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ABSTRACT
Objective: We evaluated whether the relationship between waist circumference (WC) and cardio-
metabolic risk is related to usual diet and plasma fatty acid composition.
Methods: This cross-sectional study included 226 health professionals from 20 to 59 years old.
Anthropometric features, oxidative stress, inflammatory markers, and plasma fatty acid profile
were assessed. Dietary intake was evaluated with a semi-quantitative food frequency question-
naire, the quality of dietary habits by Healthy Eating Index, and insulin resistance by homeostasis
model assessment–insulin resistance and triglyceride-glucose index.
Results: Higher WC was associated with lower concentrations of high-density lipoprotein
cholesterol (p¼ 0.000) and adiponectin (p¼ 0.000) and higher uric acid levels (p¼ 0.011). Plasma
polyunsaturated fatty acid (PUFA) levels were negatively associated with weight (p¼ 0.046),
systolic blood pressure (p¼ 0.035), fasting glucose (p¼ 0.000), triglyceride-glucose index
(p¼ 0.023), and IL-1b (p¼ 0.037). Individuals with elevated WC consumed more calories
(p¼ 0.002), niacin (p¼ 0.002), and pyridoxine (p¼ 0.017), but less calcium (p¼ 0.001), phosphorus
(p¼ 0.016), and vitamin B2 (p¼ 0.011). In addition, individuals with higher WC denoted lower
PUFA concentrations (p¼ 0.036).
Conclusion: The results suggest that participants with higher WC have lower plasma PUFA
concentrations and higher levels of saturated fatty acids. This could be related to metabolic and
inflammatory changes that could trigger increased risk of metabolic syndrome and cardiovascular
disease.

Abbreviations: BMI: body mass index; CVD: cardiovascular disease; DBP: diastolic blood pressure;
DHA: docosahexaenoic acid; EPA: eicosapentaenoic acid; HDL-C: high-density lipoprotein choles-
terol; HEI: Healthy Eating Index; HOMA-IR: homeostasis model assessment–insulin resistance; IL:
interleukin; LDL-C: low-density lipoprotein cholesterol; MDA: malondialdehyde; MetS: metabolic
syndrome; NCD: chronic noncommunicable disease; PUFA: polyunsaturated fatty acid; SBP: systolic
blood pressure; SFA: saturated fatty acid; TC: total cholesterol; TNF: tumor necrosis factor; TyG: tri-
glyceride-glucose; WC: waist circumference

ARTICLE HISTORY
Received 19 March 2018
Accepted 28 August 2018

KEYWORDS
Abdominal obesity;
metabolic syndrome;
polyunsaturated fatty acids;
habitual diet; inflammation

Introduction

The prevalence of chronic noncommunicable diseases
(NCDs) has increased worldwide and this can be considered
the leading cause of death (1). Thus, studies have been con-
ducted to understand risk factors associated with NCDs as
well as to propose prevention and treatment strategies (2).
Among the NCDs, obesity has been widely investigated
because it appears to be an important risk factor for other
comorbidities (3).

Abdominal obesity is characterized by fat deposition in
the abdominal region and is considered the greatest cardio-
vascular risk factor and a disturbance in glucose–insulin
homeostasis (4). In this regard, the measure of waist circum-
ference (WC) is recognized as a reliable indicator of abdom-
inal adipose tissue amount. Moreover, WC measurement is
a low-cost, feasible method (5). This application in clinical

practices and scientific studies can be justified by its associ-
ation with metabolic abnormalities (6). There are reports
that subclinical inflammation may be the main association
among obesity, insulin resistance, metabolic syndrome
(MetS), and cardiovascular disease (CVD). In addition, there
are evidences that NCDs are often concomitant with or
resulting from previous inflammatory processes (7).

In this context, dietary interventions can assist in the
course of subclinical inflammation. Researchers have pointed
out that diet quality and quantity play a key prevention role
in NCDs, with emphasis on the kind of fatty acids present
in food, once the amount and composition of dietary
fatty acids can reflect plasma fatty acid composition (8,9).
Polyunsaturated fatty acid (PUFA)–rich diets have been
shown to be effective in preventing CVD (10). A study con-
ducted in 2012 with 2448 participants indicated that PUFA
concentration in plasma is inversely associated with
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interleukin-6 ( IL-6) and tumor necrosis factor (TNF) plasma
concentration. However, the causal relationship between
PUFA intake and inflammation remains unclear (11).

In this study, the participants were categorized by WC
and evaluated for metabolic and inflammatory implications
in order to verify the existing relationships. Therefore, the
objective was to evaluate whether the relationship between
WC and cardiometabolic risk is influenced by the usual diet
and composition of plasma fatty acids.

Materials and methods

Participants

Health professionals or undergraduate students enrolled in
the last two years of human health-related courses, ranging
in age from 20 to 59 years, were invited to participate in this
study. Those who used steroids or antibiotics, presented
serious illness, had cancer (or have had it in the last three
years), or were pregnant or lactating were excluded. Finally,
226 volunteers agreed to participate and completed the
protocol. From this sample, a subsample of 106 individuals
was randomly selected to study the concentration of plasma
fatty acids. Data were collected between January 2012 and
July 2013. The volunteers signed the consent form previ-
ously approved by the Ethics Committee on Human
Research of the Federal University of Viçosa (Ref. No. 005/
2011), according to Helsinki’s Declaration principles.

