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Abstract: Obesity and poor glycemic control are increasingly prevalent among surgical patients
and are independently associated with adverse postoperative outcomes. However, their combined
impact and potential synergistic effects remain incompletely understood. To critically evaluate the
relationship between body mass index (BMI), glycated hemoglobin (HbAlc), and postoperative
complications, with emphasis on their interaction and clinical implications. Narrative review based
on analysis of key observational studies, meta-analyses, and clinical trials addressing obesity,
glycemic control, and surgical outcomes. Elevated BMI and HbA1c are consistently associated with
increased risk of postoperative complications, particularly infectious events and impaired wound
healing. Their coexistence appears to amplify surgical risk beyond isolated effects. The combined
assessment of BMI and HbAlc represents a clinically relevant strategy for perioperative risk strat-
ification and may guide optimization of surgical patients.

Keywords: Obesity; Hemoglobin A, Glycosylated; Postoperative Complications; Surgical Out-
comes; Metabolic Risk.

1. Introduction

Postoperative complications remain a major determinant of morbidity, mortality,
and healthcare costs in modern surgical practice. Despite advances in perioperative care,
the ability to accurately identify patients at increased risk of adverse outcomes remains
limited, particularly in the context of complex metabolic conditions. The global rise in
obesity has significantly altered the surgical population profile. Obesity is no longer an
isolated anthropometric finding but rather a chronic metabolic disease characterized by
systemic inflammation, endothelial dysfunction, and insulin resistance [1,2]. These al-
terations have direct implications for surgical outcomes, affecting tissue perfusion, im-
mune response, and wound healing.

Concurrently, poor glycemic control, reflected by elevated glycated hemoglobin
(HbAlc), has emerged as a critical determinant of perioperative risk. HbAlc provides an
integrated measure of chronic glycemic exposure and has been associated with increased
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rates of postoperative infection, delayed wound healing, and systemic complications
[3-5]. Importantly, HbAlc is not merely a marker of diabetes but a surrogate of metabolic
dysfunction. Studies have demonstrated that even patients without a formal diagnosis of
diabetes, but with elevated HbAlc levels, exhibit increased postoperative morbidity [6].

While obesity and hyperglycemia have been extensively studied as independent risk
factors, their interaction remains less clearly defined. From a pathophysiological per-
spective, both conditions share common mechanisms, including insulin resistance,
chronic inflammation, oxidative stress, and microvascular dysfunction [7,8]. This overlap
suggests a potential synergistic effect on surgical outcomes. However, current literature
is heterogeneous, with variability in study design, patient populations, and outcome
definitions. Moreover, there is no consensus regarding optimal HbAlc thresholds for
surgical safety or the relative contribution of BMI in modulating this risk.

Understanding the combined impact of obesity and glycemic control is essential for
improving perioperative risk stratification, guiding preoperative optimization, and re-
fining surgical decision-making. This study aims to critically analyze the relationship
between BMI, HbAlc, and postoperative complications, emphasizing their interaction
and clinical implications.

2. Obesity and Surgical Complications

Obesity has been consistently associated with increased postoperative morbidity
across multiple surgical specialties. The mechanisms underlying this association are
multifactorial and extend beyond mechanical or technical challenges. Adipose tissue in
obese individuals is metabolically active and contributes to a chronic inflammatory state
characterized by elevated levels of pro-inflammatory cytokines such as TNF-a and IL-6
[1,2]. This inflammatory environment impairs immune function and disrupts normal
tissue repair processes.

At a molecular level, this inflammatory phenotype is reinforced by an unfavorable
adipokine profile. Increased leptin signaling and reduced adiponectin activity contribute
to insulin resistance, impaired endothelial function, and amplified cytokine release. In
the perioperative period, this altered leptin-adiponectin balance may reduce metabolic
flexibility and worsen the physiological response to surgical stress, particularly when
combined with chronic hyperglycemia and oxidative injury [1,2,7,8,16,17]. In addition,
increased adiposity is associated with reduced tissue oxygenation due to impaired mi-
crovascular perfusion. This hypoxic environment compromises collagen synthesis, an-
giogenesis, and bacterial clearance, leading to increased susceptibility to surgical site in-
fections [9].

