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Abstract 20 

 21 

Background 22 

There is a trend towards minimising length of stay (LOS) after total knee arthroplasty (TKA), as 23 

greater LOS is associated with poorer outcomes and higher costs. Patient factors known to influence 24 

LOS post-TKA include age and ASA grade.  25 

Evidence regarding the effect of body mass index (BMI) in particular is conflicting, with some studies 26 

finding that increased BMI predicts increased LOS, while others have found no relationship. Few 27 

previous studies, which have mostly been conducted outside the UK, have examined the effect of 28 

living alone or socioeconomic deprivation, which may be confounders.  29 

Methods 30 

We conducted a retrospective cohort study of 1031 consecutive primary TKAs performed 01-04-31 

2021 to 31-12-2021 in a single high-volume arthroplasty centre. A multivariable negative binomial 32 

regression model was performed for the 860 patients with complete data, using pre-operative (BMI, 33 

age, gender, ASA grade, smoking, ethnicity, socioeconomic deprivation, living arrangement, EQ5D 34 

quality of life score, and indication for surgery) and peri-operative variables (surgeon, surgical 35 

approach, tourniquet use, AM/PM operation, operation side, duration, and day of the week).  36 

Results 37 

Mean LOS was 2.6 days. BMI and socioeconomic deprivation had no effect on LOS (p>0.05). 38 

Increased LOS was associated with living alone, lower EQ5D, age and ASA grade (all p<0.001), PM 39 

operation (p<0.01), female gender and duration of surgery (p<0.05). 40 

Conclusion 41 



BMI and socioeconomic status were not correlated with LOS after TKA. Living alone, which has not 42 

been previously reported and lower pre-operative EQ5D status were significant risk factors, which 43 

merit consideration in pre-operative planning and counselling. 44 

  45 



1. Introduction 46 

 47 

Demand for hip and knee arthroplasty has increased year on year (1), and this trend is predicted to 48 

continue due to unmet need, increasing obesity, and longer life expectancy (2). There is a trend 49 

towards minimising length of stay (LOS) after total knee arthroplasty (TKA), as increased LOS is 50 

associated with increased complication and readmission rates, worse 1-year PROMS scores, and 51 

higher costs (3–6). In some studies, day case arthroplasty has been shown to be beneficial compared 52 

to inpatient arthroplasty for both the hip and knee (7–9). Diverse patient factors are known to 53 

influence LOS after TKA, such as age, gender, and ASA grade (4,10).  54 

The evidence on the effect of body mass index (BMI) in particular has been inconsistent. A 55 

systematic review on the effect of pre-operative factors on LOS by Shah et al (19) discussed 29 56 

relevant studies, some of which reported a significant positive correlation between BMI and LOS, 57 

and some of which reported no effect. The meta-analysis combined fifteen of these studies, 58 

comparing patients with BMI above vs below 30, and found that the lower BMI group had shorter 59 

LOS. However, this result was driven by only six studies which reported a significant effect. Of these, 60 

one did not adjust for variables other than BMI (20), and of the other five, four did not include 61 

smoking, living arrangements, or any peri-operative variables (other than duration of surgery and 62 

grade of surgeon in one study) (21–24), two did not include socioeconomic status (21, 22), and two 63 

did not include ethnicity (22,23). All of these may be important confounding variables. 64 

Our own literature search identified further studies on this topic, which were again mixed. The most 65 

robust study in favour of a positive correlation (10) was performed in the USA, included 4509 TKAs 66 

across 4 sites, and used a multivariable regression model which took into account numerous 67 

preoperative and perioperative variables including age, BMI, comorbidities, mental health score, 68 

smoking status, operation day of week and time of day. Other supporting studies included a UK 69 

cohort (6) of 1001 arthroplasties (566 TKAs, remainder hip arthroplasties) which studied only pre-70 



operative variables, and a Pakistani cohort of 577 TKAs (11). None of these studies included 71 

socioeconomic status, whether patients lived alone, or ethnicity in their statistical models. 72 

Studies which found no relationship between BMI and LOS were generally mixed cohorts of 73 

approximately equal numbers of hip and knee arthroplasties, e.g. one French cohort with 725 TKAs 74 