Anthropometry and body fat composition

Body weight and height were measured according to routine
standardized methods, while body fat content was deter-
mined by bioelectric impedance (Biodynamics 310VR ,
Biodynamics Corporation). The values of body mass index
(BMI; kg/m2) and total body fat (%) were assessed as indica-
tors of total adiposity. WC was measured at the midpoint
between the last rib and the iliac crest, whilst waist–hip ratio
(WHR) was measured as marker of central fat accumulation.

Dietary intake assessment and lifestyle features

Dietary intake was assessed in accordance with validated
semi-quantitative food frequency questionnaire, validated for
a Spanish population and adapted for Brazilian citizens,
with 136 food items (12). Nutrient intake was estimated
using ad hoc computer software specifically developed for
this aim. In addition, the latest available information from
Brazilian food composition tables was considered. Each
nutrient was adjusted by 1000 kcal of energy intake for data
standardization. The Healthy Eating Index (HEI), an indica-
tor of diet quality that has been developed according to the
current nutritional recommendations, was used with a spe-
cific adaptation (13) for a Brazilian population, according to
Previdelli et al. (14). Volunteers were asked about smoking
habits (yes or no answers). Former smokers were catego-
rized as current smokers. Physical activity was assessed by
International Physical Activity Questionnaire (long version)

and participants with more than 150minutes of exercise by
week were categorized as physically active (15).

Blood pressure and biochemical assessments

Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were measured, following World Health Organization
criteria (16), using a digital HEM 142INT sphygmomanom-
eter (OMROM Healthcare Co). Venous blood samples were
drawn after a 12-hour overnight fast. Plasma ethylenedi-
amine tetraacetic acid (EDTA) and serum were separated
from whole blood by centrifugation at 3500 rpm at 4 �C for
10minutes (Megafuge 11R, Thermo Scientific). Then, sam-
ples were immediately frozen at �80 �C until assayed. Serum
levels of triglycerides, total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), glucose, and insulin were
measured by standard methods as previously described (17).
Plasma low-density lipoprotein cholesterol (LDL-C) data
were calculated by the Friedewald equation (18). Insulin
resistance was estimated by homeostasis model assessmen-
t–insulin resistance (HOMA-IR), defined as fasting glucose
(mmol/L)� fasting insulin (lU/mL)]/22.5 (19), and the trigly-
ceride-glucose (TyG) index, calculated as Ln [(triglycerides
(mg/dL))� (glucose (mg/dL))/2] (20). Moreover, serum C3
complement was measured by the immunoturbidimetric
method, and serum C-reactive protein concentrations were
determined by enzyme-linked immunosorbent assay (ELISA)
(Multiskan FC, Thermo Scientific) using the DSL-C-reactive
protein ultra-sensitive kit (Ref. 10-42100, Linco Research
Inc.). Uric acid was determined by an enzymatic colorimetric
method in Cobas Mira Plus equipment (Roche Diagnostics).
Plasma concentrations of different cytokines; TNF (Catalog
number LHC3011); interleukins 1b, 6, and 10 (IL-6, IL-1b,
IL-10; Catalog number LHC0061, LHC0011, and LHC0101,
respectively); and adiponectin (Catalog number LHP0041)
were determined by multiplex ELISA, utilizing a commercial
kit (Biosource/Sellex). Plasminogen activator inhibitor-1 (PAI-
1) plasma concentrations were determined by ELISA using
a commercial kit (Invitrogen; Catalog number KHC3071).

The analysis of plasma fatty acid profile was determined
by gas chromatography. Lipid fraction was obtained through
the method described by Folch, Lees, and Stanley (1957)
(21). After extraction, the lipids were subjected to saponifi-
cation and esterification, in line with Hartman and Lago’
methodology (1973) (22). Analysis was performed in a gas
chromatograph (GC Solution, SHIMADZU), equipped with
flame ionisation detector. Chromatograms were acquired
and recorded by the GC Solution software. The compounds
were identified and separated on a capillary column
(30m� 0.25mm). For chromatographic separation, a 1-mL
sample was injected with the aid of a 10-mL syringe
(HamiltonVR ), split system¼ 5. Nitrogen gas was used as a
carrier with linear speed scheduled at 43.2 cm/s.
Furthermore, hydrogen and synthetic air gases formed the
flame in the detector. The temperatures of injector and
detector were isothermally controlled at both 200 �C and
220 �C. Initial column temperature was 100 �C (kept for
5minutes), increasing 4 �C per minute until reaching 220 �C
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(maintained for 20minutes). Carrier gas flow in the column
was settled as 1.0mL/min. The PUFA group was obtained by
adding the concentrations of linolenic fatty acid (C18:2n6),
alpha-linolenic acid (C18:3n3), and linoelaidic acid (C18:2n6t).

