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1 Introduction

The midlife period is a critical window for the development of 
cardiovascular diseases (CVD) 1. Diabetes and/or strokes are a 
consequence of estrogen deficiency or results from a higher 
prevalence of cardiometabolic risk factors such as abdominal 
obesity, insulin resistance, dyslipidemia, and endothelial 
dysfunction, which occur with aging 2-5. 

Menopause can promote insulin resistance, conferring an 
increased risk of type 2 diabetes. Furthermore, it is associated with 
a weight gain then a shift from a gynoid to an android profile. 

Lifestyle can be responsible for up to 40% of premature death 
from cardiovascular disease. The reduction in morbidity and 
cardiovascular mortality is constantly observed with high 
adherence to the Mediterranean diet consisting of fish, 
unsaturated fats, whole seeds, fruits and vegetables, nuts, and 
legumes. Around menopause energy requirements decrease and 
are related to the decrease in basal metabolism 6. These changes, 
associated with a sedentary lifestyle and eating disorders, are 

responsible for the high prevalence of visceral obesity. 
Inappropriate eating habits, characterized by high-energy dense 
food and low nutrients, are responsible for significant weight 
gain7. Moreover, vasomotor symptoms (hot flushes, night 
sweats, and insomnia) are linked to a 70% increase in 
cardiovascular disease by the genesis of inflammation 8. 

The concomitant presence of android obesity, dyslipidemia, and 
hypertension and the decrease in insulin sensitivity leads to 
metabolic syndrome (MS), a high-risk metabolic and 
cardiovascular entity. MS being prevalent in Algerian menopausal 
women (57.9%) is characterized by a high prevalence of 
abdominal obesity (67.2%) 9. 

Inflammation being the fundamental mediator of CVD10, as 
well as oxidative stress, is defined as a disturbance in the balance 
between the production of reactive oxygen species (ROS) and 
antioxidant defenses are interdependent and play a crucial role 
in the development of CVD 11, 12. Estrogen deficiency plays an 
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important role in the etiology and pathophysiology of chronic 
inflammatory and degenerative diseases 13. However, abdominal 
obesity alone is currently considered a chronic state of 
inflammation and oxidative stress, even in the absence of other 
risk factors for CVD. 

The aim of the current study was to evaluate the relationship 
between lifestyle, eating behavior, and cardiometabolic 
biomarkers in west Algerian postmenopausal women with 
abdominal obesity. We assessed food intake and energy 
expenditure and correlated them with lipids profile, 
inflammatory markers, and oxidant/antioxidant status. 

2 Subjects and Methods  

2.1 Study setting 

An observational cross-sectional study was conducted at the 
Gynecological department Clinic TOULOUSE 1 and polyclinic 
of “Misserghuin” in Oran (West of Algeria). Two hundred 
twenty-eight (n=228) post-menopausal women (Table 1) were 
enrolled for the study. Women were considered postmenopausal 
after twelve months and more physiological amenorrhea. 

We excluded subjects taking antioxidant supplements, anti-
inflammatory and lipid-lowering drugs, undergoing hormonal 
therapy, radiotherapy, and women suffering from thyroid and 
kidney diseases. All women selected for the study included 54 
diabetics women treated with biguanides, and 63 hypertensives 
treated with converting enzyme inhibitors alone (7.14%) or 
combined with diuretics (29%), others by calcium channel 
blockers (21%), vasodilator nitrates (7%) or selective B-blockers 
(21%). 

The purpose of this study was explained to all women and the 
investigation was carried out with their consent. The 
experimental protocol was approved by the Committee for 
Research on Human Subjects of Oran.  

2.2 Lifestyle assessment 

Daily energy expenditure (DEE) was assessed on 3 days using an 
adapted questionnaire inspired by the International Physical 
Activity Questionnaire (IPAQ). This variable being primarily 
influenced by lean body mass and the type, duration, and 
intensity of physical activity, was assessed using the following 
formula: DEE (Kcal/d) = ∑Factorial daily expenditure (FDE) 14 
and was calculated as FDE (Kcal/d) = Resting 
Metabolism*Metabolic equivalent of task* duration expressed in 
hours / 24 hours. The formula of Black 15 was used to calculate 
the resting metabolism (RM), which represents the largest 
component of total energy expenditure and is a major 
contributor to energy expenditure. Metabolic equivalent tasks 
(METS) was used to define sedentary and active behavior. 
Sedentary activity: 1-1.59 METS; light activity: 1.6-2.9 METS; 
moderate activity: 3-5.9 METS; intense activity: ≥6 METS 16. 

2.3 Cardiometabolic biomarkers assessment 

Blood samples were drawn after 12 hours overnight fast from 
antecubital venipuncture. Tubes containing the lithium heparin 
were used for biochemical experiments. A tube containing 
Ethylenediaminetetraacetic acid (EDTA) was used to prepare 
lipoproteins fractions. We collected serum by low-speed 
centrifugation at 3000X g, at 4°C for 15 min. The serum was 
removed, aliquoted, and stored at -20° C.  

