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Abstract

Background—Surgical site infections (SSI) after total knee (TKA) and total hip (THA) 

arthroplasty are devastating to patients and costly to healthcare systems. Prior single center and 

regional reports describe a seasonal incidence of SSIs following TKAs and THAs. The purpose of 

this study was to investigate the seasonality of TKA and THA SSIs at a national level.

Methods—All data were extracted from the National Readmission Database (NRD) for 2013 and 

2014. Patients were included if they had undergone TKA or THA. We modeled the odds of having 

a primary diagnosis of SSI as a function of discharge date by month, payer status, hospital size and 

various patient comorbidities. SSI status was defined as patients who were readmitted to the 

hospital with a primary diagnosis of SSI within 30 days of their arthroplasty procedure.

Results—There were 760,283 procedures (TKA: 424,104, THA: 336,179) in our sample. Our 

models indicate that SSI risk was highest for patients discharged from their surgery in June and 

lowest for December discharges (controlling for other risk factors). For TKA the odds of a 30-day 

readmission for SSI were 30.5% higher at the peak compared to the nadir time (95% CI: [20%–

42%]). For THA, the seasonal increase in SSI was 19% (95% CI: [9%–30%]). Compared to 

Medicare, patients with Medicaid as the primary payer had 49% higher odds of 30-day SSI after 

TKA (95% CI: [32%–68%]). Patients who paid with private insurance experienced a 32% 
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decrease in the odds of 30-day SSI after TKA (95% CI: [27%–37%]) compared to those with 

Medicare insurance, and this effect was also strong for THA (a 38% decrease, 95% CI: [32%–

43%]).

Discussion—The risk of SSIs following TKA and THA are seasonal peaking in summer 

months. Payer status was also a significant risk factor for SSIs. Future work should focus on the 

potential for diverting the highest risk patients to lower risk months when performing elective 

TKA and THA as a strategy for preventing SSIs.

INTRODUCTION

Surgical site infections (SSIs) are a major cause of morbidity and mortality. [1–4] In 

addition, SSIs generate longer lengths of stay, [3, 5] hospital readmissions, [3, 6, 7] and 

substantially increased healthcare costs. [1, 2, 5, 7] Although SSI rates are relatively lower 

for elective orthopedic procedures [8–11] than emergent procedures, they are important to 

prevent given the large number of total hip (THA) and knee arthroplasties (TKA) performed 

each year. [12, 13] Additionally, the number of joint arthroplasties are expected to continue 

to increase along with the costs for treating arthroplasty-associated SSIs. [14]

Several patient-level risk factors for SSIs have been described including diabetes [15, 16], 

obesity [17], increasing age, [16, 18] poor nutrition, [19] smoking, [16, 20] and colonization 

with Staphylococcus aureus. [21] Because some of these risk factors are modifiable prior to 

surgery, elective orthopedic procedures present a unique opportunity for designing 

interventions to prevent SSIs. However, the design of such interventions is dependent on an 

understanding of SSI risk factors. We recently reported that SSIs were not only seasonal but 

also dependent on local weather patterns; specifically, the risk for SSIs increased during 

warmer months in a dose dependent fashion. [22] However, we were unable to determine the 

seasonality of SSIs after specific orthopedic procedures. Other reports have demonstrated 

that the incidence of SSIs increased during summer months for patients undergoing spine 

surgery [23, 24] and total joint arthroplasty [25] as well as other surgical procedures. [26] 

However, these results were mostly single center or regional investigations.

The primary objective of this study was to determine if the incidence of SSIs following TKA 

and THA is seasonal in a large, population-based cohort after adjusting for other possible 

risk factors.

METHODS

Data Extraction

This study was deemed exempt by our institutional review board. All data were extracted 

from the National Readmission Database (NRD), which is a newer addition to a family of 

databases developed for the Healthcare Cost and Utilization Project (HCUP) by the Agency 

for Healthcare Research and Quality (AHRQ). Available for the years 2013 and 2014, the 

NRD offers unique patient identifiers that allow us to link patients across visits. The NRD 

contains data from 22 geographically dispersed states, accounting for 51.2 percent of the 

U.S. resident population and 49.3 percent of all U.S. hospitalizations. However, these data 
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do not have any geographical information, and thus cannot be used for regional, state, or 

hospital specific analysis.

