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ABSTRACT

Objective: This study investigated the association between the prognostic nutritional
index (PNI) and vasomotor symptoms (VMS) in women with natural and surgical
menopause, and evaluated whether PNI can independently predict moderate-to-severe
VMS.

Methods: This cross-sectional study included 84 menopausal women (39 surgical, 45
natural). Demographic and clinical characteristics and VMS were recorded. PNI was
calculated using serum albumin and lymphocyte counts. Participants were stratified
by menopausal type and VMS severity. Multivariate logistic regression identified
independent predictors of moderate/severe VMS, and receiver operating characteristic
(ROC) analysis assessed the discriminative performance of PNI.

Results: PNI levels were significantly lower in women with surgical menopause
compared to natural menopause (39.6 = 14.6 vs 50.4 £ 16.8, p = 0.002). While the
prevalence of moderate/severe VMS was similar between groups, symptom severity
was higher in surgical menopause. Women with moderate/severe VMS had significantly
lower PNI levels than those with mild symptoms (39.8 + 14.9 vs 52.1 = 15.4, p = 0.001).
Lower PNI independently predicted moderate/severe VMS (OR = 0.93, 95% CI: 0.89—
0.97, p = 0.001), with each unit increase associated with a 7% risk reduction. Surgical
menopause was also independently associated with greater symptom severity (OR =
2.27, p = 0.035). ROC analysis showed moderate discrimination in the overall cohort
(AUC = 0.74) and stronger performance in the surgical menopause subgroup (AUC =
0.86).

Conclusion: Lower PNI is independently associated with increased VMS severity. Its
predictive value is stronger in surgical menopause, suggesting a more prominent role of
immune-nutritional status under abrupt estrogen decline. PNI may serve as a practical
biomarker for VMS risk stratification.

Keywords: inflammation, natural menopause, prognostic nutritional index, surgical

menopause, vasomotor symptoms
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INTRODUCTION

Menopause is a physiological phase of a woman’s life,
characterized by a significant drop in estrogen levels as ovarian
function declines. This hormonal shift affects not only the
reproductive system but also thermoregulation, neuroendocrine
balance, cardiovascular physiology, and the immune system.
VMS, particularly hot flashes and night sweats, are among
the most frequently reported complaints during menopause,
occurring in approximately 60-80% of women [1]. Although
the pathophysiology of vasomotor symptoms has not been
fully elucidated, neurotransmitter imbalances and increased
inflammatory responses in the hypothalamic thermoregulation
center due to estrogen deficiency are among the most important

mechanisms [2,3].

In recent years, it has been shown that the severity of menopausal
symptoms may be related not only to hormonal factors but also to
systemic inflammation and nutritional status [4]. In this context,
the PNI, calculated from serum albumin and lymphocyte levels,
has emerged as a simple but powerful biomarker reflecting the
immune-nutritional status of the individual [5]. A low PNI is
considered an indicator of malnutrition, increased inflammation,
and a weakened immune response [6]. This may be related to the
frequency and severity of vasomotor symptoms observed during

menopause.

On the other hand, BMI is an important parameter affecting both
hormonal and metabolic processes during menopause. Increased
aromatase activity in adipose tissue may partially maintain
estrogen levels by increasing the conversion of androgens to
estrogen [7]. Therefore, some studies report that a high BMI
may reduce the risk of VMS, while others report that symptoms

Main Points

» This study evaluates the relationship between the
Prognostic Nutritional Index (PNI) and vasomotor
symptoms (VMS) in menopausal women.

* PNI levels were observed to be lower in the surgical

group
menopause group.

menopause compared with the natural

* PNI may be related to VMS severity independently of
BMI.

* PNI may serve as a supportive indicator in the clinical

evaluation of menopausal symptoms.
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may be exacerbated due to the chronic inflammation that
accompanies obesity [8,9]. Therefore, the interaction between
BMI and PNI may play a bidirectional role in the emergence of
vasomotor symptoms during menopause. The aim of this study
was to investigate the relationship between PNI and vasomotor
symptoms in women with natural and surgical menopause.
Additionally, the contribution of BMI to the relationship between
PNI and VMS was evaluated to reveal the clinical effects of

inflammatory and metabolic balance during menopause.

MATERIALS AND METHODS

This cross-sectional study included 84 menopausal women
who were evaluated at a single tertiary care center. This study
was approved by the Diyarbakir Gazi Yasargil Training and
Research Hospital Ethics Committee (Decision Number: 616,
Date: 2025-09-05). Participants were classified into two groups
according to menopausal type: surgical menopause (n = 39) and
natural menopause (n = 45). Surgical menopause was defined as
menopause following bilateral oophorectomy, with or without
hysterectomy. Natural menopause was defined as spontaneous
cessation of menstruation for at least 12 consecutive months.
Women with active infection, chronic inflammatory disease,
malignancy, autoimmune disorders, severe hepatic or renal
dysfunction, or current use of systemic hormone therapy were
excluded.