(12), one US cohort with 62 TKAs (13), and another US cohort with 420 TKAs (14), all of which 75 

examined only pre-operative factors, and did not include socioeconomic status or living 76 

arrangements. Most did not include ethnicity, with the exception of (14), which modelled ethnicity 77 

as a binary “Black” or “Non-Black” variable.  78 

The existing evidence, then, has often omitted potentially important confounders, and generally 79 

originated outside the UK. It has also originated entirely prior to the Covid-19 pandemic, which has 80 

changed patients’ pre-operative health, social context, and the provision of care. The current study 81 

presents an updated post-Covid cohort of 100% TKAs in the UK, and takes into account commonly 82 

omitted variables such as socioeconomic status, living alone, and ethnicity. 83 

2. Methods 84 

 85 

Data were retrospectively sought from medical records for all primary TKAs performed between 01-86 

04-2021 and 31-12-2021, following the resumption of elective surgery in a single high-volume 87 

centre. Exclusion criteria were: revision surgery, removal of metalwork, unicompartmental 88 

arthroplasty, isolated patellar resurfacing, and simultaneous bilateral total knee arthroplasty.  89 

Socioeconomic deprivation was measured by the Index of Multiple Deprivation Rank assigned by the 90 

UK Ministry of Housing, Communities, and Local Government to each patient’s home postcode (Rank 91 

1 being the most deprived) (16).  92 



A multivariable count data regression model was performed using a range of relevant covariates, 93 

including pre-operative (BMI, age, gender, ASA grade, index of multiple deprivation rank, ethnicity, 94 

smoking status, living alone vs not, EQ5D quality of life score, and diagnosis) and peri-operative 95 

variables (surgical approach, tourniquet use, use of navigation-assisted surgery, AM/PM operation 96 

start, operation side, operation duration, and day of the week). Surgeon-level effects were modelled 97 

as fixed-effects. A Poisson model was initially tested but a negative binomial model which allows 98 

overdispersion was used for the final result. Potential non-linear effects of covariates were modelled 99 

using fractional polynomial terms (17). In addition, a link test was performed to explore any model 100 

specification issues. Given the missing data for some covariates, a complete-case analysis was 101 

employed, and its appropriateness was checked by a logistic regression model to see if the 102 

missingness was due to the outcome variable (18). 103 

3. Results 104 

 105 

After applying the inclusion and exclusion criteria, 1031 consecutive patients undergoing total knee 106 

arthroplasty were included (Table 1). The mean age was 70 years (std. dev. 8.9 yrs, range 41-94 yrs), 107 

the mean BMI was 31.2 (std. dev. 5.9, range 18.4-55.1), and 61% of patients were female, 58% had 108 

never smoked, 25% lived alone, and 79% were Caucasian.  109 

The TKAs were performed by a total of 48 surgeons. 100% were via a medial parapatellar approach. 110 

The diagnosis (indication for TKR) was primary knee osteoarthritis in 994 patients (96%), 111 

inflammatory arthropathy in 21 patients (2%), and miscellaneous others including post-traumatic 112 

arthritis and septic arthritis in 16 patients (2%). A tourniquet was used in 708 cases (69%) and 113 

navigation-assisted surgery was used in 74 cases (7%).  114 

The mean LOS was 2.6 days (range 0-25 days), and day cases accounted for 5% of all patients. The 115 

distribution of LOS was skewed towards a shorter stay (Figure 1).  116 



A univariate analysis of all 1031 patients showed no significant correlation between BMI and LOS 117 

(Figure 2) (Kendall’s rank correlation -0.024, p = 0.29).  118 

860 patients were included in the regression model, and the remainder were not included because 119 

data was missing for one or more of the variables. The results of the model are summarised in Table 120 

2. The model coefficients were exponentiated to indicate a factor change (similar to relative risk), 121 

such that all else being equal, ASA 4 patients stay 2.3 times as long as ASA 1 patients, and for each 122 

unit (1 kg/m^2) increase in BMI, the LOS changes by a factor of 0.993. 123 

The effect of BMI on LOS was not statistically significant (Table 2). Increased LOS was experienced by 124 

older patients (p < 0.001), female patients (p < 0.05), patients with ASA grade = 4 (p < 0.001), 125 

patients of non-Caucasian ethnicity (p < 0.05) and patients who lived alone (p < 0.001). Increased 126 

