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Abstract
Background Perioperative hyperglycemia is a risk factor for postoperative complications after total joint arthroplasty (TJA). However, the
most optimal timing to detect blood glucose and the extent of elevation of postoperative glucose remain unknown. Our study investigated
differences in perioperative blood glucose �uctuations between primary and revision groups to determine optimal timing for glycemic
control. Methods We retrospectively evaluated medical records of 1,788 TJA patients from October 2013 to November 2018. We examined
blood glucose values collected within 6 days perioperatively. Each time point’s �ndings were evaluated with descriptive statistics. Glucose
variability was assessed by coe�cient of variation (CV). Differences in glucose levels were compared between primary and revision
groups. Results The �nal cohort included medical records of 1,480 patients (1,417 primary, 63 revision). Mean glucose values were highest
on postoperative day 1 (117±35 and 132±50 mg/dL) in primary and revision groups, respectively ( P <0.001). Postoperative day 1 included
the highest number of hyperglycemic patients (glucose >100 mg/dL) with 66.4% and 75.5% in primary and revision groups, respectively.
The CV of primary and revision group nondiabetic and diabetic patients was 6.85% and 9.02% and 12.83% and 15.31%, respectively.
Conclusions Postoperative day 1 was the most sensitive time for glucose control. Hyperglycemia occurred on postoperative day 1 in most
patients who underwent TJA in both groups. Primary group diabetics and revision group had higher postoperative glycemic �uctuations
than primary group nondiabetics. Our results reveal the need for specialized protocols for clinicians to detect and monitor hyperglycemia
in patients under different situations.

Background
Total joint arthroplasty (TJA) is a surgical procedure to treat late the stage of osteoarthritis, and to improve the quality of life for patients.
However, more complications have been diagnosed than before, as the number of TJA surgeries has increased. Common complications
include prosthetic joint infection (PJI), aseptic implant loosening, surgical site infection (SSI), and venous thromboembolism, which
increase the cost of care, prolong hospital stays, and compromise patient outcomes. Recently, more surgical and patient-related risk
factors for postoperative complications, including age, obesity, malnutrition, diabetes mellitus (DM), blood transfusion, prior infection, and
hyperglycemia, were con�rmed by several studies[1–3]. Hyperglycemia is a signi�cant risk factor for postoperative complications in TJA,
even independent of diabetes status[1, 3, 4]. Many experts attempted to determine a threshold for glycemic control. Kheir et al.[1]
investigated the impact of postoperative blood glucose levels on PJI after elective TJA and determined a threshold for glycemic control.
They found a linear relationship between postoperative blood glucose levels and PJI with an optimal cutoff of 137 mg/dL. Speci�cally,
researchers attempted to determine the best time point to monitor glucose levels to obtain timely control of glucose. Nathan et al.[5]
suggested that glucose should be measured within the �rst 24 hours after TJA. In their study, they found that 9 PM on the night of surgery
was the most sensitive time for detecting hyperglycemia in both diabetic and nondiabetic patients. Efforts should be made to control
glucose levels to a steady state, and to reduce the �uctuations of blood glucose levels. Understanding the �uctuations of glucose levels is
crucial for clinicians to manage the blood glucose level properly, to decrease the variability and �uctuations of blood glucose in a timely
manner, and eventually, to reduce the rate of complications postoperatively. Though some researchers demonstrated the variability of
glucose levels in TJA patients during the perioperative period, and the acute �uctuations of blood glucose level within 24 h after surgery, an
exact conclusion regarding the most optimal timing to detect blood glucose, and to what extent glucose values would become elevated
postoperatively in TJA patients remains unknown. Therefore, we investigated the variability and �uctuations of blood glucose levels within
6 days postoperatively, and compared primary TJA with revision patients by examining the blood glucose levels on multiple days
postoperatively, to determine the differences and variabilities of the blood glucose values. Additionally, we aimed to determine the optimal
time for detecting the blood glucose, which can aid clinicians to control blood glucose levels in a timely manner in clinical practice.

Methods
This retrospective study involved the review of 1,788 medical records of patients who were admitted to the orthopedic department of our
hospital from October 2013 to November 2018. Inclusion criteria were as follows: patients who underwent total knee arthroplasty (TKA) or
total hip arthroplasty (THA) as either primary surgical procedure or revision. Following our institutional review board’s approval, we
collected data from all patients whose blood glucose levels were recorded at different times preoperatively and postoperatively. The
requirement for informed consent was waived due to the retrospective design of our study. The exclusion criteria were as follows: (1)
preoperative diagnosis of rheumatoid arthritis, ankylosing spondylitis, and malignancy; (2) no surgical record; (3) lack of blood glucose
values within 6 days either preoperatively or postoperatively. Finally, the medical records of 1,417 primary and 63 revision TJA patients
were included in the study (Fig. 1). Demographic information (age, sex, type of procedure, date of administration, date of discharge),
comorbidities (malignancy, rheumatoid arthritis, ankylosing spondylitis, DM, and hypertension), operative details (type of anesthesia, date
of surgery performed, start time, end time, and duration of surgery), and complications (PJI, periprosthetic osteolysis, aseptic loosening,
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periprosthetic fracture, dislocation, and SSI) were extracted from the medical records. The SSI and PJI were based on the Centers for
Disease Control (CDC) de�nition and the Musculoskeletal Infection Society (MSIS) criteria [6, 7]. The medial parapatellar approach was
used for TKA, and the posterior lateral approach was used for THA.