Clinical studies have demonstrated that obese patients have higher rates of wound
infection, dehiscence, pulmonary complications, and thromboembolic events [10,11].
Furthermore, obesity is associated with longer operative times and increased technical
complexity, which may further contribute to adverse outcomes. However, the relation-
ship between BMI and surgical outcomes is not uniform. Large multicenter studies, such
as those conducted by the STARSurg Collaborative, have shown that while obesity is
associated with certain complications, its impact varies depending on the type of surgery
and outcome measured [12]. This heterogeneity suggests that BMI alone may be insuffi-
cient as a risk stratification tool and highlights the importance of considering metabolic
factors, such as glycemic control [12].

3. HbA1c and Surgical Complications

HbAlc has emerged as a critical biomarker in perioperative medicine, reflecting
long-term glycemic control and underlying metabolic status. Elevated HbAlc is associ-
ated with impaired neutrophil function, reduced chemotaxis, and decreased phagocytic
activity, leading to increased susceptibility to infection [3,4]. Additionally, chronic hy-
perglycemia promotes glycation of proteins and accumulation of advanced glycation
end-products, which impair collagen formation and wound healing. Multiple studies
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have demonstrated that elevated HbAlc is associated with increased rates of surgical site
infection, longer hospital stays, and higher overall complication rates [5,13]. These asso-
ciations have been observed across various surgical fields, including cardiac, orthopedic,
and general surgery.

Notably, the relationship between HbAlc and complications is not limited to dia-
betic patients. Evidence suggests that elevated HbAlc in non-diabetic individuals is also
associated with increased perioperative risk, reinforcing its role as a marker of metabolic
vulnerability rather than a diagnostic tool alone [6]. Despite this evidence, there remains
no consensus regarding the optimal HbAlc threshold for surgical intervention. Values
ranging from 7.0% to 8.5% have been proposed, reflecting variability in study findings
and clinical practice [13,14].

For clinical application, HbAlc should therefore be interpreted as a risk continuum
rather than an isolated binary threshold. Nevertheless, based on the available me-
ta-analytic evidence and commonly used perioperative practice patterns, HbAlc <7.0%
may be considered an acceptable target for most elective procedures, HbAlc between
7.0% and 8.0% should prompt targeted optimization when time permits, and HbAlc
>=8.0% should identify patients in whom elective surgery should be delayed when clin-
ically safe, especially when obesity, smoking, advanced age, or contaminated surgical
fields are also present [5,8,13,15,19,20].

4, Interaction Between BMI and HbA1c

The interaction between obesity and poor glycemic control represents a critical yet
underexplored aspect of perioperative risk. Obesity is a primary driver of insulin re-
sistance, leading to impaired glucose metabolism and elevated HbAlc levels. This met-
abolic environment is characterized by chronic inflammation, oxidative stress, and en-
dothelial dysfunction, all of which negatively impact surgical outcomes [7,8]. When
present together, elevated BMI and HbAlc appear to exert a synergistic effect. Patients
with both obesity and poor glycemic control exhibit higher rates of infection, impaired
wound healing, and prolonged recovery compared to those with either condition alone
[15].

It is important to clarify that the term synergistic is used here in a biologically and
clinically interpretive sense, rather than as a claim that all available studies have demon-
strated a formal multiplicative interaction coefficient. Most published studies report ad-
justed associations for BMI, diabetes, HbAlc, or postoperative hyperglycemia, but only a
minority formally test a BMI x HbAlc interaction term. Therefore, the present review
interprets synergy through converging evidence: shared mechanistic pathways, dispro-
portionate complication rates in metabolically unhealthy obese patients, and the con-
sistent observation that glycemic dysregulation modifies risk beyond body size alone
[7,8,12,13,15].