Lipoproteins were separated by precipitation17 using MgCl2 and 
dextran sulfate weight 500,000 (Sigma Chemical Company, 
France). Triacylglycerols (TG) and total cholesterol (TC) were 
determined in serum and lipoproteins by colorimetric methods 
(Spinreact, Spain).  

Lipid Accumulation Products (LAP) was defined as [(WC (cm) - 
58)*(TG (mmol/L)] for women. LAP is an index of central lipid 
accumulation to predict the risk of metabolic syndrome. The 
formula includes the minimum WC values (58 cm for women) 
at NHANES III (Third National Health and Nutrition 
Examination Survey) 18. In our population sample, the 
minimum WC value was 69 cm. 

Lecithin cholesterol acyltransferase (LCAT) activity was 
determined by endogenous method 19. The enzyme esterifies the 
unesterified cholesterol (UC) into a lecithin fatty acid, which 
leads to a disappearance of UC and the appearance of esters of 
cholesterol (EC). UC was analyzed by enzymatic colorimetric 
technique (Biolabo, France). The activity of LCAT is based on 
the disappearance of UC during four hours of assessment and 
was calculated following the formulae: LCAT activity = (CLt0h 
- CLt4h) / 4 and is expressed as mmol/L/h. 

C-reactive protein (CRP) was measured using duplicate samples 
with an immunometric assay kit (ELISA) (Cayman Chemical’s 
human EIA kit) with a range of 0–3000 pg/mL with a limit of 
detection of approximately 50 pg/mL. The quantitative 
determination of fibrinogen in plasma according to Von Clauss 20 
was carried out on an analyzer automate ACL ELITE model 
(Series Coagulation 2015) using fibrinogen kit-C-0020301100 
from HemosIL ® . 

For lipid peroxidation assessment, we measured the 
concentration of thiobarbituric acid reactive substances 
(TBARS) using Tetramethoxypropane (Prolabo) as a precursor 
of malondialdehyde 21. One milliliter of the diluted sample 
(protein concentration about 2mg/mL) was added to 2 mL of 
thiobarbituric acid (final concentration. 0.017mmol/L) and 
butylated hydroxytoluene (concentration 3.36mmol/L) and 
incubated for 30 min at 85°C. After cooling and centrifugation, 
the absorbance of the supernatant was measured at 535 nm. 
Data were expressed as mmol of TBARS produced/mL of 
serum. 
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Table 1: Clinical characteristics of postmenopausal women according to waist circumference quartiles 

Parameters  
Q 1 

(69-89cm) 
Q 2 

(90-98.5cm) 
Q 3 

(99-108cm) 
Q 4 

(108-125cm) 

Age (years) 57.59±6.76 57.22±5.79 56.48±6.23 59.20±6.72 
p=0.028c 

Age at menopause (years) 49.04±0.03 48.33±4.16 48.87±6.11 47.41±4.78 

Weight (Kg) 59.94±8.09 67.05±7.56 
p<0.001a 

77.02±7.91 
p<0.001a, b 

83.35±9.41 
p<0.001a, b, c 

WC (cm) 83.50±4.68 93.91±2.51 
p<0.001a 

103.07±2.55 
p<0.001a, b 

114.07±4.82 
p<0.001a, b, c 

Height  (m) 1.59±0.071 1.58±0.056 1.61±0.068 1.58±0.06 
p=0.044c 

BMI (kg/m2) 23.72±3.30 26.79±2.92 
p<0.001a 

29.88±3.065 
p<0.001a, b 

33.36±3.89 
p<0.001a, b, c 

Waist / hip 0.90±0.07 0.91±0.06 0.91±0.068 0.92±0.068 

SBP mm Hg 131.76±16.30 126.58±19.58 135.98±18.75 
p=0.010b 

145.35±23.022 
p=(<0.001a, b, 0.020c) 

DBP mmHg 85.55±11.73 84.37±13.27 84.67±10.64 93.62±12.061 
p<0.001a, b, c 

Blood glucose (g/L) 0.94±0.19 0.91±0.18 0.91±0.17 0.89±0.16 

Urea (mmol/L) 4.66±1.29 4.78±1.18 4.73±1.23 4.88±1.19 

Creatinine (µmol/L) 76.39±8.40 74.82±9.28 75.41±13.01 75.58±10.02 

Uric acid  (mg/L) 55.43±12.89 55.56±12.24 58.24±10.55 54.88±11.34 

Proteins (g/L) 74.45±7.61 74.08±7.06 75.29±6.91 74.05±7.13 

Albumin (g/L) 45.89±7.64 46.92±6.26 47.76±6.36 46.44±7.13 

BMI: Body mass index; WC: waist circumference; SBP: Systolic blood pressure; DBP: Diastolic blood pressure. Data are presented as means±SD. After analysis of variance (ANOVA), means were 
compared by Student’s t-test. a: (Q2, Q3, Q 4) vs Q1; b(Q3, Q4) vs Q2; c: Q4 vs Q3. p< 0.05 was considered statistically significant. 

