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Obesity and associated healthcare issues comprise a rising 
problem worldwide. Several patient-related factors, including 
obesity, have been reported to be associated with poor out-
come following total knee arthroplasty (TKA). Obese TKA 
patients have an increased risk of infection and deep vein 
thrombosis (Si et al. 2015, Electricwala et al. 2017), as well 
as increased load on the prosthesis–bone junction, leading to 
increased risk of bone or ligament insufficiency and migra-
tion (Astephen Wilson et al. 2010). Increased risk for revi-
sion following primary TKA has been reported in patients 
who are overweight (BMI > 25) (Morrison 1970, Griffin et al. 
1998, Foran et al. 2004a, 2004b, Ward et al. 2015, Zingg et al. 
2016). However, patients can have high weight even if BMI is 
normal. Therefore, it seems justifiable to use weight instead 
of BMI to assess the stress load on the prosthesis. No pre-
vious studies have assessed the relationship between patient 
weight and revision of the primary TKA in a broad spectrum 
of TKA patients. Previous studies are limited by small sample 
size, inclusion of only patients with severe obesity compared 
with normal BMI, single-center study, and a high number of 
patients lost to follow-up or a lack of information regarding 
these patients.

Thus, little is known about whether specific weight indi-
ces can be used as cutoffs to determine which patients are 
at increased risk for having a poor postoperative outcome. 
We hypothesized that risk of revision of primary TKA 
increased with increasing weight. Therefore, we conducted a 
population-based follow-up study to examine the association 
between weight at the time of primary TKA and risk of any 
revision as well as risk of revision due to aseptic loosening 
or infection. 

Background and purpose — Obesity is a rising issue 
worldwide and growing evidence supports poor outcome 
amongst obese patients following total knee arthroplasty 
(TKA). Using nationwide registries we investigated the asso-
ciation between bodyweight and risk of revision of primary 
TKA.

Patients and methods — All primary TKA performed 
during 1997–2015, weight at time of primary TKA and sub-
sequent TKA revisions were identified in the Danish Knee 
Arthroplasty Register (DKR). Data on comorbidities and a 
priori selected confounding variables were collected from 
nationwide registries. The association between weight and 
1st time TKA revision was calculated as both crude and 
adjusted hazard ratios (aHR) with 95% confidence intervals 
(CI) using Cox regression.

Results — Of 67,810 identified primary TKAs, 4.8% 
were revised within a median follow-up time of 5.4 years. 
No association between weight and risk of any revision in 
patients aged 18–54 and 55–70 years was found. Increased 
risk of any revision was seen in patients > 70 years, 80–89 kg 
(aHR  = 1.5, CI 1.2–1.8), 90–99 kg (aHR = 1.7, CI 1.3–2.1) 
and patients > 99 kg (aHR = 1.6, CI 1.3–2.1), as well as those 
weighing 45–60 kg (aHR = 1.4, CI 1.1–1.9) compared with 
same aged patients weighing 70–79 kg.

Interpretation — We found a complex association 
between weight and knee arthroplasty survival. There was 
an increased risk of any revision in patients older than 70 
years of age weighing < 60 kg and > 80 kg. Patients aged 
18–55 years weighing 60–69 kg had a lower risk of revision 
compared with all other weight groups, whereas weight was 
not found to affect risk of any revision in patients aged 55–70 
years.
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Patients and methods 
Study design and settings
We conducted this study in Denmark (5.7 million inhabitants) 
using prospectively collected data from population-based 
medical and administrative registers. The Danish National 
Health Service provides tax-supported healthcare to all Danish 
residents.

The study was performed in accordance with the Reporting 
of studies Conducted using Observational Routinely collected 
health Data (RECORD) statement (Benchimol et al. 2015).

Data sources
The Danish Knee Arthroplasty Register (DKR) is a national 
clinical quality database which includes records of all pri-
mary TKAs and TKA revisions. The DKR started in January 
1, 1997 and collects pre-, peri-, and postoperative data. The 
DKR is certified by and operates according to requirements of 
the Danish National Board of Health. Using DKR, we iden-
tified our study population, including all patients registered 
with a primary TKA in DKR in the period January 1, 1997 
until end of follow-up on November 19, 2015. From DKR we 
also obtained information on weight, perioperative complica-
tions, type of fixation, indication for primary TKA, and date 
and indication for revision surgery. The data completeness in 
DKR was 70% and 56% for primary TKA and revision TKA 
in 1997, rising to 99% and 96% in 2015 (Knæalloplastikreg-
ister 2017).