Lipid oxidation products in plasma were assessed by
malondialdehyde (MDA) concentrations. This was per-
formed by determining the reaction product of thiobarbitu-
ric acid and aldehydes produced during lipid oxidation.
The analysis of thiobarbituric acid reactive substances was
performed through a protocol adapted from Buege and Aust
(23). The results were expressed as MDA equivalents, in
nmol, per mL of blood plasma.

Statistical analyses

Statistical analyses were performed using SPSS for Windows
software, version 20.0. Participants were categorized by
mean WC (77.15 cm). Variable normality was assessed by
Kolmogorov–Smirnov test. Descriptive analyses of general
features were expressed as mean values ± standard deviations
whether normal distribution. On the other hand, those were
articulated as median and interquartile range if non-normal
distribution occurred. Pearson’s chi-square test was performed
to compare categorical variable ratios. Mean comparisons were
obtained by Mann–Whitney test and the linear relationship
between two continuous variables by Spearman’s correlation.

Multiple linear regression models were performed to analyze
the prediction power of PUFA on glucose homeostasis features
(insulin resistance, measured by TyG index and fasting plasma
glucose), and since the sample consisted predominantly of
women, the regression model was adjusted for gender and
other confounding variables such as age, intake of calories,
calcium, and alcohol/d. Those models were adjusted by age,
gender, intake of calories, calcium, alcohol/d, and WC. A sig-
nificance level of 5% was adopted in all statistical procedures.

Results

The focus of this study was not to identify alterations in
individuals who already had abdominal obesity, but to eluci-
date that even those who are not considered to be high risk
may exhibit changes in plasma PUFA concentrations.
Participants were categorized by mean WC (77.15 cm).

Among 226 individuals included in the study, 74.3% were
female and the mean age was 28 years. Participants with
higher WC demonstrated elevated SBP and DBP, fasting
glucose, and insulin resistance (evaluated by HOMA-IR),
but lower HDL-C concentrations. Those participants also
presented changes in inflammatory outcomes, with lower
adiponectin concentrations and augmented plasma uric acid
(Table 1). Of interest, participants with higher WC exhibited

Table 1. Sample characterization according to waist circumference
median (77.15 cm).

Variables
Lower WC
(�77.15)

Higher WC
(>77.15) p values

Age (y) 26.87 ± 5.29 31.17 ± 8.83 <0.001
Weight (kg) 55.33 ± 5.76 72.48 ± 12.06 <0.001
WHR 0.75 ± 0.05 0.85 ± 0.06 <0.001
BMI (kg/m2) 20.51 ± 1.64 24.86 ± 3.39 <0.001
BF (%) 27.58 ± 6.89 29.51 ± 10.10 0.222
SBP (mmHg) 103.15 ± 8.72 114.85 ± 12.71 <0.001
DBP (mmHg) 64.82 ± 6.38 69.59 ± 8.22 <0.001
TC (mg/dL) 183.40 ± 38.67 184.53 ± 34.16 0.818
HDL-C (mg/dL) 63.54 ± 13.81 55.10 ± 15.52 <0.001
LDL-C (mg/dL) 101.88 ± 31.60 109.73 ± 29.72 0.057
TG (mg/dL) 89.94 ± 36.90 100.11 ± 60.82 0.057
TC/HDL-C 2.92 ± 0.67 3.55 ± 1.05 <0.001
Glucose (mg/dL) 85.27 ± 8.29 89.52 ± 14.21 0.007
Insulin (mg/dL) 6.59 ± 2.82 7.97 ± 5.55 0.021
HOMA-IR 1.39 ± 0.63 1.87 ± 2.22 0.031
TyG index 8.17 ± 0.43 8.27 ± 0.50 0.093
Malondialdehyde (nmol/mL) 1.18 ± 1.25 1.35 ± 1.93 0.403
PAI-1 (pg/mL) 1258.75 ± 393.56 1305.19 ± 654.46 0.798
IL-10 (pg/mL) 1.76 ± 0.84 1.89 ± 0.94 0.270
IL-1b (pg/mL) 1.13 ± 0.26 1.13 ± 0.40 0.895
IL-6 (pg/mL) 1.43 ± 1.11 1.28 ± 0.67 0.232
TNF (pg/mL) 6.51 ± 2.69 6.85 ± 3.33 0.403
Adiponectin (mcg/mL) 17.44 ± 7.23 12.09 ± 8.07 <0.001
Uric acid (g/mL) 3.63 ± 1.03 4.11 ± 1.72 0.011
C3 complement (g/L) 97.59 ± 30.46 93.79 ± 39.53 0.419
CRP (mg/L) 1.97 ± 2.05 1.68 ± 2.01 0.279

Student t test. Data shown as mean ± SD. N (%). Data shown as frequencies.
Test Chi-square.�Bold values represent statistically significant p values (<0.05).

