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Introduction: Population aging generally accompanies an increase in chronic noncommunicable 

diseases, such as metabolic syndrome (MS). Nursing homes have provided a solution for the 

decreased ability of elderly individuals for self-care and familial difficulties in meeting the 

health care needs of elderly individuals.

Purpose: The aim of the present study was to determine the frequency of MS and its associated 

factors in elderly individuals living in nursing homes.

Patients and methods: This cross-sectional study was conducted with 202 institutionalized 

elderly individuals. MS was diagnosed according to the National Cholesterol Education 

Program – Adult Treatment Panel III criteria. Sociodemographic, clinical, and lifestyle factors 

were assessed to verify their association with MS by logistic regression.

Results: The MS frequency was 29.2%. The most frequent MS components were low high-

density lipoprotein cholesterol level (63.9%) and abdominal obesity (42.7%). Factors associ-

ated with MS were female sex (prevalence ratio [PR]=2.16; 95% CI, 1.04–4.49), age-adjusted 

institutionalization time .50% (PR=2.38, 95% CI, 1.46–3.88), and high concentrations of 

interleukin-6 (PR=2.01; 95% CI, 1.21–3.32) and tumor necrosis factor-α (PR=1.70; 95% CI, 

1.05–2.77). Moreover, it was verified that the likelihood of having MS was 1.85-fold higher 

(95% CI, 1.11–3.10) in the group with a diet characterized by very high energy, very low fat, 

and high dietary fiber.

Conclusion: The occurrence of MS in institutionalized elderly individuals was higher in 

females, and individuals with longer age-adjusted institutionalization time, higher concentrations 

of immunologic biomarkers, and a dietary intake consisting of higher energy and fiber and 

lower total fat. The results of the study are useful for guiding health care programs aimed at 

institutionalized elderly individuals.

Keywords: chronic noncommunicable diseases, aging, nursing home, institutionalization

Introduction
Over the last few decades, declining birth and mortality rates have resulted in an 

increase in the proportion of elderly individuals worldwide. Population aging has 

changed the epidemiological profile of countries, with a greater prevalence of non-

communicable chronic diseases. Moreover, the demand for nursing homes (NHs) has 

increased due to elderly individuals’ difficulty or dependency in carrying out activities, 

families’ difficulties in meeting the health care needs of elderly members, and the 

associated costs.1 In Brazil, NH are governmental or nongovernmental institutions, of 

residential character, and aimed at fostering integral attention to the health of elderly 

individuals, including the aspects of promotion, protection, and prevention.2

Quality of the assistance depends on both the characteristics of the institutional 

system, in terms of structures and processes, and the standards of health professionals, 
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including adequacy of training and education, and workload. 

However, unfavorable conditions in terms of physical 

structure, lifestyle, and human and care-related resources 

may contribute to the onset or aggravation of various health 

problems,3 including metabolic syndrome (MS).4

MS comprises at least three of the following components: 