Patients registered with more than 1 primary TKA on the 
same knee, more than 1 primary TKA without information on 
laterality, revision of TKA prior to primary TKA on the same 
knee, missing value for weight, weight recorded as either < 
45 or > 200 kg, or registration error of date were excluded 
from analyses. In addition, the study population was restricted 
to patients aged at least 18 years of age at the time of pri-
mary TKA. Patients with inverse hybrid fixation techniques 
(cemented femur and cementless tibia) were also excluded 
from analyses as this method is rare and the registration is 
most likely due to error (Figure 1). Excluded patients were 
similar to the included patients with respect to age and sex dis-
tribution at the time of primary TKA or indication for primary 
TKA (data not shown). 

Data from DKR were linked to the Danish Civil Registration 
System (CRS), to obtain information on vital status (active, 
date of death/emigration). The CRS was established in 1968. 
All Danish residents (native or immigrated) are registered 
and assigned a unique personal identification number (CPR 
number) in the CRS encoding age, sex, and date of birth. The 
CRS is updated daily. The CPR number allows unambiguous 
linking between all the Danish medical and administrative 
registries (Pedersen 2011, Schmidt et al. 2014).

Further, data were linked to the Danish National Patient 
Register (NPR), which contains nationwide clinical data on 

inpatients admitted to Danish hospitals since 1977, and out-
patients since 1994 (Lynge et al. 2011, Schmidt et al. 2015). 
Each record in the NPR contains the patient’s CPR number and 
information on treatment, surgery, dates of admission, primary 
discharge diagnosis, and up to 20 secondary discharge diag-
noses. Diagnoses are classified according to the International 
Classification of Diseases (ICD). The 8th edition (ICD-8) was 
used from 1977 to 1993 and the 10th edition (ICD-10) thereaf-
ter. We obtained information on complete hospitalization his-
tory of each patient from the NPR to assess comorbidity at the 
time of primary TKA. We computed Charlson’s Comorbidity 
Index (CCI) at the time of primary TKA and translated into cor-
responding ICD-8 and ICD-10 codes, similar to the approach 
by Deyo et al. (1992) (see Supplementary data). We classified 
patients into 3 levels according to the degree of comorbidity: 
index low (0 points), corresponding to patients with no pre-
vious recorded disease categories implemented in CCI; index 
medium (1–2 points); and index high (≥ 3 points). 

Exposure
Weight at the time of primary TKA was the exposure in our 
study and patients were categorized into 1 of the following 6 
intervals (45–60, 60–69, 70–79, 80–89, 90–99, and 99–200 kg). 

Outcome
The outcome was time to revision following primary TKA, 
defined as a new surgical intervention involving partial or 
complete removal of the implant. We analyzed revision due to 
(1) all-cause, (2) aseptic loosening, or (3) infection. 

Statistics
Follow-up started on the date of the primary TKA, and ended 
on the date of the 1st revision, death, emigration, disappear-
ance, or end of follow-up on November 19, 2015, whichever 
came first. 

Cumulative incidence function (CIF) was used to estimate 
cumulative implant failure probabilities as a result of: (1) all-

Primary total knee arthroplasty (TKA) 
01.01.1997 to 19.11.2015

n = 72,491

Study population
n = 67,810

Excluded (n = 4,681):
– > 1 primary TKA on same knee, or
   > 1 primary TKA without side registration, 619
– revision before date of primary TKA, or other
   date registration error, 112
– missing or incomplete registration of weight, 
   or weight < 45 or > 200 kg, 3,516
– age < 18 years, 2
– inverse hybrid used on primary TKA, 432

Figure 1. Inclusion and exclusion of patients in the study population. 
Patients with inverse hybrid fixation techniques were excluded from 
analyses as this method is rare and the registration is most likely due 
to error.
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cause, (2) aseptic loosening, or (3) infection including death 
or emigration as a competing risk. 

A Cox proportional hazards analysis was used to assess 
the risk of revision by computing cause-specific hazard ratios 
(HR) for the revision with 2-sided 95% confidence interval 
(CI). All data were analyzed with and without adjustment for 
a priori selected variables based on potential confounding 
effects extracted at the time of primary TKA including sex, age 
(18–55, 55–70, > 70 years); CCI (low, medium, high); indica-
tion for primary TKA (primary arthrosis, secondary arthrosis 
(defined as arthrosis with a known cause, e.g. sequelae after 
meniscectomy), fracture (tibia, femur, patella), arthritis, or 
other); fixation technique (cemented, hybrid, cementless); and 
perioperative complications (yes, no). 

