
Introduction: The majority of studies establishing a relationship between high body mass index 
(BMI) and total hip arthroplasty (THA) complications have primarily focused on the obese patients. 
The purpose of this study was to determine the nature of the relationship between BMI and compli-
cation rates in THA patients, with emphasis on the underweight patients.
Methods: A retrospective review of 1,504 patients treated at a single institution over 9 years 
(2003-2011) years was performed. Data collected included patient age, gender, BMI, and types of 
complications, both medical and surgical. Logistic regression and multivariate analyses were used 
to examine BMI and the rate of complications (surgical, medical, or any). 
Results: There was a significant association between medical complications and underweight 
status, morbid obesity (WHO Class III), and age with odds ratios (ORs) of 4.29, 2.32, and 1.04, re-
spectively. The underweight patients showed the strongest association with medical complica-
tions. There was no significant association between surgical complications and BMI. There was a 
U-shaped trend with increased deep infection rates and an increased rate of any complications at 
the extremes of BMI, although neither achieved statistical significance.
Discussion: This study indicates the increased rates of complications for patients with both high 
and low BMI who undergo primary THA. Given the rising cost of healthcare, it is important to recog-
nize the association between complications in both the obese and underweight patient populations. 
Level of Evidence: IV; Retrospective case series.
Keywords: Body mass index; Total hip arthroplasty complications; Underweight; Obesity.
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ABSTRACT

for Disease Control reports that more than 
1 out of 3 adults in the United States are 
obese, and this number is expected to con-
tinue to rise [1]. Obesity has been shown to 
be a mechanical factor influencing the initia-
tion and progression of osteoarthritis of the 
hip and knee [2,3]. Consequently, according 
to Kurtz et al. [4], by 2030, in the United 
States, the number of annual primary total 
hip and total knee arthroplasty (THA, TKA) 
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For the last 50 years, rates of obesity have 
been increasing and as such have received 
much attention in the literature. The Center 

http://10.18600/toj.020107


procedures is estimated to grow by 174% 
(to 572,000) and 673% (to 3.48 million), re-
spectively. While THA represents the most 
common, successful, and predictable inter-
vention for disabling hip arthritis, there re-
main a number of associated medical and 
surgical complications which lead to signif-
icant cost to the patient, hospital, and soci-
ety as a whole. Thus, recent literature has 
sought to identify potential risk factors as-
sociated with complications following THA. 
Previous studies have provided evidence 
suggesting that high body mass index (BMI) 
is associated with increased operative time, 
venous thromboembolic events, superficial 
and deep wound infections, blood loss, and 
aseptic loosening [5]. Even so, a universal 
consensus does not exist regarding the re-
lationship between BMI and complications 
following THA. 
	 Furthermore, the majority of studies 
in this area focus on the obese, with little 
attention directed towards complications 
in the underweight (BMI<18.5). While the 
number of underweight patients is much 
smaller than the obese population, estimat-
ed to account for only 1.7%-2.3% of adults 
[5,6], it has been previously shown that these 
patients have an increased all-cause mortal-
ity compared to normal weight individuals, 
with more than 33,000 excess deaths per 
year [7,8]. It is our belief that both obese 
and underweight patients are at increased 
risk of postoperative complications follow-
ing total hip replacement surgery, and that 
BMI represents a potentially modifiable risk 
factor in both of these patient populations 
prior to undergoing THA. Therefore, the 
present study sought to determine if a rela-
tionship exists between BMI and complica-
tion rates in patients undergoing total hip 
replacement surgery as well as to attempt 
to determine more definitive BMI levels at 

which the complication rates of THA signifi-
cantly increase.