abdominal obesity, hyperglycemia, arterial hypertension, 

hypertriglyceridemia, and low high-density lipoprotein 

cholesterol (HDL-c) level. We chose to use the criteria pro-

posed by National Cholesterol Education Program – Adult 

Treatment Panel III (NCEP-ATP III)5 for simplicity and 

practicality, as recommended by the I Brazilian Guidelines 

on Diagnosis and Treatment of Metabolic Syndrome.6 The 

consensus of Brazilian medical societies recommends blood 

pressure and levels of triglycerides, the use of antihyperten-

sive or lipid-lowering medications, and previous diagnosis of 

diabetes. The glycemia cutoff was changed to $100 mg/dL, 

according to recommendations proposed by the American 

Diabetes Association.7

Despite the scarcity of studies and the variability of 

study findings resulting from the use of different diagnostic 

criteria,8 the frequency of MS is likely to be high among 

elderly individuals. In Brazil, only prevalence data of 

noninstitutionalized elderly individuals are available, with 

ranges of 22.3%–67.9%.9,10 A few studies on institutionalized 

elderly individuals have been carried out in Europe, Asia, 

and Oceania, with wide variations in the prevalence rates, 

diagnostic criterion, population studied, and sample size.11–16 

The highest proportion of MS among institutionalized elderly 

individuals was observed in Indonesia (57.6%),16 while the 

lowest prevalence was reported in Croatia (20.8%).4

The etiology of MS is multifactorial, including factors 

such as sex, age, low income, alcoholism, smoking, sedentary 

lifestyle, dietary inadequacy, and genetic predisposition.17,18 

Alterations in the concentrations of inflammatory biomarkers 

are also thought to contribute to the development of MS, 

mostly in elderly individuals.19 Aging can compromise the 

immune system, increasing the synthesis of inflammatory 

mediators. High concentrations of interleukin (IL)-6, tumor 

necrosis factor (TNF)-α, and C-reactive protein (CRP) are 

associated with the components of MS.19,20

A cohort study conducted with adults and elderly indi-

viduals showed that the likelihood of developing MS was 

3.9-fold greater for people aged $45 years, 2.0-fold greater 

for males, 1.0-fold greater for those with a family history of 

diabetes mellitus, and 1.2-fold greater for individuals with 

a family history of arterial hypertension.18 Once established, 

it is estimated that MS doubles the risk of cardiovascular 

disease, such as myocardial infarction, stroke, and cardio-

vascular mortality, and increases all-cause mortality by 1.5-

fold.21 Evidence also indicated that MS increases the risk of 

fragility by 1.85-fold22 and can increase the risk of cognitive 

deficits, dementia, Alzheimer’s disease,23 and depression.24

The identification of individuals with MS and its associ-

ated risk factors are useful in planning strategic interventions 

that can be implemented to reduce both the occurrence of 

this syndrome and its impact on population health. Although 

associated factors of MS have long been established, there 

are several shortcomings in the available literature regarding 

elderly individuals, especially the institutionalized popula-

tion. Since scarce information is available regarding MS 

among the institutionalized elderly population, especially 

in Brazil, the present study was conducted to determine the 

frequency of MS and its association with sociodemographic, 

clinical, and lifestyle factors in institutionalized elderly 

individuals living in NH.

Patients and methods
study design and population
This analytical, cross-sectional study was conducted between 

November 2013 and April 2014. At the time of data collection, 

393 elderly individuals were enrolled in 13 NH from Natal 

city, which is located in the northeast of Brazil. Nine insti-

tutions agreed to participate in the study (304 individuals). 

All individuals at least 60 years old and living in these NHs 

were included. In Brazil, the National Health Surveillance 

Agency2 and The Statute of Elderly (Law No. 10,741, of 

October 1, 2003)25 considers elderly individuals to be aged 

60 years or older. Forty-seven individuals met the exclusion 

criteria such as venous access difficulty and incomplete 

data for the diagnosis of MS, 24 elderly individuals or their 

guardians refused to participate in the study, and 11 were 

lost due to death, internment, blood hemolysis, or outliers. 

Therefore, data collection was complete for 202 participants 

(Figure 1).

Participants were recruited through contact with NH 

directors, the elderly individuals themselves, and their fami-

lies. Information explaining the objectives and steps of the 

research was provided. In the first stage, sociodemographic, 

clinical, and lifestyle data were collected from all study par-

ticipants. Clinical data were collected by NH physicians from 

patient records or self-referrals, while sociodemographic 

and lifestyle information were obtained by other NH health 

professionals from records. A multidisciplinary team com-

prised physicians, nurses, physiotherapists, pharmacists, and 

nutritionists was responsible for compiling and documenting 
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the information collected. All members of this team were 

trained in the use of the instruments used for data collection. 

The second stage of the research consisted of collecting 

anthropometric and food intake data and blood samples.

This study was approved by the Research Ethics Committee 

of the Federal University of Rio Grande do Norte (UFRN), 

Natal, Brazil, protocol 263/11; CAAE 0290.0.051.000-11. 

All participants or their guardians signed a free and informed 

consent form.

sociodemographic, clinical, and lifestyle 
variables
Data concerning sex, age, type of institution, date of 

admission to the NH, reason(s) for institutionalization, 

and institutionalization time were used to analyze the socio-

demographic profiles of the participants. Institutionalization 

time was adjusted for age, considering that the age at which 

an individual was institutionalized would influence his/her 

health, according to the following formula:26,27

 

Age-adjusted institutionalization time

Data collection yea
=

rr NH admittance year

Age in year 60
100

−
−

×
 

Clinical variables included diabetes, arterial hypertension, 

and use of antihypertensive and hypoglycemic medications. 

Participants’ lifestyles were evaluated using physical activity, 

alcohol intake, smoking, and smoking history variables.

