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Abstract

Background A future increase in total joint arthroplasties

in patients with diabetes seems likely considering the

prevalence of osteoarthritis and diabetes mellitus are

increasing. However, the rates of arthroplasty in the pop-

ulation of patients with diabetes are unclear.

Questions/purposes We sought to determine whether

lower extremity arthroplasties in a veteran population with

diabetes is different from a similar population without

diabetes. The following specific questions were asked:

(1) Is the rate of TKA in veterans with diabetes higher than

in those without diabetes? (2) Is the rate of THA in vet-

erans with diabetes higher than in those without diabetes?

(3) Are arthroplasty revision rates greater in veterans with

diabetes than in veterans without diabetes?

Methods The US Department of Veterans Affairs Health

administrative data from fiscal year 2000 was used to

identify persons with primary or secondary TKA or THA.

The rate of surgeries among a diabetic population was

compared with that among a nondiabetic population.

Results The diabetic cohort received total joint

arthroplasties at a higher rate than the nondiabetic cohort at

all ages younger than 66 years, with a range of odd ratios

from 1.3 to 3.4. In answer to our specific questions, (1) the

rate of TKA (95% CI, 2.1–3.7), (2) the rate of THA (95% CI,

1.0–2.6), and (3) the rates of arthroplasty revision (95% CI,

0.9–5.8 TKA and 0.7–6.8 THA) were higher in veterans with

diabetes. Furthermore, those with diabetes in the youngest

age group studied received total joint arthroplasties and

revision surgeries at approximately double the rates of those

without diabetes.
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Conclusions If these findings hold true for the population

as a whole, they imply that clinicians in the United States

may see a sharp increase in younger diabetic candidates for

joint arthroplasty.

Level of Evidence Level III, prognostic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Joint arthroplasty is a common treatment for end-stage

joint disease to restore mobility and reduce pain. Diabetes

contributes to poor orthopaedic surgical outcomes includ-

ing increased pain and stiffness, decreased joint function,

decreased ROM, nonhomebound discharge status, and

reduction of implant survivorship requiring subsequent

revision surgery [3, 4, 9, 24, 28]. A patient’s glycemic

control has additional effects on surgical outcome. Patients

with uncontrolled diabetes undergoing arthroplasty are

reported to have higher postsurgical complications and

costs compared with patients with controlled diabetes

undergoing arthroplasty [23].

Because national trends indicate that the prevalence of

diabetes mellitus is increasing rapidly [25], the number of

patients with diabetes and with osteoarthritis seeking an

arthroplasty also can be expected to increase. However,

whether this comorbid condition contributes to an increase

in the number of arthroplasties performed is unknown. A

recent study indicated that obesity, another comorbid

condition that is increasing in prevalence in the United

States, cannot be the only cause of increased rates of

TKA [21].

To obtain a better estimation of the rates of lower

extremity total joint arthroplasties among patients with

diabetes nationwide, an observational retrospective study

was performed using the US Department of Veterans

Affairs Health Administration (VHA) administrative data.

The following questions were asked: (1) Is the rate of TKA

in veterans with diabetes higher than in those without

diabetes? (2) Is the rate of THA in veterans with diabetes

higher than in those without diabetes? (3) Are arthroplasty

revision rates greater in veterans with diabetes than in

veterans without diabetes?

Patients and Methods

The study design was observational and retrospective, in

compliance with the Helsinki Declaration, and conducted

with the approval of the Colorado Multiple Institutional

Review Board and the VHA Research Committee. All data

were examined without protected health information. The

review boards determined this protocol qualified for

exempt status.

Because the goal was to identify the rates of operations

in a large population with a broad age range, data were

obtained from the VHA administrative database (Austin

Center, TX, USA). Persons who had at least one visit at any

VHA medical center during the VA fiscal year 2000

(October 1999 to September 2000) were counted once in

the study. The criterion to identify VHA patients with

diabetes was either (1) prescribed antidiabetic medication

or (2) a record of two outpatient visits and/or inpatient

stays within 24 months of diagnosis for diabetes. This

criterion was defined as the best (ie, high sensitivity and

high specificity) for identifying patients with diabetes [25].