We identified every adult hospitalization from January 2013 to December of 2014 (2-year 

period) for which the primary procedure code was either TKA or THA. Then, for each of 

these discharges, we looked at the subsequent 30 days to see if patients were readmitted 

within that time with a primary diagnosis of postoperative surgical site infection (SSI). To 

identify patients who underwent TKA or THA, we used HCUP’s Clinical Classification 

Software (CCS) codes 152 and 153, respectively. To identify cases with a SSI, we used the 

International Classification of Diseases, 9th Revision, Clinical Modification ICD-9-CM 

codes 686.8, 686.9, 711.00, 711.05, 711.08, 711.09, 711.40, 711.45, 711.48, 711.49, 711.90, 

711.95, 711.98, 711.99, 730.00, 730.05, 730.08 – 730.10, 730.15, 730.18, 730.19, 730.20, 

730.25, 730.28, 730.29, 730.90, 730.95, 730.98, 730.99, 996.60, 996.66, 996.67, 996.69, 

998.51, 998.59, and 998.6, in addition to patients listed as undergoing the ICD-9-CM 

procedures 84.56, 86.01, 86.04, 86.22, and 86.28. [27] We applied discharge weights 

provided by HCUP to aggregate to national readmission rates and to account for yearly 

changes in the sampling design.

Statistical Analysis

We used logistic regression to estimate the odds of being readmitted for a SSI within 30 days 

using three models: a model for TKAs only, a model for THAs only, and a pooled model. 

We consider the following patient-level covariates: Age (grouped by decade), sex, length-of-

stay (with a log transformation to account for high skew), Elixhauser Comorbidity Index (a 

series of 29 indicators), the number of diagnoses on the record (NDX), the number of 

procedures on the record (NPR), and patient location (Urban/Rural). Patient location was 

dichotomized using the categories provided by HCUP, with urban defined as metropolitan 

statistical areas with population greater than or equal to 50,000. We also considered the 

following hospital-level covariates: size (small, medium, large, as provided by HCUP), and 

teaching/metropolitan status (rural, urban-teaching, urban-nonteaching). TKA and THA 

discharges containing missing covariate data were imputed using univariate medians, or 

subsumed into an “other” category for primary payer status.

To gauge a seasonal effect, we used sine and cosine terms on discharge month in the 

regression equation. A nonlinear transformation of these two estimated regression 

coefficients allows us to calculate and make inferences about the “average amplitude of 

seasonality” over the course of the study period after controlling for the other covariates in 

the model (see Statistical Methods in appendix for details).

Since the NRD does not track patients across years, estimates for 30-day readmission for 

patients discharged in the month of December will be underestimated: many of these 

patients will not be readmitted until after January 1, and thus they are censored. To account 

for the decrease in odds of an SSI due to this censoring, we include a dummy variable for 

December in the regression equation.

Finally, we investigated whether the pattern of seasonality differed for specific at-risk 

populations. Specifically, we focused on patients with diabetes, patients with obesity, and 
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patients with at least one comorbidity. We tested whether the sine and cosine terms in the 

regression equation for the pooled model interacted with dummy variables denoting group 

membership; if these interaction coefficients were significantly different from zero (via 

likelihood ratio tests), we concluded that the patterns of seasonality were statistically 

different. For all analyses, we used R 3.3.3.

RESULTS

There were 760,283 procedures (TKA: 424,104, THA: 336,179) in our sample. When the 

AHRQ weights were applied, this reflected 1,757,553 procedures. The missingness in the 

covariate data was sparse (n = 1,792 missing), so the univariate median imputation had 

negligible impact. Due to this imputation, no procedures or SSIs in our dataset were 

excluded from our analysis.