MATERIALS & METHODS

After approval was obtained from our in-
stitutional review board, a retrospective 
review was performed of 1,504 consecutive 
patients treated at a single institution from 
2003 to 2011 by one of twelve board certi-
fied orthopedic surgeons. Data collected in-
cluded patient’s age, gender, BMI, and types 
of complications. These complications were 
separated into surgical, medical, and any 
(surgical or medical) groups. Surgical com-
plications were defined as wound compli-
cations, superficial wound infections, deep 
wound infections, DVT/PE, death, or other 
surgical complications (loose components, 
dislocation, or intraoperative fracture). For 
purposes of this study, a wound complica-
tion was defined as prolonged drainage, 
delayed healing, wound dehiscence, or for-
mation of a seroma, hematoma, or stitch 
abscess; a superficial wound infection was 
defined as adjacent cellulitis or a deeper 
soft-tissue infection that did not commu-
nicate with the joint and was relieved with 
antibiotics +/- bedside/clinic debridement; 
and, finally, a deep-wound infection includ-
ed any infection communicating with the 
joint confirmed by joint aspiration, positive 
intraoperative cultures, or frank purulence 
at the time of revision or antibiotic spacer 
placement. Medical complications were de-
fined as pneumonia, cerebrovascular event, 
myocardial infarction, urinary tract infec-
tion, death or other medical complications 
(bladder infection, heel ulcer, fall causing 
injury, gastric ulcer, sepsis, gastrointestinal 
bleeding, renal failure, respiratory failure, or 
ileus). Surgical complications were limited to 
occurring within 3 months, postoperatively,
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while medical complications were noted up 
to 12 months, postoperatively. We used the 
World Health Organization (WHO) weight 
categorization for obesity: underweight 
(<18.5); normal (18.5 to <25); overweight 
(≥25 to <30); obese category I (≥30 to <35); 
obese Class II (≥35 to <40); and obese Class 
III (>40) [9]. The number of patients repre-
sented in each weight class is provided in 
Table 1. 

Statistical Analysis

The relationships between age, gender, BMI 
and the occurrence of complications postop-
eratively were examined utilizing t-tests or 
χ-squared/Fisher’s exact tests, as appropri-
ate. The data were analyzed for each type 
of complication individually and within the 
following groups: any complications (surgi-
cal or medical), surgical complications (as 
defined above), and medical complications 
(as defined above). These relationships were 
assessed using BMI either as a raw number 

or by the WHO stratifications as described. 
Logistic regression for each group of com-
plications was performed, including covari-
ates age, gender, and either BMI or stratified 
BMI. In addition, cut-off points (break points) 
were sought in an attempt to determine at 
what BMI levels did the incidence of compli-
cations change dramatically. This analysis 
was performed using segmented regression 
and multivariate adaptive regression splines 
(MARS®; Salfort System, San Diego, Ca), both 
of which required 'instantaneous' complica-
tion rates, as follows: for each patient, BMI 
levels were examined; we then found those 
patients whose BMI levels were within 10 
larger or 10 smaller than that of the original 
patient; finally, the patient was assigned the 
rate of complication of all the patients thus 
discovered The goal was to determine if a lin-
ear relationship, either globally or locally, ex-
isted between BMI and the rate of complica-
tions, or whether there were points at which 
behavior changed drastically.

  Table 1. Study Patients Distribution According to the WHO BMI Class. 

 Underweight 	 Normal	 Overweight	 Obese I   	 Obese II	 Obese III
    (<18.5)	 (>18.5 - <25)	 (≥25 - <30)	 (≥30 - <35)	 (≥35 - <40)	 (≥40)

  19 (1.29%)	 321 (21.76%)	 555 (37.63%)	 352 (23.86%)	 146 (9.9%)	   82 (5.56%)

RESULTS

The study population consisted of 1,475 pa-
tients (29 excluded had either missing data 
or lost follow-up). The mean age was 66.1 
years (19-95 years). The mean age (years) for 
each BMI class was as follows: underweight 
63.9; normal 67.8; overweight 67.8; obesity 
class I 65.1, obesity class II 61.7; obesity class 
III 60.8. The average BMI was 29.2 (standard 
deviation 5.86). Men had an average BMI of 
29.8 (standard deviation 5.29), while wom-

en had an average BMI of 28.7 (standard 
deviation 6.23), (p<0.001). There were 276 
(18.69%) any complications, 161 (10.90%) 
surgical complications, and 137 (9.28%) 
medical complications. The incidences of all 
complications are shown in Table 2.