WC¼waist circumference, WHR¼waist-hip ratio, BMI¼ body mass index,
BF¼ body fat, SBP¼ systolic blood pressure, DBP¼ diastolic blood pressure,
TC¼ total cholesterol, HDL-C¼ high-density lipoprotein cholesterol; LDL-C¼ low-
density lipoprotein cholesterol, TG¼ triglycerides, HOMA-IR¼ homeostasis model
assessment–insulin resistance, TyG¼ triglyceride-glucose, PAI-1¼ plasminogen
activation inhibitor, IL¼ interleukin, TNF¼ tumor necrosis factor, CRP¼
C-reactive protein.

Table 2. Plasma fatty acid concentrations according to waist circumference
median (77.15 cm).

Plasma Fatty Acids Lower WC (� 77.15) Higher WC (> 77.15) p values

Total fatty acids 0.005 ± 0.017 0.003 ± 0.002 0.308
12:0 2.85 ± 2.57 3.48 ± 2.45 0.380
16:0 4.69 ± 2.95 3.94 ± 2.95 0.216
16:1n7 2.69 ± 2.49 3.32 ± 3.67 0.643
18:0 6.29 ± 1.44 6.45 ± 1.59 0.621
18:1n9c 4.99 ± 2.85 4.85 ± 2.70 0.785
18:2n6t 2.95 ± 2.16 2.04 ± 1,79 0.084
18:2n6c 17.62 ± 12.93 17.57 ± 11.84 0.983
18:3n3 1.85 ± 1.80 1.42 ± 1.25 0.192
18:3n6 1.88 ± 2.64 0.91 ± 1.31 0.325
20:0 1.45 ± 1.87 1.98 ± 2.68 0.357
20:1n9 3.60 ± 3.88 3.66 ± 4.83 0.973
20:2 5.93 ± 10.94 0.62 ± 0.30 0.403
20:3n3 1.33 ± 0.46 1.32 ± 0.66 0.930
20:3n6 1.01 ± 1.02 0.97 ± 1.27 0.921
20:5n3 4.95 ± 2.21 5.16 ± 1.99 0.704
21:0 6.97 ± 0.65 0.21 ± 0.64 0.075
22:0 0.95 ± 1.09 18.75 ± 0.56 0.005
22:1n9 5.08 ± 2.06 5.38 ± 1.76 0.434
22:2n6 3.01 ± 1.02 0.56 ± 0.53 0.026
22:6n3 2.39 ± 2.77 1.24 ± 1.40 0.052
23:0 4.73 ± 7.22 1.67 ± 1.15 0.459
24:0 0.74 ± 0.38 2.01 ± 2.48 0.031
24:1n9 0.80 ± 0.49 0.88 ± 0.65 0.841
SFA 10.24 ± 3.93 10.26 ± 3.64 0.978
MUFA 9.97 ± 4.11 10.71 ± 4.51 0.367
PUFA 7.84 ± 3.72 6.33 ± 3.70 0.036

Student t test. Data shown as mean ± SD.
WC¼waist circumference, SFA¼ saturated fatty acid, MUFA¼monounsaturated
fatty acid, PUFA¼ polyunsaturated fatty acid.�Bold values represent statistically significant p values (<0.05).

12:0–lauric acid; 16:0–palmitic acid; 16:1n-7–palmitoleic acid; 18:0–stearic acid;
18:1n-9c–oleic acid; 18:2n-6t–linoelaidic acid; 18:2n-6c–linoleic acid; 18:3n-
3–linolenic acid; 18:3n-6–y-linolenic acid; 20:0–eicosanoic acid; 20:1n-9–gon-
doic acid; 20:2–8,11-eicosadienoic acid; 20:3n-3–eicosatrienoic acid; 20:3n-
6–dihomo-y-linolenic acid; 20:5n-3–eicosapentaenoic acid; 21:0–heneicosanoic
acid; 22:0–behenic acid; 22:1n-9–erucic acid; 22:2n-6–docosadienoic acid;
22:6n-3–docosahexaenoic acid; 23:0–tricosanoic acid; 24:0–tetracosanoic acid;
24:1n-9–nervonic acid.
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minor plasma PUFA and docosadienoic acid concentrations
and higher concentrations of saturated acids, such as
behenic and tetrocosanoic acids, however without any altera
tions in lipid oxidation (Table 2).

PUFA concentration in plasma was negatively associated
with weight, SBP, fasting glucose, TyG index, and plasma
IL-1b plasma (Figure 1). Higher PUFA/SFA ratio, reflecting
an increased plasma PUFA concentration, was also corre-
lated with lower serum triglyceride levels (r¼�0.210,
p¼ 0.028). Nonetheless, when evaluated separately, such

fatty acids were correlated with neither any of the studied
variables nor the consumption of dietary fatty acids (data
not shown).

Participants with higher WC exhibited no differences in
overall diet quality assessed by HEI. Nevertheless, they con-
sumed more calories, niacin, pyridoxine, and alcohol in their
usual diet. In contrast, less calcium, phosphorus, and vita-
min B2 were absorbed per day (Table 3). WC was related
neither to smoking status nor to physical activity (Table 4).
Finally, it was observed that plasma PUFA concentration

Figure 1. Correlations between plasma polyunsaturated fatty acid (PUFA) concentrations and metabolic and inflammatory features. PUFA plasma concentration
was negatively associated to weight, systolic blood pressure, fasting glucose, triglyceride-glucose index, and interleukin-1b plasma.
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was negatively associated with TyG index and fasting blood
glucose levels even after adjustments, the effect which was
independent of WC itself (Table 5).

