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Abstract. Background and aims: To assess the effect of the Mediterranean diet (MD) pattern on lipid profile,
inflammatory markers, and markers of oxidative stress in perimenopausal women with abdominal obesity.
Material and methods: Ninety women (48+3 years) with abdominal obesity (waist circumference 105.48+12.33
cm) were randomly assigned to two groups: 45 received nutritional counseling in accordance with MD
and the practice of regular activity for 8 weeks, and 45 women were used as controls. At baseline (T0)
and 8 weeks after the initiating of nutritional intervention (T8), we assessed cardiometabolic biomarkers.
Results: Compared to the control group, women in the intervention group showed overall improvements in
lipid profile, with reductions in total cholesterol and a better TC/HDL-C ratio. Inflammatory status im-
proved through a decrease in TNF-a levels, while oxidative stress was reduced, as reflected by lower li-
pid peroxidation and enhanced antioxidant defenses. Other metabolic markers remained largely unchanged.
Conclusions: MD pattern improves dyslipidemia, inflammation and oxidative stress and represent the best
choice a particularly relevant nutritional approach for managing cardiometabolic risk and prevent cardiovas-
cular disease in perimenopausal women.
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oxidative status.

Background and Aims

The perimenopause or menopausal transition is
the transitional period before menopause. Oestrogen
insufficiency is associated with alterations in endo-
crine, biological, and clinical features (1). Perimeno-
pause can last anywhere from a few months to 10 years.
It’s characterized by a progressive decline in oestrogen
production, a menstrual cycle irregularities and vaso-
motor symptoms (2). During this time, a number of
symptoms, such as hot flushes, night sweats, sadness,
irritability, headaches, sleep difficulties and cognitive
impairment, may happen more frequently (3). Key

risk variables of cardiovascular disease (CVD) have
been found to deteriorate throughout the menopause
transition, independently of the effects of aging alone.
As a result, it is believed that the transition through
menopause has a significant role in the development
of CVD in women (4). Moreover, the perimenopause
is a time of significant metabolic alterations linked to
elevated atherogenic lipid profiles, impaired inflam-
matory profiles, and insulin resistance, all of which are
known to raise the risk of CVD (5). In this period, type
2 diabetes, a major risk factor for cardiovascular dis-
ease, also increases (6). The most common abnormality
during perimenopause is the high waist circumference.
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Cardiometabolic syndrome is associated with central
obesity and chronic low-grade inflammation. It’s es-
tablished that visceral adiposity is generally associated
with increased plasma C-reactive protein (CRP), an
inflammatory marker that predicts CVD. CVD is also
associated with high blood pressure, which is more
prevalent during menopause (7). Also, numerous stud-
ies suggested links between some menopausal symp-
toms (hot flashes, insomnia) and CVD (4). Studies
showed that vasomotor symptoms are linked to hyper-
tension (8), insulin resistance, diabetes (9) and dys-
lipidemia. The proinflammatory profile and oxidative
stress were associated with climacteric symptoms (10).

In CVD pathogenesis, oxidative stress plays a cru-
cial role. Since the menopausal transition and up to the
post menopause, oxidative stress is primarily caused by
oestrogen deprivation in women (11). Oestrogen is
a potent antioxidant that inhibits lipid peroxidation,
thus when it is lacking after menopause, OS increases.
Reactive oxygen species (ROS) (free radicals) genera-
tion and antioxidant defense are out of balance dur-
ing oxidative stress (12). Nearly all of the key cellular
components, including proteins, DNA, and membrane
lipids, can be damaged by oxidative stress, which may
induce cell death (13). The impact of lifestyle changes
in lowering cardiometabolic risk and promoting wom-
en’s health during menopause is becoming more well
acknowledged (14). The Mediterranean diet (MD) is
an effective strategy for controlling and reducing car-
diometabolic risk in this situation (15). It has been
showed that the MD reduces the overweight, prevent
the development, of metabolic syndrome, diabetes and
obesity. Inflammatory markers, lipids, and the waist-
to-hip ratio are just a few of the cardiovascular dis-
ease risk factors that this diet is known to reduce (16).
Many nations around the Mediterranean Sea follow
the MD as a traditional form of nutrition. The MD
model, highlighted for its benefits in the prevention of
cardiometabolic diseases, is a reference for nutritional
education and a guide for food choices in public health
prevention (17). It is distinguished by a profusion of
plant-based products; rich in fruits, vegetables and fib-
ers, the preponderance of monounsaturated fatty acids
(olive oil) and polyunsaturated fatty acids (omega 3),
whole grain cereals, consumption of fatty fish (sar-
dines, mackerel, tuna, etc.), and a limited number of

animal-based products. Moderate consumption of red
meat and dairy products characterize the diet (18). We
carried out this study in women on menopausal transi-
tion with abdominal obesity to evaluate the impact of
a lifestyle promotion based on the principles of Medi-
terranean eating patterns on, lipid profile, inflamma-
tion, and oxidative stress markers.