Demographic data including age, body mass index (BMI), and
duration of menopause were recorded. Vasomotor symptoms
(VMS) were evaluated using a standardized symptom
assessment scale. The following parameters were recorded:

e Total VMS score

e Daily frequency of hot flashes (episodes/day)

e Daily frequency of night sweats (episodes/day)

e Visual Analog Scale (VAS, 0—10) severity score

Participants were categorized into two groups according to VMS
severity: low/mild and moderate/severe, based on predefined

symptom score thresholds.

Biochemical Analyses and PNI Calculation

Blood samples were collected from all participants in the

morning after at least an 8-hour fast.

e Serum albumin level: Automatic biochemistry analyzer
(brand/model)

e Total lymphocyte count: Measured with a complete blood

count device.
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The Prognostic Nutritional Index (PNTI) was calculated using the
following formula:

PNI =10 x Albumin (g/dL) + 0.005 x Lymphocytes (/mm?)
High PNI — Good nutritional and immune status

Low PNI — Indicator of malnutrition and inflammation

Vasomotor Symptoms Assessment

VMS assessment was conducted using a self-report questionnaire
that included complaints of hot flashes and night sweats. The
assessment was structured to be compatible with systems used
in international menopause studies. VMS were assessed in all
participants using the Menopause Rating Scale (MRS). The “hot
flashes and sweating” item (item 1) within the first subscale of the
scale, somatic symptoms, served as the main VMS parameter.
Participants scored this item on a scale of 0—4 (0 = none, 1 =

mild, 2 = moderate, 3 = severe, 4 = very severe).

VMS severity was classified as follows:
*  Mild VMS: 0-1 point

*  Moderate VMS: 2 points

* Severe VMS: 3—4 points

In statistical analyses, moderate and severe symptoms were
evaluated together as the “moderate/severe VMS” category,
consistent with clinical practice. The VMS (+) group consisted of
participants with moderate or severe symptoms, while the VMS

(-) group consisted of participants with mild or no symptoms.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
version 26.0. Continuous variables were expressed as mean =+
standard deviation, while categorical variables were presented
as frequencies and percentages. Normality of distribution
was assessed using the Kolmogorov—Smirnov test and visual
inspection of histograms. Comparisons between two independent
groups were performed using the independent samples t-test for
normally distributed variables and the Mann—Whitney U test for
non-normally distributed variables. Categorical variables were

compared using the chi-square test.

To identify independent predictors of moderate/severe vasomotor
symptoms (VMS), multivariate logistic regression analysis was
conducted. Variables entered into the model included prognostic
nutritional index (PNI), menopausal type (surgical vs natural),
age, body mass index (BMI), and duration of menopause. Odds

ratios (ORs) with 95% confidence intervals (Cls) were calculated.
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Receiver operating characteristic (ROC) curve analysis
was performed to assess the discriminative ability of PNI
for predicting moderate/severe VMS in both the total study
population and the surgical menopause subgroup. The area under
the curve (AUC) with 95% confidence intervals was calculated.
Optimal cut-off values were determined based on sensitivity—
specificity balance. Diagnostic performance metrics including
sensitivity, specificity, and overall accuracy were reported. A

p-value < 0.05 was considered statistically significant.

RESULTS

A total of 84 menopausal women were included in the study,
comprising 39 women with surgical menopause and 45 with
natural menopause (Table 1). There were no significant
differences between the groups in terms of age (48.8 £ 5.9 vs
49.7 + 6.0 years, p = 0.494), BMI (22.9 + 5.3 vs 23.0 £ 5.0 kg/m?,
p=0.916), or duration of menopause (3.0 + 1.3 vs 3.3 + 2.0 years,
p = 0.664). PNI levels were significantly lower in women with
surgical menopause compared to those with natural menopause
(39.6 £ 14.6 vs 50.4 + 16.8, p = 0.002). The overall mean PNI
in the total population was 454 + 16.6. The proportion of
women with moderate/severe vasomotor symptoms did not
differ significantly between the groups (56.4% vs 53.3%, p =
0.778). However, vasomotor symptom severity parameters were
significantly higher in the surgical menopause group. Women
with surgical menopause had higher total VMS scores (18.2 +
6.0 vs 12.4 + 5.2, p = 0.012), more frequent daily hot flashes (5.4
+ 2.3 vs 3.0 = 1.7 episodes/day, p = 0.023), more frequent night
sweats (3.1 £ 1.5 vs 1.8 = 1.1 episodes/day, p = 0.041), and higher
VAS severity scores (6.7 + 2.0 vs 4.8 = 1.7, p = 0.028). In the
total study population, the mean VMS total score was 15.1 £ 6.4,
with an average of 4.1 + 2.3 daily hot flashes and 2.4 + 1.5 night

sweats per day.

