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Introduction

Osteoarthritis is the commonest joint disease worldwide. It 
is a highly disabling condition, with a large burden of pain, 
loss of function and socioeconomic cost.1 The major risk 
factors for osteoarthritis are obesity and ageing.2,3 
Excessive weight increases joint loading, resulting in car-
tilage breakdown and joint remodelling; while ageing 
reduces the capacity of articular cartilage to adapt to 
mechanical stress, causing catabolism and cell death.3,4

Diabetes mellitus (DM) is also a common condition in 
obesity and advanced age.5–7 It is therefore unsurprising 
that DM and osteoarthritis are often present in the same 

patient. Hyperglycaemia also contributes directly to the 
cartilage damage seen in OA; via oxidative stress, proin-
flammatory pathways and stimulation of bone remodelling, 
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further strengthening the links between these conditions.8 
DM and osteoarthritis are becoming increasingly common 
– mainly due to the ageing global population and escalating 
obesity crisis – meaning that increasing numbers suffer 
from both conditions.1,5

The overwhelming majority of the 90,000 primary elec-
tive hip arthroplasties performed in the UK each year are 
for osteoarthritis.9,10 It follows that we have a large arthro-
plasty population at high risk of DM. In the USA, around 
9.3% of the adult population have DM,11 while the rate in 
elective arthroplasty patients is almost double this 
value.12,13 Although the rate of DM in the UK adult popu-
lation is lower (6.2%), the prevalence in UK arthroplasty 
patients is less clear.14

DM is associated with postoperative complications in 
lower limb arthroplasty, including prosthetic joint infec-
tions, increased hospital costs, and persistent pain.13,15,16 
When diabetes is poorly controlled, postoperative mor-
bidity and mortality may be greater still.17,18 Given that 
only ¼ of UK diabetic patients have good glycaemic con-
trol, this presents a heavy burden in healthcare costs.19 
Some centres in the USA now risk-stratify elective 
arthroplasty patients and redirect those with poorly-con-
trolled diabetes to primary care services, until their 
HbA1c is <53 mmol/mol.20 Although this approach 
should make surgery safer, it is controversial as it delays 
joint arthroplasty procedures for up to ⅓ of patients, a 
significant proportion fail to achieve improved diabetic 
control, and evidence of the best threshold value for 
HbA1c is inconsistent.17,20–22

Increased body mass index (BMI) is a well-studied risk 
factor for complications following arthroplasty, including 
prosthetic joint infection and cardiac complications.23,24 In 
a recent meta-analysis, increased BMI correlated with sur-
gical site infection in a dose-response relationship.25 
Obesity is extremely common in patients with type 2 DM 
and accounts for >80% of the risk of developing this dis-
ease.26 Increased BMI is likely to be a common and impor-
tant risk factor for complications in patients with DM 
undergoing joint arthroplasty, although the relative impor-
tance of obesity and poor glycaemic control is less clear.

The purpose of this study was, firstly, to describe the 
prevalence of DM in patients undergoing elective hip 
arthroplasty in a large Scottish centre; secondly, to com-
pare the postoperative complication rates in these cases to 
non-diabetic age- and sex-matched controls; and lastly to 
investigate the relationship between postoperative compli-
cations and preoperative glycaemic control and BMI.

Methods

This was a retrospective study of patients with DM under-
going elective total hip arthroplasty (THA) at a large 
Scottish teaching hospital from January 2009 until May 
2015.

Sampling criteria and data sources

A local database was used to identify all elective THA pro-
cedures undertaken at the site. Revision hip arthroplasty 
was excluded as this is associated with higher complica-
tion rates.27 Patients were then linked to Scottish Care 
Information (SCI)-diabetes (a comprehensive national 
information system which supports the care of all patients 
with DM across Scotland), using their Community Health 
Index (CHI) number, to identify those with DM.28 Clinical 
data from multiple databases were analysed, including a 
detailed preoperative clinic proforma (see appendix).

Review of patient records

Demographic information including age, gender, self-
reported smoking status and level of alcohol consumption 
were collected. Postcode was used to look up the patient’s 
Scottish Index of Multiple Deprivation (SIMD) decile 
from a Scottish Government database.29 This reflects the 
level of deprivation in the patient’s home community 
(1 = most deprived decile, 10 = least deprived). American 
Society of Anesthesiologists (ASA) score was recorded 
from the anaesthetic chart. Diabetic medication was 
recorded, and patients were categorised as ‘diet con-
trolled,’ ‘antidiabetic medication controlled’ or ‘insulin 
controlled.’ Procedure variables were also collected. 
Preoperative HbA1c (a measure of glycaemic control 
reflecting the 3 months prior to sampling), as measured in 
the year prior to the arthroplasty procedure, was recorded. 
If multiple results were available, the HbA1c value clos-
est to the date of surgery was used. BMI was classed as 
overweight at 25.0 kg/m2 or greater, and obese at ⩾30.0 kg/
m2. Electronic case notes pertaining to the patient’s admis-
sion, any subsequent admissions and clinic appointments 
to 1-year post-arthroplasty were reviewed by an orthopae-
dic research nurse and postoperative complications were 
documented.