Table 2: Energy balance in postmenopausal women according to waist circumference quartiles 

 Q 1 
(69-89cm) 

Q 2 

(90-98.5cm) 
Q 3 

(99-108cm) 
Q 4 

(108-125cm) 

TEI (MJ/d) 
[min- max] values 

6.7±1.67 
[2.61-10.60] 

7.02±1.80 
[3.27-10.60] 

6.98±1.78 
[3.27-10.61] 

6.38±1.24 
p=(0.035b,  0.026c) 

[3.99-9.09] 
DEE (MJ/d) 
[min- max] values 

7.78±0.76 
[6.19- 9.15] 

7.89±0.93 
[6.14- 9.78] 

7.77±0.84 
[5.93- 9.79] 

7.97±0.70 
[6.59-9.51] 

TEI/DEE 
[min- max] values 

0.88±0.22 
[0.31-1.46] 

0.93±0.28 
[0.36-1.61] 

0.93±0.27 
[0.45-1.72] 

0.81±0.18 
p=(0.007b 0.008c) 

[0.52-1.32] 

RM (MJ/d) 
[min- max] values 

5.15±0.43 
[1.06-1.59] 

5.41± 0.39 
p=0.001a 

[4.28-6.15] 

5.62 ±0.40 
p=(<0.001a,0.007b) 

[4.52-6.94] 

5.91± 0.43 
p<0.001a, b, c 
[5.17-6.94] 

%RM (proportion of 
DEE) 
[min- max] values 

66.52 
[55.62- 79.67] 

69.12 
p=0.025a 

[59-79.67] 

72.84 
p=(<0.001a, 0.002b) 

[55.62- 81.52] 

74.55 
p<0.001a, b 

[55.62- 81.27] 

METS 
[min- max] values 

1.5±0.13 
[1.25-1.79] 

1.44±0.13 
p=0.018a 

[1.25-1.79] 

1.39±0.14 
p=(<0.001a, 0.021b) 

[1.22-1.79] 

1.35±0.12 
p<0.001a, b 
[1.23-1.66] 

TEI: Total energy intake; DEE: Daily Energy Expenditure; RM: Resting Metabolism; Mets: Metabolic equivalent task. 
[min-max] values: interval of minimum and maximum values.  
Data are presented as means ± SD. After analysis of variance (ANOVA), means were compared by Student’s t-test. a: (Q2, Q3, Q 4) vs Q1; b(Q3, Q4) vs Q2; c: Q4 vs Q3. p< 0.05 was considered 
statistically significant.

Oxidized proteins were evaluated by the analysis of carbonyls 
concentrations 22 using the 2,4-dinitrophenylhydrazine 
(DNPH). Superoxide dismutase (SOD) activity was determined 
in serum at 420nm by measuring the auto-oxidation of 
pyrogallol 23. Catalase (CAT; EC 1.11.1.6; 2H2O2 

oxidoreductase) activity was measured at 420 nm by assessing 
the H2O2 decomposition rate 24. The assay was performed on a 

250-μl sample. 250 μL of H2O2 30mmol/L (dilute 0.34 mL in 
100mL phosphate buffer 50mmol / L) and 250 μL of phosphate 
buffer were added, the solution was then stirred and incubated 
for 5 min, and results were expressed as U/mL. 
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2.4 Statistical analysis 

Women were categorized according to quartiles of waist 
circumference and analysis was performed using SPSS 20.0 (IBM 
SPSS Statistics. Armonk. NY). Data were expressed as the means 
± SD (standard deviation). Comparison between groups was 
performed using the unpaired Student’s t-test, One-way analysis 
of variance (ANOVA). The correlations were established by 
Pearson linear regression test. P < 0.05 was considered statistically 
significant. 

3 Results 

3.1 Lifestyle factors 

Lifestyle factors evaluation (Table 2) shows that total energy 
intake (TEI) was similar in Q2, Q3, and Q4, compared to Q1 
and the means were less than 8 MJ/d. Compared to Q2, TEI 
decreased in Q4 (p=0.035) and was similar in Q3 (p=0.846). A 
significant decrease was noted in Q4 (p=0.026) compared to Q3. 
Daily energy expenditure (DEE) was similar in all groups.  

Resting metabolism was significantly more important in all 
groups compared to Q1. The percentage of RM increased 
significantly by +3.91% in Q2 (p=0.025), +9.50% in Q3 and 
+12.07% in Q4 (p<0.001), compared to Q1. Moreover, the 
increase was by +5.38% in Q3 (p=0.021) and by +2.35% in Q4 
(p<0.001), compared to Q2.  

