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Abstract

Background: Patients who have diabetes mellitus (DM) are at an increased risk of postoperative 

complications following total hip arthroplasty (THA). Therefore, much interest has been paid to 

perioperative glycemic control. However, no prior studies have evaluated the patient variation of 

HbA1c levels on costs. Therefore, the purpose of this study was to evaluate the impact of 

obtaining preoperative HbA1c levels on (1) day of surgery (DOS) cost; (2) subsequent 89-day 

costs; and (3) global 90-day cost.

Methods: A retrospective query of the Humana insurance claims database was performed from 

2007 to 2015 for all DM patients undergoing THA. Only patients with HbA1c (%) levels within 3 

months before or after the THA were included. Patients were stratified into 6 groups based on 

HbA1c starting at 5.5% and increasing by 1% increments to 11.5%; one additional group (11.5%

−20%) for extreme cases was analyzed. Correlations between HbA1c level and reimbursements 

for DOS, subsequent 89-day, and global 90-day period were performed.

Results: HbA1c level demonstrated a significant correlation to DOS (correlation coefficient = 

0.664), subsequent 89-day (correlation coefficient = 0.789), and global 90-day period (correlation 

coefficient = 0.747) costs. DOS, 89-day, and global 90-day costs significantly increased with 

increasing HbA1c levels (P < .0001).
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Conclusion: Higher perioperative HbA1c levels increase the DOS, subsequent 89-day, and 

global 90-day costs of THA. This was expected as these patients require multidisciplinary care, 

have longer LOS, and develop more complications. Further investigation into postoperative 

complications based on glycemic control is warranted.
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The Centers for Disease Control and Prevention estimated that 310,800 total hip 

arthroplasties (THAs) were performed in 2010 among inpatients aged 45 years and older, 

increasing from 138,700 procedures in 2000 [1]. The Centers for Medicare and Medicaid 

Services (CMS) has in the recent years created alternative payment models (APM) that 

reimburse providers for the procedures and the care during a brief follow-up period (most 

commonly 90 days after surgery) aiming to increase value by improving outcomes and 

decreasing costs [2]. Since then, various articles have aimed at identifying independent risk 

factors for increased complications and costs after THA as to not risk stratify patients whom 

may develop more complications and should not be included in the APM pathway [3–5]. 

Furthermore, by identifying conditions that can increase complications and costs, surgeons, 

hospitals and healthcare policy makers can better plan and risk stratify patients into a proper 

APM amount that accounts for their comorbidities and presurgical status.

One of the most prevalent risk factors for increased complications is diabetes mellitus (DM) 

[6,7]. Previous research has demonstrated that patients who undergo THA are at an 

increased risk of superficial site infections, periprosthetic joint infections, aseptic loosening, 

increased length of stay, and increased total hospital costs [8–11]. This has increased 

awareness regarding patient optimization before surgery and some sites have established 

cutoff limits for glycosylated hemoglobin A1c (HbA1C) [12]. However, cutoff thresholds for 

HbA1c are often unachievable by patients and many with an HbA1c over an optimal 

threshold will still undergo the THA [13]. Therefore, it is important to estimate the effects of 

higher HbA1c levels on costs. By understanding the effects of increasing HbA1c levels on 

costs, APM reimbursements can be customized to better fit patient’s needs. Therefore, the 

purpose of this study was to evaluate the impact of preoperative HbA1c levels on (1) day of 

surgery (DOS) costs; (2) subsequent 89-day costs; and (3) global 90-day costs.

Methods

A retrospective query of the Humana insurance claims database via the PearlDiver 

Supercomputer (Warsaw, IN) was performed from 2007 to 2015. PearlDiver is a de-

identified, Health Insurance Portability and Accountability Act-compliant medical records 

medium for Medicare Standard Analytic Files and Humana private-payer insurance. Medical 

records can be searched using international classification of disease 9th and 10th revision 

codes and current procedural terminology codes to investigate diagnosis and procedural 

volume, patient demographics, length of stay, and hospital reimbursement for over 22 

million lives within the Humana system. Additionally, Humana is the only insurance claims 

database that contains accessibility to laboratory results and thus was selected for this study.
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All patients with DM undergoing primary THA were identified based on the codes provided 

in Table 1. Only patients with HbA1c (%) laboratory values within 3 months before or after 

the THA were included. Patients without both an HbA1c value and a diagnosis of DM were 

excluded from this study. Patients were stratified into 6 groups based on HbA1c starting at 

5.5% and increasing by 1% increments to 11.5%; one additional group (11.5%−20%) for 

extreme cases was analyzed. Reimbursements were used as a marker for cost in accordance 

with previous studies [3,14,15]. For each HbA1c subgroup, reimbursements were analyzed 

and compared for the DOS, subsequent 89 days of surgery, and global 90-day costs in 

accordance with the Comprehensive Care for Joint Replacement 90-day model.