Control patients

For each patient with DM, 5 age- and sex-matched non-
diabetic controls were identified, who had undergone pri-
mary elective hip arthroplasty at the same centre. 
Demographic and procedure variables were collected, and 
the rate of postoperative complications was analysed.

Statistical analysis

Data were compared using the Student’s t-test or Fisher’s 
exact test as appropriate. Bonferroni correction was 
applied firstly to the set of hypothesis tests for demo-
graphic data and then to the tests for postoperative compli-
cations to reduce type I error. Statistical significance was 
set at p < 0.05.
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Ethics

This study was a retrospective case sheet-based analysis 
only. Approval was granted by the clinical director for 
orthopaedics.

Results

DM rate and demographics

During the study period 1443 patients underwent elective pri-
mary THA, performed by a team of 10 consultant orthopaedic 
surgeons. Of these patients, 82 (5.7%) had a diagnosis of DM. 
We studied 410 age- and sex-matched non-diabetic controls.

Within the diabetic cohort, 50 (61.0%) patients were 
female and median age was 71 years (interquartile range 
(IQR) 64:75 years). Most had type 2 DM (97.6%) and type 
1 DM was present in only 2 patients. Diabetes was man-
aged by diet alone in 30 patients (36.6%), oral antidiabetic 
drugs in 46 (56.1%), insulin monotherapy in 4 (4.9%), and 
insulin in addition to oral antidiabetic agents in 2 (2.4%).

Smoking was more common in patients with DM (cur-
rent smokers 15 [18.3%] DM vs. 36 (8.9%) controls; 
p = 0.017); and excess alcohol consumption was similar (7 
(8.5%) DM vs. 59 [14.6%] controls; p = 0.161). SIMD 
decile was lower in patients with DM (median 4 [IQR 
2:8]); than controls (6 [3:9]; p = 0.015), indicating higher 
levels of deprivation; and ASA score was higher (DM 
median 2 [IQR 2:3]; controls 2 [2:2]; p < 0.001), indicat-
ing greater co-morbidity. Anaesthetic information was 
available for 67 patients with DM (general anaesthesia 
[GA] 23 [34.3%], spinal block 42 [62.7%], both 2 [3.0%]) 
and 393 controls (GA 107 [27.2%], spinal block 255 
[64.9%], both 31 [7.9%]).

HbA1c was measured in the year prior to surgery in 67 
(81.7%) patients with DM with a median of 49 mmol/mol 
(IQR 43:62). HbA1c was >53 mmol/mol in 26 patients 
(38.8%), and >58 mmol/mol in 18 patients (26.9%). BMI 
was greater in patients with DM than controls (DM median 
32 [IQR 27:36]; controls 29 [26:33]; p = 0.003).

Postoperative complications: impact of DM

Postoperative complications were equally likely patients 
with DM (10 patients, 12.2%) and controls (53 patients, 
12.9%) (p = 1.000). Complications requiring surgical inter-
vention occurred in 5 DM patients (6.1%) and 10 controls 
(2.4%) (p = 0.087); while medical complications were pre-
sent in 7 DM patients (8.5%) and 44 controls (10.7%) 
(p = 0.692). Details of specific postoperative complications 
are displayed in Table 1.

Postoperative complications: impact of 
glycaemic control (illustrated in Figure 1(A))

The risk of complications in those with preoperative 
HbA1c > 53 mmol/mol was 23.1% (6/26 patients with 
HbA1c > 53) versus 9.8% (4/41) in those with HbA1c ⩽ 53 
(p = 0.169); the corresponding figures for those with 
HbA1c > 58 mmol/mol was 16.7% (3/18) versus 14.3% 
(7/49) with HbA1c ⩽ 58 (p = 1.000).

Postoperative complications: impact of BMI 
(illustrated in Figure 1(B) and (C))

Risk of complications in overweight patients (DM and 
control patients combined) was 13.4% (54/403 overweight 

Table 1. Type of postoperative complication and frequency in patients with diabetes mellitus (DM) and controls.