Material and Methods
Study population

A prospective randomised study was conducted
at the Public Health Establishment Es-Sénia, Oran
(west of Algeria). A total of 110 perimenopausal
women with abdominal obesity were selected for the
study. The midwife and gynecologist both confirmed
the diagnosis of perimenopause. The menopause rat-
ing scale (MRS) was used to evaluate perimenopausal
symptoms. MRS is an instrument which is a validated
scale and has been used in research on the etiology of
menopausal symptoms to assess their severity (19).
Women were included on the basis that have a clear
perimenopausal diagnosis and no received nutritional
counselling (Table 1). We excluded women on hor-
mone therapy to relieve climacteric syndrome and
those taking antioxidant supplements and with renal
failure and unstable cardiovascular disease. Before
beginning the study, all of the women were informed
about the objective of the study and given written con-
sent. Ethical approval was obtained from the Institu-
tional Ethics Committee of the University of Oran
1 Ahmed Ben Bella, Oran, Algeria, (Protocol Code:
SDRF-2022-18).

Nutritional intervention

From the 110 women recruited, 90 (48+3 years)
were available for the study. Randomisation was per-
formedusing the formulaN=(Zo/2+Zp)2* (612 + 622)/
(u1 — p2)2. After adding 20% for dropouts, the mini-
mum required sample size was 45 women in each
group; the intervention group (IG; n = 45) received
dietary advice, while the control group (CG; n = 45)
continued their usual diet. The intervention group
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Table 1. Clinical characteristics of perimenopausal women at
baseline.

All subjects
Variables (n=90)
Weight (ke) 78.10 £ 13.79
Height (m) 1.60 £ 0.07
BMI (weight (kg) / height (m?) 30.43 £ 6,38

105.48 + 12.33
111.94 £ 10.73

Waist circumference (cm)

Hip circumference (cm)

Waist/hip circumference 0.94 £ 0.072
Menstrual cycle (days) 128.24 = 139.03
Menstrual duration (days) 5.31+2.56
MRS Score* 24 +7
Urea (mmol/L) 6.96 + 2.35
Creatinine (mmol/mL) 0.82 +0.24

Data were expressed as mean * standard error. Abbreviations: BMI:
body mass index (weight kg/size m%). MRS: Menopause Rating Scale.
*All women have elevated MRS score, which indicates severe vasomo-
tor symptoms.

received nutritional counselling adapted to the Medi-
terranean diet for eight weeks. Women were instructed
to eat virgin olive oil for seasoning, wholegrain cereals
(50 grams of bread at each meal, 250 grams of cereal or
carbohydrate once day), fruit (once daily), vegetables
(200 grams twice daily), and oil fish (twice a week)
in order to meet this goal (16). We asked women to
avoid sugary products, all foods with empty calories as
well as ultra-processed products. Patients also received
recommendations for healthier cooking methods.
Women were encouraged to practice regular physical
activity at least 30 minutes of walking per day.

Methods

All surveys and biochemical analyses were con-
ducted at the beginning of the nutritional intervention
(T0) and eight weeks later (T8).

Biochemical analysis
Antecubital venepuncture was used to take blood

samples from all patients at the beginning (T0) and eight
weeks (T'8) after the start of the nutritional intervention.

For the biochemical tests, lithium heparin-filled tubes
were utilized. By low-speed centrifugation at 3000X g,
at 4°C for 15 minutes, we obtained serum. The serum

was taken out, divided up, and kept at -20° C.

