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ABSTRACT

Introduction: Obese postmenopausal women undergoing thoracic surgery
represent a high-risk population due to the combined effects of hormonal
deprivation, metabolic dysfunction, and reduced cardiopulmonary reserve.
These factors significantly increase postoperative complications, ICU
admission rates, and mortality, underscoring the need for tailored
perioperative and critical care strategies in this vulnerable group.

Material and methods: This retrospective cross-sectional study reviewed
medical records of postmenopausal women admitted to the intensive care
units of Imam Reza Hospital over a five-year period. Clinical, demographic, and
outcome data were collected using predefined criteria, and statistical analyses
were performed with SPSS to evaluate associations between obesity, ICU
outcomes, and mortality.

Results: Obese postmenopausal women admitted to the ICU after thoracic
surgery exhibited significantly worse clinical outcomes compared with
non-obese patients. Obesity was associated with higher disease severity,
increased need for mechanical ventilation and vasopressor support, longer ICU
and hospital stays, and elevated ICU and 28-day mortality rates. These findings
highlight obesity as a major determinant of postoperative morbidity and
short-term mortality in critically ill postmenopausal women.

Conclusion: In conclusion, our study demonstrates that obesity markedly
deteriorates short-term clinical outcomes among postmenopausal women
admitted to the ICU following thoracic surgery. The data reveal higher disease
severity, prolonged intensive care utilization, increased organ failure, and
substantially greater mortality rates compared with non-obese patients.
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Introduction survival and functional restoration. Menopause

Obesity in postmenopausal women represents a
growing global health concern with profound
implications for surgical outcomes, particularly in
the setting of major thoracic procedures requiring
postoperative intensive care unit admission. The
convergence of hormonal deprivation, age-related
physiological decline, and excess adiposity creates a
unigue and vulnerable patient population
characterized by impaired cardiopulmonary reserve,
metabolic ~ dysregulation, and  heightened
inflammatory activity (1). These factors collectively
amplify perioperative risk and complicate recovery
following thoracic surgery, where respiratory
mechanics and hemodynamic stability are central to

induces a permanent decline in estrogen levels,
leading to significant alterations in vascular tone,
lipid metabolism, and immune regulation. Estrogen
plays a critical protective role in maintaining
endothelial integrity and modulating inflammatory
cascades, and its loss contributes to arterial stiffness,
endothelial dysfunction, and increased susceptibility
to ischemic and thrombotic events (2).

When menopause coincides with obesity, these
adverse vascular effects are magnified, as adipose
tissue itself acts as a metabolically active organ
producing pro-inflammatory cytokines, adipocytes,
and oxidative stress mediators that further impair
cardiovascular and pulmonary function (3).
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Thoracic surgery inherently imposes substantial
physiological stress due to direct involvement of the
lungs, pleura, and mediastinum. Procedures such as
lung resections, esophagostomy, and complex chest
wall surgeries disrupt normal respiratory mechanics
and often necessitate postoperative mechanical
ventilation. In obese postmenopausal women,
reduced chest wall compliance, diminished
diaphragmatic excursion, and increased work of
breathing significantly increase the risk of
postoperative respiratory failure and prolonged
ventilator dependence (4). These challenges
frequently necessitate ICU admission for advanced
respiratory monitoring and support.

Obesity alters lung volumes by decreasing
functional residual capacity and expiratory reserve
volume, predisposing patients to atelectasis and
ventilation-perfusion mismatch after surgery.
Postmenopausal women experience additional
reductions in pulmonary elasticity and respiratory
muscle strength, compounding the mechanical
disadvantages imposed by obesity (5). As a result,
postoperative hypoxemia is more common and more
severe in this population, often requiring extended
oxygen therapy, noninvasive ventilation, or invasive
mechanical support within the ICU environment.
Systemic inflammation plays a pivotal role in
determining postoperative outcomes. Obesity is
characterized by chronic low-grade inflammation
driven by increased levels of interleukin-6, tumor
necrosis factor-a, and C-reactive protein. Surgical
trauma further amplifies this inflammatory
response, potentially leading to  systemic
inflammatory response syndrome and multi-organ
dysfunction (6). In postmenopausal women,
estrogen deficiency diminishes anti-inflammatory
signaling, allowing unchecked cytokine release that
may exacerbate pulmonary edema, myocardial
injury, and renal dysfunction during critical illness
(7).

