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Context and relevance

Obesity and high body mass index (BMI) are 
recognized risk factors for periprosthetic joint 
infection (PJI), and BMI has therefore often 
been used as a strict eligibility criterion for 

arthroplasty. However, BMI alone may not 
accurately capture infection risk, as obesity is 
common among arthroplasty candidates. In this 
large single-center cohort of nearly 55,000 pri-
mary hip and knee arthroplasties, we found that 
the risk of PJI was J-shaped in relation to BMI 
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Abstract
Background and Aims: A high body mass index (BMI) has traditionally been a strict criterion for 
surgical eligibility for arthroplasty based on the increased risk for periprosthetic joint infection (PJI). 
Individuals with obesity are two to four times more likely to undergo joint arthroplasty. There are 
limited data on how well BMI predicts PJI risk and whether strict BMI-based surgical criteria are 
justified.
Methods: This retrospective single-center cohort study included all primary total hip arthroplasties 
(THAs) and total knee arthroplasties (TKAs) performed at our institution between 1 January 2008 
and 28 November 2023. Survival was analyzed using the Kaplan–Meier method, with PJI as the 
primary outcome. The association between BMI and PJI was assessed using logistic regression and 
Cox proportional hazards regression.
Results: A total of 54,879 arthroplasties (23,544 hip and 31,335 knee arthroplasties) were 
included. The median age was 68 years (interquartile range (IQR): 60–75), and 60.0% of patients 
were female. The risk for PJI was highest in patients with a BMI >45. After THA, the lowest risk 
for PJI was seen with a BMI <25 (1.0%) and between 25 and 30 (1.1%) after TKA. After THA, a 
J-shaped association between BMI and PJI was observed in logistic regression analysis, as the risk 
for PJI increased in patients with both low and high BMIs. A J-shaped association between BMI and 
PJI was also observed in Cox regression analysis after both TKA and THA. Men had a higher risk 
for PJI after THA than women, whereas no sex variation was observed after TKA.
Conclusion: The risk for PJI does not increase linearly with BMI and the risk differs between 
women and men. When BMI exceeds 45, risk levels become notably high. Otherwise, the absolute 
risk differences between different BMI categories are relatively low. Emphasis should be placed on 
individualized risk assessment and shared decision-making rather than focusing solely on BMI.
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and that differences between BMI categories were smaller 
than previously assumed, except for markedly elevated risk at 
BMI above 45. These findings highlight the limitations of 
BMI-based thresholds and emphasize the need for individual-
ized risk assessment and shared decision-making.

Introduction

Periprosthetic joint infection (PJI) is one of the most serious 
complications after total hip arthroplasty (THA) and total 
knee arthroplasty (TKA).1 Obesity, commonly indicated by a 
high body mass index (BMI), has been identified as an impor-
tant predictor of PJI following primary THA and TKA.2–4

The effect of BMI on the risk for PJI in individuals with 
obesity appears to be associated with a higher number of 
comorbidities, more challenging surgeries, and suboptimal 
tissue oxygenation.5 In addition, lower serum and tissue con-
centrations of prophylactic antimicrobial agents,6,7 as well as 
the potential release of immune-weakening mediators pro-
duced by adipose tissue,8 may play a role in the increased risk 
for PJI.

BMI has traditionally been a strict criterion for surgical 
indication.9,10 However, the evidence supporting such strict 
criteria is not definitive, as opposing views have also been 
presented.11,12 This lack of definitive evidence highlights the 
need for validation in larger cohorts. Moreover, as the preva-
lence of obesity continues to rise, it is essential that further 
study is conducted on the predictive effect of BMI in relation 
to other associated factors.13,14

We aimed to answer the following research questions: (1) 
What is the incidence of PJI at 90 days and 2 years after THA 
and TKA across different BMI groups in a large, unselected 
cohort of patients, and (2) how well does baseline BMI pre-
dict infection risk in relation to other preoperative variables?

Materials and methods

Data sources

This retrospective cohort study included all primary THAs 
and TKAs performed at a high-volume academic referral 
center specializing in joint arthroplasty between 1 January 
2008 and 28 November 2023. Our institution is a high-volume 
academic referral center specializing in joint arthroplasty sur-
gery, performing over 3900 primary TKAs and more than 
2600 primary THAs annually. For patients who underwent 
surgery on multiple joints, each joint was analyzed as a sepa-
rate procedure. Patient selection, exclusions, and follow-up 
are illustrated in the study flow chart (Figure 1).