*  Lipid profile
The colorimetric methods (Kits Biolabo,
France) was used to determine the blood glu-
cose, urea, creatinine, triacylglycerols (TG),
total cholesterol (TC) and high-density lipo-
protein cholesterol (HDL-C) and the Fried-
wald formula (20) was used to determine the
low-density lipoprotein cholesterol (LDL-C).
For women, lipid accumulation products
(LAP) are [(WC (cm) — 58)*(TG (mmol/1)].
LAP is a measure of central lipid accumula-
tion used to gauge the likelihood of developing
metabolic syndrome. The minimal WC values
from NHANES III (58 cm for women) are in-
cluded in the formula (Third National Health
and Nutrition Examination Survey) (21).
*  Markers of inflammation
Utilizing CRP-Latex, C-reactive protein
(CRP) was quantified (Spinreact, Spain). The
CRP-latex test uses slide agglutination to de-
tect C-reactive protein (CRP) in human serum
in a qualitative and semi-quantitative manner.
When combined with CRP-containing sam-
ples, latex particles coated with goat IgG cause
agglutination.
Tumor Necrosis Factor Alpha (TNF-a)
was determined in duplicate samples with a
commercial enzyme-linked immunometric as-
say kit (ELISA, My BioSource) with a range
of 7.81 - 500 pg/mL.
*  Lipid and protein oxidation
The NWLSS™  Malondialdehyde
(MDA) Assay was used to quantify lipid per-
oxidation as the concentration of MDA. The
NWK-MDAOQ1 assay is based on the reac-
tion of MDA with thiobarbituric acid (TBA);
forming an MDA-TBA2 adduct that absorbs
strongly at 532 nm.
Oxidized proteins were estimated by
measuring carbonyls concentration accord-

ing to the method of Levine et al. (1990)



Progress in Nutrition 2025; Vol. 27, N. 4: 17968

(22) wusing the 2,4-dinitrophenylhydrazine
(DNPH).
*  Antioxidant

Superoxide dismutase (SOD) is an en-
zymatic antioxidant which neutralizes super-
oxide anion, one of the most potent ROS.
SOD activity was measured by the method of
Marklund. (1974) (23). This method utilizes
the inhibition of auto-oxidation of pyrogallol
by SOD.

Catalase enzyme activity was measured
using the Goth. (1991) [24] method. A stable
complex with ammonium molybdate was ab-
sorbed at 405 nm.

Thiols and total glutathione were deter-
mined by a Sedlak and Lindsay. (1968) (25)
method, based on the oxidation reaction of -SH
groups with 5,5-dithiobis-2-nitrobenzoic
acid (DTNB), thereby releasing thionitroben-
zoic acid (TNB) of yellow color, which was
absorbed at 412nm.

Statistical analysis

Statistical analysis was performed using SPSS
20.0 (IBM SPSS Statistics, Armonk, NY'). Data were
expressed as the mean + SD (standard deviation). Dif-
ferences between groups were analysed using Mann-
Whitney test and Student’s t-test and differences
within groups at different time points were analysed

Table 2. Changes in lipid profile after nutritional intervention.

using Wilcoxson’s test. The levels of p <0.05 were con-
sidered significant. Data were compared twice: the in-
tervention group compared with the control group (*)

and over times (#) T8 compared with TO.

Results
Lipid profile (Table 2)

In the IG compared to the CG, no significant
differences were noted in glycemia and TG concen-
trations. A decrease by (-9%) in blood glucose was
noted in the IG compared to TO (p<0.01). A de-
crease was noted by (-14%) in TG concentrations
at T8 compared to TO (p<0.001). In the IG com-
pared to the CG, TC were decreased by (-16%) at
T8 (p<0.01). These values were also diminished by
(-10%) compared to TO (p<0.001). A significant
increase in HDL-C concentrations was noted at
T8 by (+18%) compared to TO in the IG (p<0.05).
However, the LDL-C concentrations remained un-
changed in both groups. The TC/HDL-C ratio was
diminished by (-21%) in the IG compared to the
CG (p < 0.05) and by (-23%) at T'8 compared to TO
(p<0.05).

No difference was noted in LAP values in the IG
compared to the CG. While a decrease by (-12%) was
noted in LAP values at T8 (p<0.001) compared to TO
in the IG.

Intervention group Control group

Variables TO T8 TO T8
Glucose (mmol/L) 5.71+1.49 5.23 + 0.8## 5.09+1.13 5.24+1.03
TG (mmol/L) 2.24+0.28 1.96 + 0.26#H## 1.83 £ 0.67 1.84 +0.38
TC (mmol/L) 4.46 + 1.03 4.05 + 1.06™ #i#t# 4.72 + 1.10 4.73 +0.93
HDL-C (mmol/L) 0.94 +0.42 1.16 + 0.41# 0.89 + 0.40 1.01 £ 0.36
LDL-C (mmol/L) 1.35+0.97 1.20 £ 0.77 1.63 £ 0.84 1.50 £ 0.90
TC/HDL-C 5.08 + 2.52 412+ 1.51%# 5.83 +2.64 5.00 +1.81
LAP 105.48 = 28.9 94.02 + 27.89### 100.64 + 34.29 103.02 = 20