This interaction has important clinical implications. Risk assessment based solely on
BMI or HbAlc may underestimate true perioperative risk, whereas combined evaluation
provides a more accurate representation of metabolic status. This interpretation must be
adjusted for major confounders. Age, smoking, ASA class, baseline frailty, renal dys-
function, nutritional status, and the degree of surgical contamination all influence post-
operative infection, wound healing, and mortality. The metabolic phenotype should
therefore not be used in isolation but incorporated into a broader perioperative risk as-
sessment that distinguishes clean, clean-contaminated, contaminated, and dirty proce-
dures, as well as cardiac versus non-cardiac surgical risk profiles [4-6,10,12,13]. Fur-
thermore, this combined approach supports the concept of personalized perioperative
care, allowing for targeted interventions such as preoperative glycemic optimization and
multidisciplinary management [8,15].
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5. Clinical Implications

The integration of BMI and HbAlc into preoperative assessment has the potential to
significantly improve surgical outcomes. From a clinical standpoint, these parameters
can guide risk stratification, timing of elective surgery, and preoperative optimization
strategies. Patients with elevated HbAlc may benefit from improved glycemic control
prior to surgery, while obese patients may require tailored perioperative management. A
practical perioperative approach may incorporate both BMI and HbAlc into a structured
metabolic risk algorithm. Patients with BMI >30 kg/m? and HbAlc above the locally ac-
cepted threshold could be flagged for targeted optimization before elective surgery, in-
cluding nutritional intervention, endocrine evaluation, and intensified metabolic man-
agement. Such a framework may allow not only better risk communication but also more
rational timing of surgery.

A practical clinic-based pathway may be summarized as follows (Figure 1): (1)
measure BMI and obtain HbAlc in patients with known diabetes, obesity, suspected
dysglycemia, previous poor wound healing, or planned high-risk procedures; (2) classify
metabolic risk as standard risk (BMI <30 kg/m2 and HbAlc <7.0%), intermediate risk
(BMI >=30 kg/m2 or HbAlc 7.0-7.9%), or high risk (BMI >=30 kg/m2 with HbAlc >=8.0%);
(3) apply modifiers including age >65 years, active smoking, chronic kidney disease,
hypoalbuminemia, immunosuppression, and contaminated surgery; and (4) decide
whether to proceed, optimize, or selectively delay elective surgery [8,13,15,19,20].

Importantly, these findings reinforce the need for multidisciplinary collaboration
between surgeons, anesthesiologists, endocrinologists, and nutrition specialists [8,13].
For intermediate-risk patients, optimization should include perioperative glucose moni-
toring, smoking cessation when relevant, nutritional assessment, and correction of re-
versible factors. For high-risk patients, a structured 4- to 12-week optimization window
should be considered when the procedure is elective, and delay does not increase dis-
ease-related risk. This may include endocrine referral, adjustment of antihyperglycemic
therapy, nutrition support with attention to protein reserve, treatment of anemia or renal
dysfunction when present, and postoperative surveillance adapted to the infectious and
wound-healing risk profile [5,8,13,15,19,20].

5. Limitations

The available literature is limited by heterogeneity in study design, variability in
HbA1c thresholds, and predominance of observational data. Additionally, few studies
have specifically addressed the interaction between BMI and HbAlc, highlighting the
need for further research [13-15]. Another important limitation is the lack of standard-
ized outcome reporting across surgical subspecialties. Different studies prioritize differ-
ent endpoints, ranging from superficial wound complications to mortality and readmis-
sion, making direct comparison difficult. This variability weakens the ability to derive
universally applicable perioperative thresholds. Finally, most available studies do not
incorporate robust multivariable analyses capable of separating the independent and
combined effects of obesity and glycemic dysregulation. This reinforces the need for
prospective, methodologically rigorous investigations.

6. Discussion

The present review highlights that the relationship between obesity, glycemic con-
trol, and postoperative outcomes is not merely additive, but likely synergistic, reflecting
a complex metabolic and inflammatory interplay that significantly impacts surgical re-
covery. While obesity has traditionally been considered a mechanical and technical
challenge in surgery, contemporary evidence supports its characterization as a systemic
metabolic disease with profound immunological and microvascular consequences
[1,2,12]. The chronic low-grade inflammatory state observed in obese patients contributes
to impaired leukocyte function, altered cytokine signaling, and dysregulated tissue re-
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pair, all of which predispose to postoperative complications, particularly infections and
delayed wound healing [9-12].