Cardiovascular complications are particularly
relevant in obese postmenopausal women following
thoracic surgery. Estrogen withdrawal accelerates
atherosclerotic processes and impairs myocardial
perfusion, while obesity contributes to left
ventricular hypertrophy, diastolic dysfunction, and
increased myocardial oxygen demand (8).
Postoperative stress, hypoxemia, and fluid shifts
commonly encountered in thoracic surgery can
precipitate arrhythmias, heart failure exacerbations,
and ischemic events, often requiring intensive
monitoring and pharmacologic intervention in the
ICU (9).

Metabolic disturbances further complicate recovery
in this patient group. Insulin resistance, common in
obesity and aggravated by menopause, is associated
with perioperative hyperglycemia, which impairs
immune function and wound healing. Elevated
glucose levels promote infection and delay tissue
repair, increasing the risk of surgical site infections
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and pneumonia following thoracic procedures (10).
These complications frequently prolong ICU stay
and increase healthcare resource utilization.
Coagulation abnormalities represent another critical
concern. Both obesity and menopause are associated
with a prothrombotic state characterized by
increased fibrinogen levels, platelet activation, and
reduced fibrinolysis. Major surgery and prolonged
immobilization further elevate the risk of venous
thromboembolism, particularly in the ICU setting
(11). Pulmonary embolism and deep vein
thrombosis can silently worsen respiratory and
hemodynamic status, contributing to sudden clinical
deterioration and increased mortality among
postoperative thoracic surgery patients (12).
Infectious complications are disproportionately
observed in obese postmenopausal women admitted
to the ICU after thoracic surgery. Impaired immune
surveillance, reduced macrophage activity, and
altered cytokine responses compromise the host
defense against bacterial pathogens. Additionally,
prolonged mechanical ventilation and reduced
cough efficiency facilitate lower respiratory tract
infections, including ventilator-associated
pneumonia (13). These infections significantly
affect length of ICU stay and long-term functional
outcomes.

Nutritional and metabolic factors further influence
postoperative recovery. Despite excessive body
weight, many obese postmenopausal women suffer
from sarcopenia and micronutrient deficiencies that
impair wound healing and immune competence.
Protein catabolism during critical illness accelerates
muscle  loss, delaying  mobilization and
rehabilitation following ICU discharge (14).
Psychological and neurocognitive outcomes also
deserve consideration. Postmenopausal women may
be more susceptible to ICU-related delirium,
anxiety, and sleep disturbances due to hormonal
fluctuations and systemic inflammation. These
factors negatively influence cooperation with
respiratory therapy and early mobilization,
indirectly affecting physical recovery and length of
ICU stay (15). Collectively, these
pathophysiological mechanisms position obese
postmenopausal women as a distinct high-risk group
following thoracic surgery. ICU admission in this
population often reflects the cumulative burden of
respiratory compromise, cardiovascular instability,
metabolic dysfunction, and heightened
inflammatory and thrombotic risk. Understanding
the interplay between menopause, obesity, and
surgical stress is therefore crucial for improving
perioperative  management, optimizing ICU
strategies, and reducing morbidity and mortality in
this growing patient demographic.

Materials and Methods
Study Design: This study was designed as a
descriptive cross-sectional investigation with a
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retrospective approach. It was conducted to evaluate
clinical characteristics and outcomes among
postmenopausal women admitted to intensive care
units, using data extracted from medical records
during the specified study period.

Study Setting and Time: The study was carried out
at the intensive care units of Imam Reza Hospital,
affiliated with Tabriz University of Medical
Sciences, Iran. Medical records from patients
admitted during the five-year period leading up to
2023 were reviewed, with data collection formally
performed throughout the year 2024 in accordance
with predefined inclusion and exclusion criteria.
Study Population: The study population consisted
of postmenopausal women admitted to the intensive
care units of Imam Reza Hospital. Eligible patients
were identified through hospital medical records,
and only those meeting all inclusion criteria and
none of the exclusion criteria were enrolled in the
final analysis.

Sample Size: The minimum required sample size
was calculated based on findings from a similar
previous study. Assuming a statistical power of
80%, a type | error of 0.05, a mean ICU length of
stay of 25 days in postmenopausal women and 19
days in obese women, and an estimated mortality
prevalence of 29% in obese women versus 13% in
non-obese women, the final sample size was
estimated to be 215 patients.