When participants were stratified according to VMS severity
(Table 2), 38 women (45.2%) were classified as having low/
mild VMS, and 46 women (54.8%) as having moderate/severe
VMS. There were no significant differences between the two
groups in terms of age (49.6 + 5.8 vs 49.1 £ 6.2 years, p = 0.672),
BMI (22.8 £4.9 vs 23.2 = 5.3 kg/m?, p = 0.741), or duration of
menopause (3.1 = 1.6 vs 3.3 £ 1.8 years, p = 0.603). However,
PNI levels were significantly lower in women with moderate/
severe VMS compared to those with low/mild symptoms (39.8 =
14.9 vs 52.1 £ 15.4, p = 0.001). Vasomotor symptom parameters
were markedly higher in the moderate/severe group. Total VMS
scores (18.7 = 5.4 vs 10.8 £ 3.9, p =0.001), daily hot flashes (5.6
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+ 2.1 vs 2.3 £ 1.2 episodes/day, p =0.002), night sweats (3.2 +
1.4 vs 1.4 + 0.9 episodes/day, p=0.001), and VAS severity scores
(7.0+ 1.6 vs 3.9 + 1.3, p =0.012) were all significantly elevated in
the moderate/severe VMS group. The proportion of women with
surgical menopause was higher in the moderate/severe group
compared to the low/mild group (52.2% vs 39.5%), although this
difference did not reach statistical significance (p = 0.248).

Multivariate logistic regression analysis was performed to
determine independent predictors of moderate/severe VMS
(Table 3). Lower PNI levels were independently associated
with increased odds of moderate/severe VMS (OR = 0.93,
95% CI: 0.89-0.97, p = 0.001). Each one-unit increase in PNI
was associated with a 7% reduction in the risk of moderate/

Kali Z, et al.

severe symptoms. Surgical menopause was also independently
associated with higher odds of moderate/severe VMS (OR =
2.27,p = 0.035). Age, BMI, and duration of menopause were not
significant predictors.

In stratified analyses, lower PNI levels were significantly
associated with increased odds of moderate/severe VMS in
women with surgical menopause as shown in Table 4 (OR =
0.91, p = 0.006), whereas this association was not significant
in women with natural menopause as shown in Table 5 (OR =
0.96, p = 0.158). In the total population, a significant interaction
between PNI and menopausal type was observed (p = 0.018),
indicating that the association between PNI and VMS severity

was stronger in surgical menopause (Table 6).

Table 1. Demographic, Nutritional, and Vasomotor Characteristics According to Menopausal Type

Characteristic Total (n = 84) (Sl:l:g;c;;l fenopatse zlaiu:;)l fenopatse p-value
Age (years)** 493 +£6.0 488 +5.9 49.7 £ 6.0 0.494
BMI (kg/m?) 23.0+5.1 229+53 23.0£5.0 0.916
Duration of menopause (years) 32+1.7 3.0£1.3 33+£20 0.664
PNI 454+ 16.6 39.6 = 14.6 504 +£16.8 0.002*
Moderate/severe VMS, n (%)*** 46 (54.8%) 22 (56.4%) 24 (53.3%) 0.778
VMS total score 15.1+6.4 18.2+6.0 124+5.2 0.012%*
Daily hot flashes (n/day) 41+23 54+23 30+£1.7 0.023*
Night sweats (n/day) 24+1.5 31+15 1.8+1.1 0.041%*
VAS severity (0-10) 57+2.1 6.7+2.0 48+1.7 0.028*

*Statistically significant at the 0.05 level. ** T Test, all other variables were analyzed with Mann Whitney U Test

**%*: Chi-square test for categorical variables.

Table 2. Comparison of Clinical and Nutritional Parameters According to VMS Severity
Characteristic Low/Mild VMS (n = 38) Moderate/Severe VMS (n = 46) p-value
Age (years)** 49.6 £5.8 49.1+£6.2 0.672
BMI (kg/m?) 22.8+4.9 23.2+53 0.741
Duration of menopause (years) 3.1£1.6 33+1.8 0.603
PNI 521154 39.8+14.9 0.001*
Surgical menopause, n (%)*** 15 (39.5%) 24 (52.2%) 0.248
VMS total score 10.8£3.9 18.7+5.4 0.001*
Daily hot flashes (n/day) 23+12 5.6=+2.1 0.002*
Night sweats (n/day) 1.4+09 32+14 0.001*
VAS severity (0-10) 39+1.3 7.0+1.6 0.012%*

*Statistically significant at the 0.05 level. ** T Test, all other variables were analyzed with Mann Whitney U Test