Figure 1 Flowchart of study participant selection.
Abbreviations: nh, nursing home; Ms, metabolic syndrome.

•
•

•
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•
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Diagnosis of Ms
For the purposes of this study, MS was diagnosed accord-

ing to the National Cholesterol Education Program – Adult 

Treatment Panel III (NCEP-ATP III) criteria.5 At least three of 

the following criteria had to be present to diagnose MS: waist 

circumference .102 cm for men and .88 cm for women; 

triglyceride level $150 mg/dL; HDL-c level ,40 mg/dL 

for men and ,50 mg/dL for women; systolic blood pres-

sure $130 mmHg, diastolic blood pressure $85 mmHg, 

and/or use of antihypertensive drugs; and fasting blood gly-

cemia $100 mg/dL. The fasting blood glycemia cutoff was 

adjusted according to the American Diabetes Association 

guidelines7 and/or use of oral hypoglycemic drugs. Waist 

circumference was measured at the midpoint between the 

last rib and the iliac crest using an inelastic tape measure.28 

Blood pressure was measured as recommended by the VI 

Brazilian Guidelines on Hypertension.29

Biochemical analysis
Blood samples were collected via venipuncture after a 12-hour 

overnight fast. Blood glucose, triglycerides, and HDL-c 

levels were determined via colorimetric-enzymatic assays, 

using the Biochemical Analyzer Bio-200 (Barueri, Brazil) 

and kits from Labtest Diagnóstica® (Labtest Diagnóstica 

S.A., Lagoa Santa, Minas Gerais, Brazil). Immunologic 

analyses were conducted via chemiluminescence using 

an Immulite 1000® device (Malvern, PA, USA) with kits 

from Siemens® (Siemens Healthcare Diagnostics Products, 

Llanberis, Caernarfon, UK). The following cutoffs were 

adopted: 10.0 mg/L for high-sensitivity C-reactive protein, 

8.1 pg/mL for TNF-α, and 3.4 pg/mL for IL-6, according to 

the manufacturer’s recommendations.

Dietary intake assessment
Food and dietary intake data were obtained by direct weigh-

ing of food. The quantity of food consumed (in grams) was 

determined based on the difference between the offered and 

rejected quantities.30 Data were collected on 2 separate days, 

with an interval of 30–45 days.

The dietary analysis was performed using Virtual Nutri 

Plus software, version 1.0. New preparations and foods, along 

with their nutritional composition, were added to the database 

as necessary. Energy intake was calculated from the average 

values obtained on both data collection days. Data on energy, 

total fat, and dietary fiber intake were grouped according 

to exploratory factorial analyses. The recommendations 

considered for percentage values of adequate protein and 

carbohydrate intake in relation to total energy were 15% and 

50%–60%, respectively, according to the Acceptable Macro-

nutrient Distribution Range31,32 and I Brazilian Guidelines on 

Diagnosis and Treatment of Metabolic Syndrome.6

statistical analysis
The characteristics of the study participants are described 

using absolute and relative frequencies. The variables “main 

reasons for institutionalization,” “smoking,” “alcoholic 

beverage intake,” “protein intake,” and “carbohydrate intake” 

were excluded from the posterior analysis models because 

their frequency was ,10% in any category. The association 

between MS and sociodemographic, lifestyle, and immu-

nologic biomarkers was assessed using the chi-squared test. 

The magnitude of the association was assessed using the 

prevalence ratio (PR) with the corresponding CIs, considered 

applicable for cross-sectional studies.33 The variables that 

demonstrated a statistically significant association with MS 

in the bivariate analysis model (sex, age-adjusted institution-

alization time, IL-6, and TNF-α) were tested in relation to 

each component of MS, using the chi-squared test. PR with 

the corresponding CI was also calculated. The variables 

associated with MS with a P-value ,0.20 were analyzed by 

logistic regression for the construction of the multivariate 

model, utilizing the Stepwise Forward method. The perma-

nence of the variable in the multiple analyses followed the 

Likelihood Ratio Test, absence of multicollinearity, as well 

as its ability to improve the model through the Hosmer–

Lemeshow test. Transformation from OR to PR followed 

Miettinen and Cook.34

Initially, the normality of data distribution for dietary 

intake was assessed using the Kolmogorov–Smirnov test. The 

results were then adjusted for energy.35 One-way ANOVA 

was used to determine intrapersonal variability, and estimates 

of intra- and interpersonal variances were based on the result-

ing quadratic means.36

For analysis of food intake, the distribution of dietary 

components, characterized by low variability of data and 

some categories with a value equal to zero, made it difficult 

to use the chi-squared test and calculate the PR using the raw 

data. In order to correct for low occurrence in categories such 

as macronutrients and dietary fiber, a factorial analysis was 

performed using the principal component analysis method. 

