provided 
standard training for measurements to reduce intra- and 
inter-rater variability.

Blood pressure was measured using a validated and 
calibrated Omron® digital sphygmomanometer in accord-
ance with the Association for the Advancement of Medical 

Figure 1. Inclusion and exclusion criteria flowchart.
*For women > 60 years of age, the orientation scale (LCT) was applied.
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Instrumentation (AAMI)19 and British Hypertension 
Society (BHS)20 guidelines. We performed three measure-
ments with a 5-min interval between each. The mean of the 
three measures was considered to classify hypertension. 
Laboratory items (fasting glucose, HDL cholesterol and 
triglyceride levels) were analyzed through the enzymatic 
colorimetric method, in a commercial, specialized and cer-
tified laboratory, by specialized laboratory professionals. 
We collected the participants’ blood after 12 h of fasting 
through pre-scheduled day appointments.

Demographic and socioeconomic variables

Age was measured in years and then categorized into three 
groups (45–54, 55–64, and 65–74 years). The education 
level was self-reported and we created three categories: 
“less than basic education” (up to 7 years of age), “between 
basic and secondary” (8–10 years of age), and “secondary 
or more” (⩾ 11 years of age).

Family income was categorized according to the 
Brazilian minimum wage (MW), which is the lowest 
remuneration that employers should pay workers. Family 
income was divided into “less than 3 MW” and “3 MW or 
more.”21

Menopausal status and reproductive history

We defined menopausal status according to the Stages of 
Reproductive Aging Workshop classification (STRAW).22 
Those reporting regular menses were classified as “pre-
menopausal.” “Perimenopausal” was defined when the 
women reported irregular menses, with differences in 
cycle length over 7 days or amenorrhea up to 1 year. 
Women were classified as “postmenopausal” when report-
ing absence of menses for over 1 year.

We created three groups for the “age at menarche” vari-
able since more than one-fourth of women reported their 
menarche at the age of 13 years. The groups created were 
“menarche before 13 years of age,” “at 13 years of age,” 
and “after 13 years of age.” The “parity” variable was 
divided into “less than three births” and “three births or 
more,” and the “age at first childbirth” variable was cate-
gorized into “before 18 years of age” and “at 18 years of 
age or after 18 years of age.”21

Physical activity variables

Women were asked to report the time they remain seated 
during a regular day to register sedentary behaviors. This 
variable was divided into “4 h/day or less,” and “more than 
4 h/day.”21 Women also reported how many days per week, 
and for how long each day they had walked for more than 
10 min without stopping during the last week. A walking 
indicator was created to distinguish women walking “less 
than 90 min/week” or “more than 90 min/week.”21

Smoking

We asked participants about their habits in relation to 
smoking with three response options: current smoker, pre-
vious smoker or never a smoker. This variable was divided 
into two groups: current smokers versus former smokers/
never a smoker.

Statistics

Analyses were conducted using Statistical Package for 
Social Sciences (SPSS) version 20.0. First, descriptive sta-
tistics were conducted according to age group, using the 
chi-square test to compare proportions of categorical vari-
ables and analysis of variance (ANOVA), followed by 
Tukey post hoc tests to compare continuous variables. 
Then, the presence of MetS and the proportion of each 
MetS criteria were compared among the three age groups 
using the chi-square test. Following this, we compared the 
groups considering the classification of MetS in relation to 
all independent variables, using the chi-square test for cat-
egorical variables and the Student’s t-test for continuous 
variables. Finally, we conducted logistic regression mod-
els to assess the association between age group and MetS 
adjusted for covariates. We created four models to include 
the different groups of covariates, thus allowing us to 
assess how each block of variables influences the results 
and the potential for some of the variables to be on the 
causal pathway. The first model was unadjusted. In the 
second model, we adjusted for age, education and income. 
In the third model, we added the reproductive variables 
(age at menarche, age at first childbirth, parity and meno-
pausal status). In the fourth model, we included physical 
activity, sitting time per day and smoking. A 5% signifi-
cance level and 95% CI were adopted for all analyses.

Results

Table 1 shows the distribution of MetS according to the 
independent variables of the total sample. Considering the 
women with MetS, 67.7% are between 45 and 64 years of 
age, and only 32.3% are above 65 years of age. Women 
with MetS have a poorer educational level, lower family 
income, higher parity and a higher proportion of women 
reporting that they do not practice any physical activity. 
There was no significant difference in relation to age at 
menarche, menopausal status, age at first childbirth, sitting 
time per day and smoking.

Table 2 presents the results for each of the MetS com-
ponents according to the age groups. This shows that 
women in the second age group (55–64 years) have a sig-
nificantly higher prevalence of three MetS components: 
elevated glucose (36.4% and p = 0.001), low HDL levels 
(39.0% and p < 0.001) and high blood pressure (85.7% 
and p < 0.001), and a marginally higher prevalence of ele-
vated triglycerides. A significantly higher prevalence of 
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Table 1. Distribution of MetS according to independent variables (N = 510).