Sampling Method: Participants were recruited
using a convenience sampling method. All eligible
patients with complete and readable medical records
during the study period were consecutively included
until the required sample size was achieved.
Inclusion Criteria: Inclusion criteria consisted of
complete and legible medical records, confirmed
postmenopausal status, documented height and
weight measurements, recorded body weight at ICU
admission, and clearly documented ICU outcomes
including discharge or mortality.

Exclusion Criteria: Patients were excluded if their
medical records were incomplete or illegible, if they
had severe edema mimicking obesity, had
undergone bariatric or cosmetic abdominal surgery
within six months prior to ICU admission, had
significant weight changes due to dieting in the
preceding six months, or had a history of thyroid
disorders.

Data Collection Procedure: Following approval
from the regional ethics committee and coordination
with hospital authorities, data collection was
performed by a trained research assistant. A
structured data collection form was used for each
patient to record demographic information, body
mass index, primary reason for ICU admission,
underlying comorbidities, need for mechanical
ventilation, length of ICU and hospital stay, early
clinical outcomes at discharge, and 28-day
mortality. Disease severity was assessed using the
APACHE score, and patients were categorized into
BMI groups for comparative analysis.

Statistical Analysis: Collected data were entered
into SPSS software version 27 for analysis.
Descriptive statistics, including mean and standard
deviation or frequency and percentage, were used to
summarize baseline characteristics. Associations
between variables were evaluated using the
chi-square test for categorical data and independent
t-tests for continuous variables. A P value of less
than 0.05 was considered statistically significant.
Ethical Considerations: The study was approved
by the Regional Ethics Committee of Tabriz
University of Medical Sciences
(IR-TBZMED.REC.1403.571, dated 05/09/2024).
Written informed consent was obtained after
providing verbal explanations of the study
objectives. No costs were imposed on participants,
confidentiality of patient data was strictly
maintained, and all ethical principles regarding data
integrity, transparency, and avoidance of result
manipulation were fully observed.

Results

Table 1 summarizes the baseline demographic and
clinical characteristics of postmenopausal women
admitted to the intensive care unit according to
obesity status. Obese patients were significantly
older and presented with higher disease severity, as
reflected by elevated APACHE 11 scores. They also
exhibited a greater prevalence of cardio metabolic
comorbidities, increased need for mechanical
ventilation, longer ICU stays, and higher in-hospital
mortality compared with non-obese patients,
highlighting the adverse impact of obesity on critical
care outcomes.

Table 1. Baseline Characteristics of Postmenopausal Women Admitted to the ICU Stratified by Obesity Status

Age, years 66.8+7.9

Body mass index, kg/m? 33.7+34
APACHE Il score 18.6 £5.1
Hypertension, n (%) 112 (62.2)
Diabetes mellitus, n (%) 89 (49.4)
Coronary artery disease, n (%) 61 (33.9)
Mechanical ventilation, n (%) 97 (53.9)

ICU length of stay, days 9.8+4.6
In-hospital mortality, n (%) 52 (28.9)
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64.2+8.1 0.012
251+26 <0.001
159+ 4.7 <0.001
79 (43.9) 0.001
58 (32.2) 0.002
44 (24.4) 0.048
69 (38.3) 0.004
7.2+3.9 <0.001
31 (17.2) 0.009
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Table 2 presents a comparative analysis of clinical
outcomes  between obese and non-obese
postmenopausal women admitted to the intensive
care unit after thoracic surgery. Obese patients
experienced significantly higher ICU and 28-day
mortality rates, longer hospital length of stay, and a
greater frequency of prolonged ICU admission.
Additionally, the need for vasopressor support and

the incidence of acute respiratory failure and acute
kidney injury were notably higher in the obese
group. These findings indicate that obesity is
associated with increased postoperative morbidity
and mortality in critically ill postmenopausal
women, underscoring its substantial impact on
short-term ICU outcomes.