Data for TKAs and THAs for primary and revision oper-

ations in these two cohorts were obtained using the

following International Classification of Diseases, 9th

Revision, Clinical Modification codes: 81.54 (primary

TKA), 81.55 (revision TKA), 81.51 (primary THA), and

81.53 (revision THA).

To address the concern that patients with diabetes may

be more frequent users of outpatient care, rates for

arthroplasties in the VHA were determined using a

denominator for patients with diabetes and patients without

diabetes based on the total numbers of veterans with at

least one visit during that fiscal year. Any record in the

outpatient file (eg, a physician visit or having laboratory

work or blood drawn) qualified to count the patient in the

respective denominator.

For all analyses, both cohorts were stratified by age into

three groups: 46 to 55 years, 56 to 65 years, and older than

65 years. The numbers of patients in each age group of the

diabetic cohort were: 46 to 55 years, 34,949; 56 to

65 years, 70,156; and 66 years and older, 342,933. The

numbers of patients in each age group of the nondiabetic

cohort were: 46 to 55 years, 800,660; 56 to 65 years,

603,918; and 66+ years, 1,614,757.

The chi-square test was performed to analyze the asso-

ciation between arthroplasty and diabetes status. Odd ratios

and 95% CIs were calculated to quantify risk for surgery

according to diabetes status [2]. Surgical types (primary

TKA, revision TKA, primary THA, and revision THA)

were tested individually. Statistical significance was set at

a probability less than 0.05.

Results

In the hip and the knee, the frequency of arthroplasty

among patients in the VHA in fiscal year 2000 was higher

in the diabetic cohort.
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Regarding whether the rate of having a TKA is greater

with diabetes, the data showed a significant increase in

primary TKAs for all three age groups tested: 46 to 55, 56

to 65, and 66+ years. The proportion of the diabetes cohort

receiving primary TKAs resulted in a calculated increased

risk for TKA from a low of 1.2 for patients 66+ years to a

high of 2.8 for patients 46 to 55 years (Table 1). An

unexpected finding was that although arthroplasty rates

increased with age in the nondiabetic groups, the rates for

the diabetic groups were highest in the younger age groups.

The highest rate of operations was for primary TKA in a

younger diabetic group—more than two per 1000 for

patients 56 to 65 years (Fig. 1A).

Regarding whether the rate of having a THA is greater

with diabetes, the data showed a significant increase in

primary THAs for patients 46 to 55 years old (Table 2). No

significant differences in the frequencies of primary THAs

between cohorts were detected in the 56 to 65 and the

66+ year age groups. Although arthroplasty rates increased

with age in the nondiabetic groups, the rates for the diabetic

groups were highest in the younger age groups (Fig. 1B).

Regarding whether arthroplasty revision rates are

greater in patients with diabetes, the data showed signifi-

cant increases in revision TKA for patients 46 to 55 years

old and 66+ years (Table 1), and for revision THA for

patients 46 to 55 years old (Table 2). Odds ratios for these

specific revisions were 2.9, 1.5, and 3.4, respectively. In the

diabetic cohort, higher rates were found in the younger

groups (Fig. 1C–D).

Discussion

Using a diabetic and an analogous nondiabetic cohort of

VHA patients, we found that the cohort with diabetes has

higher rates of arthroplasty and that these arthroplasties are

Table 1. Rates of primary and revision TKAs

Age

group

(years)