Baseline characteristics and summary information for THA, TKA, and the pooled groups are 

available in Table 1. Fifty-eight percent of the patients were 65 or older and 59% were 

female. Eighty-five percent of patients had at least one comorbidity. The five most common 

comorbidities were hypertension (63.3%), obesity (20.9%), diabetes (16.6%), 

hypothyroidism (15.2%) and chronic lung disease (14.8%). We observed 4,478 (weighted: 

9,991) readmissions due to SSI within 30 days for a weighted rate of 0.6%.

The results from our logistic regression models are presented in Table 2. Though age group 

was included in the final model, it was not determined to be a statistically significant risk 

factor for SSI in any model. Primary payer, an indicator of socioeconomic status, was 

statistically significant: compared to Medicare, patients with Medicaid as the primary payer 

have 49% higher odds of 30-day SSI after TKA (95% CI: [32%–68%]), though this effect 

was less strong for patients with THA. On the other hand, patients who paid with private 

insurance experienced a 32% decrease in the odds of 30-day SSI after TKA (95% CI: [27%–

37%]), and this effect was strong for THA (a 38% decrease, 95% CI: [32%–43%]). 

Diabetes, hypertension, and obesity were all strong and significant risk factors, though the 

odds ratios were all higher for the odds of SSI after THA. Hospital size was a consistently 

significant risk factor for SSI. Women experienced significantly lower odds of SSI 

readmission for both THA and TKA.

The seasonality results from our logistic regression models are presented in Table 3, and 

further visualized in Figure 1. Seasonality was present in each model, and took a similar 

shape with SSI readmissions peaking in the summer months and bottoming out in the winter. 

For TKA, and controlling for all other covariates, the odds of a 30-day readmission for SSI 

are 30.5% higher at the peak time (June) than for the nadir time (December) (95% CI: 

[20%–42%]). For THA, this increase is 19% (95% CI: [9%–30%]) with an estimated peak in 

July and estimated nadir in January. For the pooled model, this increase was 24% (95% CI: 

[16%–31%]), peaking in June and bottoming out in December. We found no evidence to 

suggest that these patterns of seasonality differed significantly if patients had obesity (p = 

0.80), diabetes (p = 0.14), or if the patient had at least one comorbidity (p = 0.74). This 

pattern of seasonality is consistent across these patient groups.
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DISCUSSION

Our results demonstrate that the incidence of SSIs among patients undergoing TKA and 

THA is clearly seasonal with SSIs peaking in the summer. We observed the highest risk 

among cases in June with the lowest in December. In addition, after adjusting for observable 

risk factors, we found that patients on Medicaid had 49% higher odds of 30-day SSI after 

TKA than patients on Medicare. Other independent risk factors included diagnoses of 

diabetes, hypertension and obesity. TKA and THAs performed at larger hospitals also had 

higher odds of SSI.

Our seasonal results confirm other smaller single-center and regional studies. For example, 

work at a single institution found an increased risk of SSI in August and other summer 

months in patients undergoing TKA and THA procedures. [25] Reports have also 

demonstrated increased SSIs in summer months in those undergoing elective spine surgeries. 

[23, 24] In addition, surgeries following open fractures have also demonstrated seasonality 

in the US. [28] We have also previously reported a seasonal pattern in the incidence of 

hospital admissions for SSIs using data from the National Inpatient Sample, but because 

admissions were not linked over time we could not link SSIs to previous specific surgeries. 

[22] The reason for the seasonality of SSIs is currently unclear. Many infections are seasonal 

with some infections peaking in winter months [29–32] and some during summer months. 

[33–37] In many cases, weather is thought to be a driver of the seasonality for many 

different infectious diseases. [32] Interestingly, the incidence of cellulitis is also seasonal, 

[37] and we have shown in other work that the seasonality of SSI and cellulitis can be 

largely explained by warmer weather. [22, 38] Given that skin colonization is a risk factor 

for SSIs, weather patterns may influence SSIs because elevated levels of bacteria have been 

found in certain anatomic locations in climates with higher temperature and humidity 

compared to climates that are cooler and drier. [39] We recommend surgeons consider 

seasonal risk of SSI when planning elective TKA and THA. Future work should estimate the 

possible impact of diverting surgical interventions for higher risk patients to lower risk 

months. It may be possible to lower risk by delaying elective procedures such as TKA and 

THA to less risky months of the year. Healthcare systems should account for the seasonal 

effects of SSI in TKA and THA when performing quality assessment and cost accounting.