Complication DM patients (n = 82) Controls (n = 410)

Number Percentage Number Percentage

Deep wound infection 4 4.9% 3 0.7%
Postoperative loosening 0 – 2 0.5%
Postoperative dislocation 2 2.4% 5 1.2%
Total number of patients with surgical complications 5 6.1% 10 2.4%
Superficial wound infection 1 1.2% 7 1.7%
Acute kidney injury 3 3.7% 6 1.5%
Chest or urine infection 1 1.2% 12 2.9%
Stroke 1 1.2% 1 0.2%
Hypotension requiring resuscitation or critical care admission 0 – 5 1.2%
Pulmonary embolism or deep vein thrombosis 0 – 9 2.2%
Haematemesis 0 – 3 0.7%
Congestive cardiac failure 0 – 1 0.2%
Other 1 1.2% 5 1.2%
Total number of patients with medical complications 7 8.5% 44 10.7%
Total number of patients with complications 10 12.2% 53 12.9%

Note: Multiple complications were present in 3 patients with DM (3.7%) and in 6 controls (1.5%).
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patients) versus 11.3% (9/80) in those with a normal 
weight (p = 0.718); while risk in obese patients was 16.3% 
(38/233) versus 10.0% (25/250) in non-obese patients 
(p = 0.043). The corresponding risks within the DM cohort 
were 13.7% (10/73) in overweight patients versus 0% 
(0/7) in normal weight (p = 0.587); 13.7% (7/51) in obese 
patients versus 10.3% (3/29) in non-obese (p = 0.740).

Discussion

In a large Scottish teaching hospital, 5.7% of patients 
undergoing elective hip arthroplasty had DM. This is simi-
lar to the population rate of DM (6.2% in the UK, 5.4% 
locally in Scotland), but lower than expected in patients 
with osteoarthritis (with relatively advanced age and high 
BMI), and certainly lower than rates reported previously in 
North America.12,13,30

Our arthroplasty patients with DM enjoyed relatively 
good health and tight glycaemic control. We would expect 
that the ASA score (an indicator of pre-existing morbidity) 
would be higher in a patient with DM than in an unaffected 
arthroplasty patient. If DM was associated with complica-
tions such as cardiovascular or renal disease, the ASA 
score might be higher still. Despite this, scores were com-
parable between our cohorts, indicating low levels of co-
morbidity in our DM arthroplasty patients. Glycaemic 
control was poor in less than 40% (HbA1c >53 mmol/
mol), which is much lower than estimated rates in the 
background population (75%; Diabetes UK).19

We argue that an assessment of the patient’s overall 
health – including the presence of DM and related compli-
cations – forms an important part of our operative selection 
process, resulting in fewer patients with DM undergoing 
elective arthroplasty. This selection process takes place at 
multiple levels – the patient is perhaps less likely to request 
surgery when their health is poor, the General Practitioner 
may be less likely to refer a high-risk patient to clinic, and 

the Orthopaedic Surgeon or Anaesthetist will counsel 
against arthroplasty where the operative risk outweighs the 
potential gains in function. As a unit, we do not apply any 
formal cut-offs (for example for HbA1c or BMI), although 
an assessment of which values make surgery less likely to 
progress would be an interesting avenue for future research.

Our control group was individually matched for gender 
and age. Patients with DM were more likely to smoke and 
to belong to a lower socio-economic group, although there 
was no difference in excess alcohol consumption. These 
demographics may be reflective of the Scottish DM arthro-
plasty population at large – further research here may be 
helpful. The discrepancy in BMI between the 2 groups was 
expected, given the link between obesity and DM. The 
type of anaesthetic used was also similar.

Postoperative complication rates were similar in DM 
patients and controls, while differences were observed in 
the commoner types of complications in each group. 
Notably, deep wound infection and postoperative dislo-
cation were commoner in the DM group, although these 
were observed differences only, as event numbers were 
not large enough to allow statistical testing. These com-
plications are particularly serious, as they result in 
repeated orthopaedic procedures, with repeated risks of 
postoperative complications. Observed rates of venous 
thromboembolism were lower in DM patients than con-
trols, perhaps related to the more aggressive deep vein 
thrombosis (DVT) prophylaxis regimen implemented 
locally in patients with a greater BMI.31 It is possible 
that this more aggressive regimen may lead to increased 
postoperative infection rates, via increased haematoma 
formation, as has been observed in a previous study.32 
Rates of medical complications were similar in patients 
with DM and controls, except for rates of acute kidney 
injury, which were around twice as common in the DM 
group – this was to be expected given the renal compli-
cations associated with DM.