%% Chi-square test for categorical variables.
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Table 3. Multivariate Logistic Regression Analysis for Moderate/Severe VMS (n = 84)
Variable B SE Wald OR (Exp B) 95% CI for OR p-value
PNI —-0.07 0.02 11.84 0.93 0.89-0.97 0.001*
Surgical menopause 0.82 0.39 4.45 2.27 1.05-4.92 0.035%*
Age —0.03 0.04 0.56 0.97 0.90-1.05 0.455
BMI 0.02 0.03 0.38 1.02 0.96-1.09 0.537
Duration of menopause 0.09 0.11 0.67 1.09 0.88-1.34 0.412
*Statistically significant at the 0.05 level.
Table 4. Logistic Regression in Surgical Menopause Group (n = 39)
Variable B SE OR 95% CI p-value
PNI —-0.09 0.03 0.91 0.85-0.97 0.006*
*Statistically significant at the 0.05 level.
Table 5. Logistic Regression in Natural Menopause Group (n = 45)
Variable B SE OR 95% CI p-value
PNI —0.04 0.03 0.96 0.90-1.02 0.158
*Statistically significant at the 0.05 level.
Table 6. Total Population with Interaction Term (n = 84)
Variable B SE OR 95% CI p-value
PNI —0.05 0.02 0.95 0.91-0.99 0.021*
Surgical menopause 0.78 0.38 2.18 1.03-4.60 0.041*
PNI x Surgical menopause —0.06 0.03 0.94 0.89-1.00 0.018*
*Statistically significant at the 0.05 level.
Receiver operating characteristic (ROC) curve analysis ROC Curve
: . . 1.0
demonstrated (Table 7, Figure 1) that PNI significantly
discriminated moderate/severe VMS in the total population
(AUC =0.74, 95% CI: 0.63—-0.85, p = 0.001). The optimal cut-off Gl
value was <44, yielding a sensitivity of 68% and a specificity of
72%, with an overall diagnostic accuracy of 70%.
0.6
. £
Table 7. ROC of PNI for Predicting Moderate/Severe VMS 2
(Total, n = 84) §
0.4
Variable Result
PNI Cut-off <44
Specificity 72% 02
Sensitivity 68%
Accuracy 70%
Area Under the Curve (AUC) 74% 0'0(].0 0?2 0;.; 0:5 0:3 1.0
1 - Specificity
%95 CI 0.63 -0.85
p 0.001* Figure 1. ROC of PNI for Predicting Moderate/Severe VMS

*Statistically significant at the 0.05 level
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In the surgical menopause subgroup (n = 39), ROC curve
analysis demonstrated that PNI had strong discriminative
ability for predicting moderate/severe vasomotor symptoms
(Table 8, Figure 2). The optimal cut-off value was identified as
<40. At this threshold, sensitivity was 82% and specificity was
78%, with an overall diagnostic accuracy of 80.2%.The AUC
was 0.86 (95% CI: 0.74—0.97, p = 0.002), indicating excellent

discriminatory performance of PNI in this subgroup.

Table 8. ROC of PNI for Predicting Moderate/Severe VMS
(Surgical Menopause, n=39)

Variable Result
PNI Cut-off <4
Sensitivity 82%
Specificity 78%
Accuracy 80.2%
Area Under the Curve (AUC) 0.86
95% CI 0.74-0.97
p 0.002*
*Statistically significant at the 0.05 level
ROC Curve

1.0

0.8 4

0.6
2
=
]
g
B

0.4

0.2 4

0.0

0.0 0.2 0.4 0.6 0.8 10
1 - Specificity

Figure 2. ROC of PNI for Predicting Moderate/Severe VMS
(Surgical Menopause)
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DISCUSSION

This study evaluated the relationship between the PNI and VMS
in 84 women undergoing natural and surgical menopause, and
showed that lower PNI levels were significantly associated with
both the presence of VMS and symptom severity. The lower
PNI in the surgical menopause group compared to the natural
menopause group (39.6 + 14.6 vs. 50.4 £ 16.8; p = 0.002) suggests
that hormonal changes following bilateral oophorectomy may

affect immune-nutritional status.

The sudden decrease in estrogen levels following natural and
surgical menopause affects not only hormonal balance but also
basic immune system regulation. Estrogen is an important
regulator of immune function under physiological conditions.
It limits the production of proinflammatory cytokines such as
IL-1, IL-6, and TNF-a, while also enhancing mechanisms that
support the anti-inflammatory response [4,5]. This protective
regulation is eliminated with the rapid decline in estrogen
levels during menopause. As a result, the cytokine production
threshold of immune cells decreases, and low-grade but
sustained inflammatory activation may develop. The work of
Pfeilschifter and colleagues supports this process; they showed
that monocyte and macrophage activity increases during the
menopausal transition, stimulating the production of IL-1f,
IL-6, and TNF-a, significantly amplifying the inflammatory

response [6].

