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Preoperative risk factors for adverse
outcomes following total knee
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meta-analysis

Sharifah Hussain Almasoud!®, Sultan Abdulrahman A. Alhassan®™ ©,
Abdulaziz Abbas Alwusaibie?®, Meshari Adel AlRehaili?®, Murtadha
Hussain Abdulwahab?®, Ali Hussein Abdullah Alamer?®, Abdullelah
Alhumaidi B. Alotaibi®®, Fares Fahad Alammari*®, Abdulaziz Abdulhamid
B. Alaskar!®, Mukhtar Ibrahim Alrashed®®, Khalid Mansour Nasser
Alammar?, Ali Saad Alshahrani®, Abdulaziz Fahad Alkheraiji’®, Yousef Tawfik
Khoja®*°

ABSTRACT

This systematic review and meta-analysis evaluated preoperative patient factors associated with adverse out-
comes after primary total knee arthroplasty (TKA). PubMed and Crossref were searched from 2010 to 2025
according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidance, and the proto-
col was registered in PROSPERO (CRD420261297849). Eligible studies included adults undergoing primary
TKA and reported diabetes mellitus, hypertension, obesity, morbid obesity, or sex in relation to readmission,
revision surgery, or deep infection. Random-effects generic inverse-variance meta-analyses were performed
using odds ratios (ORs) from adjusted models when available; unadjusted or calculated estimates were used
only when adjusted estimates were unavailable. Twelve cohort studies, including 1,586,680 patients, were
included. Diabetes mellitus was associated with higher odds of readmission (OR 1.17, 95% Cl 1.05-1.30) and
revision surgery (OR 1.17, 95% Cl 1.03-1.32). Morbid obesity (body mass index =40 kg/m?) was associated
with readmission, revision surgery, and deep infection. Male sex was associated with readmission and revision
surgery, while non-morbid obesity and hypertension were not consistently associated with adverse outcomes.
These findings support preoperative risk stratification and optimization for diabetes and morbid obesity
before elective TKA. Interpretation should remain cautious because the included studies were observational
and heterogeneity was substantial in several analyses.

Keywords: Total knee arthroplasty, diabetes mellitus, morbid obesity, readmission, revision surgery,
meta-analysis.
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Introduction
Total knee arthroplasty (TKA) is an established treatment Correspondence to: Sultan Abdulrahman A. Alhassan
for end-stage knee osteoarthritis and is expected to *College of Medicine, Majmaah University, Al Majma’ah,
remain one of the most frequently performed elective Saudi Arabia.
orthopedic procedures. Demand for TKA has increased Email: Sultan.Alhassan@hotmail.com
with population aging, longer life expectancy, and rising ZL?’Z Zittv'g; GO R0 5 S (6 02 i ol
expectations for mobility a.lnd function after surgery Received: 16 June 2026 | Revised (1): 30 June 2026 |
[1,2]. As procedural volume increases, adverse outcomes Accepted: 07 July 2026
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remain important clinical and health system concerns
[3.4].

Many candidates for total joint arthroplasty have
preoperative factors that may influence postoperative
outcomes. Diabetes mellitus, obesity, morbid obesity,
hypertension, and sex have been evaluated in previous
arthroplasty studies, but the magnitude and consistency of
their associations vary across populations and outcomes
[5-9]. Distinguishing modifiable factors, such as diabetes
and morbid obesity, from non-modifiable factors, such as
sex, is important for realistic preoperative counseling and
risk stratification.

Morbid obesity, commonly defined as body mass index
(BMI) >40 kg/m? has been associated with wound
complications, infection, readmission, and revision
after TKA [7-9]. Diabetes mellitus may also increase
postoperative risk through impaired immune function,
delayed wound healing, and metabolic effects related
to poor glycemic control [4,10]. Hypertension and non-
morbid obesity are common in surgical candidates,
but their independent effects are less consistent across
studies.

The objective of this systematic review and meta-analysis
was to summarize the available evidence on selected
preoperative risk factors and adverse outcomes after
primary TKA. The review focused on diabetes mellitus,
hypertension, obesity, morbid obesity, and sex in relation
to readmission, revision surgery, and deep infection.

Methods

Protocol registration

This review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 2020 statement [10]. The
protocol was registered in the International Prospective
Register of Systematic Reviews (PROSPERO;
CRD420261297849).

Eligibility criteria

Eligible studies included adult patients who underwent
primary TKA and evaluated at least one of the following
factors: diabetes mellitus, hypertension, obesity, morbid
obesity, or sex. Outcomes of interest were readmission,
revision surgery, and deep infection. Observational
cohort studies, case-control studies, and randomized
clinical trials were eligible if sufficient effect estimates or
extractable outcome data were available. Cross-sectional
studies, case reports, case series, editorials, conference
abstracts, reviews, studies of patients younger than 18
years, and studies without usable outcome data were
excluded. Non-English articles were excluded, and this
was considered a potential source of language bias.