Any Complications (Surgical or Medical)

There were 276 (18.69%) patients with ei-
ther a surgical or a medical complication. 
These patients with any complications  
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had a mean age of 68.7, compared to those 
patients without a complication who had 
a mean age of 65.5 (p<0.001). There was 
no difference between genders in term of 
rates of complications (χ-squared; p=0.11). 
In addition, BMI did not significantly differ 
between those with or without a compli-
cation by either t-test (p=0.47) or Fisher’s 
exact test. Multivariate analysis revealed 
a relationship between age and the rate of 

any complications, with an odds ratio (OR) 
of 1.02 (95%CI: 1.01-1.03) for each addi-
tional year of age. Multivariate analyses 
also revealed a U-shaped trend, with more 
complications occurring at the extremes of 
BMI (both low and high), and with break 
points at BMI 21.9 and 33.7, respectively. A 
similar trend was also seen using segment-
ed regression, with breakpoints at 16.4 and 
33.81 (Figure 1).

Figure 1. Regression analysis for any complication (surgical or medical).

Surgical Complications

One hundred sixty-one (10.9%) patients 
experienced a surgical complication in our 
study population. Bivariate analysis did not 
reveal a relationship between age, gender, 
or BMI and the presence of surgical compli-
cations upon t-test (p=0.29), χ-squared test 
(p=0.94), or t-test (p=0.40), respectively. 
Likewise, there was no relationship between 
age, gender, or BMI and the presence of sur-
gical complications upon multivariate anal-
ysis. However, while it did not reach the level 

of statistical significance, there was a trend 
demonstrating an increased rate of deep 
wound infections in both the underweight 
(5.26%) and the obesity Class II (6.85%) 
and III (4.88%) groups, which mirrored the 
previously seen U-shaped trend found in 
the any complications analysis (Figure 2).

Medical Complications

One hundred and thirty-seven (9.28%) 
patients experienced a medical complica-
tion. These patients had a mean age of 71.3,
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compared to those without a medical com-
plication who had an average age of 65.6 
(p<0.001). Of women, 10.84% experienced a 
medical complication versus 7.26% of men 

(p=0.019). While BMI did not significant-
ly differ between those with or without a 
medical complication on bivariate analysis 
(p=0.64), multivariate analysis did reveal  

Figure 2. Regression analysis for surgical complications.

Figure 3. Regression analysis for medical complications.
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an association between increased medical 
complications in the underweight and obe-
sity Class III groups, as well as with each 
year of increasing age. The underweight 
class showed the strongest association with 
medical complications (OR=4.29; 95%CI: 
1.36-13.5), versus the obesity Class III (OR= 
2.32; 95%CI: 1.05-5.17) versus each addi-
tional year of age (OR=1.04; 95%CI: 1.02-
1.06) (Figure 3).

DISCUSSION

Despite recent interest and research in 
this area of orthopedics, there continues 
to be some controversy surrounding the 
precise relationship between BMI and the 
risk of complications following total hip 
replacement surgery. Some authors argue 
that there is not an increase in complica-
tions [10-13], while others suggest there 
is [14-20]. Given the epidemic of obesity in 
the United States, much of the existing lit-
erature has focused on evaluating periop-
erative complications in this growing pop-
ulation. Less is therefore known about the 
potential sequelae of being underweight in 
patients undergoing THA. Our belief is that 
both the underweight and obese patient 
populations are at increased risk for post-
operative complications following total hip 
replacement surgery.
	 In this large series of patients, our 
data revealed increased rates of medical 
complications in both the “underweight” 
and “obese Class III” populations as com-
pared to normal weight patients; the un-
derweight population showed the strongest 
association with development of a medical 
complication. This finding regarding un-
derweight patients is in agreement with 
those by Alfonso et al. [5] who first report-
ed that these patients might be susceptible 