Estrogen deficiency also facilitates the activation of the NF-xB
pathway, increasing proinflammatory gene expression; it also
enhances the Toll-like receptor (TLR) response, making immune
cells more reactive to stimuli. In addition, increased visceral
adiposity due to changes in fat distribution during menopause
elevates leptin levels, further increasing the production of IL-6
and TNF-a. All of these processes are observed ecarlier and
more severely, particularly in surgical menopause, due to the
abrupt decrease in estrogen levels [7,8]. This process increases
the sensitivity of the hypothalamic thermoregulatory center to
cytokines, facilitating the development of vasomotor symptoms.
These mechanisms are consistent with the significantly lower
PNI found in the surgical menopause group in our study,
supporting the important role of the inflammatory burden of
menopause in the pathophysiology of VMS [6]. The significantly
lower PNI in the VMS (+) group compared to the VMS (-) group
(37.49 £ 12.54 vs. 52.20 £+ 16.82; p < 0.001) can be considered
as a clinical reflection of the mechanistic findings in our study.

The decrease in PNI indicates a weakening of the immune-
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nutritional reserve and an impaired physiological stress response
due to both a decrease in albumin and a decrease in lymphocyte
count. This, along with increased inflammatory sensitivity,
may contribute to a more easily triggered hypothalamic
thermoregulatory center and a more severe VMS sensation.
The wide PNI difference and strong statistical significance
observed in our findings support the PNI as a potential
independent biomarker for assessing vasomotor symptom
burden in menopause. Therefore, beyond simply reflecting
general nutritional and immune status, PNI can be considered
a practical tool that can be integrated into clinical decision-
making processes for determining symptom severity and risk

stratification in menopause [8].

The moderate negative correlation between PNI and VMS score
in our study (r =—0.29; p = 0.033) can be considered as a clinical
reflection of this cytokine-based mechanism. The positive
correlation between BMI and PNI (r = 0.31; p = 0.023) and
the multivariate analysis of BMI as an independent protective
factor for moderate/severe VMS (OR = 0.90; 95% CI: 0.81-0.99;
p = 0.030) raises the possibility of increased postmenopausal

adipose tissue on the thermoneutral zone.

The main reason for the heterogeneity of the obesity-VMS
relationship in the literature is that adipose tissue exhibits
bidirectional biological effects after menopause. On the one
hand, increased aromatase activity in adipose tissue may
partially support postmenopausal estradiol levels by increasing
the conversion of androgens to estrogen; this may lead to a
higher BMI appearing to protect against hot flashes in some
women [9]. On the other hand, visceral adiposity, along with
increased leptin, decreased adiponectin, and insulin resistance,
this
process leads to increased IL-6, TNF-0, and other cytokines,
threshold

[10]. Therefore, adipose tissue exhibits two opposing effects,

increases NF-kB-mediated low-grade inflammation;

narrowing the hypothalamic thermoregulatory
simultaneously supporting estrogen production and amplifying
the proinflammatory response, making the effect of obesity on

VMS individually variable [11].

Furthermore, the stage of menopause is an important factor
determining the direction of this relationship. Because hormonal
fluctuations are dominant in perimenopause, obesity is more
commonly associated with somatic complaints, while the
consistently low estrogen levels in postmenopause, combined

with increased visceral fat—leading to greater metabolic
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stress, oxidative load, and inflammation—intensify individual
variability in the obesity—VMS relationship [12,13].

One of the most important findings of our study is that PNI
emerged as a predictor independent of BMI for the presence
of moderate/severe VMS (OR = 0.93; 95% CI: 0.90-0.97; p <
0.001). Each unit increase in PNI reduces the risk of moderate/
severe VMS by approximately 6—7%, indicating that immune-
nutritional status may have a clinically significant impact on
menopausal symptom burden. The ROC analysis found an
AUC value of PNI of 0.71, and a cut-off value of 55 provided
acceptable discrimination with 80% sensitivity and 52%
specificity, suggesting that PNI may be a practical parameter
for risk stratification for VMS. In particular, adding PNI to
routine assessments in women who have undergone surgical
menopause, are at risk for chronic disease, or are nutritionally

borderline, may make symptom management more targeted.

However, the cut-off value of 55 for PNI is specific to our study
sample and requires validation in larger and more heterogeneous
populations. Furthermore, because ROC curve analysis is
based on cross-sectional data, it is not appropriate to accept
this cut-off value as a universal threshold in clinical practice.
While our findings are instructive, they should be supported by
further prospective and multicenter studies, as factors such as
age distribution, ethnicity, and comorbidity profiles may alter
the cut-off value. This methodological assessment is consistent
with the literature suggesting that menopausal symptoms
are influenced not only by hormonal but also by systemic

inflammatory processes.