Sedentary behavior was noted in women. The Mets decreased 
significantly by -4%in Q2 (p=0.018), -7.33% in Q3 (<0.001) 
and -10% in Q4 (<0.001) compared to Q1. Significant decrease 
by -3.47% was noted in Q3 (p=0.021), -2.88% in Q4 compared 
toQ2. No difference was noted between Q3 and Q4. 

Table 3 shows the food composition in postmenopausal women 
according to the WC quartile. Expressed in percentage of TEI, we 
noted that protein intake was more than 16% and values were 
higher in Q2, Q3 and Q4, compared to Q1 (p<0.001). 

Carbohydrates energy intake was similar in Q1 and Q2 (55% of 
TEI) and decreased in Q3 (49%) and Q4 (47%). Lipids energy 
intake was more important (p= 0.005) in Q4 than Q1 and Q2 
(p<0.001). 

Qualitative contribution of nutrients showed increased intake of 
animal proteins and decreased intake of vegetable proteins 
(p=0.003) in Q4 compared to Q2. We noted a decrease in 
polyunsaturated fatty acids (PUFA) intake in Q4 compared to Q1 
(p= 0.056) and increased monounsaturated fatty acids (MUFA) 
intake in Q2 compared to Q1 (p= 0.046).  

The intake of food groups (Table 4) showed higher consumption 
of meat, poultry, fish, and eggs in Q3 and Q4 (p<0.001), 
compared to Q1. Moreover, this intake was more important in 
Q4 compared to Q2 (p= 0.021). Compared to Q1, the intake of 
milk and dairy products was similar in Q2 and Q3 but increased 

in Q4 (p= 0.001). A significant increase was also noted in Q4 
compared to Q2 (p= 0.013) and compared to Q3 (p= 0.016). 
Low consumption of fruits and vegetables was noted in all groups.  
Compared to Q1, we noted a significant decrease in fruits and 
vegetable intake in Q2 (p= 0.001), Q3 (p=0.032), and Q4 
(p=0.046). Fat intake was similar in all groups. It was increased in 
Q4 compared to Q1 (p=0.008), Q2 (p= 0.003) and Q3 (p= 
0.010). High consumption of sugar and sweet products was 
observed and values were identical in all groups. 

3.2 Lipids profile 

Compared to Q1, LCAT activity (Table 5) was similar in all 
groups, but a decrease by -14.75% was noted in Q4 compared to 
Q1 (p= 0.002) and by -10.16% compared to Q2 ((p= 0.0054). 
Compared to Q1, TC increased in Q3 (p=0.024) and Q4 
(p<0.001). TG increased by +16.39% in Q2 (p=0.038), +39.34% 
in Q3 and +35.24% in Q4 (p<0.001) compared to Q1. 
Compared to Q1, VLDL-C, HDL-C, TC/HDL-C, and LDL-
C/HDL-C ratio values were similar in all groups. However, we 
noted that HDL2-C was significantly increased in Q2 (p = 0.042), 
Q3 (p= 0.004) and Q4 (p= 0.007) compared to Q1. 

LAP were increased in all groups compared to Q1 (p = <0.001). 
A significant increase in WC was noted (p<0.001). 

3.3 C-Reactive protein and Oxidant/Antioxidant 
status 

CRP values were 1.39-fold higher in Q2, 1.61-fold in Q3, and 
2.25-fold in Q4, compared to Q1. The values of CRP were more 
elevated in Q4 compared to Q3 and Q2 (p<0.001) (Table 6).  

TBARS increased by 41% in Q2 (p=0.003), 43.92% in Q3 (p= 
0.002) and 65.42% in Q4 (<0.001), compared to Q1. Moreover, 
TBARS increased according to WC increase by 21.73% in Q2 (p 
= 0.003), 27.17% in Q3 (p = 0.003) and by 38% in Q4 (p 
<0.001), compared to Q1.TBARS- LDL values were more 
elevated in Q4 compared to Q2 (p=0.007). 

Protein carbonyls concentrations were increased in Q2 
(p=0.002), Q3 (p<0.001), and Q4 (p<0.001), compared to Q1.  

A decrease in SOD activity was noted in Q2 (p=0.001), Q3, and 
Q4 (p<0.001) compared to Q1. Likewise, we noted that catalase 
activity was decreased in Q2 (p=0.005), Q3 (p<0.001), and Q4 
(p<0.001) compared to Q1. 