Patient data were retrieved from our prospectively col-
lected hospital database where the detailed medical histories 
and treatment data of patients (e.g. details of surgery, prosthe-
sis, laboratory results, medication, comorbidities) are docu-
mented. The following clinical data were collected from the 

database: indication for surgery, age, sex, BMI, American 
Society of Anesthesiologists (ASA) risk class, presence of 
kidney disease, presence of liver disease, and diabetic status. 
Height and weight used to calculate BMI are recorded as part 
of a standardized preoperative assessment.

Information on kidney and liver disease was based on cli-
nician-assigned diagnoses recorded in the electronic patient 
record as part of routine clinical care. Kidney disease was 
defined as moderate to severe renal disease, where moderate 
disease was defined as serum creatinine greater than 3 mg/dL 
(0.27 mmol/L), and severe disease included patients on dialy-
sis, those with a history of kidney transplantation, or uremia. 
Liver disease was categorized as mild, moderate, or severe. 
Mild liver disease referred to chronic hepatitis or cirrhosis 
without portal hypertension; moderate disease to cirrhosis 
with portal hypertension without a history of variceal bleed-
ing; and severe disease to cirrhosis with portal hypertension 
and a history of variceal bleeding.

Follow-up period and outcomes

The outcome in our analyses was revision surgery due to PJI. 
PJI was defined as a clinically established diagnosis leading to 
surgical treatment for infection, based on up-to-date diagnos-
tic criteria. All surgical procedures performed for PJI were 
included, including debridement, antibiotics, and implant 
retention (DAIR) as well as revision arthroplasty. Analyses 
were performed at three follow-up time points: 3 months, 
1 year, and 2 years after primary surgery. The follow-up period 
began immediately after surgery and ended when one of the 
following occurred: the follow-up period expired, the patient 
underwent revision due to PJI, the patient underwent an asep-
tic revision, the patient was lost to our hospital’s regular fol-
low-up program (e.g. due to death or relocation), or if none of 
the above had occurred by the time of data collection, the 
follow-up period ended on the data collection date.

Data analyses

Means with standard deviations (SD) were presented for nor-
mally distributed variables and medians with interquartile 
range (IQR) for variables with non-Gaussian populations.

Kaplan–Meier analysis was used to assess PJI risks associ-
ated with different BMI categories. Logistic and Cox regres-
sion were used to examine how BMI predicts the risk for PJI 
in relation to other baseline variables.15 In regression models, 
BMI was modeled as a continuous variable to preserve the 
underlying variability of the data and to avoid information 
loss associated with categorization.15 In the Cox models, the 
proportional hazards assumption was evaluated using 
Schoenfeld residuals, with no violations detected in any 
model. Variables previously associated with risk for PJI in the 
literature were selected for modeling, specifically indication 
for surgery, age, sex, ASA class, presence of kidney disease, 
presence of liver disease, and diabetic status.16–20
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BMI values were missing for 2733 patients (1382 THA 
and 1351 TKA patients) and were handled using multiple 
imputation, assuming the values were missing at random. 
The imputations were performed in R separately for the THA 
and TKA datasets using the aregImpute function. The number 
of imputations was set to 10. The means of the imputed val-
ues were then calculated and added to the original datasets. 
Comparisons between the imputed dataset and the original 
dataset, from which missing values had been removed, 
showed no statistically significant differences when exam-
ined with the t-test.