LOS was also associated with surgery starting in the afternoon (p < 0.01) rather than the morning, 127 

and operations which lasted longer (p < 0.05).  128 

Pre-operative EQ5D (quality of life) score was negatively associated with LOS, i.e. better quality of  129 

life before TKA is associated with shorter LOS (p < 0.001).  130 

There was no statistically significant effect of index of multiple deprivation rank, smoking status, side 131 

of operation, day of the week, tourniquet use, or use of navigation-assisted surgery (all p > 0.05). 132 

4. Discussion 133 

 134 

BMI had no statistically significant effect on LOS in the current cohort. Previous evidence has been 135 

conflicting with regards to whether or not BMI affects length of stay after TKA. The current results 136 

suggest that the positive correlation found by some previous studies may have been driven by 137 

commonly omitted confounders, particularly ethnicity. There was a significant association in the 138 

current cohort between ethnicity and BMI (one-way ANOVA, F = 5.3751, p = 0.0003).  139 



Living arrangement had a highly statistically significant effect in the current cohort, with living alone 140 

associated strongly with increased LOS. To our knowledge, this association has not previously been 141 

reported in the literature. Most of the pre-existing studies have not included living arrangements, 142 

and those which did were small cohorts in which the effect of living arrangements did not rise to 143 

statistical significance in multivariable analysis (19).  144 

A higher pre-operative EQ5D score was significantly correlated with shorter LOS. The EQ5D is a 145 

holistic quality of life assessment which asks patients about mobility, self-care, impairment of usual 146 

activities, pain/discomfort and anxiety/depression. While previous studies on LOS have included 147 

individual components of this e.g. mental health, mobility, and range of motion, few have used a 148 

holistic assessment tool such as the EQ5D (10, 19). Pre-operative quality of life is likely to affect post-149 

operative recovery in multiple ways, including functional reserve and motivation to engage with 150 

physiotherapy. 151 

Other statistically significant findings in the current cohort were consistent with those of previous 152 

studies, showing an association between increased LOS and increasing age, ASA grade, female 153 

gender, non-Caucasian ethnicity, afternoon operations, and operative duration (10,19,25).  154 

No statistically significant relationship was found in the current study between socioeconomic 155 

deprivation and LOS. In contrast, three previous studies have shown a strong positive relationship. 156 

Courtney et al (26) studied a US population, using income data by zip code, while Hollowell et al (27) 157 

and Jonas et al (23) studied patients in the UK and used the index of multiple deprivation by 158 

postcode (US zip codes cover a much larger area than UK postcodes). Jonas et al found that the 159 

association was strongly significant only in their univariate analysis and not the multivariate one, 160 

suggesting that the effect may be driven by confounding variables. The other two studies adjusted 161 

for age and gender, with Courtney et al also adjusting for some comorbidities. All three studies 162 

divided patients into quartiles or quintiles of deprivation and compared those groups, rather than 163 

using multiple deprivation rank which is much higher-resolution data, and these methodological 164 



choices may account for the differing results. Another plausible explanation is that there are regional 165 

differences in social care and support at home post-operatively, which may compensate for 166 

socioeconomic deprivation in the current cohort. 167 

Day of the week of surgery had no statistically significant effect on LOS in the current study. The 168 

previous literature on this is mixed, with some centres finding no effect (28) and others finding 169 

longer stay on various different days of the week e.g. Fridays longer (10,29), Fridays shorter (30), or 170 

Thursdays longer (31). This is likely to reflect differences in staff availability or standard practices in 171 

different centres, with some centres emphasising day case arthroplasty where possible, and some 172 

being able to discharge patients over the weekend, with greater access to physiotherapy and 173 

rehabilitation. 174 

 175 

4.1. Limitations 176 

 177 

The current study includes fewer patients than some previous literature (19). Some studies have 178 

achieved greater patient numbers by spanning multiple years and/or combining data from multiple 179 

hospitals in a large region. These methods improve statistical power but introduce heterogeneity, as 180 

practice and patient pathways vary over time and between institutions. 181 

A further limitation of the current study is that the data was retrospectively reviewed. Finally, pre-182 

operative health status was measured using ASA grade and EQ5D, which give little insight into which 183 

comorbidities are the most important.  184 

Conclusion 185 

 186 



BMI and social deprivation had no statistically significant effect on LOS. Living alone predicted longer 187 

inpatient stay, which has not been previously reported, and higher EQ5D scores predicted shorter 188 