3.4 Relationships between lifestyle factors and 
cardiometabolic biomarkers 

Table 7 shows the most significant correlations established 
between lifestyle and biomarkers. An inverse relationship between 
TEI and; HDL-C (r= -0.232, p<0.001) and with LDL-C (r= -
0.206, p= 0.002) were found. DEE was correlated with HDL-C 
(r= 0.265, p<0.001). 
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Table 3: Food intake composition in postmenopausal women according to waist circumference quartiles 

 
Q 1 

(69-89cm) 
Q 2 

(90-98.5cm) 
Q 3 

(99-108cm) 
Q 4 

(108-125cm) 
MD 

TEI (MJ/d) 6.7±1.67 7.02±1.80 6.98±1.78 6.38±1.24 
p=(0.035b, 0.026c) 8 

Proteins (% of TEI) 16% 19% 
p=0.008a 

21% 
p=(<0.001a, 0.114b) 

21% 
p=(<0.001a, 0.051b) 10% 

Proteins  intake (g/d) 58.86±19.28 68.75±18.30 
p=0.006a 

73.83±17.01 
p<0.001a 

69.18±13.31 
p=0.001a  

Animal protein$ 43% 44% 47% 54% 
p=(0.001a, 0.003b) 40% 

Vegetable protein$ 57% 56% 53% 46% 
p=(0.001a, 0.003b) 60% 

Carbohydrates (% of 
TEI) 55% 55% 49% 

p=(<0.001a, 0.004b) 
47% 

p<0.001a, b 55% 

Carbohydrates intake 
(g/d) 223.26±50.87 224.37±64.87 218.47±73.07 210.97±82.60  

Complex 
carbohydrates$ 62% 69% 

p=0.008a 69% 62% 
p=(0.004b, 0.007c) 75% 

Simple carbohydrates$ 38% 31% 
p=0.007a 

31% 
p=0.014a 

38% 
p=(0.004b, 0.007c) 25% 

Lipids (% of TEI) 29% 27% 31% 32% 
p=(0.005a, <0.001b) 35% 

PUFA $ 22% 18% 18% 17% 
p=0.056a 25% 

MUFA$ 47% 51% 
p=0.046a 52% 51% 50% 

SFA$ 31% 31% 30% 32% 25% 
MD: Mediterranean Diet (24); TEI: Total energy intake; $: Expressed in percentage of total macronutrient intake. PUFA: Polyunsaturated fatty acids;  MUFA: Monounsaturated fatty acids; SFA: 
Saturated fatty acids. Data are presented as means ± SD. After analysis of variance (ANOVA), means were compared by Student’s t-test. a: (Q2, Q3, Q4) vs Q1; b(Q3, Q4) vs Q2; c: Q4 vs Q3. p< 0.05 
was considered statistically significant. 

Table 4: Food groups intake in postmenopausal women according to waist circumference quartiles 

Food category (g/d) 
Q 1 

(69-89cm) 
Q 2 

(90-98.5cm) 
Q 3 

(99-108cm) 
Q 4 

(108-125cm) 
MD (g/d) 

Meat. poultry. fish 
and eggs 87.00±53.54 111.45±86.15 148.82±120.21 

p=0.001a 
153.07±108.04 

p=(<0.001a, 0.021b) 148 

Milk and dairy 
products 169.69±137.91 196.18±148.17 194.89±155.57 

271.52±176.63 
p=(0.001a, 0.013b, 

0.016c) 
168 

Fruits and 
vegetables 353.39±179.80 269.39±164.620 

p=0.010a 
283.88±151.95 

p=0.032a 
284.44±184.48 

p=0.046a 240-480 

Cereals and starchy 
foods 290.05±155.48 296.29±180.12 284.35±182.37 304.71±160.81 ~400 

Fat 11.41±8.10 11.13±6.93 11.59±7.37 
17.17±13.80 

p=(0.008a, 0.003b, 
0.010c) 

- 

Sugar and sugar 
products 213.14±162.91 219.48±164.7 246.85±214.65 247.49±204.85 ≤ 9 

Data are presented as means ± SD. After analysis of variance (ANOVA), means were compared by Student’s t-test. a: (Q2, Q3, Q 4) vs Q1; b(Q3, Q4) vs Q2; c: Q4 vs Q3. p< 0.05 was considered 
statistically significant.

Mets was correlated with LCAT activity (r=0.243, p<0.001), 
SOD (r= 0.374, p<0.001) and catalase (r=0.283, p<0.001). 
However, Mets was negatively associated with LDL-C (r= -0.153, 
p= 0.021), HDL-C (r= -0.161, p= 0.015), TG (r= -0.442, 
p<0.001), LAP (r= -0.502, p<0.001), CRP (r= -0.428, p<0.001), 
TBARS (r= -0.367, p<0.001), TBARS-LDL (r= -0.338, p<0.001) 
and carbonyls (r= -0.349, p<0.001). 

Fruits and vegetables intake was positively correlated with LCAT 
activity (r=0.324, p<0.001) and HDL-C (r= 0.140, p= 0.035) and 

negatively with LDL-C (r=- 0.279, p<0.001), and TBARS-LDL 
(r= -0.284, p<0.001). 