The analysis of the marginal residual plot indicated a vio-
lation of the linearity assumption, prompting the use of a 
restricted cubic spline (RCS) transformation with four knots 
in both the logistic and Cox regression analyses. Due to 
hypothesized sex-based differences in adipose tissue distribu-
tion, the impact of BMI on PJI risk by sex was analyzed using 
a Cox multivariable model with an RCS-transformed BMI 

and an interaction term for sex.21 To evaluate the discrimina-
tive ability and explained variance of the multivariable mod-
els, the concordance index (C-index) and Nagelkerke’s R² 
were calculated for the Cox multivariable models with and 
without BMI. A C-index of 0.5 indicates random prediction, 
whereas a value of 1.0 indicates perfect prediction. Several 
sensitivity analyses were performed to assess the consistency 
of the findings. These included analyses excluding patients 
with major comorbidities (rheumatoid arthritis, vascular dis-
ease, or diabetes), stratification by year of surgery to account 
for changes in PJI diagnostic criteria (before 2013, 2013-
2017, and ⩾2018), and analyses excluding patients who 
underwent arthroplasty due to fracture. Results from multi-
variable analyses were presented with adjusted odds ratios 
(aOR) and adjusted hazard ratios (aHRs) with 95% confi-
dence intervals (CIs). All analyses were performed using R 
(version 4.1.1; R Foundation for Statistical Computing, 
Vienna, Austria).

Figure 1.  Flow chart illustrating patient selection, exclusions, and follow-up. Patients were followed from the date of primary surgery 
until revision for prosthetic joint infection, aseptic revision, death, or end of follow-up. Analyses were performed at 90 days, 1 year, and 
2 years.
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Ethical considerations

In accordance with Finnish legislation, no formal ethics com-
mittee review was required because of the retrospective reg-
ister-based study design and because the patients were not 
contacted.

Results

During the study period, a total of 54,879 primary joint 
arthroplasties were performed, comprising 23,544 hip and 
31,335 knee arthroplasties. The median age of the overall 

cohort was 68 years (IQR: 60–75) and was identical in 
patients undergoing THA and TKA. Of the total cohort, 
60.0% were female (57.0% in THA and 62.3% in TKA). 
Patient demographics are presented in Table 1.

The incidence of PJI within 90 days postoperatively was 
1.1% (CI: 0.9%–1.2%) following THA and 0.8% (CI: 0.7%–
0.9%) following TKA. The highest incidence of PJI within 
the 90-day follow-up period was observed in patients with a 
BMI >45: 6.4% (CI: 2.8%–9.9%) after THA and 3.4% (CI: 
1.8%–5.1%) after TKA. The lowest incidence of PJI after 
THA was in patients with a BMI <25 (1.0%, CI: 0.7%–
1.2%), whereas after TKA, the lowest incidence was seen in 

Table 1.  Patient demographics, diabetic status, and preoperative data.

Demographic data Hip arthroplasties (N = 23,544) Knee arthroplasties (N = 31,335)

PJI, N (%) 312 (1.33) 394 (1.26)

Age, median (years) 68 (60–75) 68 (60–74)

Sex (%)

  Women 13,429 (57.0) 19,522 (62.3)

  Men 10,115 (43.0) 11,813 (37.7)

ASA risk score, mean (SD) 3.22 (0.8) 3.26 (0.82)

ASA risk score, N (%)

  I 3186 (14.0) 2652 (8.9)

  II 10,193 (45.9) 13,845 (46.3)

  III 8683 (38.2) 12,989 (43.4)

  IV 665 (2.9) 405 (1.4)

BMI mean (range) 28.4 (10–59) 30.5 (11–60)

Body mass index in kg/m2, no (%)

  <25 5039 (21.4) 3491 (11.1)

  25–29.9 10,330 (43.9) 11,570 (36.9)

  30–34.9 5487 (23.3) 9761 (31.1)

  35–39.9 1833 (7.8) 4435 (14.2)

  40–44.9 664 (2.8) 1601 (5.1)

  ⩾45 191 (0.81) 477 (1.5)

Presence of liver disease

  No 22,656 (96.2) 30,287 (96.7)

  Mild liver disease 792 (3.4) 979 (3.1)

  Moderate to severe 96 (0.4) 69 (0.2)

Presence of kidney disease

  No 20,162 (85.6) 26,941 (86.0)

  Chronic kidney disease 3382 (14.4) 4394 (14.0)

Primary indicationa

  Osteoarthritis 20,028 (85.1) 29,817 (95.2)

  Fracture 1525(6.5) 168 (0.5)

  Rheumatoid arthritis 511 (2.2) 922 (2.9)

PJI: prosthetic joint infection; ASA: American Society of Anesthesiologists; BMI: body mass index; CI: confidence interval.
aNAs: 1480 (THA), 428 (TKA).
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Table 2.  Risk for PJI using Kaplan–Meier survival estimates.