This analysis was used to better explain the data, since it 

allows for summarization under a common factor that reflects 

the concepts inherent to each food intake variable.

Therefore, food intake data were transformed into 

z-scores by presenting different units of measurements. The 

correlation matrix showed values .0.85 for proteins and 
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carbohydrates, which were excluded from the model and 

evaluated separately. Data for energy, total fat, and dietary 

fiber intake were grouped into a single factor, with a variance 

of 63.5%. The commonality, factor load, and factor score 

values for each of the groups are shown in Table 1. Energy 

demonstrated greater commonality and factorial load, being 

the nutrient that best explains the factor. From the facto-

rial scores obtained with the single factor, the participants 

were divided into four groups: Group 1: low energy, high 

fat, and very low dietary fiber intake; Group 2: moderate 

energy, moderate fat, and low dietary fiber intake; Group 3: 

high energy, low fat, and moderate dietary fiber intake; and 

Group 4: very high energy, very low fat, and high dietary 

fiber intake. These groups were obtained from the quartiles 

of the factorial scores. In the classification of the groups, 

the progressive increase in factorial score quartiles implied 

a progressive increase in energy and dietary fiber intake 

(as this increase was more indicative of energy rather than 

dietary fiber due to the factorial load) and a reduction in total 

fat intake. Statistical significance was set at P,0.05. All data 

analyses were performed using IBM SPSS version 20.0 (IBM 

Corporation, Armonk, NY, USA).

Results
MS was diagnosed in 29.2% (95% CI, 23.0%–36.0%) 

of the elderly individuals. Low HDL-c was the most fre-

quently observed MS component (63.9%), while all other 

components affected ,50% of the population. The mean 

age was high (82.0±9.1 years), and the overall population 

demonstrated a high proportion of women and individuals 

residing at nonprofit institutions. Lack of caregiver was 

the main reason for institutionalization, reported by 35.8% 

of the individuals, while the “own option” alternative was 

cited by only 6.7% of the participants. Thus, more than 

half of the participants remained institutionalized for up to 

25% of their elderly lifetime. Concerning lifestyle habits, 

approximately three-fourth of the population was considered 

to be sedentary. On the other hand, three-fourth had never 

smoked, and the majority of the individuals were current 

nonsmokers (90.8%) and did not consume alcohol (97.0%). 

High carbohydrate and protein diet intake was verified, with 

low variability among the data, especially protein intake, and 

almost all participants were included in the category “above 

recommended.” When evaluating the quality of the diet of 

the elderly individuals according to the categorization of the 

groups constituted according to composition of energy and 

nutrients, we observed similar percentages of individuals 

distributed among the higher (Groups 1 and 2) and lower risk 

groups (Groups 3 and 4). Almost all the individuals (97.8%) 

presented concentrations of high-sensitivity C-reactive 

protein (hs-CRP) above the normality parameters, which 

indicates a population with an intense inflammatory profile. 

The proportion of participants that had abnormally high 

concentrations of IL-6 and TNF-α was 47.5% and 44.6%, 

respectively (Table 2).

The frequency of MS was greater in females, individuals 

who spent .50% of their elderly lifetime in NH, and elderly 

individuals with high concentrations of IL-6 and TNF-α (all 

P,0.05). Age, type of institution, lifestyle, and diet were not 

associated with the occurrence of MS (P.0.05) (Table 3).

Variables significantly associated with MS were tested 

in relation to the MS components. Females had a higher 

occurrence of low HDL-c (P=0.017) and abdominal obe-

sity (P=0.003). An age-adjusted institutionalization time of 

25%–50% was associated with increase in the occurrence 

of hypertriglyceridemia (P=0.018) and arterial hyperten-

sion (P=0.024) in individuals with .50% of their elderly 

lifetime in NH. IL-6 concentrations were higher in those with 

abdominal obesity (P,0.001) and low HDL-c concentrations 

(P=0.020). Furthermore, a high concentration of TNF-α was 

associated with increased hypertriglyceridemia (P,0.001) 

and low HDL-c concentrations (P,0.001). Among the com-

ponents of MS, low HDL-c presented the most statistically 

significant association with risk factors. Hyperglycemia was 

the only component that presented no statistically significant 

association with any of the risk factors analyzed (Table 4).