Fibers intake correlated positively with SOD (0.340, p<0.001) 
and catalase (r= 0.166, p<0.001) activities and negatively with 
CRP (r= -0.335, p<0.001), TBARS (r= -0.261, p<0.001), 
TBARS-LDL (r= -0.153, p= 0.017) and carbonyls (r= - 0.386, 
p<0.001). Vitamin E intake was inversely correlated with 
TBARS-LDL (r=- 0.278, p<0.001). Vitamin C intake correlated 
positively with SOD (r= 0.388, p<0.001). 
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Table 5: Lecithin cholesterol acyltransferase activity, lipid profile and atherogenic indices in postmenopausal women according to waist 
circumference quartiles 

 Q 1 
(69-89cm) 

Q 2 

(90-98.5cm) 
Q 3 

(99-108cm) 
Q 4 

(108-125cm) 

LCAT (mmol/L/h) 147.87±40.77 140.31±45.41 138.71±43.93 126.05±33.97 
p=(0.002a, 0.054b) 

TC (mmol/L) 4.50±0.81 4.44±0.80 4.16±0.73 
p=(0.024a, 0.050b) 

4.74±1.03 
p=0.001c 

TG (mmol/L) 1.22±0.51 1.42±0.53 
p=0.038a 

1.70±0.50 
p=(<0.001a, 0.005b) 

1.65±0.48 
p=(<0.001a, 0.018b) 

VLDL-C (mmol/L) 0.68±0.22 0.69±0.16 0.67±0.11 0.64±0.14 

LDL-C (mmol/L) 2.28±0.40 2.19±0.54 2.19±0.49 2.38±0.56 
p=( 0.052b, 0.050c) 

HDL2-C (mmol/L) 0.56±0.16 0.61±0.12 
p=0.042a 

0.63±0.10 
p=0.004a 

0.62±0.08 
p=0.007a 

HDL3-C (mmol/L) 0.85±0.23 0.72±0.23 
p=0.003a 

0.67±0.28 
p<0.001a 

0.81±0.38 
p=0.024c 

TC/HDL-C 3.18±0.57 3.38±0.93 3.20±0.97 3.22±0.98 

LDL-C/HDL-C 1.62±0.31 1.62±0.38 1.58±0.31 1.58±0.29 

LAP 31.45±15.44 50.90±19.07 
p=<0.001a 

76.23±22.19 
p<0.001a, b 

91.78±27.74 
p<0.001a, b, c 

LCAT: Lecithin cholesterol acyltransferase; TC: Total cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: Triacylglycerol; LAP: Lipid accumulation 
products. Data are presented as means±SD. After analysis of variance (ANOVA), means were compared by Student’s t-test. a: (Q2, Q3, Q 4) vs Q1; b(Q3, Q4) vs Q2; c: Q4 vs Q3. p< 0.05 was 
considered statistically significant. 

Table 6: C-Reactive Protein and Oxidant/Antioxidant status in postmenopausal women according to waist circumference quartiles 

 
Q 1 

(69-89cm) 
Q 2 

(90-98.5cm) 
Q 3 

(99-108cm) 
Q 4 

(108-125cm) 

CRP (mg/L) 2.45±2.30 3.42±2.54 
p=0.037a 

3.95±2.56 
p=0.002a 

5.52±2.36 
p<0.001a, b, c 

TBARS (µmol/L) 1.07±0.79 1.51±0.78 
p=0.003a 

1.54±0.73 
p=0.002a 

1.77±0.87 
p<0.001a 

TBARS- LDL (µmol/L) 0.92±0.25 1.12±0.27 
p=<0.001a 

1.17±0.26 
p<0.001a 

1.27±0.33 
(p=(<0.001a, 0.007b) 

Carbonyls  (µmol/L) 15.88±6.54 20.04±7.46 
p=0.002a 

21.48±5.41 
p<0.001a 

22.04±5.26 
p <0.001a 

SOD  (UI/mL) 53.91±13.42 44.68±15.67 
p=0.001a 

35.28±11.39 
p<0.001a, b 

35.41±11.32 
p<0.001a, b 

Catalase (UI/mL) 62.77±6.30 58.97±7.67 
p=0.005a 

58.46±7.22 
p=0.001a 

56.45±8.86 
p=(<0.001a, 0.022b) 

CRP: C-Reactive Protein; TBARS: Thiobarbituric acid reactive substances; SOD: Superoxide dismutase. Data are presented as means ±SD after analysis of variance (ANOVA) between quartiles. 
Means were compared using the Student’s t-test. a: (Q2, Q3, Q 4) vs Q1; b(Q3, Q4) vs Q2; c: Q4 vs Q3. p< 0.05 was considered statistically significant.