Blood glucose values were based on serum glucose levels in venous samples which were recorded within six preoperative and
postoperative days. All glucose samples were drawn in the morning (around 7 AM) after the patient underwent nighttime fasting for a
minimum of 6 hours. The diagnosis of DM was based on the past medical history or the ADA criteria regarding the blood glucose levels
after admission. DM patients were supplied diabetic diets while others were supplied routine diets by hospital canteen. All the patients
were restricted solids for at least 8 hours and liquids for 2 hours before surgery. Either general or spinal anesthesia was performed.
Postoperatively, some patients received analgesic pump. Within 6 hours, all patients were given lactated ringers or glucose saline
intravenously. In case of liquid-induced hyperglycemia, supplementary insulins were added to glucose liquid in diabetic patients. DM
patients were initiated insulin sliding scale or antidiabetic drugs. The �xed amount of carbohydrate diet was supplied for DM patients at
each meal by hospital canteen. Generally, DM patients were under regular �ngertip glucose level monitoring and the adjustment of oral
medications or insulin according to the glucose level. Nonsteroidal anti-in�ammatory drugs, for example, loxoprofen or celecoxib, were
used to relieve pain postoperatively. Routine serum blood tests were ordered for all patients determined by chief doctors and the situation
of patients. After discharge, patients underwent regular follow-up according to the schedule made by our department.

Many studies have demonstrated the association of blood glucose levels (with certain thresholds) and PJI. Therefore, we classi�ed the
glucose values into several intervals to identify the hyperglycemic state of each patient at each time point based on previous
experiments[1, 4, 5, 8-12]. According to the de�nition from the American Diabetes Association (ADA)[8] and the data published by Nathan
et al.[5], the normal status was de�ned as fasting blood glucose values < 100 mg/dL. Glucose values between 100 mg/dL and 126 mg/dL
were de�ned as elevated hyperglycemia. The other three separate thresholds of serum glucose values were used to de�ne hyperglycemia:
> 126 mg/dL as strict, >137 mg/dL as intermediate, and >180 mg/dL as lenient[1, 4, 9-12]. Glycemic variability was evaluated by
calculating the coe�cient of variation (CV), which is the ratio of the standard deviation to the mean of blood glucose levels[13, 14].

Statistical Analysis

The patients were divided into primary and revision groups. For the demographic features, age differences were analyzed with the use of
an independent t test, and categorical variables were calculated with use of a chi-square test. The Mann-Whitney U test was applied for the
divergence in glycemic status. The distribution of glucose levels (mean, standard deviation, median, range, and hyperglycemic intervals)
was performed in each time point for the primary and revision groups. The variability and �uctuations of blood glucose values were
revealed by boxplots that included the line of mean and CV (de�ned as the ratio of the standard deviation to the mean of blood glucose
levels). To evaluate the differences between each pair of time points, we used a Kruskal-Wallis H test for comparisons, and the P value
was adjusted by Bonferroni analysis. The Mann-Whitney U test was then used to compare the blood glucose values between the primary
and revision groups, between patients with and without DM. Variables with a P value of <0.05 were considered statistically signi�cant. All
analyses were performed using Statistical Package for the Social Sciences (SPSS) version 22 (IBM Corporation, Armonk, New York).

Results
Demographic features and general glycemic status

After applying the inclusion and exclusion criteria, medical records of 1,480 patients (1,417 primary and 63 revision) were included in our
study. The demographic features and glycemic status of the patients are shown in Table 1. The average age (and SD) of primary and
revision patients was 63.3 ± 12.3 years and 65.5 ± 11.1 years, respectively. There were no signi�cant differences in age and sex ratio
between the groups (P = 0.17 and P = 0.10, respectively). In the revision group, 84.1% of patients were diagnosed with a hip problem. In
contrast, half of the patients in the primary group were diagnosed with a hip problem (P < 0.001). There were 184 (13.0%) and 12 (19.0%)
primary and revision patients, respectively, with a previous diagnosis of DM. The distribution of DM was similar between the groups (P =
0.17). For hypertension and anesthesia, no signi�cant differences were revealed in the primary and revision groups. In the primary patients,
the mean (± SD) blood glucose values were 93 ± 26 mg/dL preoperatively, 109 ± 32 mg/dL postoperatively, and 103 ± 31 mg/dL in total.
For the revision group, the mean blood glucose values were 94±28 mg/dL preoperatively, 121±45 mg/dL postoperatively, and 111±42
mg/dL in total. Signi�cant differences were noted between the primary and revision patients for glucose levels after surgery (P = 0.01).