Indeed, recent studies demonstrate that parameters such as
the Dietary Inflammatory Index (DII), which reflects the
inflammatory potential of nutrition, contribute significantly to
understanding the biology of menopausal symptoms. High DII
scores indicate a proinflammatory dietary pattern rich in refined
carbohydrates and processed foods and have been reported to
increase the inflammatory response mediated by 1L-6, TNF-a,
and NF-xB [13-15]. Estrogen deficiency during menopause
exacerbates this inflammatory tendency, increasing the cytokine
sensitivity of the hypothalamic thermoregulatory center and
facilitating vasomotor symptoms [16—19]. When examining
the clinical implications of DII, various studies have shown
that high DII values in postmenopausal women are associated
with increases in the Menopause Assessment Scale (MRS) and

Kupperman index; they also predict climacteric complaints such
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as vasomotor symptoms, sleep disturbances, and loss of quality
of life [20-24]. Therefore, the association of PNI with VMS
severity in our study can be considered a biologically consistent
finding reflecting the interaction between inflammatory burden,

nutritional status, and the immune response.

All these data support the biological consistency of PNI, which
holistically reflects immune-nutritional status, in predicting
menopausal symptom severity. Dietary patterns with a high
inflammatory load may lead to decreased albumin levels,
decreased lymphocyte counts, and consequently, a regression
of PNI [25]. This decrease in PNI, in turn, strengthens the
inflammatory tendency during menopause, paving the way for
vasomotor instability to be triggered more easily. Therefore, PNI
can be considered not only a parameter indicating nutritional
status [24] but also a biomarker reflecting the diet-inflammation

axis and predicting menopausal symptom severity.

Furthermore, lifestyle interventions targeting obesity can
improve vasomotor and somatic symptoms, and significant
improvements in menopausal symptom severity and
psychological well-being have been reported after a 12-week
weight loss program [11]. These findings, when considered
together with the PNI-VMS relationship we found in our
study, suggest that improving nutritional quality, reducing
inflammatory burden, and healthy weight management may be

important targets for menopausal symptom control.

Among the strengths of our study are the assessment of both
the presence and severity of VMS with a standardized scale and
the inclusion of PNI in the analyses as an objective immuno-
nutritional marker that can be easily applied in the clinic.
Furthermore, considering PNI and BMI together in the same
logistic model increases the clinical interpretability of our
results.

Limitations

The cross-sectional design of the study does not allow us to
demonstrate causality in the relationship between PNI and
VMS. Low PNI may increase symptom severity, whereas severe
VMS-related sleep disruption, decreased appetite, or reduced
overall quality of life may negatively impact nutritional status.
In addition, the absence of specific inflammatory markers
such as CRP, IL-6, and TNF-o limits the ability to clarify
inflammation-mediated biological mechanisms. Although the

sample size is adequate for a clinical study, a larger sample is

Kali Z, et al.

particularly needed for the separate evaluation of natural and

surgical menopause subgroups.

CONCLUSIONS

Lower prognostic nutritional index (PNI) levels

independently associated with greater vasomotor symptom

are

severity in menopausal women. While symptom prevalence
was similar between surgical and natural menopause, symptom
burden and the impact of reduced PNI were more pronounced
in surgical menopause. PNI remained an independent predictor
after adjustment for clinical variables and demonstrated stronger

discriminative performance in the surgical subgroup.

These

contributes meaningfully to vasomotor symptom severity and

findings suggest that immune-nutritional status
that PNImay serve as a practical biomarker for risk stratification,

particularly in women undergoing surgical menopause.

Presentation Statement: The preliminary results of this study,
based on an initial dataset with a limited number of cases,
were presented as a poster at the 7th Reproductive Medicine
and Surgery Society Congress and the UTCD Congress held
on October 30, 2024. The analyses included in this manuscript
are based on an expanded dataset updated after increasing the

sample size.

Funding: The authors received no financial support for this

research.

Conflict of Interest: The authors declare no conflict of interest.

Informed Consent: Written informed consent was obtained

from all participants.

Data Availability Statement: We respect the importance
of transparency and reproducibility in research, but we are
committed to the privacy of the participants involved in our
study. Therefore, raw data are protected and cannot be publicly
disclosed. However, a comprehensive description of our
methodology and statistical analysis is provided to support

replication.
Ethics Committee Statement: This study was approved by the

Diyarbakir Gazi Yasargil Training and Research Hospital Ethics
Committee (Desicion Number: 616, Date: 2025-09-05).

322



European Journal of Therapeutics (2026)

Author Statement Regarding the Use of Artificial Intelligence-
Enhanced Tools: During the preparation of this manuscript,
limited editorial support was used solely for organizing the
authors’ own sentences, improving academic language, and
formatting the references according to Vancouver style. Artificial
intelligence—supported tools were not used for data collection,
analysis, figure generation, or interpretation of the study. All

scientific content and responsibility belong entirely to the authors.