Figure 1. The graphs compare characteristics of uncomplicated arthroplasty versus those procedures with postoperative 
complications (A) HbA1c (DM patients, n = 67) (B) BMI (DM and controls, n = 483) (C) BMI (DM patients, n = 80).
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Contrary to some studies, we did not find any difference 
in postoperative complication rates in those with a higher 
HbA1c, although the good glycaemic control seen in most 
of our patients resulted in limited numbers with a high 
HbA1c. In a retrospective study of over 1 million arthro-
plasty patients in the USA, those with uncontrolled DM had 
a higher likelihood of complications, including mortality,18 
although the effect size was small in this very large study 
and thus clinical significance is less certain. More recent 
large studies have failed to show a correlation between 
HbA1c and complications,13,17 and a recent systematic 
review concluded that HbA1c was not associated with post-
operative morbidity (including surgical site infection) or 
mortality.33 The impact of glycaemic control on postopera-
tive complications therefore remains unclear. It could, there-
fore, be worth exploring whether some patients with poorer 
glycaemic control who are not currently undergoing elective 
arthroplasty procedures could receive surgery without an 
unacceptably higher risk of complications.

Our finding of a higher risk of postoperative complica-
tions in obese patients was in keeping with previous stud-
ies.34 The risk of complications in arthroplasty rises as 
BMI increases, especially when BMI is >50 kg/m2.25,35 
Rates of surgical site infection in particular are higher in 
obesity – this finding was reproduced in a recent US cohort 
of hip arthroplasty patients with a BMI of greater than 
40 kg/m2.24,36 We note that overall complication rates in 
this study were lower than in our patients. This is likely to 
be related to the shorter follow-up period (30 days com-
pared with 1 year in our study) and exclusion of acute kid-
ney injury as a recognised postoperative complication in 
the US study. We report increased complications in obese 
patients (BMI > 30 kg/m2) in our mixed cohort (including 
patients with DM and non-diabetic controls). In our DM 
patients, risk appears to be elevated at a lower BMI cut-off 
(>25 kg/m2), although the lack of events in DM patients 
with a normal weight means that our statistical analysis is 
likely to be under-powered.

Our study shows that postoperative complications are 
more common in those patients with a higher BMI. We 
argue that this could be an effective target for reducing sur-
gical risk in all patients, including those with DM, although 
weight reduction is often challenging. With the limitation 
of our low event numbers, our data suggest that a BMI 
target of 30 kg/m2 may be appropriate. This target requires 
evaluation in larger studies.

Within our cohort, a recent HbA1c test (within 1 year 
preoperatively) was not performed in nearly ⅕ of our 
patients. In this group, 2 patients had postoperative com-
plications (13.3%), which is similar to our other groups. 
Annual HbA1c checks are routinely provided at diabetes 
check-ups, and so patients without an HbA1c check in the 
year preceding arthroplasty may be classed as clinic non-
attenders and are more likely to have poor glycaemic con-
trol.37,38 Although we have not shown an effect on outcomes 

in arthroplasty, the high proportion of patients not receiv-
ing routine checks requires further attention, as those with 
poor control are undoubtedly at greater risk of microvascu-
lar and cardiovascular complications of DM. We suggest 
that efforts should be made at every healthcare encounter, 
including at preoperative assessment and elective surgery, 
to refer these patients to diabetes services in primary or 
secondary care.

A major strength of this study was its universal approach; 
we included all patients with DM operated upon at the cen-
tre within our time frame. In Scotland, we benefit from 
excellent databases – over 99% of our patients with DM are 
registered on both clinical and research databases – and so 
we expect that our data are inclusive.39 We analysed clinical 
data from a number of electronic sources (including 
scanned copies of medical notes), providing us with com-
prehensive information on our patients. Given the retro-
spective design of this study, some data were missing, 
including HbA1c values for nearly ⅕ of our patients with 
DM. While this precludes analysis on glycaemic control in 
these patients (which may be poor), this is an accurate 
reflection of the information available in our current clini-
cal practice, which we believe is typical of UK practice. 
Our DM group tended to have good glycaemic control, 
which limited our analysis of the impact of HbA1c on com-
plication rates. Although this provides a clear illustration of 
our practice, it may also be interesting to analyse complica-
tion rates in a cohort with poorer control. Complication 
rates in a larger cohort of DM patients with a normal weight 
could also be explored, although given the very high preva-
lence of overweight and obesity in DM patients requiring 
arthroplasty, recruitment may be challenging.

In conclusion, in our cohort of patients selected for 
elective hip arthroplasty, the rate of DM was similar to the 
rate in the background population, and lower than might 
be expected in patients with osteoarthritis. Glycaemic con-
trol was good, but HbA1c screening was not universal. 
Postoperative complication rates were similar in DM 
patients and controls, although surgical complications 
such as deep wound infection were observed more fre-
quently in the DM group. Complication rates were not 
influenced by glycaemic control, although poor glycaemic 
control was uncommon. This suggests that we are select-
ing good candidates with DM for surgery, which is in turn 
leading to the low rates of complications. Complications 
were commoner in patients with a higher BMI, although 
event numbers were low. The extent to which we may be 
excluding some patients with DM from arthroplasty who 
may not be at an increased risk of complications could be 
a direction for future studies, although rates of surgical 
complications in this group should be closely monitored.
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