We estimated the HRs for revision comparing different 
weight intervals with the 70–79 kg weight interval (reference). 
Since there was an interaction between age and weight, the 
aHR were calculated separately for each of the 3 age groups. 
P-values of < 0.05 were considered to be statistically signifi-
cant. All statistical analyses were performed using SAS ver-
sion 9.4 (SAS Institute Inc, Cary, NC, USA). 

Ethics, funding and potential conflicts of interest
The study was approved by the Danish Data Protection 
Agency (DDPA): approval number 2012-58-0004. By Danish 
law, ethical approval and informed consent are not required 
for entirely register-based studies not involving contact with 
study participants. Financial support was received from PRO-
CRIN (Program for Clinical Research Infrastructure), a grant 
of 2 months’ salary for statistical and epidemiological support 
(PV and EB). No conflicts of interest to declare.

Results

Among 72,491 patients recorded in the DKR, 67,810 were 
included in final analyses. Median follow-up time was 5.4 years. 
A total of 3,270 patients sustained all-cause revision (4.8%), of 
which 1,109 (34%) were due to aseptic loosening, 173 (5.3%) 
due to infection and 1,988 (61%) due to other causes includ-
ing pain without loosening, instability, secondary insertion of 
patella component, replacement of polyethylene, second part 
of 2-stage revision, progression of arthrosis and other causes 
(Table 1). The median age at time of primary TKA was 68 years 
and men represented 39% of the study population. Fixation of 
primary TKA was mainly cemented (77%), with hybrid (femur 
cementless and tibia cemented) and cementless techniques rep-
resenting 16% and 7.7% respectively. A high comorbidity (CCI 
> 2) was found in 18,099 patients (27%) at the time of their 
primary TKA (Table 1). 

Association between weight and revision of primary TKA
Patients weighing more than 90 kg had the highest cumu-
lative incidence of all-cause revision during follow-up, 

whereas patients who weighed 60–69 kg had the lowest 
cumulative incidence of revision (Figure 2). The cumula-
tive incidences for the different weight groups were shown 
to be significantly different by utilization of the non-para-
metric Gray’s test (< 0.001). After 10 years, the CIF were 
0.05 (standard error 0.005), 0.04 (0.003), 0.05 (0.002), 0.06 
(0.002), 0.06 (0.003), and 0.08 (0.003) for the weight groups 
45–60 kg, 60–69 kg, 70–79 kg, 80–89 kg, 90–99 kg, and 
99–200 kg, respectively. After approximately 17 years, the 
accuracy declines due to the low number of patients with 
such long follow-up (Figure 2).

Crude HRs for all-cause revision were 1.2 (CI 1.1–1.3) and 
1.4 (CI 1.3–1.6) for weight groups 90–99 kg and 99–200 kg, 
and 0.8 (CI 0.7–0.9) for weight group 60–69 kg compared with 
patients in weight group 70–79 kg (Table 2). In the adjusted 
analyses in which sex, weight, and age were adjusted for, a 
statistically significant interaction between age and weight 
groups was observed, thus these variables could not be con-
sidered separately (data not shown). In the youngest age group 
(18–55 years), patients in the weight group 60–69 kg had a 
lower risk of revision (HR = 0.7, CI 0.5–1.0) compared with 
the reference group (70–79 kg). Higher weight in the young-
est patients was not associated with increased risk of all-cause 
revision (Table 2). In the age group > 70 years, the weight 
groups 45–60 kg, 80–89 kg, 90–99 kg, and 90–200 kg had a 
40–68% increased risk of all-cause revision compared with 
the weight group 70–79 kg.

Association between weight and revision due to 
aseptic loosening
We found reduced risk of revision due to aseptic loosen-
ing (aHR = 0.7, CI 0.5–0.8) for the weight group 60–69 kg 
compared with the group 70–79 kg. There was no associa-
tion between other weight groups and revision due to aseptic 
loosening when adjusting for all available confounders (Table 
3). The cumulative incidences for the different weight groups 
were likewise shown to be significantly different by utilization 
of the non-parametric Gray’s test (< 0.001). After 10 years, 
the CIF were 0.02 (0.003), 0.01 (0.002), 0.02 (0.001), 0.02 
(0.002), 0.02 (0.002), and 0.03 (0.002) for the weight groups 
45–60 kg, 60–69 kg, 70–79 kg, 80–89 kg, 90–99 kg, and 
99–200 kg, respectively. As for all-cause revision, the accu-
racy declines after approximately 17 years due to low number 
of patients (Figure 3).

