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Abstract: Body mass index (BMI) remains one of the most used variables in perioperative risk as-
sessment, yet its ability to represent the biological complexity of obesity is increasingly questioned.
Contemporary surgical patients frequently present not only excess body weight, but also varying
degrees of insulin resistance, chronic inflammation, endothelial dysfunction, and impaired im-
mune response. This perspective argues that surgical vulnerability is more accurately explained by
metabolic dysfunction than by adiposity alone. We propose the concept of a metabolic risk phe-
notype, integrating anthropometric and biochemical variables such as BMI and glycated hemoglo-
bin (HbA1lc) into a unified framework for perioperative risk stratification. By moving beyond BMI
as an isolated marker, this approach may improve the identification of high-risk patients, refine
preoperative optimization, and support more personalized surgical decision-making.

Keywords: Obesity; BMI; Hemoglobin A, Glycosylated; Postoperative Complications; Surgical
Outcomes; Metabolic Risk.

1. Introduction

Surgical risk assessment has historically relied on simplified and easily reproducible
metrics, with body mass index (BMI) occupying a central role in perioperative stratifica-
tion. This reliance reflects the practical appeal of BMI as a standardized and universally
accessible measure. However, in contemporary surgical practice, defined by an escalat-
ing prevalence of obesity, metabolic syndrome, chronic inflammatory states, and heter-
ogeneous physiological reserve, the continued use of BMI as a primary determinant of
surgical risk warrants critical reassessment [1-4]. Although BMI remains useful as a de-
scriptor of body habitus, it does not measure the biological processes that directly influ-
ence postoperative recovery. Immune competence, endothelial integrity, tissue perfu-
sion, inflammatory burden, and wound-healing capacity are not captured by a purely
anthropometric index. As a result, patients with similar BMI values may differ substan-
tially in metabolic status and may therefore face markedly different perioperative tra-
jectories.

Obesity itself can no longer be regarded as a uniform entity defined solely by excess
adiposity. It is increasingly recognized as a heterogeneous and complex metabolic con-
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dition characterized by variable degrees of insulin resistance, chronic low-grade in-
flammation, endothelial dysfunction, and altered immune response [1, 2, 5].

Importantly, individuals with identical BMI values may exhibit profoundly different
metabolic profiles, ranging from metabolically healthy obesity to severe metabolic
dysregulation, challenging the assumption that BMI alone adequately reflects biological
risk. At the same time, the modern surgical population has undergone a significant epi-
demiological transition. Surgeons are now frequently confronted with patients whose
perioperative vulnerability is driven not only by anatomical or procedural factors but
also by underlying metabolic derangements. This transition helps explain why
BMI-centered models have produced inconsistent findings across the literature, includ-
ing neutral associations and paradoxical observations in which overweight or moder-
ately obese patients experience outcomes comparable to, or occasionally better than,
those of normal-weight individuals [3,11,14,18].

By contrast, emerging evidence suggests that metabolic dysfunction, rather than
adiposity alone, may represent the principal determinant of perioperative vulnerability.
Markers such as glycated hemoglobin (HbAlc), perioperative hyperglycemia, and
broader metabolic inflammatory burden have demonstrated more consistent associations
with surgical site infection, impaired wound healing, prolonged hospitalization, and
overall morbidity than BMI alone [5-10]. These observations support a shift from
body-size classification toward biologically grounded perioperative assessment.

This perspective therefore advances a central argument: BMI remains a crude and
often misleading surrogate of metabolic health, and the future of surgical risk assessment
lies in a more integrated framework capable of incorporating both anthropometric and
biochemical dimensions of patient vulnerability. Within this context, we propose the
concept of a metabolic risk phenotype as a more clinically relevant and biologically
grounded model for predicting postoperative complications.