90-day follow-up

BMI THA risk % (95% CI) TKA risk % (95% CI)

<25 1.0 (0.7–1.2) 1.5 (1.1–1.9)

25–30 1.0 (0.8–1.2) 1.1 (0.9–1.2)

30–35 1.7 (1.4–2.1) 1.2 (1.0–1.4)

35–40 1.8 (1.2–2.4) 1.4 (1.0–1.7)

40–45 3.6 (2.1–5.0) 2.0 (1.3–2.7)

>45 6.4 (2.8–9.9) 3.4 (1.8–5.1)

1-year follow-up

BMI THA risk % (95% CI) TKA risk % (95% CI)

<25 1.0 (0.7–1.2) 1.6 (1.1–2.0)

25–30 1.1 (0.9–1.3) 1.1 (0.9–1.3)

30–35 1.8 (1.4–2.1) 1.2 (1.0–1.5)

35–40 1.8 (1.2–2.4) 1.4 (1.1–1.8)

40–45 3.6 (2.1–5.0) 2.1 (1.4–2.9)

>45 6.6 (2.9–10.1) 3.5 (1.8–5.2)

2-year follow-up

BMI THA risk % (95% CI) TKA risk % (95% CI)

<25 1.0 (0.7–1.3) 1.6 (1.2–2.1)

25–30 1.1 (0.9–1.3) 1.1 (0.9–1.3)

30–35 1.8 (1.4–2.1) 1.3 (1.0–1.5)

35–40 1.8 (1.2–2.4) 1.5 (1.1–1.9)

40–45 3.6 (2.2–5.1) 2.2 (1.4–2.9)

>45 6.7 (2.9–10.4) 3.5 (1.8–5.2)

patients with a BMI of between 25 and 30 (1.01%, CI: 0.9%–
1.2%). Detailed results are presented in Table 2.

The incidence of PJI within 1 year postoperatively was 
1.2% (CI: 1.1%–1.3%) following THA and 1.0% (0.9%–
1.1%) following TKA. The highest incidence of PJI within 
1-year follow-up was observed in patients with a BMI >45: 
6.6% (CI: 2.9%–10.1%) after THA and 3.5% (CI: 1.8%–
5.2%) after TKA. The lowest incidence of PJI after THA was 
in patients with a BMI <25 (1.0%, CI: 0.7%–1.2%), while 
after TKA, the lowest incidence was in patients with a BMI 
of between 25 and 30 (1.1%, CI: 0.9%–1.3%).

The incidence of PJI within 2 years postoperatively was 
1.2% (CI: 1.1%–1.4%) following THA and 1.1% (CI: 1.0%–
1.2%) following TKA. The highest incidence of PJI within 
2-year follow-up was observed in patients with a BMI of 
>45, with incidences of 6.7% (CI: 2.9%–10.4%) after THA 
and 3.5% (CI: 1.8%–5.2%) after TKA. The lowest incidence 
of PJI was observed in patients with a BMI of <25 for THA 
(1.0%, CI: 0.7%–1.3%) and a BMI between 25 and 30 for 
TKA (1.1%, CI: 0.9%–1.3%). The incidence of PJI for all 

BMI categories is presented in Table 2, and Kaplan–Meier 
survival curves are shown in Figure 2.

Logistic regression analysis revealed that higher BMI was 
associated with an increased risk for PJI after both THA and 
TKA. After THA, the risk increased steadily with BMI, 
whereas after TKA, the association followed a J-shaped pat-
tern, with both low and high BMI associated with a higher 
risk for PJI (Figure 3). In the Cox model, the association 
between BMI and PJI followed a J-shaped pattern after THA 
and TKA, with higher BMI associated with an increased risk, 
with both low and high BMI associated with increased risk 
(Figure 3). The detailed results from regression analyses are 
presented in the Supplementary file.

Men had a higher risk for infection both after THA (90-
day, 1-year, and 2-year aHR 1.3, CI: 1.0–1.6) and after TKA 
(90-day, 1-year, and 2-year aHR 2.0, CI: 1.6–2.5). 
Furthermore, a remarkable sex-specific difference in the 
association between BMI and the risk for PJI was observed 
among THA patients. For example, among women, the rela-
tionship exhibited a J-shaped curve, whereas in men, the 
J-shaped curve plateaued at higher BMI levels. Interestingly, 
no remarkable sex-related variation in infection risk was 
observed in TKA patients (Figure 3).