to increased complications following total 
hip replacement surgery. In their study, 
these complications included higher rates 
of blood transfusions and dislocations. Sim-
ilar trends have also been reported in the 
general surgery literature—with increased 
rates of postoperative complications and 
even early mortality in underweight pa-
tients undergoing coronary artery bypass 
surgery [21,22].
	 Additionally, we observed a trend 
of an increased rate of any complications 
among patients at the extremes of BMI. 
Similar U-shaped trends have previously 
been reported following both THA [17-19] 
as well as coronary artery bypass surgery 
[21]. In 2009 Marks et al. [17] evaluated 
1,040 patients undergoing either primary 
or revision THA and reported more disloca-
tions in underweight patients (p<0.05) and 
higher rates of prosthetic loosening, peri-
prosthetic fractures, and deep infections 
in the high BMI group (p=0.07). In 2012, 
Zhang et al. [18] found increased rates of 
both overall complications (18.4%) and dis-
locations (10.5%, p=0.041) in underweight 
patients, as well as a higher rate of DVTs 
(6.1%; p=0.053) in the obese group. Most 
recently, Murgatroyd et al. [19] evaluated 
5,357 patients from the New Zealand Joint 
Registry who underwent primary THA, 
with 2% of these patients being under-
weight. Although they defined underweight 
as having a BMI<20 versus the more widely 
accepted WHO classification of <18.5, their 
study also revealed a similar U-shaped 
trend, with higher revision rates along with 
lower Oxford Hip scores in both the under-
weight and obese groups.
	 Although not statistically sig-
nificant, our data also revealed a trend 
with higher rates of deep infections in 
both the underweight (5.26%) and obese
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Class I, II, III (3.13%, 6.85%, 4.88%) patient 
populations. These rates are much higher 
than previously reported in primary THA 
literature [23], as well as when compared 
to the deep infection rate in our normal 
BMI class (2.18%). Previous studies have 
reported similar trends [23-25]. Dowsey 
et al. [23] showed that BMI is a risk factor 
for deep infections following THA, indepen-
dent of patient comorbidities, such as dia-
betes and cardiovascular disease: 2.6% of 
obese patients and 9.1% of morbidly obese 
patients developed an acute prosthetic in-
fection, compared with 1.0% in the normal 
weight range. The most common medical 
complication in our study was urinary tract 
infections (UTIs), which also occurred more 
frequently in the underweight and morbidly 
obese populations. This particular cathe-
ter-related complication has recently drawn 
much attention [26], with many institutions 
now having implemented programs aimed 
at decreasing the incidence of catheter-re-
lated UTIs in hospitalized patients. At our 
institution, we initiated a new protocol lim-
iting Foley catheter insertion on arthroplas-
ty patients and requiring daily physician re-
newal orders for these catheters. Knoll et al. 
[27] showed a 15-fold decrease in the use of 
unnecessary Foley catheters using an insti-
tution-wide protocol, such as ours.
	 Our study highlights another im-
portant consideration when evaluating the 
association between BMI and complications 
after total hip replacement surgery. Many 
studies comparing obese and nonobese pa-
tients include the underweight (BMI <18.5) 
population as part of the nonobese cohort 
[28,29]. For instance, Leahy [29] reported 
similar functional outcomes and complica-
tion rates in obese patients undergoing total 
knee arthroplasty compared to non-obese 
patients. The patients were separated into 3 