2. The limitations of BMI in surgical risk assessment

Although elevated BMI has long been associated with postoperative morbidity, the
strength and consistency of this association remain variable. Some studies have demon-
strated increased rates of wound complications, pulmonary events, thromboembolic
disease, and prolonged operative times among obese patients [1,2,11,12,18]. However,
other investigations have produced neutral or paradoxical findings, including the
so-called obesity paradox, in which overweight or moderately obese patients exhibit
outcomes comparable to, or occasionally better than, those of normal-weight individuals
[3,11,14,18]. These discrepancies are not trivial. Rather, they reveal a fundamental limita-
tion of BMI as a risk marker: its inability to distinguish between distinct biological phe-
notypes. BMI does not differentiate lean mass from fat mass, nor does it account for vis-
ceral adiposity, ectopic fat deposition, or the inflammatory and endocrine activity of
adipose tissue. As such, BMI may classify two patients as equivalent despite profound
differences in metabolic health.

BMI-centered models are not merely incomplete; they are increasingly insufficient to
support modern perioperative decision-making in populations characterized by meta-
bolic heterogeneity. BMI measures body size, but it fails to measure the biological pro-
cesses that ultimately determine surgical resilience. This fundamental limitation explains
the inconsistent predictive performance of BMI across metabolically heterogeneous
populations. This limitation is particularly relevant in surgery, where tissue perfusion,
immune competence, endothelial integrity, and healing capacity are central determinants
of postoperative recovery. A patient with elevated BMI but preserved metabolic health
may not carry the same risk as a patient with only moderate obesity accompanied by
severe insulin resistance and poor glycemic control. Consequently, BMI alone may both
overestimate and underestimate risk, depending on the clinical context.

The continued reliance on BMI as a principal determinant of perioperative vulnera-
bility therefore raises an important question: should a measurement that fails to capture
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biological complexity continue to occupy such a central place in surgical deci-
sion-making? The growing inconsistency in the literature suggests that the answer is in-
creasingly no. Considering these limitations, attention has progressively shifted toward
metabolic determinants of surgical risk. particularly those reflecting chronic glycemic
exposure, systemic inflammation, and endothelial dysfunction, which directly influence
tissue resilience and postoperative recovery. This inconsistency is not incidental; rather, it
reflects a fundamental mismatch between anthropometric classification and the under-
lying biological determinants of postoperative outcomes. BMI-centered models of sur-
gical risk are not merely limited, they are increasingly misaligned with the biological
determinants of postoperative outcomes observed in contemporary surgical populations.

3. Metabolic dysfunction as a central determinant of postoperative complications

In contrast to BMI, markers of metabolic dysfunction have shown more robust and
biologically plausible associations with adverse postoperative outcomes. Elevated
HbA1c, long recognized as an indicator of chronic glycemic exposure, has been consist-
ently linked to increased rates of surgical site infection, impaired wound healing, pro-
longed hospital stay, and higher overall complication rates across multiple surgical set-
tings [5-10,13,16,17]. HbAlc may be influenced by conditions such as anemia, hemoglo-
binopathies, and acute physiological stress, which should be considered when inter-
preting its role in perioperative risk assessment.

HbA1lc remains particularly attractive because it captures chronic glycemic exposure
rather than isolated perioperative fluctuation. Nevertheless, its interpretation must re-
main clinically contextualized. In patients with anemia, hemoglobinopathies, advanced
chronic kidney disease, recent transfusion, or acute physiological stress, HbAlc may
underestimate or overestimate metabolic burden. In such scenarios, surgeons should
complement HbAlc with fasting plasma glucose, perioperative glucose trends, and,
when available, short-term markers such as fructosamine, thereby avoiding overreliance
on a single laboratory value.

Importantly, these observations do not imply that metabolic dysfunction is merely a
surrogate for general frailty. Although residual confounding is unavoidable in predom-
inantly observational literature, there is strong mechanistic plausibility for causality:
hyperglycemia directly impairs leukocyte chemotaxis, phagocytic capacity, collagen
synthesis, angiogenesis, and microvascular function [5,7,9,10]. It is therefore more accu-
rate to regard metabolic dysfunction as both a marker of vulnerability and a biologically
active driver of postoperative complications. The pathophysiological basis of these asso-
ciations is multifactorial. Chronic hyperglycemia promotes oxidative stress, advanced
glycation end-product accumulation, endothelial dysfunction, and microvascular injury.
These mechanisms impair collagen synthesis, angiogenesis, leukocyte chemotaxis, and
phagocytic capacity, thereby compromising both tissue repair and host defense [5,7,9,10].