Meats, poultry, eggs and fish intake was correlated negatively with 
SOD (r= -0.339, p<0.001) and catalase activities (r= -0.206, p= 
0.002). However, a positive correlation was noticed between Fat 
intake and LDL-C (r= 0.345, p<0.001), TG (r=0.246, p<0.001), 
LAP (r=0.293, p<0.001) and a negative correlation with HDL-C 
(r=-0.396, p<0.001), LCAT activity (r= -0.275, p<0.001) and 
CRP (r= -0.315, p<0.001). 

Sugar, and sugar products intake was correlated negatively with 
C-HDL (r= -0.228, p= 0.001), LCAT activity (r= -0.217, p= 
0.001) and TG (r= -0.169, p= 0.010). 

4 Discussion 

This study was undertaken in postmenopausal women with 
abdominal obesity with the objective to assess the association 
between lifestyle behavior and cardiometabolic biomarkers.  

After menopause, fat deposition, and accrual shift to favor the 
visceral depot that is accompanied by an increase in 
cardiometabolic risk reminiscent of that seen in men 1. There is 
a synergistic relationship between food quality and physical 
activity associated with the cardiometabolic risk including 
dyslipidemia, inflammation, and oxidant-antioxidant status. In 
the current study, women had a total energy intake (TEI) less 
than 8 MJ/d which is below the recommendations of ANSES 
(2016) 25. On the other hand, we recorded a high intake of 
protein portions balanced by a low intake of carbohydrates. 
According to the literature, this alteration in macronutrients 
composition despite stability in TEI leads to unfavorable 
changes for health and body weight 26-28. We thought that the 
imbalance of these macronutrients could be responsible for 
maintaining android obesity and increasing metabolic syndrome 
(MetS). 
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Table 7: Relationship between lifestyle and biomarkers in postmenopausal women 

TEI: Total energy intake; DEE: Daily Energy Expenditure; RM: Resting Metabolism; Mets: Metabolic equivalent task. LCAT: Lecithin cholesterol acyltransferase; LDL-C: low-density lipoprotein 
cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: Triacylglycerol; LAP: Lipid accumulation products; CRP: C-Reactive protein; TBARS: Thiobarbituric acid reactive substances; SOD: 
Superoxide dismutase. Correlations were performed by Pearson linear regression.

Overweight and obesity are closely related to eating habits. In 
the present study, women displayed a tendency to consume 
more meats, poultry, eggs, starchy food and refined cereals, milk 
and dairy products which explains the high amount of SFA and 
simple sugars. That leads also to high intake of animal proteins 
and refined carbohydrates, characterized by a high glycemic load 
and high SFA intake. These fatty acids may increase the risk of 
CVD by aggravating glucose intolerance, dyslipidemia, 
hypertriglyceridemia and the decrease in HDL-C 2. According to 
Barbara et al., these changes in habits appear during 
perimenopause 29. The same authors reported that more than 
50% of women have an increase consumption of sweets most 
often chocolate as well as fatty products by consumption of 
sandwiches. As a result of these new habits, 71% of women had 
weight gain during this period 29. 

Globalization has participated in the change of eating habits 26, 
data confirmed that in many Mediterranean countries the loss of 
adherence to the Mediterranean diet (MD) is continuing and 
increasing linked also to the current economic downturn 27-30. 
To remind that MD protects against cardiovascular diseases and 
is characterized by intake of olive oil, fruits, vegetables, whole 
cereals, legumes and nuts, moderate amounts of fish and dairy 
products and low quantities of meat and meat products 26. The 
Mediterranean region is undergoing nutritional transition, while 
the traditional diet was based on healthy foods. Nowadays, 
individuals are consuming a more Western-influenced diet that 
contains empty calories. Globalization has disrupted the lifestyle 
and eating behavior of our society. Manufactured products were 
more consumed and have been replaced with a diet that contains 

more red meat, sweets, and processed foods. In this study, food 
intake was characterized by an unbalanced quantitative and 
qualitative distribution of macronutrients. Decreased whole 
grain and increased proteins consumption were noted. 
Macronutrient calorie distribution affects the health of 
individuals. The amount and quality of macronutrients may 
play a major role in WC 31. Our results showed a negative 
correlation between meats, poultry, eggs, fish consumption and 
antioxidant enzymes activity. Chronic high protein intake leads 
to an increase in ROS generation causing toxicity 32, this toxicity 
could be the source of a decrease in SOD. In our study, LAP 
was positively correlated with fat intake. LAP, a novel index of 
central lipid accumulation based on a combination of WC and 
serum TG, is a good efficiency to identify metabolic syndrome 
independently of the classification used to detect it especially 
among women. It could be associated with a dysfunctional and 
highly lipolytic adipose tissue that is a central abnormality 
behind MS and associated conditions such as CVD 33. A recent 
study has shown that 57.9% of postmenopausal women from 
the west of Algeria have MS 9. 