Table 2 and Fig. 2 show the indications for revision surgery. Most patients required revision surgery due to osteolysis or aseptic loosening
(43/63). The remaining patients required revision surgery for dislocation (9/63), PJI (7/63), SSI (2/63), and periprosthetic fracture (2/63).
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Fluctuations of perioperative blood glucose values

Primary total joint arthroplasty patients

Among the primary total joint arthroplasty patients, the mean glucose values measured in the preoperative days (PRD) were 93±26 mg/dL.
The mean glucose values of postoperative days (POD) were 109±32 mg/dL (POD1~6: 117±35, 104±26, 105±29, 100±24, 96±21, 99±38
mg/dL, respectively) (Table 3.1). The mean glucose levels at POD1 were signi�cantly higher than those at all other time points (P < 0.001).
There were no signi�cant differences for the mean glucose values postoperatively between PODs 2 and 3, 3 and 4, 4 and 5, or 5 and 6
(Table 4). From PODs 1 to 6, the mean glucose levels gradually declined and became stable (CV%: 7.14) (Table 3.1, Fig. 3A). The mean
glucose levels at POD1 in nondiabetic patients were signi�cantly higher than those at all other time points (P < 0.001). There was no
signi�cant difference for the mean glucose levels postoperatively between PODs 2 and 3, 3 and 4, 4 and 5, or 5 and 6 (Table 4). From
PODs 1 to 6, the mean glucose levels gradually declined and stabilized (CV%: 6.85) (Table 3.2, Fig. 3B). Further examination of the primary
TJA group revealed that diabetics, compared to nondiabetics (NDM), had mean glucose values at POD1 that were only signi�cantly higher
than those measured preoperatively (P < 0.001) (Table 4), and variability of the glucose values was higher in the diabetic patients within
the primary group (CV%: 9.02) (Table 3.2, Fig. 3C).

We further classi�ed patients with hyperglycemia into four groups (> 100 mg/dL as elevated, > 126 mg/dL as strict, >137 mg/dL as
intermediate, and >180 mg/dL as lenient). POD1 had the highest number of hyperglycemic patients, with glucose values of > 126 mg/dL,
accounting for 29.4% of the patients. POD1 also had the highest number of patients (37.0%) in slightly elevated hyperglycemic status. For
POD1, a total of 66.4% of patients in the primary group had hyperglycemic status (> 100 mg/dL), far more than other days (Table 3.1).
When the primary patients were further grouped by DM status, 63.7% of NDM and 85.0% of DM patients were hyperglycemic (> 100
mg/dL) on POD1 (Table 3.2).

Revision surgery patients

In the revision TJA group, the mean glucose values on POD1 (132±50 mg/dL) were signi�cantly higher than on the PRDs (P < 0.001).
There were no signi�cant differences for the mean glucose levels between PODs 2 and 3, 3 and 4, 4 and 5, or 5 and 6 (Table 4, Table 5.1).
The CV was 8.82% postoperatively and the glucose values displayed large �uctuations (Table 5.1, Fig. 4A). The mean glucose values at
POD1 (121±36 mg/dL) in revision surgery NDM patients were signi�cantly higher than that in PRDs (P < 0.001). There was no signi�cant
difference for the mean glucose levels postoperatively between PODs 2 and 3, 3 and 4, 4 and 5, or 5 and 6 (Table 4, Table 5.2). For the
NDM group, PODs 1 to 6, the CV was 12.83% and the glucose values displayed large �uctuations (Table 5.2, Fig. 4B). However, compared
to the NDM group, there were no signi�cant differences for glucose values between each time point, and the variability of glucose values
was higher in the DM group (CV%: 15.31) (Table 4, Table 5.2, Fig. 4C).

The highest number of hyperglycemic revision group patients (75.5%), with glucose values of > 100 mg/dL, was on POD1, which was far
higher than that on the other days (Table 5.1). When strati�ed by diabetes status, 69.1% of NDM and 100% of DM patients were
hyperglycemic (> 100 mg/dL) on POD1 (Table 5.2).

Comparison between the groups

Primary vs. Revision Groups

The glucose values of the primary and revision groups were separately collected and compared (primary vs. revision, mg/dL): PRD: 93±26
vs. 94±28; POD1: 117±35 vs. 132±50; POD2: 104±26 vs. 110±39; POD3: 105±29 vs. 107±26; POD4: 100±24 vs. 108±33; POD5: 96±21 vs.
116±56; and POD6: 99±38 vs. 126±46. For the PRDs, the glucose levels of both primary and revision groups were within normal limits.
Glucose levels exhibited greater elevations in the revision compared to the primary group after surgery, but the difference was statistically
signi�cant only for POD1 (P = 0.018) (Table 6.1, Fig. 5). Additionally, the revision group had a larger population of hyperglycemic patients,
with glucose levels (> 126 mg/dL) on POD1 (strict, intermediate, lenient hyperglycemia: 29.4%, 19.7%, 5.0% in primary group vs. 49.1%,
30.2%, 11.3% in revision group), and greater glucose variability postoperatively (CV%: 7.14 in primary group vs. 8.82 in revision group)
(Table 3.1, Table 5.1).

Diabetic vs. Nondiabetic Groups

The mean glucose values were higher in patients with DM than for NDM patients for each time point in the primary and revision groups
(Table 6.2). Among all patients, signi�cant differences in glucose values were demonstrated for all perioperative time points (P < 0.05).
Except for POD6, the glucose values were statistically signi�cant for each time point in primary group patients (P < 0.05). For the patients
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who underwent revision TJA, signi�cant differences in glucose values were exhibited in PRD, and PODs 1, 4, 5, and 6 (P < 0.05) (Table 6.2,
Fig. 6A-C).