REFERENCES
[1] Freeman E, Sherif K (2007) Prevalence of hot flushes

and night sweats around the world: A systematic
review. Climacteric. 10(3):197-214. https:/doi.
org/10.1080/13697130601181486

[2] Freedman R (2014) Menopausal hot flashes: Mechanisms,
endocrinology, treatment. J Steroid Biochem Mol Biol.
142:115-120. https://doi.org/10.1016/j.jsbmb.2013.08.010

[3] Thurston RC, Chang Y, Mancuso P, Matthews KA (2013)
Adipokines, adiposity, and vasomotor symptoms during the
menopause transition: findings from the Study of Women'’s
Health Across the Nation. Fertil Steril. 100(3):793-800.
https://doi.org/10.1016/j.fertnstert.2013.05.005

[4] Cendek BD, Bayraktar B, Sapmaz MA, Yildinm AE,
IbanogluMC, Engin UstunY (2024) Therole of inflammatory
and nutritional indices in postmenopausal osteoporosis: a
retrospective study. J Clin Med. 13(24):7741. https:/doi.
org/10.3390/jcm13247741

[5] Yang M, Zhang Q, Ge Y, Tang M, Hu C, Wang Z, Zhang X,
Song M, Ruan G, Zhang X, Liu T, Xie H, Zhang H, Zhang
K, Li Q, Li X, Liu X, Lin S, Shi H (2022) Prognostic roles
of inflammation- and nutrition-based indicators for female
patients with cancer. J Inflamm Res. 15:3573-3586. https:/
doi.org/10.2147/JIR.S361300

[6] Korpe B, Kose C, Keskin HL (2024) Systemic inflammation
and menopausal insights  from
postmenopausal women. Menopause. 31(11):973-978.

https://doi.org/10.1097/GME.0000000000002433

symptomatology:

[7] Techatraisak K. Jiwornlerk N (2019) Association between
body mass index and moderate-to-severe vasomotor
symptoms in Thai postmenopausal Siriraj
Medical Journal. 71(5):370-376. https:/doi.org/10.33192/
SMJ.2019.56

women.

323

Kali Z, et al.

[8] Thurston R (2024) Basics of vasomotor symptoms.
Menopause. 31(12):1085-1086. https:/doi.org/10.1097/
GME.0000000000002479

[9] Jeong H, Park H (2022) Metabolic disorders in menopause.
Metabolites. 12(10):954. https://doi.org/10.3390/
metabol2100954

[10] Harborg S, Cronin-Fenton D, Jensen BR, Ahern TP, Ewertz
M, Borgquist S (2023) Obesity and risk of recurrence
in patients with breast cancer treated with aromatase
inhibitors. JAMA Network Open. 6(10):¢2337780. https:/
doi.org/10.1001/jamanetworkopen.2023.37780

[11] Zhu B, Liao Q, Tian H, Yu D, Xie T, Sun X, Zhou M,
Han Y, Zhao J (2024) Estrogen: A forgotten player in
metaflammation. Front Pharmacol. 15:1478819. https:/doi.
org/10.3389/fphar.2024.1478819

[12] Karvonen-Gutierrez C, Kim C (2016) Association of mid-
life changes in body size, body composition and obesity
status with the menopausal transition. Healthcare. 4(3):42.
https://doi.org/10.3390/healthcare4030042

[13] Aslani Z, Abshirini M, Heidari-Beni M, Siassi F, Qorban M,
Shivappa N, Hébert J , Soleymani M, Sotoudeh G (2020)
Dietary inflammatory index and dietary energy density are
associated with menopausal symptoms in postmenopausal
women: A cross-sectional study. Menopause. 27(5):568—
578. https://doi.org/10.1097/GME.0000000000001502

[14] Haghshenas N, Baharanchi F, Melekoglu E, Sohouli H,
Sidfar F (2023) Comparison of the predictive effects of
dietary inflammatory index and empirically derived food-
based dietary inflammatory index on menopause-specific
quality of life and complications. BMC Womens Health.
23(1):349. https://doi.org/10.1186/s12905-023-02485-y

[15] Bayrami H, Giirbiiz M (2025) Dietary Inflammatory Index:
is it really associated with postmenopausal symptoms?
Climacteric. 29(11):67—74. https:/doi.org/10.1080/1369713
7.2025.2524174

[16] Kahleova H, Levin S, Barnard ND (2021) Plant-based diets
for healthy aging. J Am Coll Nutr. 40(5):478-479. https:/
doi.org/10.1080/07315724.2020.1790442

[17] Gongalves C, Moreira H, Santos R (2024) Systematic
review of Mediterranean diet interventions in menopausal
women. AIMS Public Health. 11(1):110-129. https:/doi.
org/10.3934/publichealth.2024005