Association between weight and revision due to 
infection
The cumulative incidences for the risk of revision due to infec-
tion between weight groups were not statistically significantly 
different (data not shown). However, it should be noted that 
few patients were revised due to infection (173), with only 4 
patients in the lowest weight group. 

Revision due to infection was not found to be related to 
weight groups (Table 4).
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Table 1. Demography across weight groups 

Parameter No. of   Weight (kg) 
 Value patients 45–-60  60–69 70–79 80–89 90–99 99–200 p-value a

Subjects b 67,810 3,074 (4.5) 9,336 (13.8) 16,336 (24.1) 16,538 (24.4) 10,585 (15.6) 11,941 (17.6) 
Sex b

 Women 41,506 2,947 (4.3) 8,182 (12.1) 11,492 (16.9) 9,072 (13.4) 4,767 (7.0) 5,046 (7.4) < 0.001
 Men 26,304 127 (0.2) 1,154 (1.7) 4,844 (7.1) 7,466 (11.0) 5,818 (8.6) 6,895 (10.2) 
Age at primary TKA (overall median age: 68)
 median, years  67,810 74 72 70 68 66 64 < 0.001
Charlson’s Comorbidity Index (CCI) c

 Low (CCI 0) 38,355 1,535 (49.9) 5,255 (56.3) 9,349 (57.2) 9,502 (57.5) 6,090 (57.5) 6,624 (55.5) 
 Medium (CCI 1–2) 11,356 471 (15.3) 1,519 (16.3) 2,758 (16.9) 2,786 (16.8) 1,785 (16.9) 2,037 (17.1) 
 High (CCI > 2) 18,099 1,068 (34.7) 2,562 (27.4) 4,229 (25.9) 4,250 (25.7) 2,710 (25.6) 3,280 (27.5) 
Indication for primary TKA c, d

 Primary arthrosis 55,683 2,266 (74.2) 7,536 (81.3) 13,599 (84.1) 13,662 (83.4) 8,707 (83.0) 9,913 (83.7) 
 Secondary arthrosis 7,220 257 (8.4) 850 (9.2) 1,519 (9.4) 1,867 (11.4) 1,303 (12.4) 1,424 (12.0) 
 Sequelae after fracture 1,538 157 (5.1) 267 (2.9) 384 (2.4) 316 (1.9) 199 (1.9) 216 (1.8) 
 Arthritis 2,182 337 (11.0) 506 (5.5) 552 (3.4) 413 (2.5) 184 (1.8) 190 (1.6) 
 Other e 595 39 (1.3) 108 (1.2) 121 (0.8) 134 (0.8) 97 (0.9) 96 (0.8) 
Fixation technique of primary TKA c

 Cemented  2,465 (80.2) 7,237 (77.5) 12,307 (75.3) 12,766 (77.2) 8,058 (76.1) 9,125 (76.4) 
 Uncemented  215 (7.0) 697 (7.5) 1,346 (8.2) 1,275 (7.7) 812 (7.7) 906 (7.6) 
 Hybrid  394 (12.8) 1,402 (15.0) 2,683 (16.4) 2,497 (15.1) 1,715 (16.2) 1,910 (16.0) 
Revision TKA (rTKA) c 3,270 136 (4.4) 337 (4.0) 751 (4.6)  807 (4.9) 530 (5.0) 709 (5.9) 
Perioperative complications c  589 35 (1.1) 105 (1.1) 136 (0.8) 130 (0.8) 77 (0.7) 106 (0.9) 
Time to revision (overall median time to revision: 1.88 years) 
 median, years 3,270 1.86 1.94 1.85 1.95 1.89 1.78 0.9
Indication for rTKA c