Discussion

Obesity is defined as excesso body fat and its association
with MetS is even stronger if fat deposition is abdominal or
central deposition (24). In this context, an innovative defin-
ition of MetS was published in 2006, in which central obes-
ity, demarcated by the WC value, became essential for

diagnosis (25). In the current study, we observed that partic-
ipants with higher WC exhibited increased risk of MetS. It
is already known that abdominal obesity, measured by WC,
is directly linked to visceral fat. Moreover, WC is a great
predictor of android-type obesity (26) and an indicator of
several metabolic modifications as observed in this study,
such as decreased HDL-C, increased blood pressure, and
impaired glucose tolerance. Carvalho et al. (2015) (27) eval-
uated 968 students and found a decrease in HDL-C associ-
ated with elevated WC values in both men and women
(p¼ 0.0035 and p¼ 0.001, respectively).

Researchers have reported that increased visceral adipose
tissue is associated with higher plasma concentrations of
inflammatory cytokines (28, 29). This fact can be explained
by activated macrophages infiltration in the expanding adi-
pose tissue, leading to secretion imbalance of proinflamma-
tory and anti-inflammatory factors (30). This corroborates
the results encountered in this study: Individuals with higher
WC had lower concentrations of adiponectin and increased
uric acid levels. It is already known that adiponectin has
antilipolytic and anti-inflammatory action, and due to these
effects, it can be considered an interesting marker of MetS
risk (31). Research that evaluated 70 healthy individuals
with an average age of 42 years highlighted that adiponectin
concentration was negatively correlated with WC. The
authors, however, concluded that the relationship between
such factors is not clear (32).

Uric acid has been reported as a risk factor of CVD and
MetS, becoming a distinguished cardiometabolic risk bio-
marker (33). Corroborating our findings, a study comprising
80 individuals found a positive association among uric acid
concentrations, WC, BMI, and total body fat percentage,
pointing out an increased proportion to the MetS

Table 3. Nutrient intake (per day) by healthy participants according to waist circumference
median (77.15 cm).

Nutrients Lower WC (�77.15) Higher WC (>77.15) p values

Calories (kcal) 2327.33 ± 668.66 2641.92 ± 790.46 0.002
Carbohydrates (g/1000 kcal) 131.16 ± 32.44 131.76 ± 34.89 0.893
Fatty acids (g/1000 kcal) 37.18 ± 11.32 35.32 ± 11.40 0.225
Protein (g/1000 kcal) 46.80 ± 15.67 43.58 ± 11.69 0.084
Dietary fiber (g/1000 kcal) 18.31 ± 10.70 17.61 ± 9.70 0.609
Cholesterol (mg/1000 kcal) 151.53 ± 101.26 143.80 ± 82.51 0.534
Sodium (mg/1000 kcal) 1021.91 ± 553.94 1000.58 ± 556.42 0.774
Potassium (mg/1000 kcal) 1473.74 ± 519.79 1494.05 ± 514.61 0.770
Calcium (mg/1000 kcal) 507.39 ± 411.53 349.26 ± 237.15 0.001
Magnesium (mg/1000 kcal) 164.94 ± 81.43 189.69 ± 171.35 0.170
Phosphorus (mg/1000 kcal) 678.19 ± 232.63 609.76 ± 182.91 0.016
Iron (mg/1000 kcal) 5.63 ± 2.38 5.26 ± 2.31 0.239
Copper (mg/1000 kcal) 0.85 ± 0.68 0.88 ± 0.64 0.804
Zinc (mg/1000 kcal) 5.35 ± 1.91 5.09 ± 2.14 0.352
Vitamin A (mg/1000 kcal) 353.01 ± 386.83 313.69 ± 344.28 0.434
Vitamin B1 (mg/1000 kcal) 0.75 ± 0.35 0.75 ± 0.56 0.972
Vitamin B2 (mg/1000 kcal) 0.85 ± 0.47 0.70 ± 0.39 0.011
Niacin (mg/1000 kcal) 11.85 ± 8.83 16.22 ± 11.94 0.002
Vitamin B6 (mg/1000 kcal) 0.67 ± 0.41 0.82 ± 0.49 0.017
Vitamin C (mg/1000 kcal) 77.15 ± 68.34 84.93 ± 71.91 0.410
Saturated fatty acids (g/1000 kcal) 14.05 ± 7.37 13.11 ± 6.14 0.299
Monounsaturated fatty acids (g/1000 kcal) 12.05 ± 5.14 11.78 ± 4.79 0.682
Polyunsaturated fatty acids (g/1000 kcal) 7.04 ± 4.55 7.27 ± 4.29 0.685
Alcohol (g/1000 kcal) 1.06 ± 1.71 2.06 ± 2.77 0.004
Healthy Eating Index 57.00 ± 8.48 55.15 ± 8.13 0.261

Student t test. Data shown as mean ± SD.
WC¼waist circumference.�Bold values represent statistically significant p values (<0.05).