Abbreviations: TG: Triacylglycerols; TC: Total cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein choles-
terol; LAP: lipid accumulation product. TO: the beginning of study; T8: 8 weeks after the after initiating nutritional intervention. Data are expressed
as mean * standard deviation and were analysed using Wilcoxon’s test, Mann-Whitney test and Student’s t-test. “IG vs CG; #: T8 ws T0. *#P<0.05,

##p<0.01, ###*p<0.001.
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Inflammatory and pro-oxidant antioxidant markers

(Table 3)

No significant variation was observed in CRP
concentrations in the IG group compared to the CG
group at T8. Nevertheless, in the intervention group,
CRP values decreased by (-83%) at T8 compared to
TO (p<0.05). In the IG compared to the CG, a sig-
nificant decrease in TNF-a by (-61%) was noted at T8
(p<0.01). TNF-a concentrations were also reduced by
(-65%) at T8 (p<0.05) compared to TO in the IG. For
pro-oxidant status, results showed that after 8 weeks
of nutritional counselling, the level of lipid oxidative
products (MDA) was decreased by (-59%) in the IG
compared to the CG (p<0.001). No significant dif-
ference was noted in MDA concentrations at T8
compared to TO. Carbonyls concentrations remained
unchanged in both groups. For antioxidant defence,
superoxide dismutase activity was increased in the
IG compared to the CG after 8 weeks of nutritional
counselling. This increase was by (+7%) compared to
the CG at T8 (p<0.05). Likewise, we noted a signifi-
cant increase in SOD activity in the IG by (+6%) at
T8 (p<0.01), compared to TO. A significant increase
in catalase activity by (+31%) was noted in the IG
compared to the CG at T8 (p<0.05). This activity was
also increased by (+22%) at T8 (p<0.05), compared to
TO. Thiol values were enhanced in the IG compared
to the CG (p<0.001). A significant increase of thiol

concentrations by (+10%) was observed in the IG at
T8, compared to TO (p<0.001). Total Gluzathione val-
ues remained unchanged in the both groups during all
nutritional intervention.

Discussion

This study was undertaken in order to evalu-
ate the effect of nutritional counselling based on
the MD pattern on, lipid profile, inflammation and
oxidative status. During follow-up, serum biomarkers
were assessed at baseline and 8 weeks after initiat-
ing intervention. The increase in cardiovascular risk at
menopause may be a consequence of oestrogen dep-
rivation or results from a higher prevalence of cardio-
vascular risk factors such as visceral obesity, insulin
resistance, dyslipidemia and endothelial dysfunction
which occur with aging (26). During the perimeno-
pause phase, the cardiovascular risk alterations start
to occur. When a woman enters menopause, her lipid
profile changes, with slightly lower HDL levels and
10-15% higher LDL and triglyceride levels. The lat-
ter were confirmed by our results which were unbal-
anced at baseline and also confirmed by the results
conducted by Taleb ez a/. (2016) (11). Because oes-
trogen and androgen receptors are present in visceral
and subcutaneous adipocytes, previous investigations
have shown that endogenous sex hormones can affect

Table 3. Changes in inflammatory and pro-antioxidant markers after nutritional intervention.

Intervention group Control group

Variables TO T8 TO T8

CRP (mg/L) 3.60 £ 7.64 0.60 + 1.85# 2.40+5.97 1.50 + 5.46
TNFa (pg/mL) 43.03 £ 31.75 26.01 £ 21.00"# 35.56 + 22.27 42.09 + 20.2
MDA (mmol/L) 9.95£6.50 6.75 £ 2.75" 14.88 = 6.08 10.77 + 4.08
Carbonyls (pmol/L) 39.23 +22.72 32.86 + 17.44 42.32 +15.45 40.83 £9.78
SOD (U/mL) 39.54 £ 2.67 42.47 £ 513" 39.37 £2.62 39.31+2.59
Catalase (KU/L) 43.72 £ 21.51 56.74 £ 26.38"%# 48.24 £ 23.98 39.06 +29.1
Thiols (pmol/L) 25.18 £10.29 28.2+12.5"* ### 12.65 £ 7.70 15.65 £ 8.91
Total Glutathion (pmol/L) 3.27£2.16 4.63 +2.94 4.001.93 3.43£1.06