 Aseptic loosening  1,109 43 (31.6) 98 (29.1) 276 (36.8) 272 (33.7)  177 (33.4) 243 (34.3) 
 Infection  173 4 (2.9) 19 (5.6) 37 (4.9) 42 (5.2) 34 (6.4) 37 (5.2) 
 Other e 1,988 89 (65.4) 220 (65.3) 438 (58.3) 493 (61.1) 319 (60.2) 429 (60.5) 
Deaths and emigration (overall 18.6%) 
 during follow-up c 12,632 906 (29.5) 2,153 (23.1) 3,407 (20.9) 2,879 (17.4) 1,532 (14.5) 1,755 (14.7) 
Follow-up time (years), median
 Non-revised 64,540 5.4 5.7 5.8 5.6 5.2 5.0 
 Revision—all cause 3,270 1.9 1.9 1.9 2.0 1.9 1.8 
 Revision—aseptic loosening 1,109 3.6 2.8 3.0 3.0 2.6 2.9 
 Revision—infection 173 3.4 1.9 1.6 0.6 1.3 0.8 

a For categorical variables the chi-squared test was used and for continuous variables the Kruskal–Wallis test was used. P-value < 0.05 indi-
cates a significant difference between values in same row.
b Frequency and % of total
c Frequency and % of patients in each weight group
d The total number of included patients is 67,810; due to missing data on indication for primary TKA only 67,218 patients are listed.
e Other indications for revision TKA include: pain without loosening, instability, secondary insertion of patellar component, replacement of poly-
ethylene, 2nd part of 2-stage revision, progression of arthrosis and other causes.

Table 2. Crude and adjusted hazard ratio (HR) with 95% confidence interval (CI) for revision (all causes) according to different weight and 
age groups. Values are number of subjects (95% CI)

  No. of   Weight (kg) 
HR patients 45–-60  60–69 70–79 (ref.) 80–89 90–99 99–200 p-value a

Crude HR  67,810 0.98 (0.82–1.20) 0.79 (0.69–0.89) b 1 1.09 (0.99–1.21) 1.17 (1.05–1.31) b 1.40 (1.27–1.55) b < 0.001
Adjusted HR c 
 18–55 years 7,151 0.91 (0.61–1.36) 0.73 (0.54–0.98) b 1 0.92 (0.74–1.15) 0.89 (0.70–1.13) 0.96 (0.78–1.18) < 0.001
 55–70 years 32,218 0.86 (0.63–1.18) 0.84 (0.70–1.00) 1 0.90 (0.78–1.04) 0.89 (0.76–1.04) 1.07 (0.93–1.23) 
 > 70 years 27,849 1.40 (1.05–1.87) b 0.90 (0.71–1.13) 1 1.48 (1.22–1.79) b 1.68 (1.34–2.11) b 1.60 (1.25–2.05) b 

a P-value for linear trend
b  Significant, p < 0.05 
c Adjusted for sex, comorbidities, perioperative complications, years after primary TKA, type of fixation, and indication for primary TKA.
Due to missing values in data, the total number of patients in the adjusted calculations is 67,218.
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Discussion

In this nationwide cohort study, we assessed the effects 
of weight on the risk of revision following primary TKA. 
We found an association between weight above 80 kg and 
increased risk of all-cause revision in patients aged over 70 
years at the time of primary TKA. Further, patients over 70 
years who weighed 45–60 kg were at increased risk of all-
cause revision compared with patients weighing 70–79 kg. 
There was no indication of dose response. Our findings imply 
that high weight for aged patients is an important risk factor 
for revision of primary TKA. In the crude analysis and in the 
cumulative all-cause incidence we found that patients weigh-
ing 60–69 kg had the lowest risk of revision. 

Whether obesity is associated with higher revision rate is 
debatable. Bordini et al. (2009) found no different rates of sur-
vival in obese patients compared with normal-weight patients 
at 5 year follow- up. However, the total number of TKAs in 
that study was only 9,735 with 186 revisions and a revision 
rate of 1.9 %. The number of morbidly obese patients having 
revision was only 4 and only 59 obese patients had revision; 
it is therefore not unlikely that no difference were found as 
some subgroups had a low number of patients included. Sev-
eral researchers suggest, however, that obesity is associated 
with increased risk of revision (Si et al. 2015, Ward et al. 2015, 
Werner et al. 2015, Zingg et al. 2016, Electricwala et al. 2017).