The “July effect”, wherein the arrival of new trainees reduces the quality of care has been 

suggested to be a cause of the seasonal incidence of SSIs. However, we previously found no 

difference in the seasonality of SSIs associated with a broad range of surgical procedures 

with regard to institutions’ teaching status. [22] Other studies have reported similar results: 

SSIs peaked during the summer months for spine surgeries at a regional collection of non-

teaching hospitals, [23] and other work demonstrated a seasonal effect in non-teaching 

hospitals across a range of surgical procedures. [26] In total, these results strongly suggest 

that the seasonality of SSI is not driven by surgical trainees.

Consistent with prior literature, we found that patients with the diagnosis of diabetes, 

hypertension and obesity were all at higher risk for SSIs following both TKAs and THAs. 

We also found that patients with Medicaid as a primary payer had a 49% higher odds of an 

SSI within 30 days of a TKA than patients with Medicare insurance. Prior authors have 
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described the relationship between Medicaid payer status and increased complications after 

joint arthroplasty procedures. [40] The higher level of risk that we identify is most likely a 

marker for other comorbidities, social or socio-economic factors not measured by the 

variables we considered in our model. Further work with more granular data should attempt 

to determine what factors are driving the higher levels of risk for patients with Medicaid as 

their primary insurance.

There are several limitations with our work. First, we used administrative data and our 

findings are dependent on appropriate documentation and coding of complications after 

TKA and THA. Additionally, NRD data does not allow us to perform chart review and our 

data do not include microbiology results or antibiotic administration data. The NRD dataset 

is currently limited to two years and a more extensive and prolonged period to assess the 

seasonality of SSI following elective orthopedic infections is warranted. Finally, we limited 

our postoperative follow up period for SSIs to 30 rather than 90 days because visits are not 

linked across calendar years. Certainly, longer follow-up and assessment would likely reveal 

a greater number of SSIs after TKA and THA.

Despite our limitations, we demonstrate clear seasonality of SSI following TKAs and THAs 

with a peak in June and a nadir in December. Given our findings, more work is needed to 

explore seasonality as a risk factor for SSIs especially for elective orthopedic procedures. If 

the month arthroplasty procedures are performed is a risk factor for SSIs, it may be possible 

to lower risk by delaying the elective procedure. Thus, future work should estimate the 

possible impact of diverting higher risk patients to lower risk months.
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Appendix. Statistical Methods

Let Yit refer to the event that patient i gets readmitted 30 days after being discharged in 

month t. Also, let xi refer to a vector of covariates unrelated to the month of discharge, e.g. 

sex. The model can be expressed as:

logit(Yit) = xi
T β + β1sin(2πt /12) + β2cos(2πt /12)

Then, the seasonal amplitude (SA) can be estimated by the following nonlinear 

transformation of (β1, β2):

SA = g(β1, β2) = β1
2 + β2

2

Further, using the Delta method, we can approximate the variance of SA. Note that Δg refers 

to the vector of partial derivatives of g with respect to the seasonal coefficients, and Σ refers 

to the covariance between these coefficients.

β1
β2

∼. N
β1
β2

, ∑ ,

g (β1, β2) ∼. N(g(β1, β2), ΔgT∑Δg),

β1
2 + β2

2 ∼. N β1
2 + β2

2, ΔgT∑Δg ∣
β1, β2

,
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where β1̂and β̂2 are the maximum likelihood estimates of β1 and β2. Taking the partial 

derivatives, we find that

Δg =
β1(β1

2 + β2
2)−0.5

β2(β1
2 + β2

2)−0.5

Therefore, an approximate 95% confidence interval for the seasonal amplitude can be 

calculated via the following:

β1
2 + β2

2 ± 1.96ΔgT∑Δg ∣
β1, β2

This appendix takes “amplitude” in the trigonometric sense, i.e. the deviation from the 

inflection point. To further transform this statistic (and confidence interval) to provide the 

interpretation used in this paper (the odds in the peak month compared to the nadir month), 

one must simply multiply these estimates by 2.