Abbreviations: CRP: C-reactive protein; TNF-a: Tumor necrosis factor-alpha; MDA: malondialdehyde; SOD: superoxide dismutase; CAT: catalase.
TO: the beginning of study; T'8: 8 weeks after the after initiating nutritional intervention. Data are expressed as mean + standard deviation and were
analysed using Wilcoxon’s test, Mann-Whitney test and Student’s t-test. *IG ws CG; #: T8 ws TO. *#P<0.05, ™##p<0.01, ###p<0.001.
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the lipid profile in premenopausal and postmenopau-
sal women (27). In our study, nutritional counselling
showed a beneficial effect on the levels of cholesterol,
triglycerides, LDL-C, lipid accumulation product
and HDL/CT. This beneficial effect was confirmed
by a decrease in these parameters in the intervention
group. Furthermore, a favourable effect was also noted
in HDL-C levels. Our results were similar to those of
Silva ez al. (2021) (28). According to a meta-analysis
of more than 50,000 individuals, the MD decreased
the risk of metabolic syndrome and shielded against
risk markers like waist circumference, lipids, glucose,
and blood pressure (29). In menopausal women it is
recognized that inflammation is the fundamental me-
diator of CVD leading to oxidative stress. Loss of oes-
trogen activates the production of pro-inflammatory
cytokines and increases the levels of reactive oxygen
species (30). In our study, we found that CRP and
TNF-o were higher at baseline. Our results were sim-
ilar to the result conducted by Silva ez a/. (2021) (28).
This rise was explained by the fact that lowering levels
of ovarian steroidal hormones at menopausal transi-
tion were accompanied by greater levels of the inter-
leukins IL-6, sIL-6, IL.-4, IL.-2, and tumor necrosis
factor (TNF-a), which are all reversible by hormone
therapy in postmenopausal women (31). A decrease
in CRP and TNF-a was noted in the intervention
group at T8. Healthy foods with anti-inflammatory
and antioxidant qualities make up MD. Additionally,
isoflavones may be advantageous due to their anti-
inflammatory and antioxidant characteristics and the
ability of the gut bacteria to produce the active me-
tabolite equol from daidzin/daidzein (32). Moreover,
MD encourages a high intake of polyphenols and
n-3 fatty acids with anti-inflammatory and antioxi-
dant effects as well as a decrease in the consumption
of saturated animal fats in favor of unsaturated veg-
etable fats (33). In addition, it has been noted that
oxidative stress, which is defined as an imbalance be-
tween the generation of reactive oxygen species (free
radicals) and antioxidant defense, is common during
the menopause and can result in serious harm (34).
Nutritional counselling shown a beneficial effect on
reduction of lipid oxidative products levels and the
carbonyls concentrations. Moreover, an improvement
of in antioxidant enzymes activities as SOD, catalase,

total glutathione and thiols. This beneficial effect was
confirmed by increase in this parameter at T8 in the
intervention group compared to the control group.
Extra virgin olive oil, whole grain cereals, nuts, leg-
umes, vegetables, red wine, and fruits all contain phe-
nolic chemicals (polyphenols). These Mediterranean
foods may constitute an optimum nutritional pattern
during menopause because of their anti-inflammatory
and antioxidant qualities (35). Indeed, it has been
discovered that the diet and, to a lesser extent, its
constituents, lower the risk of cardiovascular disease
through a variety of mechanisms, including a decrease
in blood pressure, lipids, endothelial dysfunction,
glucose, BMI, and waist circumference, as well as
increased NO bioavailability, antioxidant properties,
and anti-inflammatory effects (16). This study pre-
sents some limitations that should be acknowledged.
First, the follow-up duration was relatively short
(8 weeks), which may not fully capture the long-term
effects of adopting a Mediterranean diet and regular
physical activity on cardiometabolic markers. Second,
adherence to dietary recommendations and physical
activity was not objectively monitored, which may
introduce inaccuracies in assessing the true level of
compliance. Additionally, the sample size was rela-
tively small, potentially limiting the statistical power
and the generalizability of the findings. Finally, the
recruitment of volunteers from a single health estab-
lishment may introduce selection bias, which should
be considered when interpreting the results.

Conclusion

In conclusion our results indicate that a lifestyle
based on a Mediterranean diet and regular physical ac-
tivity improves inflammatory status, lipid peroxidation
and increases the activity of antioxidant enzymes and
helps prevent cardiometabolic complications in peri-
menopausal women. The combination of these Medi-
terranean foods could be the optimum dietary pattern
for menopause.
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