Obesity is a risk factor for primary arthrosis and primary 
arthrosis is the main indication for primary TKA; it is there-
fore expected to find lower age among the heaviest patients. 
Shah et al. (2017) found a significantly higher occurrence of 
obesity and morbid obesity among patients < 65.We could not 
show that increased weight was associated with increased risk 
of revision in younger patients, but patients weighing 60–69 

kg had a lower risk of revision. These results may be due to 
the lower number of patients aged 18–55 years. We cannot 
explain why patients > 70 years with high weight are at higher 
risk of revision than younger patients of the same weight. 

Revisions due to aseptic loosening represented 34% of the 
revisions and were thereby the single largest indication for 
revision TKA among our patients. The CIF curves show, simi-
lar to crude HR, that only patients weighing 60–69 kg and 
99–200 kg were at statistically significantly different risk than 
the reference group. Even though aseptic loosening is the com-
monest indication for revision, it still only represents 1,109 
patients, which might not be enough to show a statistically 
significant difference between weight groups. Electricwala et 
al. (2017) found aseptic loosening to be the 3rd highest reason 
for revision after infection and instability. They also found 
that not only obese patients but also overweight patients had 
a higher risk of revision. In other studies, Zingg et al. (2016) 
and Ward et al. (2015) similarly found a higher risk of revision 
with rising BMI, but did not separate their results into reasons 
for revision.

Revisions due to infection disclosed a completely different 
pattern in which no statistically significant difference in risk 
of revision for different weight groups was observed, which 
backs the notion that infection occurs randomly across risk 
groups. This might be due to the low occurrence of infection 
leading to revision; only 173 patients were revised due to 
infection or 0.26% of patients.

TKA is a safe procedure and the overall revision rate in our 
data was 4.8% with a median follow-up time of 5.4 years. Obe-
sity is correlated with a number of risk factors and comorbidi-
ties affecting major surgery like TKA. It is strongly advisable 
for overweight patients to lose weight prior to TKA surgery. 
Both our results regarding stress load on the prosthesis in 
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Figure 2. Cumulative all-cause incidence curves for revision of primary 
TKA according to weight groups.

Figure 3. Cumulative incidence curves for revision of primary TKA due 
to aseptic loosening for weight groups. For color codes, see Figure 2
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relation to patient weight and other comparable studies show 
increased risk of revision in overweight patients. Among our 
patients older than 70 years the revision risk was statistically 
increased even when adjusted for a number of a priori chosen 
confounders.

Strengths and limitations
The completeness of DKR is high, especially since 2007, but 
some patients have been lost during registration. A validation 
of the Danish Hip Arthroplasty Register regarding reporting 
of infections to the register has been published. Several data 
sources including NPR were used, and showed an estimated 
“true” incidence of surgically treated infections to be 40% 
higher than reported by national arthroplasty registries alone 
(Gundtoft et al. 2015). To our knowledge no similar study has 
been undertaken with data from the DKR, but we may expect 
some degree of under-reporting of infections to the DKR as 
well.

When assessing our results, we adjusted for a number of 
a priori chosen confounders such as sex, age, comorbidities, 
peroperative complications, years after primary surgery, type 
of fixation, and indication for primary TKA. But residual con-
founders may occur because, for example, we lack data on 
comorbidities recorded at general practitioners, and on psy-
chiatric comorbidities, as well as severity of some comorbidi-
ties included in the CCI.

Other risk factors like alcohol and smoking were not avail-
able in our dataset, causing unmeasured confounding. Like-
wise it was not possible to investigate the correlation between 
BMI and revision rate of primary TKA, since registration of 
patient height first began nationwide in 2011. Most studies use 
BMI to graduate obesity, but with disadvantages, since this 
does not account for the absolute weight load on the prosthe-
sis. Percentage body fat has been shown to be superior to BMI 
but those data were not available in our registries (Ledford et 
al. 2014).

Summary and perspectives
We found an increased risk of any revision following primary 
TKA in patients older than 70 years of age weighing < 60 kg 
and > 80 kg. Patients aged 18–55 years weighing 60–69 kg 
had a lower risk of revision compared with all other weight 
groups, whereas weight did not affect risk of any revision in 
patients 55–70 years.

Data sharing
If approved by the DDPA access to raw data will be granted 
on request. Access to protocol and programming code will be 
granted on request by contact with the corresponding author. 

Supplementary data
Charlson Comorbidity Index (CCI) and Tables 3 and 4 are 
available as supplementary data in the online version of this 
article, http://dx.doi.org/ 10.1080/17453674.2018.1540091

All authors contributed significantly to this paper. DG, KG, and AT jointly 
initiated the study and wrote the protocol. EB modified the protocol and 
applied for approval by the DDPA. DG wrote the main paper. PV performed 
the statistics and wrote the statistics rapport. All authors performed critical 
revision of the paper.