Variables MetS p-value 

No Yes

M (SD) or n (%)

Age (years) 45–54 129 (61.4) 149 (49.7)  
55–64 23 (11.0) 54 (18.0) 0.017
65–74 58 (27.6) 97 (32.3)  

Education (years of schooling) 7.54 (± 4.46) 6.43 (4.38) 0.006
Education Less than basic education 107 (51.0) 185 (61.9) 0.048

Between basic and secondary 38 (18.1) 44 (14.7)
Secondary or more 65 (31.0) 70 (23.4)

Family income (MW) 0–1 140 (66.7) 234 (78.0) 0.017
1–3 60 (28.6) 58 (18.7)
>3 10 (4.8) 10 (3.3)

Age at menarche 
(years)

<13 62 (29.5) 111 (37.4) 0.129
13 53 (25.2) 75 (25.3)
>13 95 (45.2) 111 (37.4)

Parity (children) <3 94 (44.8) 107 (35.9) 0.044
⩾3 116 (55.2) 191 (64.1)

Age at first childbirth No child 18 (8.6) 12 (4.0) 0.074
Before 18 years of age 34 (16.2) 59 (19.8)
18 years of age or above 158 (75.2) 227 (76.2)

Menopausal status Premenopausal 23 (11.0) 22 (7.5) 0.194
Perimenopausal 53 (24.4) 64 (21.8)
Postmenopausal 133 (63.6) 208 (70.7)

Physical activity No 141 (67.1) 226 (75.6) 0.037
Yes 69 (32.9) 73 (24.4)

Sitting time per day 4h or less 101 (48.1) 147 (49.2) 0.812
More than 4h 109 (51.9) 152 (50.8)

Smoking No/never 132 (62.9) 170 (56.9) 0.175
Former smoker 78 (37.1) 129 (43.1)

SD: standard deviation; MW: minimum wage.

Table 2. Distribution of MetS components by age group (N = 510).

Variables (n = 510) Age 45–54 years Age 55–64 years Age 65–74 years Total p-value

n (%)

Glucose (mg/dL) <110 233 83.8 49 63.6 102 65.8 384 (75.3) 0.001ª
⩾110 45 16.2 28 36.4 53 34.2 126 (24.7)

Triglycerides  
(mg/dL)

<150 170 61.2 36 46.8 92 59.4 298 (58.4) 0.073
⩾150 108 38.8 41 53.2 63 40.6 212 (41.6)

HDL (mg/dL) ⩾50 109 39.2 30 39.0 99 63.9 238 (46.7) <0.001ª
<50 169 60.8 47 61.0 56 36.1 272 (53.3)

Abdominal obesity 
(cm)

⩽88 76 27.3 19 24.7 20 12.9 115 (22.5) 0.002ª
>88 202 72.7 58 75.3 135 87.1 395 (77.5)

Blood pressure 
(mmHg)

<130/85 98 35.3 11 14.3 23 14.8 132 (25.9) <0.001ª
⩾130/85 180 64.7 66 85.7 132 85.2 348 (74.1)

HDL: high-density lipoprotein cholesterol; mg/dL: milligrams per deciliters; cm: centimeter; mmHg: millimeters of mercury.
ªChi-squared test (p < 0.05).

abdominal obesity was found in the older group (87.1% 
and p = 0.002).

Table 3 shows the results of the logistic regression  
for MetS. Women in the second age group exhibited 

significantly higher odds of presenting MetS (odds ratio 
(OR) = 2.033 and CI = 1.19:3.49) vis-à-vis younger women 
(45–54 years of age). The OR was even higher when more 
covariates were added to the models, showing that this 
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group is around twice more likely to have MetS (OR = 2.257 
and CI = 1.20:4.24) compared to the younger group. The 
OR of MetS for the older groups was not significant in 
relation to the younger group.

Discussion

This study evaluated the prevalence of MetS in women 
from three different age groups. It was observed that 
women aged 55–64 years presented a higher prevalence of 
MetS than the oldest and youngest groups. They also pre-
sented a significantly higher prevalence of three MetS 
components (high glucose, low HDL levels and high blood 
pressure) and a marginally higher prevalence of elevated 
triglyceride levels. In our study, these women were twice 
more likely to present MetS compared to the youngest 
group (45–54 years of age), even after the adjustment for 
covariates. The oldest and the youngest groups presented 
similar prevalences of MetS and its components. 
Furthermore, a higher prevalence of MetS was associated 
with lower socioeconomic status, higher parity and a defi-
cient level of physical activity.