Table 4. Associations between waist circumference and lifestyle features in
healthy participants.

Variables Lower WC (� 77.15) Higher WC (> 77.15) p values

Physical activity (yes) 99 (51.6) 93 (48.4) 0.329
Smoking habits (no) 102 (51.3) 97 (48.7) 0.162

Data are n (%); data shown as frequencies. Chi-square test.

Table 5. Multiple linear regression analyses showing the independent contri-
butions of plasma polyunsaturated fatty acid concentrations on glucose
homeostasis features.

Dependent variable b coefficient CI (95%) R2 p value

TyG index �0.036 �0.060, �0.011 0.072 0.005
Adjusted1 �0.025 �0.072, 0.022 0.190 <0.001
Adjusted2 �0.010 �0.022, 0.003 0.088 0.017

Glucose �1.020 �1.730, �0.301 0.069 0.006
Adjusted1 �0.806 �1.240, �0.372 0.176 0.001
Adjusted2 �0.807 �1.244, �0.370 0.166 0.002

CI¼ confidence interval, TyG¼ triglyceride-glucose.�Bold values represent statistically significant p values (<0.05).
1Adjusted by age, gender, intake of calories, calcium, and alcohol/d.
2Adjusted by age, gender, intake of calories, calcium, alcohol/d, and waist
circumference.
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component numbers (34). The raised Uric acid concentra-
tions found in this research may be due to its important
role as a hydrophilic antioxidant in the body, which enhan-
ces the response to oxidative stress resulting from obes-
ity (35).

The most interesting finding of this study was that partic-
ipants with higher WC, although predominantly healthy,
had lower concentrations of plasma PUFA and higher con-
centrations of different SFAs. Furthermore, another promin-
ent finding was that the decrease in PUFA was associated
with higher SBP, fasting glucose, and insulin resistance,
assessed by TyG index. However, this diminishment was not
related to HOMA-IR and IL-1b concentrations. Sethom
et al. (2011) (36) evaluated 1975 adults with MetS, aged
between 35 and 69 years, and found that WC had a positive
correlation with both SFA (p¼ 0.098) and monounsaturated
fatty acid (p¼ 0.133) concentrations, while a negative correl-
ation could be perceived with PUFA concentrations
(p¼�0.152), suggesting that PUFAs have anti-inflammatory
and anti-atherogenic potential. Klein-Platat et al. (2005) (37)
reported that overweight adolescents had lower plasma
PUFA concentrations than individuals with normal weight,
indicating that PUFA concentrations are inversely associated
with weight, which corroborates our findings. It is widely
known that excessive adiposity affects lipid metabolism and
inflammation due to the release of proinflammatory markers
by adipocytes (38, 39). Abdominal adiposity, reflected by
increased WC, appears to be positively associated with an
altered fatty acid profile, a high SFA concentration, and a
lower PUFA concentration (39). This may explain our find-
ings since individuals with higher WC had lower concentra-
tions of PUFA but greater SFA contents.

Regarding SBP, some mechanisms may elucidate the
positive effects of PUFA on blood pressure, considering the
fact that eicosapentaenoic acid (EPA) and docosahexaenoic
(DHA) incorporation in phospholipids of cell membrane
could influence physicochemical properties and blood flow.
Therefore, this would favorably interfere with the synthesis
of vasodilator prostaglandins, increasing systemic arterial
compliance and improving endothelial function (40). The
correlation found between plasma PUFA and fasting gly-
cemia can be clarified by the study authored by Kiecolt-
Glaser et al. (2011) (41), who reported a positive effect of
PUFA, especially n-3, in the insulin signaling pathway,
improving glucose homeostasis. Our outcomes denoted a
negative correlation between plasma PUFA concentration
and TyG index and glucose. TyG index is an interesting
marker of insulin resistance, which shows valuable correla-
tions with lipid components. Therefore, this index is incred-
ibly useful for threat identification in the development of
type 2 diabetes mellitus and CVD (42). Regarding IL-1b,
alpha-linolenic acid, EPA, and DHA can affect inflammatory
cytokines synthesis, which may inhibit IL-1b production
(43). The relationship between PUFA and inflammation is
already well defined, whereas PUFA-n6 and its metabolites
generally behave as proinflammatory. On the other hand,
PUFA-n3 acts more as an anti-inflammatory (44).

It was found that PUFA/SFA ratio was associated with
lower triglyceride concentrations. Researchers reported that
PUFA, especially the omega n-3 series, had a greater ability
to decrease plasma triglyceride concentrations (45, 46). This
effect may be a consequence of hepatic synthesis reduction
of very-low-density lipoproteins (47). In our study, the posi-
tive effect of PUFA was not attributed to a specific fatty
acid, but to the sum of all analyzed PUFA.