Table 2. Clinical Outcomes of Postmenopausal Women Admitted to the ICU According to Obesity Status

ICU mortality, n (%) 46 (25.6)
28-day mortality, n (%) 52 (28.9)
Hospital length of stay, days 146 +£6.8
Prolonged ICU stay (>7 days), n
(%) 103 (57.2)
Need for vasopressor support, n
(%) 88 (48.9)
Acute respiratory failure, n (%) 71 (39.4)
Acute kidney injury, n (%) 54 (30.0)
Successful ICU discharge, n (%) 134 (74.4)

Figure 1 illustrates the comparison of intensive care
unit mortality between obese and non-obese
postmenopausal women admitted after thoracic
surgery. The obese group demonstrated a
significantly higher ICU mortality rate compared
with their non-obese counterparts, indicating a less
favorable short-term prognosis in this population.

30

27 (15.0) 0.014
31 (17.2) 0.009
11.2+59 <0.001
72 (40.0) 0.002
59 (32.8) 0.003
48 (26.7) 0.011
36 (20.0) 0.028
153 (85.0) 0.014

This difference underscores the association between
obesity and increased vulnerability to critical
postoperative complications, highlighting obesity as
an important determinant of mortality among
postmenopausal women requiring intensive care
following thoracic surgical procedures.
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Figure 1. ICU Mortality Rates in Obese Versus Non-Obese Postmenopausal Women Following Thoracic

Surgery
Figure 2 compares 28-day mortality rates between
obese and non-obese postmenopausal women
following thoracic surgery and subsequent ICU
admission. The findings demonstrate a markedly
higher short-term mortality in the obese group,
indicating a sustained adverse impact of obesity
beyond the immediate ICU period. This elevated

28-day mortality suggests that obesity contributes to
prolonged  wvulnerability  to postoperative
complications and delayed recovery, emphasizing
its role as a significant predictor of early
postoperative  mortality  in  critically ill
postmenopausal women.
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Figure 2. Twenty-Eight-Day Mortality in Obese Versus Non-Obese Postmenopausal Women After Thoracic

Surgery
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Discussion

Obesity is a well-recognized risk factor for adverse
clinical outcomes in patients undergoing major
surgery, particularly among postmenopausal women
whose physiological reserve and metabolic
flexibility are markedly reduced. In the present
study, which focused on critically ill
postmenopausal women admitted to the intensive
care unit (ICU) following thoracic surgery, obesity
was found to exert a significant influence on
postoperative morbidity and mortality. The
observed differences in baseline characteristics and
outcomes hetween obese and non-obese patients
underscore the multifactorial nature of obesity-
related complications and reinforce its role as a
potent determinant of survival and recovery after
high-risk surgical procedures (15).

Our results demonstrated that obese women were
significantly older, had higher APACHE 11 scores,
and exhibited a greater prevalence of cardio
metabolic comorbidities such as hypertension,
diabetes mellitus, and coronary artery disease
compared with non-obese counterparts. These
findings are consistent with prior large-scale cohorts
showing that advanced age and obesity
synergistically amplify systemic inflammation,
oxidative stress, and endothelial dysfunction, all of
which predispose surgical patients to hemodynamic
instability and impaired organ recovery in the
postoperative period (16). The elevated APACHE I
scores observed among obese patients in our study
further reflect the compounded burden of chronic
disease, ventilator compromise, and metabolic
dysregulation, which together contribute to
increased ICU resource utilization and poorer
prognoses.

Mechanical ventilation was required more
frequently among obese women, likely due to the
restrictive ventilatory mechanics imposed by excess
adipose tissue and associated  pulmonary
consequences such as hypoventilation, atelectasis,
and decreased functional residual capacity. This
observation aligns with previous studies indicating
that obesity adversely affects respiratory
physiology, increasing susceptibility to
postoperative respiratory failure and prolonged
dependence on mechanical ventilation (17).
Furthermore, both ICU and hospital lengths of stay
were significantly prolonged in the obese group,
suggesting delayed recovery trajectories and a
higher incidence of complications necessitating
extended critical support. The correlation between
obesity and prolonged ICU stay has been
documented across various surgical subtypes and
may reflect the need for meticulous ventilatory
weaning, hemodynamic stabilization, and metabolic
control in these patients (18).