Figure 2.  Kaplan–Meier curves.
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The C-index of the multivariable analysis with BMI was 
0.68 for THA and 0.66 for TKA, whereas the C-index without 
BMI was 0.64 and 0.65, respectively. The R² values with 
BMI were 0.024 for THA and 0.020 for TKA, and 0.016 for 
THA and 0.015 for TKA without BMI, indicating a small 
improvement in model performance when BMI was included.

In the supplementary analyses limited to patients without 
major comorbidities, analyses excluding fracture-related 
arthroplasties, and analyses stratified by year of surgery 
according to diagnostic criteria, the association between BMI 
and PJI was consistent from the analyses for the whole cohort. 
Detailed results from these subgroup analyses are provided in 
the Supplementary file.

Discussion

Our findings highlight that BMI is not linearly associated 
with risk for PJI after THA and TKA. Instead, the relation-
ship is more complex. The influence of BMI on infection risk 
varies considerably between men and women. In those 
patients with a BMI of >45, however, PJI risk levels become 
notably high.

We acknowledge a few limitations in this study. Ideally, 
the impact of risk factors on the rate of PJI should have been 
studied in a prospective setting. However, due to the low inci-
dence of PJI, gathering sufficient data within a reasonable 
timeframe would have been challenging. Consequently, we 
opted for a retrospective approach, using our institution’s 

prospectively filled database, which allowed us to achieve a 
large sample size. As this was a single-center study conducted 
at a high-volume arthroplasty center, the generalizability of 
the findings to lower-volume hospitals may be limited; how-
ever, high procedural volume and standardized practices may 
have reduced random variation. A further limitation was that 
data on patients’ smoking status were not available. This may 
introduce bias, as both malnutrition and smoking are known 
to increase the risk of PJI.19,22 Nevertheless, given the large, 
prospectively collected dataset representing a broad popula-
tion, the potential impact of smoking on the results was likely 
to be minimal. In addition, the number of underweight 
patients (BMI < 20 kg/m²) was small, limiting statistical 
power and precluding separate analyses for this subgroup.

Obesity has increased globally, with the number of over-
weight individuals expected to rise further.13,14 Individuals 
with obesity are 2–4 times more likely to undergo joint 
arthroplasty and may need surgery at a younger age.23–25 This 
could potentially lead to a notable rise in the incidence of 
these infections, which has already been reported from the 
Nordic countries.26

Previous studies have reported that the risk for PJI 
increases with higher BMI.3,27 Specifically, each two-unit 
increase in BMI raises the risk by 10%.27 It has also been sug-
gested that individuals with obesity (BMI 35–40 kg/m²) have 
twice the risk for PJI compared to those with normal weight, 
while a BMI >40 increases the risk by 3 to 4 times.3,27 
Conflicting results have also been reported.12,28–31 The find-
ings of our study clearly showed that a higher BMI was 

Figure 3.  Association of BMI and PJI after primary total hip and knee arthroplasties. The figure summarizes multivariable logistic and 
Cox regression analyses evaluating the association between BMI and the risk of PJI. The left panels show predicted log odds of PJI 
derived from logistic regression models, the middle panels show estimated log relative hazards from Cox regression models, and the 
right panels show Cox regression analyses stratified by sex. In all panels, BMI is modeled as a continuous variable. More positive values 
on the y-axis indicate a higher risk of PJI.
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associated with an increased risk for PJI after both THA and 
TKA. At BMI values above 40, the cumulative incidence of 
PJI increased, and the regression analyses demonstrated a 
more pronounced association between BMI and PJI risk. The 
impact of BMI on infection risk follows a J-shaped pattern, 
with infection risk rising in line with increases in BMI. 
Therefore, in contrast to previous studies, our study demon-
strates a nonlinear association between BMI and PJI, thereby 
questioning the assumption that each unit increase in BMI 
corresponds to a consistent percentage rise in infection 
risk.3,27 In addition to obese patients, underweight patients 
have also been reported to have an increased risk for PJI fol-
lowing TKA surgery,22 although contradictory results have 
also been reported in both TKA and THA patients.27 Given 
the limited number of underweight patients, this patient group 
could not be separately analyzed in our study.