Data sources and study selection

PubMed and Crossref were searched for studies
published from 2010 to 2025. The search combined
terms related to TKA, comorbidities or patient factors,
and postoperative outcomes. The full database search
strategy is provided in Supplementary Table 1. The

Table 1. Study characteristics of the included studies.
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Note: BMI, body mass index; SD, standard deviation; TKA, total knee arthroplasty. A dash indicates not reported or not applicable.
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search was not expanded to Embase, Scopus, Web of
Science, or the Cochrane Library during this revision
because the original screening and data extraction set had
already been finalized; this limitation is acknowledged
in the Discussion.

Screening was performed in two stages. Two reviewers
independently screened titles and abstracts using
Rayyan. Full texts were then assessed independently
by two reviewers using predefined eligibility criteria.
Disagreements were resolved by discussion with a third
reviewer. The study selection process is summarized in
Figure 1.

Data extraction and quality assessment

Data were extracted using a standardized spreadsheet.
Extracted variables included study identifier, study
design, sample size, age, BMI, sex distribution,
prevalence of diabetes mellitus, hypertension, obesity,
and morbid obesity, outcome definitions, and effect
estimates. Adjusted effect estimates were prioritized.
When adjusted estimates were unavailable, unadjusted
estimates or calculated odds ratios (ORs) were used if
sufficient data were provided. The source and handling
of effect estimates are summarized in Supplementary
Table 4.

Identification of studies via databases and registers
s Records removed before
= . . . screening:
Records identified from™: ;
é Pubmed (n 600) > Eg}pllcate records removed (n
E Crossref (n 199) Records removed for other
= reasons (n 122)
Records screened »| Records excluded™
(n 641) (n 434)
Reports sought for retrieval »| Reports not retrieved
> (n 207) (n 18)
c
@
§ \d
Reports assessed for eligibility
(n 189) Reports excluded:
Wrong population (n 53)
Wrong intervention (n 61)
Wrong comparator (n 63)
e
hJ
o Studies included in review
@
B (n12)
E Reports of included studies
= (n12)

Figure 1. PRISMA flow diagram of study selection.
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Table 2. Quality assessment of included studies using the NOS.

Study ID Selection (0-4) Comparability (0-2) Outcome (0-3) Overall (0-9) Quality
George et al. [13] 4 2 3 9 High
Bottle et al. [14] 4 2 8 9 High
Watts et al. [15] 3 2 3 8 High
Watts et al. [19] 3 2 3 8 High
Kheir et al. [17] 3 2 3 8 High
Alvi et al. [20] 4 2 3 9 High
Ali et al. [18] 4 2 3 9 High
Nowak and Schemitsch [16] 4 2 8 9 High
Adams et al. [12] 3 2 3 8 High
Maradit Kremers et al. [22] 4 2 8 9 High
Ortved et al. [21] 4 2 3 9 High
Abdulla et al. [11] &) 2 3 8 High

Note: NOS, Newcastle-Ottawa Scale. Scores of 7-9 were considered high quality, 4-6 moderate quality, and <3 low quality.

Methodological quality was assessed using the
Newcastle-Ottawa Scale (NOS) for cohort studies. The
NOS evaluates selection, comparability, and outcome
assessment, with a maximum score of 9 stars. Scores of
7-9 were considered high quality, 4-6 moderate quality,
and <3 low quality. Quality assessment was performed
independently by two reviewers, with disagreements
resolved by consensus.

Statistical analysis

ORs were used as the primary measure of association
because they were the most consistently reported
effect measure across included studies. Risk ratios and
hazard ratios were not pooled with ORs. Log ORs and
corresponding standard errors were derived from reported
ORs and 95% confidence intervals when necessary.

Random-effects generic inverse-variance meta-analyses
were performed to estimate pooled associations between
each risk factor and outcome. Meta-analysis was
conducted using R (version 4.5.2; R Foundation for
Statistical Computing, Vienna, Austria) with the meta
package. No proportion meta-analyses were performed;
therefore, no proportion transformation method was
used. Studies with zero events or incomplete data were
included only if an estimable OR and standard error, or
sufficient information to derive them, were available. No
continuity correction was applied in the generic inverse-
variance analyses.