Figure 1. Proposed flowchart for clinical decision-making.
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Similarly, chronic hyperglycemia, reflected by elevated HbAlc, further exacerbates
these mechanisms. The accumulation of advanced glycation end-products, endothelial
dysfunction, and oxidative stress leads to impaired collagen synthesis, reduced angio-



Obesity, Glycemic Control, and Surgical Outcomes: Exploring the Relationship Between Body Mass Index, HbAlc, and Post-operative Morbidity 6 of 8

genesis, and compromised host defense [3-5,13]. These effects are particularly relevant in
the perioperative setting, were tissue injury and metabolic stress demand optimal phys-
iological responses.

Importantly, the interaction between BMI and HbAlc appears to amplify these
pathological processes. Patients presenting with both obesity and poor glycemic control
exhibit a compounded risk profile, characterized by simultaneous impairment of im-
mune function, microcirculation, and metabolic homeostasis [7,8,15]. This observation
supports the hypothesis that the coexistence of these conditions represents a distinct
high-risk phenotype rather than the simple sum of two independent variables. This no-
tion may be better conceptualized as a metabolic risk phenotype, in which anthropomet-
ric burden and chronic glycemic exposure converge to create a state of disproportionate
perioperative vulnerability. Such a model may explain why some patients experience
complications despite apparently acceptable isolated metrics, while others with a single
risk factor do not.

This model also helps reconcile the obesity paradox. A moderately elevated BMI
may appear protective in some cohorts because it can reflect preserved nutritional re-
serve, greater lean mass, or lower catabolic vulnerability. However, when elevated BMI is
accompanied by poor glycemic control, this apparent advantage is likely attenuated or
lost. Thus, HbAlc may function as a biological discriminator within the obese popula-
tion, separating metabolically resilient patients from those in whom adiposity is accom-
panied by impaired immune response, endothelial dysfunction, and delayed tissue re-
pair [6,10,12,15].

From a clinical standpoint, this has direct implications for perioperative risk as-
sessment. Traditional models that evaluate BMI or glycemic control in isolation may
underestimate the true risk in metabolically complex patients. The combined assessment
of these parameters allows for more accurate stratification, identifying patients who may
benefit from targeted preoperative optimization [8,13,15]. Furthermore, the lack of
standardized HbAlc thresholds across studies reflects an important gap in literature.
While values between 7.0% and 8.5% have been proposed as risk cut-offs, these thresh-
olds may not be universally applicable, particularly when considering the modifying ef-
fect of obesity [13,14]. It is plausible that the impact of a given HbAlc level differs de-
pending on the underlying metabolic context, reinforcing the need for individualized risk
assessment.

The applicability of any threshold also differs between cardiac and non-cardiac
surgery. Cardiac surgery populations are particularly vulnerable to microvascular dys-
function, infection, renal injury, and systemic inflammatory activation, and several
studies support stricter preoperative glycemic targets in this setting [4,6]. In non-cardiac
surgery, acceptable thresholds may vary according to procedural urgency and wound
class, but the combination of obesity and HbAlc elevation should still trigger heightened
vigilance and structured optimization [5,8,13,15].

Another critical aspect is the dynamic nature of perioperative glycemic control.
HbA1lc reflects chronic glycemic exposure but does not capture acute perioperative
fluctuations, which are also strongly associated with adverse outcomes [3,7,8]. Therefore,
integrating HbAlc with perioperative glucose monitoring may provide a more compre-
hensive evaluation of metabolic risk. Despite the growing body of evidence, the current
literature remains limited by heterogeneity in study design, variability in outcome defi-
nitions, and predominance of observational data [12-15]. Few studies have specifically
evaluated the interaction between BMI and HbAlc using robust multivariate models,
highlighting a significant gap that warrants further investigation.