The literature has consistently demonstrated that obesity is 
more harmful to men than to women.32 For example, abdomi-
nal obesity, which is more common in men, is more danger-
ous than fat distribution in the thigh and hip regions.33 Given 
that trunk fat has been associated with an increased risk for 
cardiovascular disease, metabolic disorders, cancer, and mor-
tality, it is reasonable to assume that similar physiological 
mechanisms may also contribute to a heightened risk for 
PJI.32,34 Chaudhry et al.35 found that morbidly obese women 
had a higher risk for PJI than morbidly obese men 30 days 
after primary THA. In our multivariable analysis, men had a 
higher overall risk for PJI both after TKA and THA. After 
THA, however, the risk for PJI in women increased hand in 
hand with increasing BMI, whereas in men, the risk plateaued 
at around a BMI of 35. As a result, a BMI of approximately 
38 or greater in women resulted in higher risk for PJI, sup-
porting the findings of Chaudhry et al.35 An explanation for 
this finding may be that women tend to accumulate more adi-
pose tissue subcutaneously, with greater accumulation in the 
hip area, regardless of BMI.21,36 This could lead to subopti-
mal tissue oxygenation in the incision area, and lower serum 
and tissue concentrations of prophylactic antimicrobial 
agents. Adipose tissue has also been associated with impaired 
immune function and the secretion of pro-inflammatory 
cytokines, which may increase susceptibility to infection.8

Various BMI cutoff points have been proposed. When the 
BMI cutoff is lowered, a growing number of patients are 
denied access to surgery where they would have experienced 
a complication-free outcome. The American Academy of 
Orthopaedic Surgeons (AAOS) clinical practice guidelines 
define obesity as meeting moderate-strength criteria for 
increased PJI risk and recommend considering delaying sur-
gery when the BMI is above 40, especially if the patient has 
other risk factors.9,10 DeMik et al.37 found that with a BMI 
cutoff of 50, nine patients must be excluded from THA sur-
gery to prevent one complication; lowering the cutoff to 30 
increases this number to 17. Giori et al.38 reported similar 
findings; with a BMI cutoff of 50, four patients must be 
excluded from total joint arthroplasty surgery to prevent one 
complication, whereas lowering the cutoff to 30 increases 

this number to 18. Studies have also been published that chal-
lenge strict cutoff points.12,39

Our results revealed that the association between BMI and 
infection risk followed a J-shaped pattern, meaning that both 
low and high BMI increased the risk for infection. This chal-
lenges the justification for strict upper BMI limits, as under-
weight individuals are also at risk. Moreover, after the slope 
shifted from decreasing to increasing, the relationship 
between BMI and infection risk exhibited a steady rise rather 
than a sharp threshold effect, suggesting that strict BMI cut-
off points are not justified. In addition, the impact of BMI on 
infection risk varied between men and women, suggesting 
that BMI does not affect all patients equally, further challeng-
ing the validity of universal BMI cutoffs.

These considerations raise the question as to whether the 
absolute increase in risk is significant enough to justify strict 
BMI criteria, or whether it would be more beneficial to focus 
on other risk factors when making surgical decisions. 
Tightening the BMI cutoff points may reduce the number of 
complications, but this would come at the cost of many 
potentially successful surgeries, especially when the cutoff 
points are set very low. Given that underweight patients, as 
well as those with obesity, face elevated risks for PJI, a more 
personalized approach to surgical eligibility and preoperative 
management may be necessary. Hence, besides solely focus-
ing on BMI, it is important to weigh what constitutes an 
acceptable balance between avoiding complications and pro-
viding access to care.

Conclusion

The risk for PJI does not increase linearly with BMI. 
Furthermore, the risk differs between men and women. It 
appears, however, that once BMI is greater than 45, the risk 
levels become notably high. Otherwise, the absolute risk dif-
ferences between different BMI categories are relatively low. 
Thus, rather than focusing solely on BMI, more emphasis 
should be placed on individualized risk assessment and 
shared decision-making.
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