The logistic regression model confirmed the statistical 

significance observed in the bivariate model between MS 

Table 1 Factorial analysis model of the dietary components for institutionalized elderly individuals (n=178)

Variables Values of 
communalities

Factor load  
values

Factor score quartiles

Group 1  
(up to -0.681)

Group 2  
(-0.680–0.109)

Group 3  
(0.110–0.670)

Group 4  
(.0.671)

energy 0.814 0.902 low Moderate high Very high
Total fat 0.764 -0.874 high Moderate low Very low
Dietary fiber 0.327 0.572 Very low low Moderate high

Note: Data were missing for 24 elderly individuals.
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and the independent variables of sex, age-adjusted institu-

tionalization time, IL-6, and TNF-α (all P,0.05). Moreover, 

it was verified that the likelihood of diagnosis of MS was 

greater in individuals in Group 4 (very high energy, very 

low fat, and high dietary fiber intake) than in individuals in 

Group 2 (moderate energy, moderate fat, and low dietary 

fiber intake) (P=0.019) (Table 5).

Discussion
There was a moderate frequency of MS among elderly 

individuals. The frequency of MS was higher in participants 

who were female, and in individuals with an age-adjusted 

institutionalization time .50% of their elderly lifetime, high 

IL-6 and TNF-α levels, and a dietary intake consisting of 

higher energy and fiber and lower total fat. MS frequency 

was similar to that reported in a study conducted among an 

institutionalized elderly population in Taiwan (29.1%),14 

and lower than that reported for individuals residing in NH 

in Indonesia (57.6%).16 A systematic review of Brazilian 

adults indicated a significant increase in the risk for MS with 

advancing age.9 It is estimated that 47.9%–50.3% of Brazilian 

elderly individuals have MS, without any specific data for 

institutionalized elderly individuals.9,10 The variability of 

prevalence data can be attributed to specific behavioral and 

epidemiological patterns of countries and populations.10 

The analysis of the prevalence of MS has also been ham-

pered by the lack of consensus on its definition and the 

cutoffs used for its respective components.9 Despite this, it is 

speculated that a high prevalence of MS in elderly individuals 

Table 2 (Continued)

Characteristic n (%)

hs-CrP (mg/dl)
$10.0 201 (99.5)
,10.0 1 (0.5)

Il-6 (pg/ml)
$3.4 96 (47.5)
,3.4 106 (52.5)

TnF-α (pg/ml)
$8.1 90 (44.6)
,8.1 112 (55.4)

Notes: Data are expressed as n (%). Data were missing for abdominal obesity 
(n=10); arterial hypertension and/or use of antihypertensive drugs (n=3); main 
reason for institutionalization (n=9); physical activity (n=11); smoking (n=6); former 
smoking (n=46); alcoholic beverage intake (n=5); energy, total fat, and dietary fiber 
intake (n=24); carbohydrate intake (% total) (n=24); and protein intake (% total) 
(n=24). aGroup 1: low energy, high fat, and very low dietary fiber intake; Group 2: 
moderate energy, moderate fat, and low dietary fiber intake; Group 3: high energy, 
low fat, and moderate dietary fiber intake; Group 4: very high energy, very low fat, 
and high dietary fiber intake.
Abbreviations: hDl-c, high-density lipoprotein cholesterol; hs-CrP, high- 
sensitivity C-reactive protein; Il, interleukin; TnF, tumor necrosis factor; Ms, 
metabolic syndrome.