We noted a moderate intake of vegetables and fruits which 
consumption decreased according to WC quartile. It is well 
established that fruits and vegetables contain vitamins, 
carotenoids, polyphenols and other still unknown bioactive 
compounds, making them a food group with high dietary 
antioxidant capacity. These compounds promote the scavenging 
of ROS produced during lipid peroxidation and other metabolic 
processes, limiting or preventing oxidative stress 34. Fruits and 
vegetables intake was correlated negatively with LDL-C, LDL-

 TEI DEE RM Mets Vit E Vit C Fibers Fruits and 
vegetables 

Meat. 
Poultry, 

eggs. 
Fishes 

Fat 

Sugar 
and 

sugar 
products 

LDL-C r=-0.206 
p=0.002 - - r=-0.153 

p=0.021 - - - r=-0.279 
p<0.001 - r=0.345 

p<0.001 - 

HDL-C r=-0.232 
p<0.001 

r=0.265 
p<0.001 - r= 0.161 

p=0.015 - - - r=0.140 
p=0.035 - r=0.396 

p<0.001 
r=-0.228 
p=0.001 

LCAT - - r=-0.277 
p<0.001 

r=0.243 
p<0.001 - - - r=0.324 

p<0.001 - r= -0.275 
p=<0.001 

r=-0.217 
p=0.001 

TG - - r=0.317 
p<0.001 

r= -0.442 
p<0.001 - - - - - r=0.264 

p=<0.001 
r=-0.169 
p=0.010 

LAP - - r=0.486 
p<0.001 

r=-0.502 
p<0.001 - - - - - r=0.293 

p=<0.001 - 

CRP - - - r=-0.428 
p<0.001 - - r=-0.335 

p<0.001 - - r=-0.315 
p=<0.001 - 

TBARS - - r=0.198 
p=0.003 

r=-0.367 
p<0.001 - - r=-0.261 

p<0.001 - - - - 

TBARS-
LDL - - r=0.455 

p<0.001 
r=-0.338 
p<0.001 

r=-0.278 
p<0.001 

r=-0.334 
p<0.001 

r=-0.153 
p=0.017 

r=-0.284;  
p=<0.001 - - - 

Carbonyls - - r=0.240 
p<0.001 

r=-0.349 
p<0.001 - - r=-0.386 

p<0.001 - - - - 

SOD - - r=-0.410 
p<0.001 

r=0.374 
p<0.001 - r=0.388 

p<0.001 
r= 0.340 
p<0.001 - r=-0.339 

p<0.001 - - 

Catalase - - r=-0.178 
p=0.007 

r=0.283 
p<0.001 - - r= 0.166 

p= 0.012 - r=-0.206 
p=0.002 - - 
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TBARS and positively with HDL-C and LCAT activity. LCAT 
is an enzyme converting free cholesterol into cholesteryl ester 
and raising the atheroprotective HDL-C 35.  

Moreover, dietary fiber intake was correlated negatively with 
CRP, TBARS and carbonyls and positively with SOD. We 
suggest the existence of a synergic effect of dietary fibers and 
antioxidant compounds from fruits and vegetables. It has been 
shown that dietary fibers may have an effect on systemic 
inflammation by contributing to regulation of healthy body 
weight 36.  

Vitamin C is a recognized antioxidant nutrient, with the ability 
to scavenge oxygen radicals. Furthermore, we observed that E 
and C vitamins correlated with LDL-TBARS. Vit C also 
correlated positively with SOD.  The two vitamins could be 
used to prevent the onset of various disorders associated with an 
age-related decrease in estrogen. These vitamins scavenge free 
radicals and neutralize oxidative stress 34.  

MUFA are recognized as healthy fatty acids that contribute to 
lowering LDL-C and improve HDL-C, which in turn can lower 
the risk of CVD 37. MUFA are present in olive oil, a traditional 
product of the Mediterranean basin. However, in our study, 
MUFA were essentially from manufactured dishes based on 
poultry, soups and cereal, which were accompanied by saturated 
fatty acids (SFA) and empty calories that promote visceral 
adiposity.  

An inverse relationship was found between TEI and; HDL-C 
and with LDL-C. On the other hand, DEE was correlated with 
HDL-C. Women were sedentary; Mets was negatively correlated 
with LDL-C, LAP, CRP, TBARS, TBARS-LDL and carbonyls 
and positively with LCAT, SOD and catalase. Physical activity  
promotes benefits on lipid profile 38,39 for which the positive 
effect on biomarkers reducing CRP and interleukin were found 
in obese postmenopausal women 40. Moreover, it has been 
shown that physical activity improves LCAT activity 41 which is 
positively correlated with SOD activity and the level of CRP 35.  

Our findings demonstrate that an unhealthy diet and sedentary 
lifestyle were associated with cardiometabolic risk in 
postmenopausal women. The early fight against overweight and 
obesity by the adoption of a healthy lifestyle based on regular 
physical activity and a balanced diet with principles of MD are 
the best strategies for CVD prevention. 
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