Discussion
In our study, we extended the glucose monitoring through 6 days after TJA. We found that POD1 had the highest blood glucose levels
perioperatively. The majority of hyperglycemic patients were identi�ed on the 1st day after TJA surgery; therefore, investigating the blood
glucose levels at this time point may be warranted. Also, compared to that in the NDM patients in the primary TJA group, the glucose
variability was greater in patients with DM within the primary group and DM or NDM patients in the revision group, indicating that
perioperative glucose assessment throughout whole week was useful for those patients.  

The clear association between postoperative glucose levels and postoperative complications has been supported by many studies, in
which some of the former studies considered diagnosis of DM as a critical risk factor for postoperative complications including PJI, SSI,
and aseptic implant loosening[1, 3, 15-17]. Hyperglycemia, which is independent from DM, was considered to be a risk factor for
perioperative complications of surgical procedures including PJI by previous studies[2], is receiving more attention in the clinic [1, 5, 9, 10,
18]. Notably, the literature shows that examining the blood glucose level and assessing glucose variability are more effective and precise
for predicting postoperative infections[3]. Some articles reported that early postoperative glucose control was a predictor of nosocomial
infections[19, 20]. Speci�cally, Varady et al.[5] examined the blood glucose values within POD1 in patients who underwent TJA, and they
found that 9 PM on the night of surgery had the highest number of hyperglycemic patients, suggesting that this time point may be the
most sensitive for detecting hyperglycemia in both DM and NDM patients. However, the above studies lacked multiple consecutive
monitoring of postoperative glucose for over 1 week after the surgical procedure and there is no consensus regarding how glucose levels
vary perioperatively. Different from their data, which are limited to within 24 h, our study included not only the observation of the glucose
�uctuations in PRDs, but also for 6 days postoperatively. In our study, the peak of blood glucose levels appeared in the �rst 24 h after
surgery in the primary and revision groups. Our �ndings suggest that the blood glucose values for TJA patients remain within normal limits
before surgery and increase substantially within the �rst days of TJA, and then postoperative glucose values decrease mildly and tend
toward normal in the NDM patients within the primary group. CDC published a guideline in 2017, which recommended that for all patients
regardless of DM status, it is better to control blood glucose levels to less than 200 mg/dL during surgery[6]. Moreover, previous studies
reported the cutoff of glucose levels to minimize the risk of postoperative complications, suggesting that clinicians have better control
over glucose levels below the cut off value. For example, Kwon et al.[11] studied the relationship of perioperative hyperglycemia and
insulin administration on outcomes in general surgery. They revealed that glucose levels controlled under 130 mg/dL had promising
outcomes. Kheir et al.[1] found that hyperglycemia was associated with periprosthetic joint infection, with an optimal cutoff of 137 mg/dL.
Mraovic et al.[9] investigated the association between hyperglycemia and infection that requires surgical intervention after TKA and THA.
They found that postoperative blood glucose values of more than 140 mg/dL increased more than two-fold the risk of infection in TJA
patients. Kremers et al.[4] demonstrated a signi�cantly higher risk of PJI among patients with perioperative hyperglycemia (blood glucose
value > 180 mg/dL). In our study, we classi�ed hyperglycemia into different levels and found that the total number of hyperglycemic
patients was the highest on POD1 among all measured days. Therefore, for both the primary and revision groups, the blood glucose values
increased signi�cantly on POD1, and POD1 also had the largest population of hyperglycemic patients, indicating that POD1 was the most
critical and sensitive day for clinicians to monitor blood glucose. On POD1, the glucose values were higher than the cut off values for
many patients, which suggested an increased risk of postoperative complications. Doctors should be aware that monitoring and gaining
control of glucose values on POD1 can minimize the time the patient spends in a hyperglycemic status, which can eventually decrease
postoperative complications and improve clinical outcomes.

Effective management of hyperglycemia can help to improve surgical outcomes in patients with TJA[21]. Several studies suggested that
feasible glycemic control is bene�cial to reduce postoperative mortality, length of stay, and complications[22-24]. Additionally, glycemic
control is considered to be a critical procedure to decrease the risk of adverse outcomes after surgery. Understanding blood glucose
variability could help doctors to monitor and control blood glucose at a stable level[3]. The principal step is to determine which
perioperative day is best to monitor and strictly control glucose levels. However, the best time point to control the blood glucose remains
controversial. Continuous glucose monitoring (CGM) is used to obtain continuous measurements of perioperative glucose values for the
patient through a speci�c device which more readily facilitates the identi�cation of blood glucose �uctuations[25, 26]. CGM of blood
glucose was reported by some studies in several �elds of medicine, including orthopedic[27, 28]. Maeda et al.[29] performed CGM analysis
in 20 patients who underwent THA or TKA, and found that higher blood glucose levels, and larger �uctuations were detected
postoperatively, especially until POD2. Shohat et al.[3, 15] focused on the associations between hyperglycemia and adverse outcomes in
patients who underwent orthopedic surgery and TJA. They demonstrated that higher glucose variability in the postoperative period was
associated with increased rates of in-hospital complications, including infection. In our study, from PODs 1 to 6, the mean glucose levels
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gradually declined and became stable in nondiabetic patients in the primary group. For diabetics in the primary and DM or NDM in revision
groups, the glucose values varied dramatically postoperatively. Signi�cantly greater �uctuations were seen in patients with DM or in the
revision group. Unlike the patients without DM in the primary group, patients with DM or in the revision group should undergo careful
monitoring of the blood glucose level and receive more attention to identify the �uctuations of blood glucose, suggesting that clinicians
should strictly monitor the glucose level throughout whole postoperative week.