Table 2 Frequency of Ms and Ms components, and sociode-
mographic, clinical, and lifestyle factors among institutionalized 
elderly individuals (n=202)

Characteristic n (%)

Ms
Yes 59 (29.2)
no 143 (70.8)

Ms components
Abdominal obesity 82 (42.7)
hyperglycemia and/or use of oral hypoglycemic drugs 52 (25.7)
Arterial hypertension and/or use of antihypertensive  
drugs

80 (40.2)

hypertriglyceridemia 38 (18.8)
low hDl-c 129 (63.9)

sex
Male 50 (24.8)
Female 152 (75.2)

Age (years)
,75 48 (23.8)
$75 154 (76.2)

Type of nursing home
Nonprofit 141 (69.8)
For profit 61 (30.2)

Main reason for institutionalization
lack of caregiver 69 (35.8)
Disease 38 (19.7)
living alone 29 (15.0)
lack of housing 20 (10.4)
Own option 13 (6.7)
Other options 24 (12.4)

Age-adjusted institutionalization time (%)
,25 115 (56.9)
25–50 48 (23.8)
.50 39 (19.3)

Physical activity
Yes 51 (26.7)
no 140 (73.3)

smoking
Yes 18 (9.2)
no 178 (90.8)

Former smoking
Yes 40 (25.6)
no 116 (74.4)

Alcoholic beverage intake
Yes 6 (3.0)
no 191 (97.0)

Carbohydrate intake (% total energy)
Below recommended 11 (6.2)
recommended 79 (44.4)
Above recommended 88 (49.4)

Protein intake (% total energy)
Below recommended 4 (2.2)
Above recommended 174 (97.8)

Energy, total fat, and dietary fiber intakea

group 1 44 (24.7)
group 2 46 (25.8)
group 3 44 (24.7)
group 4 44 (24.7)

(Continued)
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exists due to the functional and metabolic changes resulting 

from aging.7 Thus, institutionalized elderly individuals are 

more susceptible to health problems due to the burden of 

comorbidity, frailty, and disability.1

Moreover, in the present study, the most frequent MS 

components observed were low HDL-c level, abdominal 

obesity, and arterial hypertension. Similar results were 

reported in research conducted among noninstitutionalized 

elderly individuals in Brazil37 and Turkey.38 Studies focusing 

on MS and its components enable stratification of individuals 

according to risk levels and allow for suitable treatment for 

each component, in order to reduce morbidity and mortality 

associated with this condition.21,39 Pharmacologic treatment 

and dietary modifications, including lowering intake of 

saturated fats, trans fats, cholesterol, sodium, and simple 

sugars, are known to alleviate dyslipidemia, hyperglycemia, 

and arterial hypertension.40 In addition, physical activity has 

positive impacts on physical fitness in frail individuals1 and 

weight reduction.40

When evaluating factors associated with MS and its 

components, we observed a higher frequency of abdominal 

obesity and low HDL-c concentrations in women compared 

with men. Similar findings have been observed among 

noninstitutionalized elderly individuals in other regions of 

Brazil37,41 and among institutionalized elderly individuals in 

other countries.4,15 These findings can be linked to menopausal 

hormonal alterations that result in a greater deposition of 

abdominal fat and an unfavorable lipid profile.42,43 Menopause 

is associated with a 60% risk of MS development.43 Visceral 

fat is more sensitive to lipolysis, a process that generates 

Table 3 Association between Ms in institutionalized elderly individuals, and sociodemographic, lifestyle, and clinical variables with n 
percent values .10 (n=202)

Individuals with MS, n (%) PR (95% CI) P-valuea

sex
Male (n=50) 8 (16.0) 1.00 0.016
Female (n=152) 51 (33.6) 2.35 (1.14–4.83)

Age (years)
#75 (n=48) 18 (37.5) 1.43 (0.91–2.25) 0.183
.75 (n=154) 41 (26.6) 1.00

Type of nursing home
Nonprofit (n=141) 40 (28.4) 1.00 0.761
Profit (n=61) 19 (31.1) 1.12 (0.71–1.77)

Age-adjusted institutionalization  
time (%)

,25 (n=115) 29 (50.0) 1.32 (0.68–2.56) 0.533
25–50 (n=48) 9 (15.5) 1.00 –
.50 (n=39) 20 (34.5) 2.68 (1.38–5.19) 0.004

Physical activity, n=191
Yes (n=51) 15 (29.4) 1.00 (0.59–1.61) 1.000
no (n=140) 41 (29.3) 1.00

Former smoking, n=156
Yes (n=40) 13 (32.5) 1.11 (0.65–1.88) 0.858
no (n=116) 34 (29.3) 1.00

Energy, total fat, and dietary fiber  
intake,b n=178

group 1 (n=44) 13 (29.5) 1.28 (0.62–2.66) 0.669
group 2 (n=46) 10 (21.7) 1.00 –
group 3 (n=44) 12 (27.3) 1.25 (0.60–2.60) 0.715
group 4 (n=44) 18 (40.9) 1.88 (0.98–3.62) 0.083