Rates of diabetic cohort

having surgery

Rates of nondiabetic

cohort having surgery

Odds ratio 95% CI of odds ratio p value

Primary

TKA

Revision

TKA

Primary

TKA

Revision

TKA

Primary

TKA

Revision

TKA

Primary

TKA

Revision

TKA

Primary

TKA

Revision

TKA

46–55 0.14 0.03 0.05 0.01 2.8 2.9 2.1–3.7 1.5–5.8 \ 0.0001 0.004

56–65 0.21 0.02 0.08 0.01 2.5 1.6 2.1–3.0 0.9–2.8 \ 0.0001 NS

66+ 0.11 0.02 0.09 0.01 1.2 1.5 1.1–1.4 1.1–1.2 0.0004 0.0037

Total number of patients in the diabetic cohort age groups were 34,949 (46–55 years), 70,156 (56–65 years), and 342,933 (66+ years); total

number of patients in the nondiabetic cohorts were 800,660 (46–55 years), 603,918 (56–65 years), and 1,614,757 (66+ years); NS = not

significant (p [ 0.05).

Fig. 1A–D The bar graphs illus-

trate the rates of surgeries in a

cohort with diabetes compared

with a cohort without diabetes

during the VA’s fiscal year 2000.

Rates per 1000 patients for

(A) primary TKA, (B) primary

THA (C) revision knee

arthroplasty, and (D) revision hip

arthroplasty by cohort and by age

group are shown. = patients

46–55 years old; = patients

56–65 years old; = patients

66+ years old.
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being performed at a younger age than in the nondiabetic

cohort. This finding contrasts with diabetic risks for other

medical complications (eg, heart disease and stroke,

hypertension, nervous system damage, and severe peri-

odontitis), which typically are found to increase with age

[7]. Others have reported on the higher risk for perisurgical

and postsurgical complications associated with diabetes

mellitus [3, 9, 16, 23, 33]. However, to our knowledge, our

study is the first to report specifically the rates of primary

and revision knee and hip arthroplasties in a diabetic

population.

A limitation of these data is that the percentages of

Type 1 versus Type 2 diabetes in each cohort are unavail-

able. The prevalence of diabetes in the VHA population had

been 19.6% during the year relevant to this study [25]. No

data are available specifying prevalence or incidence

between Types 1 and 2 diabetes in veterans. However, in

active duty US military, the incidence rate of Type 1 dia-

betes in 2000 was only 3.7 per 100,000 (fewer than 6% of

all diabetes diagnoses) [12]. As our study includes only the

VHA population, it may differ from the general population

for various reasons. For example, the data available from

this study point to higher rates and risk of primary TKAs in

the population using the VA healthcare system, in which the

incidence of diabetes is increasing approximately 2% each

year [25] and could signal greater effects in coming years.

The VHA patient population is predominantly male com-

pared with the general US population. In addition, the VHA

patient population is underrepresented in Hispanics, Native

Americans, and Asian/Pacific Islanders [34], groups

reported to have a higher prevalence of diagnosed diabetes

[7]. Thus, the findings of our study may underestimate

prevalence in the general US population. Another limitation

is the absence of data for the prevalence of early arthritis not

requiring arthroplasty. However, the Centers for Disease

Control and Prevention does report the prevalence of

arthritis in the United States and territories is higher for

adults with diabetes, 52% compared with 29% for those

without diabetes [5]. Our study does not include persons

with undiagnosed diabetes or persons not healthy enough

for surgery who might otherwise opt for arthroplasty. Thus,

the potential full effect of diabetes on articular joints may be

greater than illustrated in our study. In addition, the revision

rates are overall population rates and do not represent the

actual number of people who have had primary

arthroplasties as that is not possible to determine from our

data set. Therefore our data cannot be used to project the

precise number of patients who may require revision sur-

gery in the future. Finally, additional data on other

comorbidities were not collected from these cohorts.

Potential confounding effects may arise from conditions

known to be associated with diabetes such as obesity,

chronic kidney disease, and heart disease.