comparison groups: 1) BMI 15-24.9; 2) BMI 
25-39.9; and 3) BMI 40-60. Group 1 includes 
both normal BMI as well as underweight 
patients. Our study has shown an increased 
risk of medical complications in the under-
weight—a finding that is in agreement with 
another previously published report [5]. 
Therefore, not separating these cohorts may 
potentially underestimate the difference in 
complication rates between obese and 'nor-
mal' BMI patient populations.
	 Finally, having a BMI of less than 
18.5 may simply reflect a state of malnour-
ishment or may be the manifestation of an 
underlying disease process, such as malig-
nancy, infection, inflammatory disorders, 
psychiatric disorders, or other congenital 
conditions. The musculoskeletal sequelae of 
being underweight often include decreased 
muscle mass, decreased soft tissue mass, as 
well as a higher incidence of osteoporosis 
[5]. These factors are not inconsequential 
considerations for the orthopedic surgeon 
performing total hip replacement surgery, 
as previous studies have demonstrated 
higher rates of dislocations in underweight 
patients compared to normal weight indi-
viduals [5,17,18]. We believe this finding is 
likely due to these patients’ decreased mus-
cle mass and soft tissue tension around the 
hip joint associated with their underweight 
status.
	 We recognize that the present study 
has certain limitations—most notably that 
it is a retrospective review, with all of the 
attendant limitations including reliance on 
the accuracy and completeness of hospital 
records within our electronic database. An-
other limitation is the relatively low num-
ber of underweight patients, representing 
1.29% of our study population. While this 
incidence falls slightly below the most recent 
estimated national prevalence of 1.7% [6], 
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it does represent a larger percentage of 
underweight patients than found within 
the first study reporting increased com-
plications in this group where only 0.46% 
of their patients were underweight [5]. An 
additional limitation is that we did not spe-
cifically control for other comorbidities, 
such as diabetes, cardiovascular disease, 
or smoking. The present study does not 
claim that BMI is an independent risk factor 
for THA complications, and it is likely that 
patients with both high and low BMI have 
associated comorbidities that play a role in 
their complications. It is well understood 
that BMI has significant limitations as a 
predictor, and we simply wanted to see if 
there were increased complications in both 
high and low BMI patients that had not 
been previously reported. A larger dataset, 
preferably multicenter, would be required 
to appropriately control for comorbid con-
ditions and assess the existence of an inde-
pendent association.
	 As mentioned above, there are also 
certain limitations to BMI in and of itself. 
One of these limitations is that BMI may 
simply be a surrogate marker for nutrition-
al status, as obese patients can often have 
paradoxical malnutrition. While BMI may 
represent an indirect measure of nutrition-
al status, studies have shown that albumin 
may actually be a better predictor than BMI 
of outcomes after coronary artery bypass 
surgery [30]. Future studies are needed to 
examine a larger population of underweight 
and obese patients undergoing THA, specif-
ically looking at nutritional status/indices 
and other metabolic factors that may also 
contribute to postoperative complications. 
Similarly, there is the inability of BMI to 
distinguish adiposity from lean mass [31]. 
BMI is a quick and easy indicator of excess 
adiposity; however, the accuracy varies ac-

cording to the relative amounts of adiposi-
ty and lean mass [32,33]. Mehta et al. [34] 
recently showed how weight distribution 
is more strongly associated with infection 
risk than BMI in patients undergoing lum-
bar spinal fusion surgery. Future studies 
may use a more accurate assessment of true 
body mass and perhaps include screens for 
metabolic risk factors associated with obe-
sity, such as metabolic syndrome. Indeed, 
metabolic syndrome and its relationship 
to total joint arthroplasty have started to 
gain attention [26,35]. Gonzales et al. [35] 
showed that metabolic syndrome was an 
independent risk factor for the develop-
ment of major complications, nonroutine 
discharge, and increased hospital cost in 
patients undergoing total hip and knee ar-
throplasty. Likewise, Saucedo et al. [36] 
found a U-shaped trend relating under-
weight and obese patient populations to 
an increased cost associated with post-op-
erative complications, reporting that low 
BMI was an independent risk factor for re-
admission within 90 days following THA, 
and that a high BMI was significant for re-
admission within 30 days following total 
knee arthroplasty surgery. These findings, 
along with those of the present study, pro-
vide further evidence that these 2 patient 
populations are at increased risk for post-
operative complications; thus, representing 
a significant financial burden to the patient, 
hospital, and society as a whole. In today’s 
rapidly changing healthcare environment, 
hospitals and physicians face increasing 
pressure to decrease surgical and medi-
cal complications that lead to higher cost. 
By understanding how BMI may affect our 
outcomes, we can attempt to influence this 
potentially modifiable risk factor preoper-
atively to help reduce costs related to post-
operative complications.
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CONCLUSIONS 

This study further indicates the increased 
rate of medical complications for patients 
with both high and low BMI who under-
go primary THA. Given the rising cost of 
healthcare, it is important to recognize the 
association between postoperative compli-
cations in both the obese and underweight 
patient populations. Future studies to bet-
ter define the relationship between under-
weight patients and postoperative compli-
cations are needed, as this is a small, but 
not insignificant, subset of arthroplasty 
patients.
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