Importantly, these effects are not confined to patients with formally diagnosed dia-
betes. Several studies suggest that elevated HbAlc in non-diabetic individuals also cor-
relates with poorer postoperative outcomes, reinforcing the concept that glycemic
dysregulation exists along a continuum rather than as a categorical binary state [6,8]. This
distinction matters. If metabolic dysfunction is the true biological driver of postoperative
vulnerability, then surgical risk models centered on BMI alone fail to capture the mech-
anism most directly linked to complications. Such a failure is not merely academic; it has
practical consequences for preoperative counseling, optimization strategies, and opera-
tive timing. The cumulative message of the literature is therefore increasingly clear:
metabolic dysfunction appears to be a more reliable and clinically meaningful determi-
nant of surgical outcome than body size alone.

4. Pathophysiological convergence between obesity and glycemic dysfunction

Obesity and metabolic dysfunction are deeply interconnected conditions that con-
verge through shared biological pathways. Adipose tissue is not an inert storage depot,
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but an active endocrine organ that releases pro-inflammatory mediators such as tumor
necrosis factor-alpha, interleukin-6, and adipokines capable of altering vascular, im-
mune, and metabolic homeostasis [1,2,9]. This chronic low-grade inflammatory envi-
ronment contributes to insulin resistance, endothelial dysfunction, altered nitric oxide
signaling, and impaired microcirculation. In the perioperative setting, these changes have
important implications: reduced tissue oxygenation compromises wound healing, while
immune dysregulation increases susceptibility to infection. When combined with chronic
hyperglycemia, the result is a compounded state of biological stress characterized by
poor healing potential and reduced capacity to respond to surgical injury [5,7-10,13,15].
These alterations are particularly relevant in the surgical setting, where even subtle im-
pairments in microcirculatory function may critically influence anastomotic integrity,
wound healing dynamics, and susceptibility to postoperative infection.

The significance of this convergence lies in its clinical expression. Patients with both
obesity and poor glycemic control frequently experience a disproportionate burden of
complications relative to those with only one of these factors. This suggests that their in-
teraction is not merely additive, but synergistic. In other words, the coexistence of excess
adiposity and metabolic dysfunction may create a distinct state of perioperative vulner-
ability that is qualitatively different from either condition in isolation. Such convergence
strongly supports the need for a conceptual shift. If the mechanisms that drive complica-
tions arise from the intersection of obesity, inflammation, insulin resistance, and glycemic
burden, then surgical risk assessment must evolve accordingly.

Because this convergence is fundamentally inflammatory as well as glycemic, com-
plementary biomarkers deserve consideration. C-reactive protein (CRP), for example,
may help identify patients in whom systemic inflammatory activation is disproportion-
ate to anthropometric appearance or HbAlc alone. However, CRP lacks the chronic
metabolic specificity of HbAlc and should therefore be viewed as an adjunctive rather
than substitutive marker within the proposed phenotype framework.

5. Toward a metabolic risk phenotype

Considering the limitations of BMI and the growing importance of metabolic dys-
function, we propose the concept of a metabolic risk phenotype as a more comprehensive
framework for perioperative stratification. This concept integrates anthropometric and
biochemical dimensions into a unified model of surgical vulnerability. The metabolic risk
phenotype acknowledges that obesity is biologically heterogeneous. Patients with similar
BMI values may display dramatically different inflammatory and metabolic profiles, and
therefore different operative risks. Within this framework, a patient with elevated BMI
and poorly controlled HbAlc would be considered a high-risk metabolic phenotype,
whereas another with similar BMI but preserved metabolic status may occupy a low-
er-risk category.