In patients with variable situations or characteristics, the glucose level could exhibit different types of variations. For the primary TJA,
Varady et al.[5] found that 9 PM on the night of surgery had the highest percentage of hyperglycemic patients. Also, researchers focused
much on the glucose state and control of glucose levels for DM patients, and neglected to monitor the hyperglycemic status in patients
without DM. Thus, patients without DM may have experienced more infections related to their elevated blood glucose levels, whereas DM
patients only showed a trend toward signi�cance[1]. However, no solid conclusion regarding the glucose variability in diabetic and revision
patients can be drawn. In our study, we extended our research on diabetic and revision patients, and compared with multivariable statistics
that included: a) primary versus revision; b) DM versus NDM. We found that diabetic patients in the primary and revision groups had
higher postoperative glucose values. The percentage of hyperglycemic patients in the revision group on POD1 was higher than the primary
group. In terms of CV and �uctuations as shown in boxplots, the DM and revision patients had larger �uctuations postoperatively. In NDM
patients in the primary TJA group, the majority of patients who were hyperglycemic were identi�ed on POD1 after TJA and the blood
glucose tended to stabilize within 1 week postoperatively, indicating that for these patients, we could monitor the blood glucose on POD1
only. However, we suggested that in primary diabetics and revision patients, we should monitor the blood glucose values not only in POD1
but also throughout the whole week after surgery, to get the hyperglycemia in control as early as possible to prevent postoperative
complications. The signi�cant differences revealed in these groups have a number of important implications for clinicians to consider, to
help gain control over blood glucose levels, and for future research to study the effects on the postoperative blood glucose values. Further,
we found a large population of patients with hyperglycemia after surgery that were not diagnosed DM. These patients may be ignored in
clinical practice. Therefore, monitoring of blood glucose levels is critical for the patients with high risk, even if they were not diagnosed
with DM. For patients with hyperglycemia, who do not have DM preoperatively, this should be taken into consideration to timely control the
glucose level under the critical cut off value.

This study prolonged the length of perioperative glycemic measurement time to identify the time point with highest glucose values and
determine the most optimal time point for measurement of the blood glucose levels in primary and revision patients with and without DM.
Our investigation and �ndings not only speci�cally and thoroughly identi�ed glucose status and �uctuations, but also a formula of
instruction for clinicians to use to manage blood glucose levels, so the patients can bene�t from early glycemic control, and minimize the
time that they spend in a hyperglycemic state, decreasing the risk of postoperative complications. To our knowledge, our study is the �rst
to �nd the optimal day for postoperative measuring by extending nearly a week consecutive monitoring after TJA in a large sample size.
Further, a critical feature of this study was the comparison of glucose levels and glucose �uctuations between the multiple factors
including primary vs. revision, and DM vs. NDM. However, there were some limitations to this study. First, the information about what each
patient ate was not precise. Though dinner is available at a speci�c time, it is possible that a patient might refused feeding even after
dinner was provided, or might have already taken other food before or after dinner. Second, this is a retrospective study conducted at one
medical center, reducing the ability of generalizing the �ndings to other institutions, and limiting us to monitoring blood glucose in
standardized frequency. Not all the patients have blood glucose measured at each time point we investigated and HbA1c was unable to
record due to the lack of relevant medical information. Prospective studies with measurement of glucose values in a �xed interval for all
patients and correlation to HbA1c would be valuable to better document and identify the most proper timing of evaluations. Third,
compared to the primary group, the number of patients in the revision group was relatively small. Recruiting more revision patients in a
future study would allow for this group to be better represented.

Conclusions
Our study highlights that POD1 had the highest blood glucose levels, and the highest proportion of patients with hyperglycemia
perioperatively, which suggested that POD1 may be the most sensitive time to detect hyperglycemia. Greater attention should be paid to
the measurement of blood glucose levels of TJA patients frequently after surgery, especially for patients who either had DM or underwent
revision surgery, because glucose �uctuations were higher for these patients within 6 days after surgery. Clinicians must be aware of the
incidence of perioperative hyperglycemia, especially within the �rst 24 h after surgery, and strategies may need to be carried out to control
glucose levels in order to avoid postoperative complications triggered by hyperglycemia.
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Table 1
Demographic Features and Glycemic status of Patients Underwent Total Joint Arthroplasty