Il-6 (pg/ml)
$3.4 (n=96) 39 (40.6) 2.25 (1.40–3.60) 0.001
,3.4 (n=106) 20 (18.9) 1.00

TnF-α (pg/ml)
$8.1 (n=90) 34 (37.8) 1.75 (1.12–2.72) 0.018
,8.1 (n=112) 25 (22.3) 1.00

Notes: Data are expressed as n (%). aChi-squared test. bGroup 1: low energy, high fat, and very low dietary fiber intake; Group 2: moderate energy, moderate fat, and low 
dietary fiber intake; Group 3: high energy, low fat, and moderate dietary fiber intake; Group 4: very high energy, very low fat, and high dietary fiber intake.
Abbreviations: Il, interleukin; Ms, metabolic syndrome; Pr, prevalence ratio; TnF, tumor necrosis factor.
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free fatty acids, which stimulate the hepatic output of very 

low-density lipoprotein. Exchange of triglycerides from very 

low-density lipoprotein for cholesterol esters from HDL-c 

by the cholesterol ester transfer protein results in rapid clear-

ance of HDL-c.40

Despite the fact that most participants in the present 

study had age-adjusted institutionalization times ,25% of 

their elderly lifetime, the frequency of hypertriglyceridemia 

and arterial hypertension was higher in individuals with an 

age-adjusted time in a NH of .50%.

Health care needs of the institutionalized elderly in 

Brazil are multidimensional and include a decline in health 

aspects such as higher dependence to perform activities 

of daily living, upper limb motor difficulty, greater use of 

medications such as antidepressants, and onset of various 

diseases.44 Low incentive to practice physical activity in NH 

can lead to health problems.1 Moreover, standardization of 

dietary practices, without considering individual needs, may 

contribute to nutritional deficiencies. In addition, cultural, 

social, and religious aspects have significant influence on 

food choices.45 Health problems prior to institutionalization 

and senescence can contribute to the development of MS. 

This syndrome may result from the interaction between 

nutritional status during fetal life and early childhood and 

nutritional status and lifestyle in adulthood, and these envi-

ronmental conditions may enhance genetic predisposition to 

MS development in old age.40

The inflammatory profile associated with MS suggested 

by this study was verified based on the high IL-6 concentra-

tions in elderly individuals with abdominal obesity and low 

HDL-c. In addition, MS was associated with high TNF-α 

concentration; low HDL-c and hypertriglyceridemia were the 

components involved in this association. A previous study 

demonstrated associations between IL-6 and all MS compo-

nents; however, an association between MS and TNF-α was 

not observed.46 These results can be interpreted in light of 

the following aspects: 1) low HDL-c concentrations derived 

from the inhibition of lipoprotein lipase activity by IL-6 and 

TNF-α, and from the increase in endothelial lipase induced 

by IL-6,19,47 2) abdominal obesity is induced by IL-6 via sup-

pression of adiponectin synthesis,48 3) hypertriglyceridemia 

is associated with reduced lipoprotein lipase expression,19 

and 4) dyslipidemia results from the activation of nuclear 

factor kappa B by TNF-α.48 It is also worth mentioning that 

MS, once established, can itself generate inflammation due 

to interaction between MS components and the inflamma-

tory process.20

The statistical significance observed in the association 

between MS and sex, age-adjusted institutionalization time, 

IL-6, and TNF-α was confirmed by the multiple analyses 

model. In addition, the linear regression model pointed to a 

greater occurrence of MS in the group with a diet character-

ized by higher energy and dietary fiber and lower total fat 

intake. Excess calories in these individuals’ diets can be 

attributed to excessive intake of carbohydrates, which can be 

caused by stress eating, or the attempt to reduce fat intake.