Heterogeneity was assessed using the /> statistic,
with values greater than 50% considered substantial.
Publication bias was not assessed using funnel plots
or Egger-type tests because each pooled comparison
included fewer than 10 studies, making these methods
unreliable. Subgroup analysis and meta-regression
were not performed because the number of studies
per comparison was small, and reporting of region,
adjustment set, and outcome definition was inconsistent.
Sensitivity analysis excluding studies that contributed
only unadjusted or -calculated estimates was not
performed because several outcomes would have had too
few studies for stable pooling. A two-sided p value <0.05
was considered statistically significant.

Results

Study selection

The database search identified 799 records: 600 from
PubMed and 199 from Crossref. Before screening, 36
duplicate records and 122 records published before 2010
were removed. A total of 641 records underwent title
and abstract screening, of which 434 were excluded. Of
207 reports sought for retrieval, 18 were not retrieved.
The remaining 189 full-text reports were assessed for
eligibility. Full-text exclusions were mainly due to wrong
population (n = 53), wrong intervention or exposure (n =
61), and wrong comparator (n = 63). Twelve studies were
included in the final synthesis (Figure 1) [11-22].

Study characteristics and methodological quality

The 12 included studies comprised 1,586,680 patients
who underwent TKA [11-22]. Ten studies were
retrospective cohort studies, and two were prospective
cohort studies. Mean age ranged from 63.0 +/- 10.9 to
69.1 +/- 1.0 years among studies that reported age. Mean
BMlI ranged from 27.7 +/- 0.6 to 37.5 +/- 9.4 kg/m?. Male
patients accounted for 45.1% of participants across the
included studies. Study characteristics are summarized
in Table 1.

All included studies were rated as high quality using the
NOS (Table 2). Because most studies were retrospective
database or registry studies, NOS scores should be
interpreted as indicators of reporting and design quality
rather than proof of absence of residual confounding.

Readmission

Diabetes mellitus was associated with higher odds
of readmission (OR 1.17, 95% CI 1.05-1.30; p =
0.004), with substantial heterogeneity (I = 71.4%).
Morbid obesity was also associated with readmission
(OR 1.24, 95% CI 1.06-1.45; p = 0.008), with low
heterogeneity (/2 = 28.4%). Male sex was associated
with increased readmission odds (OR 1.24, 95% CI
1.06-1.45; p = 0.007), but heterogeneity was high
(? = 91.1%). Non-morbid obesity (OR 1.02, 95%
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Figure 2. Forest plot for readmission risk factors.

CI 0.92-1.13; p = 0.744) and hypertension (OR 1.09,
95% CI 0.96-1.23; p = 0.203) were not significantly
associated with readmission (Figure 2). Because
heterogeneity was substantial for diabetes, male sex,
and hypertension, these pooled estimates should be
interpreted cautiously.

Revision surgery and deep infection

Diabetes mellitus was associated with higher odds of
revision surgery (OR 1.17,95% CI 1.03-1.32; p = 0.012),
with no observed heterogeneity (/2 = 0%). Morbid obesity
showed a stronger association with revision surgery (OR
3.97, 95% CI 1.88-8.37; p < 0.001; 2 = 0%). Male sex
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was also associated with revision surgery (OR 1.24, 95% morbid obesity was not significantly associated with

CI 1.19-1.30; p < 0.001; 2 = 0%) (Figure 3).

For deep infection, morbid obesity was associated with

deep infection (OR 1.86, 95% CI 0.47-7.32; p = 0.373),
with substantial heterogeneity (2 = 88.1%) (Figure

higher odds (OR 3.39, 95% CI 1.06-10.84; p = 0.039), 4). The high heterogeneity suggests that differences

but heterogeneity was substantial (7 = 81.0%). Non-

in outcome definitions, patient selection, adjustment
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subgroup logOR SE(logOR) random (35% Cl) random (95% CI)
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Figure 3. Forest plot for revision risk factors.
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Figure 4. Forest plot for deep infection risk factors.
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strategy, and database source may have influenced these
pooled estimates.

Discussion

This meta-analysis found that diabetes mellitus
and morbid obesity were associated with adverse
outcomes after primary TKA. Diabetes showed modest
associations with readmission and revision surgery.
Morbid obesity showed associations with readmission,
revision surgery, and deep infection, with the largest
pooled effect observed for revision surgery. Male sex
was associated with readmission and revision surgery,
but it is not a modifiable factor and should be used for
risk stratification rather than optimization. Hypertension
and non-morbid obesity were not consistently associated
with the included outcomes.