Group and Variable Primary Revision P Value
No. of patients 1417 63  
Age* 63.3±12.3 65.5±11.1 0.17a
Sex†     0.10b
  Female 1012 (71.4%) 39 (61.9%)  
  Male 405 (28.6%) 24 (38.1%)  
Joint†     <0.001 b
  Hip 604 (42.6%) 53 (84.1%)  
  Knee 813 (57.4%) 10 (15.9%)  
Diabetes Mellitus†     0.17 b
  Diabetic 184 (13.0%) 12 (19.0%)  
  Nondiabetic 1233 (87.0%) 51 (81.0%)  
Blood pressure†     0.23 b
  Hypertension 580 (40.9%) 42 (66.7%)  
  Nonhyperension 837 (59.1%) 21 (33.3%)  
Anesthesia†     0.28 b
  Spinal 1032 (72.8%) 43 (68.3%)  
  General 385 (27.2%) 20 (31.7%)  
Glycemic status (mg/dL)*      
  Preoperation (within 6 days) 93±26 94±28 0.81c
  Postoperation (within 6 days) 109±32 121±45 0.01 c
  Total 103±31 111±42 0.55 c

TJA, total joint arthroplasty. *Data are presented as the mean ± standard deviation. †Data are presented as the number (percentage) of
patients. 
aP value was calculated by independent T test. bP value was calculated by chi-square test. cP value was calculated by Mann-Whitney U
test. 
P < 0.05 indicates a significant difference between groups.

Table 2
Indications for Revision Surgery
Diagnosis Number
Periprosthetic joint infection 7
Osteolysis/Aseptic loosening 43
Periprosthetic fracture 2
Dislocation 9
Surgical site infection 2
Total 63

Table 3.1
Perioperative Glucose Levels of the Primary Total Joint Arthroplasty Population
Day Cases

(n)
Glucose Level (mg/dL) CV

(%)†Mean±SD Median Range Normal*
(<100mg/dL)

Elevated* (100-
126mg/dL)

Strict*
(>126mg/dL)

Intermediate*
(>137mg/dL)

Lenient*
(>180mg/dL)

PRD 1463 93±26 88 47-
367

1133 (77.4%) 229 (15.7%) 101 (6.9%) 69 (4.7%) 20 (1.4%)  

POD1 1158 117±35 110 40-
383

388 (33.5%) 429 (37.0%) 341 (29.4%) 228 (19.7%) 58 (5.0%) 7.14

POD2 470 104±26 97 45-
227

255 (54.3%) 154 (32.8%) 61 (13.0%) 45 (9.6%) 10 (2.1%)

POD3 217 105±29 97 67-
239

119 (54.8%) 66 (30.4%) 32 (14.7%) 22 (10.1%) 9 (4.1%)

POD4 205 100±24 94 54-
202

132 (64.4%) 46 (22.4%) 27 (13.2%) 18 (8.8%) 4 (2.0%)

POD5 177 96±21 94 61-
238

126 (71.2%) 40 (22.6%) 11 (6.2%) 7 (4.0%) 2 (1.1%)

POD6 143 99±38 92 52-
391

99 (69.2%) 26 (18.2%) 18 (12.6%) 13 (9.1%) 4 (2.8%)

PRD, preoperative day; POD, postoperative day; SD, standard deviation.
*Data are presented as the number (percentage) of measurement.
†Postoperative glucose variability was assessed using a coefficient of variation (the ratio of the standard deviation to the mean glucose
level).
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Table 3.2
Perioperative Glucose Levels of Diabetic and Nondiabetic Patients Underwent Primary Total Joint Arthroplasty

Day Cases
(n)

Glucose Level (mg/dL) CV
(%)†Mean±SD Median Range Normal*

(<100mg/dL)
Elevated*

(100-
126mg/dL)

Strict*
(>126mg/dL)

Intermediate*
(>137mg/dL)

Lenient*
(>180mg/dL)

Diabetic                    
PRD 194 118±45 109 47-

317
81 (41.8%) 53 (27.3%) 60 (30.9%) 45 (23.2%) 14 (7.2%)  

POD1 153 144±47 139 40-
364

23 (15.0%) 35 (22.9%) 95 (62.1%) 77 (50.3%) 26 (17.0%) 9.02

POD2 59 132±40 131 58-
227

15 (25.4%) 14 (23.7%) 30 (50.8%) 26 (44.1%) 7 (11.9%)

POD3 29 127±41 115 79-
230

10 (34.5%) 6 (20.7%) 13 (44.8%) 8 (27.6%) 5 (17.2%)

POD4 36 116±35 114 54-
202

13 (36.1%) 8 (22.2%) 15 (41.7%) 9 (25.0%) 3 (8.3%)

POD5 19 113±26 103 83-
182

6 (31.6%) 9 (47.4%) 4 (21.1%) 3 (15.8%) 1 (5.3%)

POD6 17 125±77 101 52-
391

8 (47.1%) 4 (23.5%) 5 (29.4%) 5 (29.4%) 2 (11.8%)

Nondiabetic                    
PRD 1269 90±18 86 52-

367
1052

(82.9%)
176

(13.9%)
41 (3.2%) 24 (1.9%) 6 (0.5%)  

POD1 1005 113±30 108 58-
383

365 (36.3%) 394
(39.2%)

246 (24.5%) 151 (15.0%) 32 (3.2%) 6.85

POD2 411 100±21 97 45-
205

240 (58.4%) 140
(34.1%)

31 (7.5%) 19 (4.6%) 3 (0.7%)