We are unable to identify potential biological mecha-

nisms for increased arthroplasty in patients at younger ages

with diabetes from the data collected. Candidate mecha-

nisms include hyperglycemia leading to joint tissue

changes, particularly in collagen [27], and obesity leading

to (1) increased mechanical load to the joint [31]; and/or

(2) nonbiomechanical factors such as metabolism from

increased fat [8, 14, 20, 22]. Obesity is a risk factor for

diabetes [1, 15, 17, 19, 30] and osteoarthritis [8, 13, 20, 22,

26], and both factors are increasing rapidly in the US

population [6, 10]. Unfortunately, data that might further

explore these potential hypotheses are unavailable in our

data set (BMI, HbA1c, adipokine biomarkers). The finding

that arthroplasty rate increases with diabetes is consistent

with a study of a much smaller population (arthroplasty

performed at one hospital with only 69 subjects in the

diabetes group) in which increased risk for primary

arthroplasty was the result of diabetes and independent of

age and BMI [32]. However, differences between joints

could not be assessed because data were combined for the

knee and hip [32].

With primary hip arthroplasty, the increase in diabetes

was not as dramatic as with the knee and was detected only

in the youngest age group. Whether this is related to fewer

primary hip than knee surgeries in the general population

[18] or to a biological mechanism related to diabetes

cannot be determined by our study.

Table 2. Rates of primary and revision THAs

Age group

(years)

Rates of diabetic cohort

having surgery

Rates of nondiabetic

cohort having surgery

Odds ratio 95% CI of odds ratio p value

Primary

THA

Revision

THA

Primary

THA

Revision

THA

Primary

THA

Revision

THA

Primary

THA

Revision

THA

Primary

THA

Revision

THA

46–55 0.07 0.03 0.04 0.01 1.7 3.4 1.1–2.6 1.7–6.8 0.0173 0.0009

56–65 0.07 0.02 0.05 0.01 1.3 1.3 1.0–1.7 0.7–2.5 NS NS

66+ 0.05 0.01 0.05 0.01 1.1 1.0 0.9–1.3 0.7–1.4 NS NS

Total number of patients in the diabetic cohort age groups were 34,949 (46–55 years), 70,156 (56–65 years), and 342,933 (66+ years); total

number of patients in the nondiabetic cohorts were 800,660 (46–55 years), 603,918 (56–65 years), and 1,614,757 (66+ years); = not significant

(p [ 0.05).
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For revision arthroplasty, there were greater rates in our

diabetic cohort in the youngest (knee and hip) and oldest

(knee) age groups. The multicenter NAKAR study found

that worse outcomes for revision TKA, as measured by the

SF-36, WOMAC, and Lower-Extremity Activity Scale

(LEAS) instruments, were associated with a higher number

of comorbidities which included diabetes [11]. A recent

study examining hip revisions also found an increased risk

for revision with diabetes [29]. Two studies of TKAs

showed rates of implant nonsurvivorship were higher in the

short-term but not significantly higher in the long-term ([7

years) [24, 28]. Higher arthroplasty rates add to increasing

healthcare costs. A total joint arthroplasty is an expensive

procedure with costs ranging from USD 20,000 to USD

35,000; and revision arthroplasty at more than USD 47,000

[3, 4]. However, when these procedures are performed on

patients with diabetes, costs increase USD 1000 per hos-

pital admission, likely owing to greater nursing care,

monitoring and testing, and glucose management [3].

Furthermore, patients with diabetes undergoing an

arthroplasty are more often than the general population to

be discharged to another care facility rather than their

home [3, 16].

That arthroplasty rates are higher in patients with dia-

betes and more weighted toward younger patients could

have important clinical implications such as a potential

increase in revision surgeries in subsequent years. We

found that patients younger than 66 years with diabetes in

the VHA receive total joint arthroplasties at a higher rate

than those without diabetes. Furthermore, patients with

diabetes in the youngest age group studied (46–55 years)

are receiving arthroplasties at approximately double the

rate of patients without diabetes. Although the mechanisms

for this doubling are not entirely clear, if these findings

hold true for the population at large, clinicians will see a

sharp increase in younger diabetic candidates for joint

arthroplasties. Therefore it would be important to elucidate

the underlying mechanisms related to diabetes that cause

revisions and, more importantly, to reduce the number of

primary surgeries for patients with diabetes.
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