Statistical Analysis

Data analysis was conducted with SPSS, version 20 (IBM; Armonk, NY). Reimbursements 

were compared between HbA1c cohorts via 1-way analysis of variance. Correlations 

between HbA1c level and DOS, subsequent 89-day, and global 90-day period were 

performed via Spearman’s rho correlation. An alpha value of <0.05 was considered 

statistically significant.

Results

A total of 102,505 patients with DM underwent THA during this time period, with 51,697 

patients having HbA1c laboratory results available. There was a significant increase in the 

number of THA performed in DM patients with 5389 procedures in 2007 to 15,789 in 2015 

(P = .033, Fig. 1). Patient demographics across HbA1c subgroups was similar for gender, 

age, and Charlson Comorbidity Index (see Table 2).

Evaluation of the DOS reimbursements demonstrated that there was a significant difference 

among reimbursement for THA when stratified by HbA1c level (P < .0001). The lowest 

reimbursements were seen in patients with an HbA1c level of 5.5% to 5.4% ($6916.40; SD, 

$1018) or 6.5% to 7.4% ($6871.92; SD, $1294). Patients with HbA1c of 10.5% to 11.4% 

incurred the greatest costs at $13,702.66 (SD, $7851.98) for the DOS (Table 3). Spearman’s 

rho correlation analysis revealed a significant correlation between the DOS and cost 

(correlation coefficient = 0.664).

The subsequent 89 days following surgery demonstrated a significant difference when 

comparing reimbursements stratified by HbA1c level (P < .0001). An HbA1c value of 6.5% 

to 7.4% represented the lowest reimbursement during the interval 89 days following THA 

($3965.83; SD, $334) compared to HbA1c of 9.5% to 10.4% which correlated to the highest 

reimbursement cost ($8105.41; SD, $2968; Table 3). During the subsequent 89 days of 

surgery, there was a significant correlation between cost of surgery and rising HbA1c level 

(correlation coefficient = 0.789).

Reimbursements for the entire episode of care demonstrated significant differences 

comparing reimbursements after primary THA in DM patients by HbA1c level (P < .0001, 

Table 3). A significant correlation between cost and HbA1c levels was demonstrated 

(correlation coefficient = 0.747). The HbA1c level of 10.5% to 11.4% incurred the highest 
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costs for the entire 90-day period at $21, 554.64 (SD, $6213) compared to $10,837.75 (SD, 

$1557) for patients with HbA1c between 6.5% and 7.4%.

Discussion

THA is one of the fastest growing and successful sectors of healthcare today [16,17]. With 

the current healthcare climate, the development of APM pathways have focused on 

decreasing the cost of procedures while increasing the overall value [2]. DM has been 

identified as one of the most prevalent risk factors for increased complications and is 

estimated that greater than 22% of arthroplasty patients carry the diagnosis [9–11]. As such, 

the purpose of this study is to investigate the effect of various HbA1c levels on 

reimbursement payments following primary THA. Our study demonstrated that there were 

increased costs in reimbursement for the DOS, subsequent 89 days, and global 90 days with 

increases in HbA1c levels.

The cost of THA is multifactorial with surgical implants, length of stay, discharge 

disposition, rehabilitation, and comorbidity all playing a role [15,18]. Complications 

following THA have been identified as one of the leading cost drivers [19]. It has been well 

studied that patients with DM undergoing THA are at an increased risk of complications 

such as superficial site infections, periprosthetic joint infections, aseptic loosening, increased 

length of stay, and increased total hospital costs [8,11,12,20]. A positive correlation between 

rising HbA1c levels and increased risk of infection and cost has been shown [21]. As the 

need for THA in DM patients continues to rise, practitioners have sought to find ways to 

identify DM patients at the greatest risk.

The development of a cutoff threshold based on HbA1c level as a determinant of patients 

who are candidates for THA surgery has become a great interest. An HbA1c level of 8 

mg/dL has been shown to be associated with an increased risk of deep postoperative 

infections following THA [8,20]. Furthermore, HbA1c greater than 8 mg/dL correlates with 

an increased mortality [9]. Nussenbaum et al [22] reported the results of 475 THA veteran 

patients before and after the implementation of cutoff criteria including HbA1c ≤ 7, 

hemoglobin ≥ 11, body mass index ≤ 35, and albumin ≥ 3.5. Following implementation of 

these new guidelines, there was a significant decrease in surgical site infection from 3.8% to 

1.2% of patients and total complications dropped by 15.1%. The present study is in 

agreeance, demonstrating that uncontrolled DM patients incur a substantially higher cost at 

all time periods throughout the 90-day postoperative phase.