Although the literature reports that the presence of 
MetS increases with aging,2,5 previous research has already 
reported that people aged 65 years are less likely to have 
MetS than those aged 60–64 years.5,23

Some hypotheses can be considered to explain the 
lower prevalence of MetS among the oldest women com-
pared to the middle-aged group in our study. Women in the 
oldest group were born around the 1940s, when the life 
expectancy in Northeastern Brazil was approximately 
36.5 years. Having already reached around twice the 
expected age, it is possible that this group of older women 
is composed of survivors who were able to adapt to their 
life course adversities.23

In turn, because low-income women might have faced 
more adversities during their lives, they may tend to 
become unhealthy earlier in midlife,13 which would 
explain the higher prevalence of MetS in the second age 
group. Many of these women may die prematurely and not 

reach more advanced ages, which complements the justifi-
cation of higher prevalence of MetS among them com-
pared to the oldest group.

Nutritional changes may also contribute to these results. 
It has been reported that younger generations in low-
income populations tend to eat less traditional food and 
consume more sugary drinks and ultra-processed food.24 
This dietary profile may have contributed to the higher 
prevalence of MetS and its components among the middle-
aged groups vis-à-vis the oldest groups.

Finally, it is well known that women around 50 years of 
age are more likely to have a greater accumulation of fat in 
the abdominal region25 in addition to other symptoms 
related to menopause, such as anxiety, poor quality of 
sleep, stress and lower quality of life, which can contribute 
to adverse metabolic outcomes.26 Thus, because the sec-
ond age group includes women in their first postmenopau-
sal years, these factors may contribute to the higher 
prevalence of MetS among them.

MetS was also associated with other socioeconomic 
variables, with higher prevalence among women who have 
lower education and lower income levels. Previous studies 
showed that a lower income and a lower educational level 
may be related to the presence of MetS due to the adoption 
of an unhealthy lifestyle, such as low consumption of 
nutritious foods, high intake of salt and fat, in addition to 
low adherence to physical exercise practices.27

A higher prevalence of MetS was also associated with 
higher parity, which is consistent with previous research, 
involving Hispanic and Latino women.28 Since the gesta-
tional process is associated with higher rates of insulin 
resistance, dyslipidemia, fat accumulation and weight 
gain,29 it is possible that they can persist and even increase 
after successive pregnancies.

Strengths and limitations

Our research has some limitations. The participants were 
middle-aged and older women from Northeast Brazil; 
therefore, caution should be used in inferring the results to 
other populations. Because we used a convenience sample 
strategy, our participants may have been healthier than the 
average target population, and thus the possibility of 
healthy volunteer bias cannot be ruled out. Nevertheless, 
the similarity in the sociodemographic characteristics of 
the sample in this study with the last census data of the 
general local population supports the representativeness of 
this sample. There is also a possibility of information bias 
due to some self-reported measures; however, since there is 
no reason to think that this bias is related to MetS, the mis-
classifications are probably non-differential. Furthermore, 
as we previously described, the results of this study may 
have been influenced by survivor bias, with the oldest 
group being composed of resilient healthier women. 
Changes in life habits and conditions across the generations 

Table 3. Logistic regression model for MetS by age group 
adjusted for covariates (N = 510).

Age group (years)

 45–54 55–64 65–74

OR (95% CI)
Model 1 Ref 2.033 (1.19: 3.49) 1.448 (0.97:2.16)
Model 2 Ref 2.012 (1.16: 3.48) 1.270 (0.82:1.98)
Model 3 Ref 2.118 (1.14: 3.94) 1.384 (0.79:2.39)
Model 4 Ref 2.257 (1.20:4.24) 1.500 (0.85:2.65)

OR: odds ratio; CI: confidence interval; Model 1: unadjusted. Model 
2: adjusted for age, education and income; Model 3: Model 1 + age at 
menarche, age at first childbirth, parity and menopausal status; Model 
4: Model 3 + physical activity, sitting time per day, smoking.
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of women in Northeast Brazil may also have an important 
impact on their health status, and these findings may not be 
applicable even to the next generation of women. The 
cross-sectional nature of this research does not allow us to 
definitively confirm or discard these hypotheses, and a lon-
gitudinal study might be more suitable to understand how 
MetS varies over the life course.

This study also has some strengths. By investigating 
MetS among lower income middle-aged and older women, 
this study provides valuable information about a high risk 
and understudied group. This study used objective and 
valid measurements to identify MetS is also one of its 
strengths. Finally, by comparing three different age groups 
regarding the prevalence of MetS, this study raised impor-
tant hypotheses regarding how socioeconomic and life 
course change over the years may influence the prevalence 
of this condition in different phases of women’s lives.

Conclusion

In this study, women aged 55–64 years presented a higher 
prevalence of MetS when compared to the youngest (45–
54 years) or oldest (65–74 years) groups. The oldest 
group has similar odds of presenting MetS than the 
youngest group. Survivor bias, changes in socioeconomic 
conditions and life habits across generations may explain 
these results, and longitudinal studies may help to under-
stand the impact of age itself on the occurrence of MetS.

The elevated prevalence of MetS among the middle-
aged group in this study highlights the importance of 
screening MetS components and associated factors earlier 
in midlife. In addition, these findings show the need to 
implement public health policies for middle-aged women 
aimed at reducing the adverse effects of MetS in later years.
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