The findings are consistent with previous reports
linking diabetes to wound complications, infection
risk, longer hospital stay, and revision-related outcomes
after arthroplasty [12,23-26]. The likely biological
pathway is not diabetes status alone but the metabolic
and immune effects that may accompany poor glycemic
control, including impaired leukocyte function, delayed
collagen synthesis, and slower wound healing [27,28].
Therefore, diabetes should be interpreted as a marker
for perioperative risk that may be partly modifiable
through glycemic optimization and multidisciplinary
management.

Morbid obesity was the most consistent modifiable factor
in this review. Prior large database studies and meta-
analytic evidence have reported higher readmission,
infection, and revision risk among patients with severe
obesity [7,8,13,15,19,29]. These associations are
clinically plausible. Increased adipose tissue may impair
wound healing through reduced tissue perfusion and
higher wound tension, while systemic inflammation and
related comorbidities may further increase perioperative
risk [30-32]. However, BMI alone should not be used as
the only determinant of surgical eligibility. Optimization
should remain individualized and should consider
function, symptoms, comorbidities, patient preference,
and the feasibility of risk reduction.

Male sex was associated with readmission and revision
in the pooled analyses. Registry data have also reported
sex-based differences in revision for infection after
arthroplasty [33]. Proposed explanations include
differences in immune response, skin colonization,
comorbidity profiles, and health-seeking behavior
[34-41]. These explanations remain hypotheses in the
context of this review. Sex is not modifiable, but it may
help identify patients who require closer postoperative
monitoring.

The null findings for hypertension and non-morbid
obesity require caution. Hypertension is common in
arthroplasty populations and may be well controlled in
many surgical candidates. Its effect may therefore depend
on severity, end-organ disease, medication control, and
coexisting cardiometabolic risk. Similarly, non-morbid
obesity may represent a broad group with variable
metabolic health and mechanical risk. The stronger

findings for morbid obesity support the importance of
separating BMI categories rather than treating obesity as
a single exposure.

Strengths and limitations

This review has several strengths. It included more
than 1.5 million TKA patients and evaluated clinically
relevant outcomes. The analysis separated morbid
obesity from non-morbid obesity, which improved
clinical interpretability. Study quality was assessed using
the NOS, and the manuscript provides supplementary
details on search strategy, extracted variables, PRISMA
materials, and effect estimate handling.

Several limitations should be acknowledged. First,
the search was limited to PubMed and Crossref, and
potentially relevant studies indexed only in Embase,
Scopus, Web of Science, or the Cochrane Library may
have been missed. Second, only English-language studies
were included, which may introduce language bias.
Third, most included studies were retrospective database
or registry studies, which may be affected by coding
errors, missing clinical details, and residual confounding.
Although all studies were rated as high quality using the
NOS, this tool may overestimate quality for retrospective
database studies because it does not fully capture coding
accuracy, unmeasured confounding, or variability in
administrative definitions.

Fourth, substantial heterogeneity was present in several
analyses, including readmission for diabetes and male
sex and deep infection for obesity-related exposures. The
small number of studies within each pooled comparison
and inconsistent reporting of adjustment sets, geographic
region, outcome definitions, and follow-up windows
prevented reliable subgroup analysis or meta-regression.
Fifth, adjusted estimates were prioritized, but some
pooled analyses included unadjusted or calculated
estimates when adjusted estimates were unavailable.
This may introduce confounding bias. Sensitivity
analysis excluding these estimates was not performed
because several comparisons would have had too few
studies for stable pooling. Finally, publication bias could
not be reliably assessed because fewer than 10 studies
contributed to each pooled comparison.

Clinical implications and future research

The results support structured preoperative assessment
for patients undergoing elective TKA, particularly for
diabetes mellitus and morbid obesity. Optimization
should be individualized and should include shared
decision-making rather than automatic cancellation based
on one variable. For patients with diabetes, perioperative
planning should focus on glycemic control and wound
risk. For patients with morbid obesity, risk counselling
should address infection, readmission, revision, and
realistic weight-management options.

Future studies should wuse prospective designs,
standardized outcome definitions, and clearly reported
optimization thresholds. More evidence is needed
to determine whether specific interventions, such as
weight-management pathways or glycemic optimization
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programs, reduce readmission, revision, or deep infection
after TKA. Future reviews would be strengthened by
broader database searches and by enough studies to
support formal subgroup analysis, meta-regression, and
publication bias assessment.

Conclusion

Diabetes mellitus and morbid obesity were associated
with higher odds of adverse outcomes after primary TKA.
Morbid obesity showed the clearest association across
readmission, revision surgery, and deep infection. Male
sex was also associated with readmission and revision
surgery, but it should be used for risk stratification rather
than as an optimization target. Because the evidence
was observational and heterogeneity was substantial
in several analyses, the findings should be interpreted
as associations and applied through individualized
preoperative counselling and risk reduction.
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