The recommendation of dietary restrictions has come 

under question, and it has been pointed out that the main 

effects observed upon substitution of fats, especially satu-

rated fats, by carbohydrates are a decrease in total cholesterol, 

including LDL-c and HDL-c, and an increase in triglycer-

ides. These consequences lead to a greater risk of obesity, 

diabetes, and MS.49 This hypothesis has been reinforced by 

confirming that carbohydrate intake was positively associated 

and fat intake was inversely associated with the incidence 

of MS in women.50 Women were the predominant gender 

in our population. In addition, we certified the low intake 

of monounsaturated and polyunsaturated fats, which are 

involved with the mechanisms underlying MS.51 Unpublished 

data from our group on food intake in this same population 

indicates that cereals, rice, breads, and biscuits – foods with 

high energy and simple carbohydrate content – are among the 

Table 5 Multivariate model including variables associated with Ms with P-value ,0.20 in the bivariate analysis (n=201)

Variables Variable category Adjusted PR (95% CI) P-valuea

Reference Predictive

sex Male Female 2.16 (1.04–4.49) 0.039
Age-adjusted  
institutionalization time (%)

25%–50% .50% 2.38 (1.46–3.88) 0.001

Dietary componentsb group 2 group 4 1.85 (1.11–3.10) 0.019
Il-6 (pg/ml) ,3.4 $3.4 2.01 (1.21–3.32) 0.007
TnF-α (pg/ml) ,8.1 $8.1 1.70 (1.05–2.77) 0.032

Notes: Data are expressed as n (%). aChi-squared test. bGroup 2: moderate energy, moderate fat, and low dietary fiber intake; Group 4: very high energy, very low fat, 
and high dietary fiber intake.
Abbreviations: Il, interleukin; Ms, metabolic syndrome; Pr, prevalence ratio; TnF, tumor necrosis factor.
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ten foods most frequently consumed. In addition, use of high 

protein supplements by some elderly individuals may have 

contributed to a high intake of this macronutrient. Regarding 

fruits and vegetables, the intake was below the standards, 

with respect to the general population.

In this regard, the Group 4 diet does not represent an 

adequate diet due to its high energy content, possibly from 

high levels of simple carbohydrates and proteins. In addi-

tion, the low intake of total fat is not necessarily a positive 

feature, since elderly individuals, in general, have a lower 

intake of monounsaturated and polyunsaturated fats. 

Regarding dietary fiber, the “high” intake designation in the 

Group 4 diet does not necessarily imply intake above the 

recommended level, but a high intake relative those of the 

other groups.

Similar to our results, studies with institutionalized 

elderly individuals in other countries have indicated that risk 

of MS does not differ significantly by age, type of diet, and 

behavioral factors such as tobacco use, alcohol intake, and 

physical activity.11 There may be particular factors associated 

with the institutionalized elderly that justify these results. 

In the present study, almost all individuals had hs-CRP 

concentrations above normal, thus masking the possible con-

tribution of this inflammatory biomarker to the occurrence of 

MS. High concentrations of hs-CRP may be related to high 

morbidity,19 which is one of the main factors responsible for 

institutionalization.1 Similarly, the low variability of carbo-

hydrate and protein intake, which may be a reflection of the 

standardization of food practices in NH,45 may have contrib-

uted to the absence of a statistical association between MS 

and these macronutrients. In addition, although alcoholism 

and smoking are known risk factors for MS,8 practices in the 

NH such as prohibiting smoking and alcohol consumption 

may have contributed to the fact that these aspects were not 

associated with MS in this population.

The limitations of this study include the difficulty of 

establishing a causal relationship among the variables due 

to the transversal design. Thus, we emphasize the impor-

tance of confirming our data prospectively in future studies. 

Furthermore, the absence of a control group of noninsti-

tutionalized elderly individuals would allow for a greater 

understanding of the impact of institutionalization on MS. 

The study population composed of institutionalized elderly 

individuals is considered to be a strength of this research. The 

phenomenon of demographic and epidemiological transition, 

with progressive increases in the number of elderly people, 

chronic noncommunicable diseases (such as MS), and 

institutionalization, is occurring in Brazil and several other 

countries. However, MS in the specific population of institu-

tionalized elderly individuals remains poorly described in the 

literature, with a dearth of data for the Brazilian population. 

Thus, the results of the present study can assist professionals 

in the expansion of health interventions for the institutional-

ized elderly population.

Conclusion
The occurrence of MS in institutionalized elderly individuals 

was higher in females, and in individuals with longer age-

adjusted institutionalization time, higher concentrations of 

immunologic biomarkers, and a dietary intake consisting 

of higher energy and fiber and lower total fat. These results 

emphasize the importance of institutional care for elderly 

individuals due to the risk factors accumulated throughout 

their lives. Understanding the frequency of and factors 

associated with MS, a potentially costly syndrome in terms 

of morbidity, mortality, and quality of life will enable the 

development of preventative and treatment interventions.
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