For practical clinical application, this framework may be further stratified into three
categories: low-risk phenotype (BMI <30 kg/m? and HbAlc <5.7%), intermediate-risk
phenotype (BMI 230 kg/m? and/or HbAlc between 5.7% and 6.9%), and high-risk phe-
notype (BMI 230 kg/m? combined with HbAlc >7%). This classification allows immediate
translation into perioperative decision-making while acknowledging that risk is distrib-
uted along a continuum. These thresholds are not proposed as rigid or universally ap-
plicable cut-offs, but as pragmatic clinical anchors. BMI 230 kg/m? corresponds to the
conventional definition of obesity, whereas HbAlc >7% identifies a level of chronic dys-
glycemia repeatedly associated with adverse postoperative outcomes and frequently
used as a target in diabetes management (5,8,10,13,15). Their value lies less in binary la-
beling than in structuring perioperative judgment around biologically meaningful bur-
den.

The intermediate-risk group deserves particular attention. Patients with
pre-diabetes or isolated obesity should not automatically undergo postponement of
elective surgery; instead, decisions should balance procedural urgency, expected disease
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progression, and the feasibility of short-term optimization. In elective cases, a focused
prehabilitation window of approximately 2 to 8 weeks may permit improvement in gly-
cemic control, nutritional status, and inflammatory tone, even if complete metabolic
normalization is unrealistic within that timeframe.

This stratification may directly inform surgical timing, guide preoperative metabolic
optimization strategies, and determine the intensity of postoperative monitoring, thereby
translating conceptual risk assessment into actionable clinical practice. This approach
does not reject BMI outright. Rather, it repositions BMI as one component within a
broader constellation of biologically relevant variables. In doing so, it aligns periopera-
tive assessment more closely with the actual mechanisms that influence healing, infec-
tion, and recovery.

Conceptually, the metabolic risk phenotype offers several advantages. It explains
the inconsistency of BMI-based findings across studies, accommodates the variability of
metabolic health within obesity, and creates a foundation for more precise and individ-
ualized risk assessment. Most importantly, it offers a bridge between epidemiological
observation and mechanistic plausibility. In an era increasingly shaped by precision
medicine, the adoption of a phenotype-based framework is not simply attractive, it is
necessary.

Operationally, a high-risk metabolic phenotype may be defined by the coexistence of
elevated BMI (230 kg/m?) and impaired glycemic control (HbAlc >7%), although these
thresholds may vary across populations and surgical contexts. This framework also helps
reconcile the so-called obesity paradox. Favorable outcomes occasionally observed in
overweight or mildly obese patients do not necessarily indicate that adiposity itself is
protective in all settings; rather, they may reflect preserved metabolic function, greater
nutritional reserve, and lower catabolic vulnerability when compared with metabolically
unhealthy patients of similar or even lower BMI. In this sense, the paradox underscores
the inadequacy of BMI-only classification rather than invalidating the metabolic pheno-
type model.

This conceptual framework also provides a necessary response to the growing in-
consistency observed in BMI-based outcome studies. By integrating metabolic variables,
it reconciles apparent contradictions in the literature, including the obesity paradox, by
demonstrating that risk is not determined by body size alone, but by the biological en-
vironment in which surgical stress occurs. In this sense, the metabolic risk phenotype
does not merely refine risk stratification, it redefines its underlying logic. In this sense,
BMI-centered models do not fail due to lack of association, but due to lack of biological
specificity.

6. Clinical implications

In this context, reliance on BMI as a primary determinant of surgical risk reflects not
only methodological limitations but also a conceptual misalignment with the biological
mechanisms that ultimately govern postoperative outcomes. The clinical implications of
this shift are substantial. First, integrating BMI with metabolic markers such as HbAlc
may improve the identification of patients at truly elevated risk of postoperative com-
plications. This has immediate relevance for preoperative counseling, surgical timing,
anesthetic planning, and postoperative surveillance. Second, the metabolic risk pheno-
type may support more targeted optimization strategies.