https://doi.org/10.1080/13697130601181486
https://doi.org/10.1080/13697130601181486
https://doi.org/10.1016/j.jsbmb.2013.08.010
https://doi.org/10.1016/j.fertnstert.2013.05.005
https://doi.org/10.3390/jcm13247741
https://doi.org/10.3390/jcm13247741
https://doi.org/10.2147/JIR.S361300
https://doi.org/10.2147/JIR.S361300
https://doi.org/10.1097/GME.0000000000002433
https://doi.org/10.33192/SMJ.2019.56
https://doi.org/10.33192/SMJ.2019.56
https://doi.org/10.1097/GME.0000000000002479
https://doi.org/10.1097/GME.0000000000002479
https://doi.org/10.3390/metabo12100954
https://doi.org/10.3390/metabo12100954
https://doi.org/10.1001/jamanetworkopen.2023.37780
https://doi.org/10.1001/jamanetworkopen.2023.37780
https://doi.org/10.3389/fphar.2024.1478819
https://doi.org/10.3389/fphar.2024.1478819
https://doi.org/10.3390/healthcare4030042
https://doi.org/10.1097/GME.0000000000001502
https://doi.org/10.1186/s12905-023-02485-y
https://doi.org/10.1080/13697137.2025.2524174
https://doi.org/10.1080/13697137.2025.2524174
https://doi.org/10.1080/07315724.2020.1790442
https://doi.org/10.1080/07315724.2020.1790442
https://doi.org/10.3934/publichealth.2024005
https://doi.org/10.3934/publichealth.2024005

European Journal of Therapeutics (2026)

[18] Tijerina A, Barrera Y, Solis-Pérez E, Salas R, Jasso L, Lopez
V, Ramirez E, Pastor R, Tur A, Bouzas C (2022) Nutritional
risk factors associated with vasomotor symptoms in women

aged 40-65 years. Nutrients. 14(13):2587. https:/doi.

Kali Z, et al.

[23] Forma E, Urbanska K, Bry§ M (2024) Menopause hot flashes
and molecular mechanisms modulated by food-derived
nutrients. Nutrients. 16(5):655. https:/doi.org/10.3390/

nul6050655

org/10.3390/nu14132587

[19] Khan SJ, Kapoor E, Faubion SS, Kling JM (2023) Vasomotor
symptoms during menopause: a practical guide on current
treatments and future perspectives. Int J Womens Health.
15:273-287. https://doi.org/10.2147/1JWH.S365808

[20] K Kahleova H, Znayenko-Miller T, Uribarri J, Holubkov
R, Barnard ND (2023) Dietary advanced glycation products
and their associations with insulin sensitivity and body
weight: a 16-week randomized clinical trial. Obes Sci Pract.
9(3):235-242. https://doi.org/10.1002/0sp4.646

[21] Atalay BG, Ozpak O, Yapict Y (2022) Adherence to
a Mediterranean diet and cardio-metabolic risk in
postmenopausal women by body composition. Asia
Pac J Clin Nutr. 31(2):312-319. https:/doi.org/10.6133/
apjcn.202206_31(2).0017

[22] Yang Y, Yang Y, Yong Z, Yang L, Zhao Y, Yan M, Zheng
R, Luo X (2025) Association between protein-rich foods,
nutritional supplements, and age of natural menopause and
its symptoms. Nutrients. 17(2):356. https:/doi.org/10.3390/

[24] Wang X, Yang D, LiJ, Jin L, Xia S, Jin F (2025) Association
between menopause-related symptoms and muscle mass
index among perimenopausal and postmenopausal women
and the mediating role of estrogen levels. Front Endocrinol.
16:1628612. https://doi.org/10.3389/fendo.2025.1628612

[25] Lowe EF, Stein M, Woolley T, Waycaster M, Scroggins
B, Acuff R, Smith JT, Lefemine AA (1983) Prognostic
nutritional index: Its usefulness as a predictor of clinical
course. J Am Coll Nutr. 2(3):231-240. https://doi.org/10.10
80/07315724.1983.10719927

How to Cite;

Kali Z, Kirici P, Tanilir Cagiran F (2026) The Relationship
Between Prognostic Nutritional Index and Vasomotor
Symptoms in Natural and Surgical Menopause. Eur J Ther.
32(3):315-324. https://doi.org/10.58600/eurjther2937

nul7020356

324


https://doi.org/10.58600/eurjther2937
https://doi.org/10.3390/nu14132587
https://doi.org/10.3390/nu14132587
https://doi.org/10.2147/IJWH.S365808
https://doi.org/10.1002/osp4.646
https://doi.org/10.6133/apjcn.202206_31(2).0017
https://doi.org/10.6133/apjcn.202206_31(2).0017
https://doi.org/10.3390/nu17020356
https://doi.org/10.3390/nu17020356
https://doi.org/10.3390/nu16050655
https://doi.org/10.3390/nu16050655
https://doi.org/10.3389/fendo.2025.1628612
https://doi.org/10.1080/07315724.1983.10719927
https://doi.org/10.1080/07315724.1983.10719927

	The Relationship Between Prognostic Nutritional Index and Vasomotor Symptoms in Natural and Surgical
	INTRODUCTION 
	Main Points 
	MATERIALS AND METHODS 
	RESULTS
	Table 1
	Table 2.
	Table 3.
	Table 4
	Table 5.
	Table 6.
	Table 7.
	Figure 1.
	Table 8. 
	Figure 2. 

	DISCUSSION
	CONCLUSIONS
	REFERENCES
	How to Cite; 