Anthony et al. Page 9

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Seasonal variation (factor change) in the odds of 30-d SSI readmission, controlling for 

covariates listed in Table 2.
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Table 1

Summary of Important Variables by Procedure Type (Sample Sizes Are Weighted).

TKA THA Total

Age group n (%) n (%) n (%)

 < 18 1,007 (0.1%) 602 (0.1%) 1,608 (0.1%)

 [18, 30) 1,789 (0.2%) 3,557 (0.5%) 5,346 (0.3%)

 [30, 40) 5,331 (0.5%) 11,439 (1.5%) 16,770 (1%)

 [40, 50) 42,956 (4.4%) 47,170 (6.1%) 90,126 (5.1%)

 [50, 60) 211,002 (21.5%) 160,148 (20.7%) 371,150 (21.1%)

 [60, 70) 368,878 (37.5%) 228,983 (29.6%) 597,861 (34%)

 [70, 80) 271,806 (27.7%) 184,599 (23.8%) 456,405 (26%)

 80+ 80,065 (8.1%) 138,221 (17.8%) 218,286 (12.4%)

Primary payer

 Medicare 543,346 (55.3%) 441,704 (57%) 985,050 (56%)

 Medicaid 32,947 (3.4%) 27,216 (3.5%) 60,163 (3.4%)

 Private insurance 362,355 (36.9%) 277,955 (35.9%) 640,310 (36.4%)

 Self-Pay 4,114 (0.4%) 5,198 (0.7%) 9,311 (0.5%)

 No charge 826 (0.1%) 975 (0.1%) 1,801 (0.1%)

 Other 38,136 (3.9%) 20,945 (2.7%) 59,081 (3.4%)

 Missing 1,110 (0.1%) 726 (0.1%) 1,836 (0.1%)

Hospital Size

 Small 223,937 (22.8%) 168,641 (21.8%) 392,578 (22.3%)

 Medium 267,909 (27.3%) 206,103 (26.6%) 474,012 (27%)

 Big 490,989 (50%) 399,975 (51.6%) 890,964 (50.7%)

Hospital location

 Metropolitan non-teaching 356,884 (36.3%) 258,582 (33.4%) 615,466 (35%)

 Metropolitan teaching 516,758 (52.6%) 442,220 (57.1%) 958,978 (54.6%)

 Non-metropolitan 109,192 (11.1%) 73,918 (9.5%) 183,110 (10.4%)

Female indicator 602,796 (61.3%) 436,676 (56.4%) 1,039,472 (59.1%)

Hypertension flag 650,621 (66.2%) 462,779 (59.7%) 1,113,399 (63.3%)

Obesity flag 246,156 (25%) 121,734 (15.7%) 367,890 (20.9%)

Diabetes flag 188,553 (19.2%) 102,792 (13.3%) 291,345 (16.6%)

30-d SSI readmission 5,217 (0.5%) 4,773 (0.6%) 9,991 (0.6%)

Continuous variables Mean (SD) Mean (SD) Mean (SD)

 Length of stay 3.004 (1.93) 3.35 (2.884) 3.157 (2.405)

 Number of diagnoses 7.761 (4.322) 8.175 (4.842) 7.943 (4.564)

 Number of procedures 1.106 (0.429) 1.56 (0.721) 1.306 (0.621)

SD, standard deviation.
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Table 2

Logistic Regression Results for All 3 Models.