POD3 188 101±24 95 67-
239

109 (58.0%) 60 (31.9%) 19 (10.1%) 14 (7.4%) 4 (2.1%)

POD4 169 97±20 94 65-
191

119 (70.4%) 38 (22.5%) 12 (7.1%) 9 (5.3%) 1 (0.6%)

POD5 158 94±20 90 61-
238

120 (75.9%) 31 (19.6%) 7 (4.4%) 4 (2.5%) 1 (0.6%)

POD6 126 96±28 90 63-
306

91 (72.2%) 22 (17.5%) 13 (10.3%) 8 (6.3%) 2 (1.6%)

  PRD, preoperative day; POD, postoperative day; SD, standard deviation.
*Data are presented as the number (percentage) of measurement.
† Postoperative glucose variability was assessed using a coefficient of variation (the ratio of the standard deviation to the
mean glucose level).

Table 4
Comparison of Glucose Values Between Adjacent Time Point in Primary and Revision TJA Patients

Group P value*
PRD vs. POD1 POD1 vs. POD2 POD2 vs. POD3 POD3 vs. POD4 POD4 vs. POD5 POD5 vs. POD6

Primary            
Nondiabetics < 0.001 < 0.001 1.000 1.000 1.000 1.000
Diabetics < 0.001 1.000 1.000 1.000 1.000 1.000
Total < 0.001 < 0.001 1.000 1.000 1.000 1.000

Revision            
Nondiabetics < 0.001 0.453 1.000 1.000 1.000 1.000
Diabetics 0.102 1.000 1.000 1.000 1.000 1.000
Total < 0.001 0.459 1.000 1.000 1.000 1.000

PRD, preoperative day; POD, postoperative day.
*P value was calculated by Kruskal-Wallis H test and adjusted by Bonferroni analysis. 
P < 0.05 indicates a significant difference between groups.

Table 5.1
Perioperative Glucose Levels of the Total Revision Joint Arthroplasty Population
Day Cases

(n)
Glucose Level (mg/dL) CV

(%)†Mean±SD Median Range Normal*
(<100mg/dL)

Elevated* (100-
126mg/dL)

Strict*
(>126mg/dL)

Intermediate*
(>137mg/dL)

Lenient*
(>180mg/dL)

PRD 66 94±28 86 65-
265

50 (75.8%) 11 (16.7%) 5 (7.6%) 3 (4.5%) 1 (1.5%)  

POD1 53 132±50 121 76-
337

13 (24.5%) 14 (26.4%) 26 (49.1%) 16 (30.2%) 6 (11.3%) 8.82

POD2 17 110±39 101 68-
194

7 (41.2%) 6 (35.3%) 4 (23.5%) 4 (23.5%) 1 (5.9%)

POD3 16 107±26 102 77-
184

8 (50.0%) 6 (37.5%) 2 (12.5%) 1 (6.2%) 1 (6.2%)

POD4 15 108±33 92 74-
180

9 (60.0%) 3 (20.0%) 3 (20.0%) 3 (20.0%) 1 (6.7%)

POD5 11 116±56 97 65-
230

6 (54.5%) 3 (27.3%) 2 (18.2%) 2 (18.2%) 2 (18.2%)

POD6 8 126±46 109 77-
189

4 (50.0%) 1 (12.5%) 3 (37.5%) 3 (37.5%) 2 (25.0%)

PRD, preoperative day; POD, postoperative day; SD, standard deviation.
*Data are presented as the number (percentage) of measurement.
†Postoperative glucose variability was assessed using a coefficient of variation (the ratio of the standard deviation to the mean glucose
level).
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Table 5.2
Perioperative Glucose Levels of Diabetic and Nondiabetic Patients Underwent Revision Total Joint Arthroplasty

Day Cases
(n)

Glucose Level (mg/dL) CV
(%)†Mean±SD Median Range Normal*

(<100mg/dL)
Elevated*

(100-
126mg/dL)

Strict*
(>126mg/dL)

Intermediate*
(>137mg/dL)

Lenient*
(>180mg/dL)

Diabetics                    
PRD 14 117±51 104 70-

265
6 (42.9%) 3 (21.4%) 5 (35.7%) 3 (21.4%) 1 (7.1%)  

POD1 11 176±72 158 108-
337

0 (0.0%) 2 (18.2%) 9 (81.8%) 7 (63.6%) 3 (27.3%) 15.31

POD2 4 148±54 163 70-
194

1 (25.0%) 0 (0.0%) 3 (75.0%) 3 (75.0%) 1 (25.0%)

POD3 6 111±12 113 90-
122

1 (16.7%) 5 (83.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

POD4 4 148±39 160 92-
180

1 (25.0%) 0 (0.0%) 3 (75.0%) 3 (75.0%) 1 (25.0%)

POD5 4 168±65 171 101-
230

0 (0.0%) 2 (50.0%) 2 (50.0%) 2 (50.0%) 2 (50.0%)

POD6 4 163±32 171 122-
189

0 (0.0%) 1 (25.0%) 3 (75.0%) 3 (75.0%) 2 (50.0%)

Nondiabetics                    
PRD 52 88±12 86 65-

121
44 (84.6%) 8 (15.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%)  