Acta thanks Martin Lindberg-Larsen and Maziar Mohaddes for help 
with peer review of this study.

Astephen Wilson J L, Wilson D A, Dunbar M J, Deluzio K J. Preoperative 
gait patterns and BMI are associated with tibial component migration. Acta 
Orthop 2010; 81(4): 478-86. doi: 10.3109/17453674.2010.501741.

Benchimol E I, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, 
Sorensen H T, von Elm E, Langan S M, Committee R W. The REporting 
of studies Conducted using Observational Routinely-collected health Data 
(RECORD) statement. PLoS Med 2015; 12(10): e1001885. doi: 10.1371/
journal.pmed.1001885.

Bordini B, Stea S, Cremonini S, Viceconti M, De Palma R, Toni A. Relation-
ship between obesity and early failure of total knee prostheses. BMC Mus-
culoskelet Disord 2009; 10: 29. doi: 10.1186/1471-2474-10-29.

Deyo R A, Cherkin D C, Ciol M A. Adapting a clinical comorbidity index 
for use with ICD-9-CM administrative databases. J Clin Epidemiol 1992; 
45(6): 613-19.

Electricwala A J, Jethanandani R G, Narkbunnam R, Huddleston J I, 3rd, 
Maloney W J, Goodman S B, Amanatullah D F. Elevated body mass index 
is associated with early total knee revision for infection. J Arthroplasty 
2017; 32(1): 252-5. doi: 10.1016/j.arth.2016.05.071.

Foran J R, Mont M A, Etienne G, Jones L C, Hungerford D S. The outcome 
of total knee arthroplasty in obese patients. J Bone Joint Surg Am 2004a; 
86-A(8): 1609-15.

Foran J R, Mont M A, Rajadhyaksha A D, Jones L C, Etienne G, Hunger-
ford D S. Total knee arthroplasty in obese patients: a comparison with a 
matched control group. J Arthroplasty 2004b; 19(7): 817-24.

Griffin F M, Scuderi G R, Insall J N, Colizza W. Total knee arthroplasty in 
patients who were obese with 10 years followup. Clin Orthop Relat Res 
1998; (356): 28-33.

Gundtoft P H, Overgaard S, Schonheyder H C, Moller J K, Kjaersgaard-
Andersen P, Pedersen A B. The “true” incidence of surgically treated 
deep prosthetic joint infection after 32,896 primary total hip arthroplas-
ties: a prospective cohort study. Acta Orthop 2015; 86(3): 326-34. doi: 
10.3109/17453674.2015.1011983.

Knæalloplastikregister D. Dansk Knæalloplastikregister, Årsrapport 2017; 
2017.

Ledford C K, Ruberte Thiele R A, Appleton J S, Jr, Butler R J, Wellman S S, 
Attarian D E, Queen R M, Bolognesi M P. Percent body fat more associated 
with perioperative risks after total joint arthroplasty than body mass index. 
J Arthroplasty 2014; 29(9 Suppl): 150-4. doi: 10.1016/j.arth.2013.12.036.

Lynge E, Sandegaard J L, Rebolj M. The Danish National Patient Register. Scand 
J Public Health 2011; 39(7 Suppl): 30-3. doi: 10.1177/1403494811401482.

Morrison J B. The mechanics of the knee joint in relation to normal walking. 
J Biomech 1970; 3(1): 51-61.

Pedersen C B. The Danish Civil Registration System. Scand J Public Health 
2011; 39(7 Suppl): 22-5. doi: 10.1177/1403494810387965.

Schmidt M, Pedersen L, Sorensen H T. The Danish Civil Registration System 
as a tool in epidemiology. Eur J Epidemiol 2014; 29(8): 541-9. doi: 
10.1007/s10654-014-9930-3.

Schmidt M, Schmidt S A, Sandegaard J L, Ehrenstein V, Pedersen L, Sorensen 
H T. The Danish National Patient Registry: a review of content, data qual-
ity, and research potential. Clin Epidemiol 2015; 7:449-90. doi: 10.2147/
CLEP.S91125.