However, despite evidence that increased HbA1c levels are associated with greater risk of 

complications following THA, it is not always plausible to avoid surgery in these patients. 

Thus, Lavernia et al [23] sought to investigate well-controlled DM patients with a 

preoperative HbA1c level < 7% vs uncontrolled DM patients with an HbA1c > 7% 

undergoing total joint arthroplasty. The study showed no significant differences between 

length of stay, hospital costs, or short-term postoperative complications. Conversely, 

Marchant et al [21] found that patients with uncontrolled DM defined as HbA1c > 7% had a 

significantly greater length of stay (5.1 vs 4.2 days, P < .0001) and incurred greater hospital 

costs ($29,687 vs $29,054, P < .0001).

Kurowicki et al. Page 4

J Arthroplasty. Author manuscript; available in PMC 2019 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



This study is not without limitations. The use of a large administrative database relies on the 

accuracy of data input and coding practices. As such, some patient data may have been 

missed or input incorrectly. A retrospective bias is inherent; however, data are recorded 

prospectively to minimize this risk. DM commonly coexists with other comorbidities and 

while Charlson Comorbidity Index was reported for each HbA1c cohort, it was not 

controlled for in this analysis. As such, this may contribute to increases in 90-day cost of 

care. Lastly, patients were stratified based on diagnosis of DM and HbA1c level. Some 

patients may have had multiple laboratory drawings within the perioperative window and 

thus may underestimate the cost of THA for such patients. Additionally, it has been reported 

that up to 33% of patients may have HbA1c values within the prediabetic range [12]. 

Because patients in this study had to have both an HbA1c value and a diagnosis of DM, the 

influence of HbA1c on cost may only apply to the diabetic population. Nonetheless, the 

major strength of our study is the sample size, which is the largest study to date to report on 

HbA1c level impact on reimbursements.

Perioperative HbA1c levels impact the DOS, subsequent 89-day, and global 90-day cost of 

THA. As HbA1c levels increase, a corresponding increase in cost can be expected. Further 

investigation into postoperative complications based on glycemic control is warranted.
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Fig. 1. 
Gross number of total hip arthroplasty procedures in diabetes mellitus patients over time.
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Table 1

Identification Codes.

Unit Code

Procedure ICD-9 ICD-10 CPT

Total hip arthroplasty 81.51 27130 0SR90J9/A/Z
0SRB0J9/A/Z

Disease ICD-9 ICD-10

Diabetes mellitus 249.00, 249.01, 249.1, 
249.11, 249.2, 249.21, 
249.3, 249.4, 249.41, 
249.5, 249.51, 249.6, 
249.61, 249.7, 249.71, 
249.8, 249.81, 249.9, 
249.91, 250.00, 250.01, 
250.02, 250.03, 250.1, 
250.11, 250.12, 250.13, 
250.2, 250.21, 250.01, 
250.02, 250.03, 250.1, 
250.11, 250.12, 250.13, 
250.2, 250.21

E08.01, E08.10, E08.11, E08.21, E08.311, E08.319, E08.36, E08.39, E08.40, E08.41, 
E08.42, E08.43, E08.44, E08.49, E08.51, E08.610, E08.618, E08.620, E08.621, E08.622, 
E08.628, E08.630, E08.638, E08.641, E08.65, E08.69, E08.80, E08.90, E09.01, E09.10, 
E09.21, E09.311, E09.319, E09.36, E09.39, E09.40, E09.41 to E09.44, E09.49, E09.51, 
E09.610, E09.618, E09.620, E09.621, E09.622, E09.628, E09.630, E09.641, E09.649, 
E09.65, E09.69, E09.8, E09.90, E10.10, E10.65, E10.69, E11.00, E11.01, E11.65, E11.69, 
E11.9, E13.00, E13.10, E13.11, E13.39, E13.40 to E13.44, E13.49, E13.59, E13.620, 
E13.621, E13.622, E13.628, E13.638, E13.641, E13.649, E13.65, E13.69, E13.8, E13.9

ICD-9, International Classification of Disease, 9th revision; ICD-10, International Classification of Disease, 10th revision; CPT, Current Procedural 
Terminology.
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