Patients identified as high-risk based on combined anthropometric and biochemical
burden could undergo structured preoperative interventions, including glycemic opti-
mization, endocrine evaluation, nutritional support, and intensified perioperative mon-
itoring. Third, this framework may reduce the inappropriate use of BMI alone as a de-
terminant of surgical delay or exclusion. Metabolically healthy patients with elevated
BMI may not require the same restrictions as those with overt glycemic and inflamma-
tory dysregulation. This distinction is particularly important in the setting of elective
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surgery, where balancing delay for optimization against disease progression remains a
common dilemma.

At the same time, the model supports a more nuanced approach to proce-
dure-specific decision-making. BMI may retain greater independent relevance in opera-
tions where exposure, ergonomics, or access are materially affected by body habitus,
such as abdominal wall reconstruction, bariatric surgery, minimally invasive colorectal
procedures, and certain spine operations, whereas metabolic dysfunction may dominate
risk prediction in procedures where infection, microvascular compromise, and tissue
healing are the principal concerns. The strength of the proposed framework lies precisely
in avoiding false competition between anthropometric and metabolic variables.

A practical perioperative model could therefore incorporate BMI and HbAlc as
complementary variables, rather than competing ones (Table 1). Such an approach would
not only improve risk communication but also promote more rational and individualized
care pathways [19]. More broadly, this perspective reinforces the value of multidiscipli-
nary perioperative medicine. Surgeons, anesthesiologists, endocrinologists, and nutrition
specialists are likely to play an increasingly important collaborative role as surgical risk
models evolve beyond simplistic anthropometric measures.

Table 1. Conceptual model of metabolic risk integration in surgical patients.

Factor Key Mechanisms Clinical Impact Clinical Application
. . . Enhanced perioperative
Chronic  inflammation; L .
. . . monitoring; tailored
. microvascular hy- Infection; thrombosis; .
Obesity fusi dothelial i ed 4 heali surgical approach; selec-
operfusion; endothelial impaired wound healin ) )
g pf ut. a pa & tive use of BMI-informed
sfunctio
ysHneton technical planning
Preoperative  glycemic
Glycation; oxidative . . optimization; endocrine
. Infection; poor healing; . .
stress; immune dysfunc- Lo evaluation; alternative
Elevated HbAlc ) ) ) . prolonged hospitaliza- )
tion; impaired angio- to glycemic assessment
ion
genesis when HbAlc is unrelia-
ble
. . . . Selective delay of elec-
High-risk perioperative
- . . tive surgery when ap-
Synergistic metabolic profile; increased mor- ] L
. : o propriate; multidiscipli-
Combined phenotype and inflammatory bur- bidity; greater need for o
e nary optimization; 2-8
den optimization and sur- o
Ulance week prehabilitation
vel
when feasible
Intermediate metabolic Early dysglycemia Moderate increase in Individualized decision
phenotype and/or isolated obesity; infectious and healing on timing; closer glucose
evolving inflammatory risk; heterogeneous monitoring; targeted
burden perioperative profile nutritional and metabol-

ic optimization

Despite the growing body of evidence supporting metabolic dysfunction as a central

determinant of surgical risk, it is important to acknowledge that BMI retains clinical rel-
evance in specific contexts. In procedures where technical complexity, operative expo-
sure, and mechanical factors significantly influence outcomes, body habitus may still
play a meaningful role. Furthermore, the implementation of metabolic markers into rou-
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tine perioperative workflows may face logistical, economic, and infrastructural limita-
tions, particularly in low-resource settings. These considerations underscore that the
proposed framework should complement, rather than replace, established clinical
judgment.

Implementation should also be adapted to local resources. Routine HbAlc testing
for every surgical candidate may not be necessary or feasible in all settings. A selective
strategy, prioritizing patients with obesity, known diabetes, suspected dysglycemia,
prior poor wound healing, or procedures with high infectious or reconstructive burden,
may provide a more favorable balance between logistical cost and clinical benefit, par-
ticularly in low-resource environments. Because postoperative complications are sub-
stantially more costly than a single screening test, even limited deployment may prove
economically rational.