LOS. Both should be taken into account when planning the patient care,  and specific pre-operative 189 

counselling may be considered for patients living alone or with poor pre-operative quality of life. The 190 

current results confirm previous reports that greater LOS should also be expected in patients who 191 

are older, female, have greater comorbidities, are non-Caucasian, and have afternoon or longer 192 

surgeries. 193 
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Tables 
 

Table 1: Descriptive statistics (n=1031) 

  Mean/Prop.   SD     Freq.     Median   Min.     Max.     n    

Length of stay (days) 2.61 2.05  2.00 .00 25.00 1031 

Age 70.49 8.93  71.00 41.00 94.00 1031 

Gender       1031 

    Female .61  634     

    Male .39  397     

BMI 31.17 5.91  30.62 18.36 55.11 1031 

EQ5D quality of life score .37 .34  .52 -.59 1.00 939 

Operation duration (min) 86.80 28.28  83.00 2.00 585.00 1031 

Operation side       1031 

    Left .48  493     

    Right .52  538     

ASA       1031 

    1 .04  43     

    2 .63  647     

    3 .32  332     

    4 .01  9     

Op started am vs pm       1031 

    AM .53  548     

    PM .47  483     

Day of week       1031 

    1 .14  142     

    2 .10  102     

    3 .24  250     



    4 .16  169     

    5 .15  156     

    6 .21  212     

Index of Multiple 
Deprivation Rank 22219.52 7804.98  23880.00 1096.00 32789.00 1031 

Living arrangements       954 

    Alone .25  236     

    Nursing Home, hospital or 
care home .00  2     

    Other .00  3     

    Partner / family / Spouse 
/ Friends .75  713     

Ethnicity       945 

    Afro-Caribbean .07  63     

    Asian .10  99     

    Caucasian .79  751     

    Mixed .01  9     

    Other minority ethnic 
group .02  23     

Smoking status       1028 

    Never .56  574     

    Ex .34  345     

    Current .06  66     

    Unknown .04  43     

Tourniquet use       1031 

    No .31  323     

    Yes .69  708     

Navigation        1031 

    No .93  957     

    Yes .07  74     

 



 

 

 

Table 2: Modelling results 
 

 Factor change 95% confidence interval 
BMI 0.993 [0.983,1.004] 
Gender (Female) ref.  
    Male 0.908* [0.826,0.997] 
Age 1.019*** [1.013,1.026] 
Operation side (Left) ref.  
    Right 1.091 [0.993,1.199] 
ASA (=1) ref.  
    2 0.887 [0.721,1.092] 
    3 1.080 [0.853,1.366] 
    4 2.295*** [1.509,3.491] 
Index of Multiple Deprivation Rank 
(per 1000) 

1.000 [0.994,1.006] 

Op started am vs pm (AM) ref.  
    PM 1.153** [1.055,1.259] 
Day of week (=1) ref.  
    2 0.857 [0.698,1.053] 
    3 0.991 [0.845,1.162] 
    4 0.904 [0.750,1.089] 
    5 1.121 [0.915,1.373] 
    6 1.002 [0.831,1.209] 
Operation duration (min) 1.002* [1.000,1.004] 
Living Alone 1.202*** [1.078,1.340] 
Ethnicity (Caucasian) ref.  
    Afro-Caribbean 1.357* [1.055,1.744] 
    Asian 1.078 [0.929,1.252] 
    Mixed 1.642** [1.202,2.242] 
    Other minority ethnic group 1.408** [1.116,1.777] 
Smoking status (Never) ref.  
    Ex 1.047 [0.955,1.147] 
    Current 0.775 [0.594,1.011] 
EQ5D quality of life score 0.670*** [0.574,0.783] 
Tourniquet use (No) ref.  
    Yes 0.872 [0.756,1.005] 
Navigation (No) ref.  
    Yes 0.972 [0.728,1.297] 
Constant 0.773 [0.371,1.607] 
Observations 860  
Pseudo R2 0.108  

Exponentiated coefficients; 95% confidence intervals in brackets 
* p < 0.05, ** p < 0.01, *** p < 0.001; Surgeon-level effects modelled as fixed-effects. 



Figures 
 

 

Figure 1: distribution of length of stay. 

0

50

100

150

200

250

300

0 1 2 3 4 5 6 7 8 9 10 11 12 13 16 18 25

N
um

be
r o

f p
at

ie
nt

s

LOS (days)

Length of stay



 

Figure 2: relationship between Body Mass Index and length of stay. 
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Figure 3: relationship between age and length of stay. 
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