Although it would be expected that individuals with
higher abdominal adiposity had increased oxidative stress
(48), this outcome was not found here. However, it should
be noted that changes in lipid oxidation tend to be
enhanced due to the presence of double bonds in unsatur-
ated fatty acids, especially PUFA, being more susceptible to
oxidation and lipid peroxidation (49), which were reduced
in these participants.

It was observed that participants featuring higher WC
demonstrated no differences in overall diet quality. Dietary
indices have been developed to provide a summary of key
dietary characteristics, facilitating the evaluation of its qual-
ity (50). However, studies are still controversial concerning
this association. Regarding diet components, participants
with higher WC consumed more calories, niacin, pyridoxine,
and alcohol, while they ingested less calcium, phosphorus,
and vitamin B2. The clearer relationships regarding these
associations are regarding calorie intake, alcohol, and cal-
cium, the latter being described as an important nutrient in
obesity etiology and insulin resistance (27).

In the present study, low calcium intake was associated
with higher WC. It is already acknowledged that low cal-
cium intake has been linked to obesity, due to the inverse
relationship among dietary calcium, body weight, and body
fat content (51). The mechanisms involved in this relation-
ship are not yet completely elucidated. However, it has been
reported that calcium interferes with fecal fat excretion by
means of the formation of insoluble complexes in the intes-
tine and by suppressing calcitriol concentrations. This leads
to a lower accumulation of body fat by reducing the produc-
tion of cortisol in adipose tissue, since calcitriol stimulates
the expression of 11-hydroxysteroid dehydrogenase-1, which
in turn catalyzes the conversion of cortisone to cortisol
(involved in deposition of fat mainly in the abdominal
region) in adipocytes. Moreover, it is reported that calcium
does interfere in appetite regulation, but the occurrence pro-
cedure is not yet known (51–53). A study with young blood
donors has reported a strong positive correlation between
alcohol intake and WC, which is in agreement with our
findings (54). These results can be observed in another
study, in which the total alcohol intake exerts great influence
on abdominal adiposity due to the high caloric density of
alcohol (55).

Even though plasma PUFA concentration in these indi-
viduals has not been correlated to ingestion of fatty acids,
this association had been previously described (56). Finally,
it has been found that plasma concentrations of PUFA could
be a feasible negative predictor of TyG index and fasting
glucose, denoting an interesting marker in relation to glu-
cose homeostasis.
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The most important result of the present study was the
relationship between high WC and low plasma PUFA con-
centrations. Although it is a cross-sectional study, it has
remarkably relevant biological and clinical significance since
it relates to cardiometabolic risk. In addition, recent studies
involving PUFA and CVD also have a transverse nature,
which reveals that studies of this nature are reliable and
important for our literature (57–59).

The current research has some limitations, such as the
fact that the studied population was predominantly female.
It is known that estrogen, the female sex hormone, is related
to ovulation control and the development of female charac-
teristics. In addition, this hormone may be associated with
body protection against dyslipidemia, and consequently ath-
erosclerosis, since it plays an important role in the metabol-
ism of fatty acids (60). The possible mechanism is that this
hormone tends to increase HDL-C but decrease LDL-C
concentrations. Thus, estrogen could improve endothelial
function by the ability to reduce hepatic catabolism of
lipase-dependent HDL-C particles, mechanisms which are
still not well established (56).

It should be taken into account that the population of
this study consists only of health professionals and students
within the same area. Thus, results should be cautiously
extrapolated and interpreted. Nonetheless, the fact that this
population consists of apparently healthy individuals is also
of great importance to determine changes that precede
disease establishment. Therefore, the obtained outcomes
could be used as early markers of cardiometabolic risk.
Furthermore, it is a cross-sectional study and the cause/
effect associations were not able to be determined, allowing
merely suggested associations. This is important to guide
and suggest either new intervention or case-control studies
that could determine possible mechanisms involved in
this field.

Conclusion

The results suggest that participants with higher WC have
lower plasma PUFA concentrations and higher SFA con-
tents. This could be related to metabolic and inflammatory
changes that could trigger increased MetS and CVD risk.
Intervention studies with PUFA-rich foods are interesting
approaches to assess their plasmatic concentration and their
possible protective effects on the development of cardiome-
tabolic risk factors.
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anormalidades metab�olicas. Ciênc Sa�ude Coletiva.. 2011;16(9):
3901–3908.

6. Okazawa T, Iwata M, Matsushita Y, Kamura Y, Kato H,
Okazawa S, Kigawa M, Tobe K. Aging attenuates the association
of central obesity with the accumulation of metabolic risk factors
when assessed using the waist circumference measured at the
umbilical level (the Japanese standard method). Nutr &
Diabetes.. 2013;3(11):e96. doi: 10.1038/nutd.2013.37.

7. Diane A, Pierce WD, Kelly SE, Sokolik S, Borthwick F, Jacome-
Sosa M, Mangat R, Pradillo JM, Allan SM, Ruth MR, Field CJ.
Mechanisms of comorbidities associated with the metabolic syn-
drome: insights from the JCR:LA-cp Corpulent Rat Strain. Front
Nutr. 2016;344.