Future research should focus on prospective studies that incorporate both anthro-
pometric and metabolic parameters into predictive models. The development of inte-
grated risk scores combining BMI, HbAlc, and other clinical variables may enhance
perioperative decision-making and improve patient outcomes [13-15]. A future prospec-
tive research roadmap should include: predefined BMI and HbAlc strata; formal BMI x



Obesity, Glycemic Control, and Surgical Outcomes: Exploring the Relationship Between Body Mass Index, HbAlc, and Post-operative Morbidity 7 of 8

HbA1c interaction testing; adjustment for age, smoking, ASA class, frailty, renal function,
albumin, and wound contamination; separation of cardiac and non-cardiac surgical co-
horts; standardized definitions of surgical site infection, wound dehiscence, reoperation,
readmission, and mortality; and evaluation of whether targeted metabolic optimization
changes outcomes rather than merely predicts them. Additionally, the incorporation of
multidisciplinary strategies, including endocrinological optimization, nutritional sup-
port, and perioperative metabolic control, represents a promising avenue for reducing
complications in high-risk patients [8,13].

In summary, the findings of this review support a paradigm shift in surgical risk
assessment, moving from isolated variable analysis toward a more comprehensive eval-
uation of metabolic health. The combined consideration of obesity and glycemic control
offers a more nuanced understanding of patient vulnerability and provides a foundation
for more personalized and effective perioperative care [1,8,13,15].

6. Conclusion

The available evidence indicates that obesity and inadequate glycemic control are
not only independent predictors of postoperative complications, but also components of
a broader metabolic phenotype that may amplify perioperative vulnerability when they
coexist. Although formal statistical interaction coefficients are not consistently reported
across the literature, the convergence of clinical associations and biological mechanisms
supports the interpretation that elevated BMI and poor glycemic control interact through
inflammatory, endocrine, microvascular, and immune pathways [1-3,7,8,12,13,15].

This combined phenotype is clinically relevant because it identifies patients whose
risk may be underestimated when BMI or HbAlc is considered in isolation. Obesity may
increase technical complexity, impair tissue oxygenation, and promote chronic inflam-
mation, while elevated HbAlc reflects chronic glycemic exposure, advanced glycation
end-product accumulation, leukocyte dysfunction, endothelial injury, and impaired col-
lagen synthesis. When these mechanisms coexist, the surgical patient enters the periop-
erative period with reduced physiological reserve and diminished capacity for tissue
repair [3-8,13,15,18].

The proposed framework therefore supports a practical shift from single-variable
risk assessment toward integrated metabolic stratification. In routine pre-assessment
clinics, BMI and HbAlc can be combined with procedure-specific and patient-specific
modifiers such as age, smoking status, frailty, renal function, nutritional reserve, and
surgical wound class. This approach allows clinicians to distinguish patients who may
proceed with standard care from those who require targeted optimization or selective
delay of elective surgery [8,12,13,15,19,20].

The model also helps clarify the obesity paradox. Favorable outcomes reported in
some overweight or mildly obese surgical cohorts should not be interpreted as evidence
that adiposity is universally protective. Rather, such findings may reflect preserved nu-
tritional reserve, lower catabolic vulnerability, or better metabolic health in selected pa-
tients. Once poor glycemic control is present, this apparent protective effect is likely at-
tenuated, and elevated HbAlc may serve as a discriminator between metabolically re-
silient and metabolically vulnerable obese patients [6,10,12,15].

Importantly, the framework should not be applied rigidly across all surgical set-
tings. Cardiac surgery and major contaminated or reconstructive procedures may justify
stricter glycemic targets and more aggressive preoperative optimization, whereas urgent
non-cardiac procedures should not be delayed solely for metabolic correction. In these
cases, the appropriate response is intensified perioperative risk mitigation, including
glucose monitoring, infection prevention, nutritional support, and higher-level postop-
erative surveillance when indicated [4-6,8,13,15,19].

In conclusion, the integration of BMI and HbA1c offers a more biologically coherent
and clinically actionable method for perioperative risk assessment than either variable
alone. Future prospective studies should formally test BMI x HbAlc interaction terms,
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stratify analyses by surgical specialty and wound contamination, and evaluate whether
structured metabolic optimization within defined time windows can reduce postopera-
tive morbidity. Until such evidence is available, the combined assessment of obesity and
glycemic control should be regarded as a pragmatic and clinically useful strategy for
identifying high-risk surgical patients and guiding individualized perioperative care.
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