The marked increase in ICU mortality (25.6%
versus 15.0%) and 28-day mortality (28.9% versus
17.2%) among obese women, as shown in Figures 1
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and 2, highlights the persistent impact of obesity
even beyond the acute postoperative phase. This
excess mortality can be attributed to a constellation
of mechanisms, including impaired
cardiopulmonary resilience, heightened systemic
inflammatory response, and increased risk of sepsis
and multi-organ failure in the presence of
obesity-related metabolic deterioration (19). The
persistence of mortality divergence at 28 days may
also point toward post-ICU syndromes such as
delayed wound healing, thromboembolic events,
and secondary infections conditions that are known
to occur at higher rates in obese surgical patients
(20). Taken together, these results emphasize that
obesity is not merely a static risk factor but an
ongoing physiological challenge that continues to
influence recovery and survival well after ICU
discharge.

Several pathophysiological explanations can be
advanced to interpret these findings. Adipose tissue
is now recognized as an active endocrine organ
producing adipocytes such as leptin, resistin, and
inflammatory cytokines that modulate vascular tone,
insulin sensitivity, and immune responses. In obese
postmenopausal women, loss of estrogen’s
protective effects further exacerbates endothelial
dysfunction and increases prothrombotic tendencies
(21). The consequent imbalance between
pro-inflammatory and anti-inflammatory mediators
may lead to exaggerated stress responses during and
after surgery, including excessive release of
acute-phase reactants and disruption of tissue
perfusion. The resulting systemic inflammation
contributes to multiorgan instability and may
explain the higher rates of respiratory failure, renal
dysfunction, and vasopressor requirement observed
in the obese group (22).

The significantly greater need for vasopressor
support in obese patients can be interpreted as a
reflection of cardiovascular compromise and
hemodynamic dysregulation common in obesity.
Studies have shown that obese individuals
undergoing major thoracic procedures often exhibit
elevated pulmonary vascular resistance and reduced
cardiac output during the perioperative period,
necessitating intensified vasoactive therapy and
prolonged monitoring (23). Furthermore, the
combination of obesity with advanced age and
menopause compounds the risk for diastolic
dysfunction and increased left ventricular stiffness,
factors that predispose patients to acute heart failure
episodes in the postoperative ICU setting (24). This
mechanism may partly explain the higher early
mortality rates recorded in this study.

Another critical aspect highlighted by the data is the
increased incidence of acute respiratory failure and
acute kidney injury among obese women.
Respiratory failure in this population is likely
multifactorial, stemming  from  mechanical
limitations of respiration, altered chest wall
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compliance, and the frequent presence of obstructive
sleep apnea or obesity hypoventilation syndrome
(25). Postoperative kidney injury may result from
the combined effects of hemodynamic fluctuations,
impaired renal perfusion, and metabolic overload
due to insulin resistance and activation of the renin—
angiotensin system, all of which are more
pronounced in obese individuals (26). These
organ-specific  complications underscore the
systemic  vulnerability imparted by obesity,
transitioning what would otherwise be moderate
surgical stress into a life-threatening physiological
cascade in the ICU environment.

Comparing our findings to those of previous
investigations reveals both consistency and nuance.
Prior studies on thoracic or cardiovascular surgical
cohorts often described the so-called “obesity
paradox,” where overweight or mildly obese
patients sometimes appear to have better
postoperative outcomes compared with those of
normal weight (27). However, such paradoxical
benefits tend to diminish or disappear entirely
among individuals with severe obesity (BMI>30
kg/m?), especially in elderly and critically ill
populations. In our study, obesity clearly emerged as
a disadvantageous factor, suggesting that once
metabolic reserve and cardiovascular adaptability
are overcome, the pathological influence of obesity
dominates. These findings resonate with those
reported by Lee et al., who demonstrated increased
30-day mortality and prolonged ventilation among
obese women undergoing major thoracic
procedures, independent of preoperative pulmonary
function (28).

The role of menopause in amplifying obesity-
associated risk cannot be understated. Estrogen
deficiency during menopause alters body fat
distribution toward central adiposity, disrupts lipid
metabolism, and enhances insulin resistance.
Several studies have identified postmenopausal
obesity as a distinct phenotype characterized by
chronic low-grade inflammation, heightened
coagulation propensity, and compromised immune
regulation (29). The interplay between hormonal
transition and surgical stress may therefore explain
why obese postmenopausal women are particularly
susceptible to organ dysfunction and mortality
following thoracic surgery. Moreover, the additive
influence of cardio metabolic comorbidities seen in
our cohort including hypertension and diabetes
further accentuates the postoperative burden,
consistent with prior evidence linking these
conditions to prolonged mechanical ventilation and
adverse ICU discharge patterns (30).