8. Astrup A, Dyerberg J, Elwood P, Hermansen K, Hu FB,
Jakobsen MU, Kok FJ, Krauss RM, Lecerf JM, LeGrand P, Nestel
P. The role of reducing intakes of saturated fat in the prevention
of cardiovascular disease: Where does the evidence stand in
2010? Am J Clin Nutr. 2011;93(4):684–688.

9. Blaak EE, Antoine J-M, Benton D, Bj€orck I, Bozzetto L, Brouns
F, Diamant M, Dye L, Hulshof T, Holst JJ, et al. Impact of post-
prandial glycaemia on health and prevention of disease. Obes
Rev. 2012;13(10):923–984.

10. Siri-Tarino P, Chiu S, Bergeron N, Krauss R. Saturated fats ver-
sus polyunsaturated fats versus carbohydrates for cardiovascular
disease prevention and treatment. Annu Rev Nutr. 2015;35(1):
517–543.

11. Steffen BT, Steffen LM, Tracy R, Siscovick D, Jacobs D, Liu K,
He K, Hanson NQ, Nettleton JA, Tsai MY. Ethnicity, plasma
phospholipid fatty acid composition and inflammatory/endothe-
lial activation biomarkers in the Multi-Ethnic Study of
Atherosclerosis (MESA). Eur J Clin Nutr. 2012;66(5):600–605.

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION 7

https://doi.org/10.1038/nutd.2013.37


12. Fern�andez-Ballart JD, Pi~nol JL, Zazpe I, Corella D, Carrasco P,
Toledo E, Perez-Bauer M, Mart�ınez-Gonz�alez MA, Salas-Salvad�o
J, Mat�ın-Moreno JM. Relative validity of a semi-quantitative
food-frequency questionnaire in an elderly Mediterranean popu-
lation of Spain. Br J Nutr. 2010;103(12):1808–1816.

13. Guenther PM, Reedy J, Krebs-Smith SM. Development of the
Healthy Eating Index-2005. J Am Diet Assoc. 2008;108(11):
1896–1901.

14. Previdelli AN, Andrade SC, Pires MM, Ferreira SRG, Fisberg
RM, Marchioni DM. A revised version of the Healthy Eating
Index for the Brazilian population. Rev Saude Publica. 2011;
45(4):794–798.

15. Matsudo S, Ara�ujo T, Matsudo V, Andrade D, Andrade E,
Oliveira LC, Braggion G. Question�ario Internacional De
Atividade F�ısica (Ipaq): Estupo De Validade E Reprodutibilidade
No Brasil. Rev. Bras. Ativ. F�ıs. Sa�ude. 2001;65–18.

16. Whitworth J. A, Chalmers J. World health organisation-inter-
national society of hypertension (WHO/ISH) hypertension
guidelines. Clin Exp Hypertens. 2004;26(7&8):747–752.

17. Hermsdorff HHM, Zulet M�A, Puchau B, Mart�ınez J�A. Central
adiposity rather than total adiposity measurements are specific-
ally involved in the inflammatory status from healthy young
adults. Inflammation. 2011;34(3):161–170.

18. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the con-
centration of low-density lipoprotein cholesterol in plasma, with-
out use of the preparative ultracentrifuge. Clin Chem. 1972;
18(6):499–502.

19. Matthews DR, Hosker JP, Rudenski A. S, Naylor B. A, Treacher
DF, Turner RC. Homeostasis model assessment: insulin resist-
ance and beta-cell function from fasting plasma glucose and
insulin concentrations in man. Diabetologia. 1985;28(7):412–419.

20. Simental-Mend�ıa LE, Rodr�ıguez-Mor�an M, Guerrero-Romero F.
The product of fasting glucose and triglycerides as surrogate for
identifying insulin resistance in apparently healthy subjects.
Metab Syndr Relat Disord. 2008;6(4):299–304.

21. Folch J, Lees M, Sloane Stanley G. A simple method for the iso-
lation and purification of total lipides from animal tissues. J Biol
Chem. 1957;226(1):497–509.

22. Hartman L, Lago RCA. Rapid preparation of fatty acid methyl
esters from lipids. Laboratory Practice. Londres. 1973;475–477.

23. Buege JA, Aust S. Microsomal Lipid peroxidation. In: Fleischer
S, Packer L, editor. In Methods of Enzymology; 1978;302–10.

24. De Oliveira A, Cocate PG, Hermsdorff HHM, Bressan J, de Silva
M, Rodrigues JA, Natali AJ. Waist circumference measures: cut-
off analyses to detect obesity and cardiometabolic risk factors in
a Southeast Brazilian middle-aged men population - a cross-sec-
tional study. Lipids Health Dis. 2014;13(1):141.

25. International Diabetes Federation, The IDF consensus worldwide
definition of the metabolic syndrome. 2006. p. Available from:
http://www.idf.org/webdata/docs/IDF_Meta_def_final.

26. Beck CC, da Silva Lopes A, Pitanga FJG. Indicadores antropom�e-
tricos de sobrepeso e obesidade como preditores de alteraç~oes
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