Shah S H, Schwartz B E, Schwartz A R, Goldberg B A, Chmell S J. Total knee 
arthroplasty in the younger patient. J Knee Surg 2017; 30(6): 555-9. doi: 
10.1055/s-0036-1593619.



66 Acta Orthopaedica 2019; 90 (1): 60–66

Si H B, Zeng Y, Shen B, Yang J, Zhou Z K, Kang P D, Pei F X. The influence 
of body mass index on the outcomes of primary total knee arthroplasty. 
Knee Surg Sports Traumatol Arthrosc 2015; 23(6): 1824-32. doi: 10.1007/
s00167-014-3301-1.

Ward D T, Metz L N, Horst P K, Kim H T, Kuo A C. Complications of 
morbid obesity in total joint arthroplasty: risk stratification based on BMI. 
J Arthroplasty 2015; 30(9 Suppl): 42-6. doi: 10.1016/j.arth.2015.03.045.

Werner B C, Evans C L, Carothers J T, Browne J A. Primary total knee arthro-
plasty in super-obese patients: dramatically higher postoperative complica-
tion rates even compared to revision surgery. J Arthroplasty 2015; 30(5): 
849-53. doi: 10.1016/j.arth.2014.12.016.

Zingg M, Miozzari H H, Fritschy D, Hoffmeyer P, Lubbeke A. Influence of 
body mass index on revision rates after primary total knee arthroplasty. Int 
Orthop 2016; 40(4): 723-9. doi: 10.1007/s00264-015-3031-0.



Acta Orthopaedica 2019; 90 (1) (DOI: 10.1080/17453674.2018.1540091) Supplementary data (1/1) 

Supplementary data

Charlson Comorbidity Index (CCI)

1 point Myocardial infarction
 Congestive heart failure
 Peripheral vascular disease
 Cerebrovascular disease
 Dementia
 Chronic pulmonary disease
 Connective tissue disease
 Ulcer disease
 Mild liver diseas
 Diabetes I and II

2 points Hemiplegia
 Moderate to severe renal disease
 Diabetes with end organ damage
 Any tumor
 Leukemia
 Lymphoma

3 points Moderate to severe liver disease

6 points Metastatic solid tumor
 AIDS

CCI is the sum of points. We classified patients into 3 levels accord-
ing to the degree of comorbidity: index low (0 points), corresponding 
to patients with no previous recorded disease categories imple-
mented in CCI; index medium (1–2 points); and index high (≥ 3 
points).

Table 3. Crude and adjusted hazard ratio (HR) with 95% confidence interval (CI) for revision due to aseptic loosening according to different 
weight and age groups. Values are number of subjects (95% CI)

  No. of   Weight (kg) 
Parameter patients 45–-60  60–69 70–79 (ref.) 80–89 90–99 99–200 p-value a

Crude HR  67,810 0.85 (0.62–1.18) 0.62 (0.50–0.79) b 1 1.02 (0.86–1.20) 1.09 (0.91–1.32) 1.35 (1.13–1.60) b < 0.001
Adjusted HR c 67,218 0.91 (0.65–1.26) 0.66 (0.52–0.83) b 1 0.97 (0.82–1.15) 0.96 (0.79–1.17) 1.09 (0.91–1.30) 0.004

a P-value for linear trend
b  Significant, p < 0.05
c Adjusted for sex, age, comorbidities, perioperative complications, years after primary TKA, type of fixation, and indication for primary TKA.
Due to missing values in data, the total number of patients in the adjusted calculations is 67,218.

Table 4. Crude and adjusted hazard ratio (HR) with 95% confidence interval (CI) for revision due to infection according to different weight 
and age groups. Values are number of subjects (95% CI)

  No. of   Weight (kg) 
Parameter patients 45–-60  60–69 70–79 (ref.) 80–89 90–99 99–200 p-value a

Crude HR  67,810 0.58 (0.21–1.64) 0.90 (0.52–1.56) 1 1.14 (0.74–1.78) 1.49 (0.93–2.37) 1.45 (0.92–2.29) 0.2
Adjusted HR b 67,218 0.71 (0.25–2.02) 0.98 (0.55–1.73) 1 0.98 (0.62–1.53) 1.08 (0.67–1.75) 1.00 (0.62–1.62) 1.0

a P-value for linear trend
b  Adjusted for sex, age, comorbidities, perioperative complications, years after primary TKA, type of fixation, and indication for primary TKA.
Due to missing values in data, the total number of patients in the adjusted calculations is 67,218.