From a surgical standpoint, obesity presents a host
of technical and physiological challenges during
thoracic operations. Difficult airway management,
reduced visibility, and longer operative times
increase procedural risk. Intraoperatively, impaired
gas exchange and increased intrathoracic pressure
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complicate  anesthesia  management,  while
postoperative pain control may be suboptimal due to
altered drug pharmacokinetics (31). These
mechanical and pharmacological difficulties
frequently culminate in unstable recovery phases
and elevated ICU utilization. Although some
anesthetic adaptations including lung-protective
ventilation strategies and goal-directed fluid therapy
may mitigate these risks, the inherent metabolic and
inflammatory burden of obesity often prevails, as
reflected in our findings of persistent postoperative
organ dysfunction and mortality (32).

The implications of our study are clinically
important. The association between obesity and
higher APACHE Il scores, greater need for
mechanical ventilation, and increased ICU mortality
underscores the necessity of tailored perioperative
management strategies for this vulnerable group.
Preoperative optimization, including meticulous
control of blood glucose, blood pressure, and
respiratory function, may reduce postoperative
complications. Moreover, individualized ventilatory
settings and early mobilization protocols could
improve outcomes and reduce ICU length of stay
among obese women after thoracic surgery.
Nutritional and rehabilitative interventions during
ICU care may also offer benefit, particularly given
the prolonged hospitalization observed in our data.
Such approaches warrant exploration in future
prospective studies. The sustained elevation of
28-day mortality among obese patients in our cohort
points toward systemic consequences extending
beyond the ICU environment. Post-discharge events
such as wound infections, re-admissions, and
thromboembolism may contribute to these deaths.
Hence, it is imperative that follow-up care for obese
surgical patients includes structured rehabilitation,
cardiovascular monitoring, and strict infection
control. In practice, multidisciplinary coordination
among surgeons, intensivists, endocrinologists, and
physiotherapists is essential to address obesity-
related vulnerabilities throughout the continuum of
care. The development of predictive risk models
incorporating BMI, metabolic markers, and
hormonal status may further refine postoperative
prognostication in this group. While the current
findings reinforce obesity’s detrimental effects, they
also highlight key gaps requiring further
investigation. Our study’s retrospective design
limits causal inference, and the reliance on recorded
clinical parameters may omit subtler functional
impairments. In addition, body mass index alone
does not fully capture the complexity of adiposity
visceral fat, sarcopenic obesity, and body
composition heterogeneity may influence outcomes
independently. Future studies employing body
composition analysis and metabolic profiling could
elucidate more precise mechanisms underlying the
observed morbidity and mortality patterns.
Likewise, interventional trials evaluating weight
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management or hormonal modulation prior to
elective thoracic surgery may clarify whether risk
reduction is achievable through preoperative
preparation. Despite these limitations, the
consistency and strength of associations between
obesity and adverse ICU outcomes observed in this
cohort provide compelling evidence of its clinical
significance. The elevated mortality rates, extended
hospital stays, and frequent mechanical and
vasopressor support requirements collectively
delineate a high-risk postoperative phenotype
unigque to obese postmenopausal women. These
insights extend beyond thoracic surgery, suggesting
that similar risk gradients may apply across other
major surgical categories involving elderly female
patients with obesity. The findings therefore
emphasize the importance of recognizing both
obesity and menopausal status as synergistic
markers of heightened postoperative vulnerability
(33).

Conclusion

In conclusion, our study demonstrates that obesity
markedly deteriorates short-term clinical outcomes
among postmenopausal women admitted to the ICU
following thoracic surgery. The data reveal higher
disease  severity, prolonged intensive care
utilization, increased organ failure, and substantially
greater mortality rates compared with non-obese
patients. These findings reinforce the need for
vigilant perioperative assessment and postoperative
management tailored to the metabolic and
physiological challenges of obesity in this high-risk
demographic.  Addressing  obesity  through
preventive strategies and personalized peri-ICU
interventions may ultimately improve survival and
enhance recovery in postmenopausal women
undergoing thoracic surgical procedures.
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