Age group

Odds Ratio (95% CI)

TKA THA Pooled

 < 18 (Baseline) (Baseline) (Baseline)

 [18, 30) 0.114 (0.02–0.63) 1.412 (0.36–5.6) 0.628 (0.29–1.36)

 [30, 40) 1.121 (0.5–2.53) 1.303 (0.34–4.94) 0.895 (0.45–1.77)

 [40, 50) 1.076 (0.5–2.32) 1.489 (0.4–5.56) 0.956 (0.49–1.85)

 [50, 60) 0.977 (0.46–2.1) 1.35 (0.36–5.02) 0.876 (0.45–1.69)

 [60, 70) 0.771 (0.36–1.66) 1.119 (0.3–4.17) 0.713 (0.37–1.38)

 [70, 80) 0.69 (0.32–1.49) 0.838 (0.22–3.12) 0.594 (0.31–1.15)

 80+ 0.633 (0.29–1.37) 0.841 (0.23–3.14) 0.579 (0.3–1.12)

Primary payer

 Medicare (Baseline) (Baseline) (Baseline)

 Medicaid 1.489 (1.32–1.68) 1.083 (0.94–1.24) 1.282 (1.17–1.4)

 Private insurance 0.679 (0.63–0.73) 0.625 (0.57–0.68) 0.655 (0.62–0.69)

 Self-pay 1.009 (0.69–1.47) 1.082 (0.8–1.47) 1.067 (0.84–1.35)

 No charge 0.613 (0.21–1.76) 3.384 (2.31–4.95) 2.255 (1.58–3.21)

 Other 0.961 (0.84–1.1) 0.599 (0.49–0.73) 0.825 (0.74–0.92)

Hospital size

 Small (Baseline) (Baseline) (Baseline)

 Medium 1.119 (1.03–1.21) 1.267 (1.16–1.38) 1.194 (1.13–1.27)

 Big 1.144 (1.06–1.23) 1.165 (1.08–1.26) 1.16 (1.1–1.22)

Hospital status

 Metropolitan non-teaching (Baseline) (Baseline) (Baseline)

 Metropolitan teaching 0.904 (0.85–0.96) 0.9 (0.85–0.96) 0.902 (0.86–0.94)

 Non-metropolitan 0.977 (0.87–1.1) 1.036 (0.92–1.17) 0.995 (0.92–1.08)

Elixhauser indexa

 Diabetes 1.122 (1.05–1.2) 1.336 (1.24–1.44) 1.207 (1.15–1.27)

 Hypertension 1.189 (1.11–1.27) 1.263 (1.18–1.35) 1.223 (1.17–1.28)

 Obesity 1.182 (1.11–1.26) 1.577 (1.47–1.69) 1.324 (1.26–1.39)

Dichotomous indicators

 THA indicator (vs TKA) - - 1.161 (1.11–1.21)

 Rural (vs urban) 0.868 (0.8–0.94) 0.971 (0.89–1.06) 0.923 (0.87–0.98)

 December discharge 0.634 (0.55–0.72) 0.419 (0.36–0.49) 0.53 (0.48–0.59)

 Female 0.559 (0.53–0.59) 0.785 (0.74–0.83) 0.653 (0.63–0.68)

Continuous covariates

 Seasonal sine termb 0.877 (0.84–0.91) 0.922 (0.88–0.96) 0.899 (0.87–0.93)

 Seasonal cosine termb 1.023 (0.98–1.06) 0.968 (0.93–1.01) 0.996 (0.97–1.02)

 Log(length of stay + 0.5) 0.927 (0.86–1) 1.173 (1.09–1.26) 1.079 (1.02–1.14)

 Number of diagnoses 1.006 (1–1.01) 1.015 (1.01–1.02) 1.011 (1.01–1.02)

 Number of procedures 1.182 (1.13–1.23) 0.952 (0.91–0.99) 1.034 (1–1.07)
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a
All 29 elixhauser comorbidities are included, but only 3 are listed in this table.

b
Further information about the sine and cosing terms is given in the Appendix.
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Table 3

Transformed Logistic Regression Results for Seasonality, Controlling for All the Covariates Listed in Table 2.

Nadir Peak, Odds Ratio (95% CI) Estimated Nadir Month Estimated Peak Month

TKA 1.305 (1.201–1.418) December June

THA 1.19 (1.091–1.298) January July

Pooled 1.237 (1.164–1.314) December June
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