7. Future directions

Future research should focus on validating integrated predictive models that com-
bine anthropometric measures, glycemic indices, and other biological markers of meta-
bolic health. These models should be tested prospectively across multiple surgical spe-
cialties to determine their ability to outperform BMI-based risk assessment alone. There
is also a strong rationale for exploring additional biomarkers, including measures of in-
sulin resistance, inflammatory mediators, visceral adiposity, and body composition
analysis. These parameters may further refine the identification of high-risk patients and
support the development of more sophisticated phenotype-based models.

Advanced analytical approaches, including machine learning, may prove particu-
larly valuable in this area. Because postoperative risk arises from complex interactions
among physiological systems, computational models may be well suited to identify pat-
terns that traditional linear analyses fail to capture. For these models to exceed traditional
linear approaches, they should integrate variables beyond BMI and HbAlc alone, in-
cluding CRP and other inflammatory markers, albumin or other indicators of nutritional
reserve, body composition or sarcopenia metrics, perioperative glucose variability, frailty
indices, and procedure-specific intraoperative parameters. Such integration would allow
future tools to capture the nonlinear interaction between adiposity, glycemic burden, in-
flammation, and operative stress more faithfully than current one-dimensional models.

Finally, interventional studies are needed to determine whether modifying meta-
bolic dysfunction before surgery can meaningfully alter outcomes within defined risk
phenotypes. If so, perioperative risk assessment would evolve from a predictive exercise
into a truly modifiable therapeutic opportunity.

8. Limitations

The predominance of observational data limits causal inference, and the lack of
randomized controlled trials restricts the strength of clinical recommendations derived
from current evidence. Additionally, the absence of large-scale prospective trials specif-
ically designed to evaluate integrated metabolic risk models limits the strength of causal
inference. External validation across diverse surgical populations will be essential to
confirm the generalizability of this framework.

This perspective is limited by the heterogeneity of the existing literature, including
variability in study design, patient populations, and definitions of postoperative out-
comes. Most available evidence is derived from observational studies, which may be
subject to residual confounding. Accordingly, the present framework should be under-
stood as a biologically informed clinical model rather than a definitive causal algorithm.
The available literature strongly supports its plausibility and practical relevance, but
prospective validation across distinct surgical specialties and health-system contexts
remains essential before universal implementation can be recommended.
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9. Conclusion

If postoperative outcomes are primarily shaped by metabolic state rather than body
size alone, then the continued prioritization of BMI in surgical risk models represents not
merely a limitation, but a conceptual inconsistency that must be addressed. The persis-
tent reliance on BMI as a primary determinant of surgical risk reflects a paradigm that no
longer corresponds to the biological reality of modern surgical patients. The accumulated
evidence indicates that metabolic dysfunction, rather than adiposity alone, plays a central
and often decisive role in shaping postoperative outcomes by influencing immune com-
petence, tissue perfusion, endothelial integrity, and healing capacity [1-15].

The concept of a metabolic risk phenotype offers a more precise, biologically co-
herent, and clinically meaningful framework for understanding perioperative vulnera-
bility. By integrating anthropometric and biochemical dimensions into a unified model, it
acknowledges the heterogeneity of obesity, explains much of the inconsistency seen in
BMlI-based outcome studies, and provides a structured way to identify patients whose
risk is driven by the convergence of adiposity, dysglycemia, and inflammation. This shift
has direct implications for preoperative optimization, operative timing, multidisciplinary
management, and postoperative surveillance. It also permits more rational distinctions
between patients who may benefit from short-term metabolic prehabilitation and those
in whom surgical delay based solely on body size is unlikely to improve outcomes.

Importantly, moving beyond BMI does not mean dismissing BMI. Rather, it means
repositioning it within a broader biological context in which body habitus, glycemic ex-
posure, inflammatory burden, and procedure-specific demands are interpreted together
rather than in isolation. In a surgical landscape increasingly defined by metabolic com-
plexity, the transition toward integrated metabolic profiling represents a necessary evo-
lution in perioperative medicine. Future validation studies will determine how far this
model can be operationalized, but the conceptual direction is already clear: risk stratifi-
cation must align more closely with the biology that drives complications. The time has
come to move from measuring body size alone to understanding biological vulnerability
in surgical risk assessment.
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