POD1 42 121±36 111 76-
281

13 (31.0%) 12 (28.6%) 17 (40.5%) 9 (21.4%) 3 (7.1%) 12.83

POD2 13 99±27 101 68-
176

6 (46.2%) 6 (46.2%) 1 (7.7%) 1 (7.7%) 0 (0.0%)

POD3 10 104±32 88 77-
184

7 (70.0%) 1 (10.0%) 2 (20.0%) 1 (10.0%) 1 (10.0%)

POD4 11 93±15 90 74-
119

8 (72.7%) 3 (27.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

POD5 7 87±15 85 65-
112

6 (85.7%) 1 (14.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

POD6 4 88±8 89 77-95 4 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
PRD, preoperative day; POD, postoperative day; SD, standard deviation.
*Data are presented as the number (percentage) of measurement.
†Postoperative glucose variability was assessed using a coefficient of variation (the ratio of the standard deviation to the mean glucose
level).

Table 6.1
Comparison of Glucose Levels Between Primary and Revision Groups

Day Mean Glucose Level (mg/dL) P*
Primary† Revision†

PRD 93±26 94±28 0.811
POD1 117±35 132±50 0.018
POD2 104±26 110±39 0.872
POD3 105±29 107±26 0.542
POD4 100±24 108±33 0.557
POD5 96±21 116±56 0.493
POD6 99±38 126±46 0.089

PRD, preoperative day; POD, postoperative day; SD, standard deviation.
†Data are presented as the mean ± standard deviation. 
*P value was calculated by Mann-Whitney U test. P < 0.05 indicates a significant difference between groups.

Table 6.2
Comparison of Glucose Levels Between Diabetic and Nondiabetic Groups in Primary and Revision TJA Patients
Day Both Primary Revision

Mean Glucose Level (mg/dL) P* Mean Glucose Level (mg/dL) P* Mean Glucose Level (mg/dL) P*
Diabetic† Nondiabetic† Diabetic† Nondiabetic† Diabetic† Nondiabetic†

PRD 118±46 90±18 <0.001 118±45 90±18 <0.001 117±51 88±12 0.032
POD1 146±49 113±31 <0.001 144±47 113±30 <0.001 176±72 121±36 0.002
POD2 133±41 100±21 <0.001 132±40 100±21 <0.001 148±54 99±27 0.163
POD3 125±38 102±25 <0.001 127±41 101±24 <0.001 111±12 104±32 0.181
POD4 119±36 96±20 <0.001 116±35 97±20 0.002 148±39 93±15 0.018
POD5 122±40 93±19 <0.001 113±26 94±20 <0.001 168±65 87±15 0.012
POD6 132±72 96±27 0.003 125±77 96±28 0.070 163±32 88±8 0.029
PRD, preoperative day; POD, postoperative day; SD, standard deviation.
†Data are presented as the mean ± standard deviation. 
*P value was calculated by Mann-Whitney U test. P < 0.05 indicates a significant difference between groups.
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Figure 1

Flow diagram of study selection. TJA, total joint arthroplasty; RA, rheumatoid arthritis; AS, ankylosing spondylarthritis

Figure 2

Distribution of indications for revision surgery.
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Figure 3

A-C. Boxplots of glucose values for each time point in primary total joint arthroplasty patients. The asterisks indicate a signi�cant
difference between groups. The P values was calculated by Kruskal-Wallis H test and corrected by Bonferroni analysis. P < 0.05 indicates a
signi�cant difference between groups. Solid lines within the box indicate median, top and bottom lines of box equal interquartile range
(IQR), whiskers indicate values within 1.5 IQR of the top or bottom of the box, and circle or plus symbols represent outliers. Dashed lines
within the box indicate mean and red line represents the �uctuations of mean. PRD indicates preoperative day. POD indicates
postoperative day and the number represent day after surgery. Fig. 3A. The �uctuations of glucose values for each time point in primary
total joint arthroplasty patients. With the increase of days postoperatively, the blood glucose levels tend to stabilize within 6 days. Fig. 3B.
and Fig. 3C. The �uctuations of glucose values for each time point in primary total joint arthroplasty patients grouped by diabetes
mellitus. Compared to the nondiabetic group, the �uctuations of blood glucose levels within 6 days postoperatively was larger in the
diabetic patients.
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Figure 4

A-C. Boxplots of glucose values for each time point in revision total joint arthroplasty patients. The asterisks indicate a signi�cant
difference between groups. The P values was calculated by Kruskal-Wallis H test and corrected by Bonferroni analysis. P < 0.05 indicates a
signi�cant difference between groups. Solid lines within the box indicate median, top and bottom lines of box equal interquartile range
(IQR), whiskers indicate values within 1.5 IQR of the top or bottom of the box, and circle or plus symbols represent outliers. Dashed lines
within the box indicate mean and red line represents the �uctuations of mean. PRD indicates preoperative day. POD indicates
postoperative day and the number represent day after surgery. Fig. 4A. The �uctuations of glucose values for each time point in revision
total joint arthroplasty patients. Fig. 4B. and Fig. 4C. The �uctuations of glucose values for each time point in revision total joint
arthroplasty patients grouped by diabetes mellitus. In above groups, the blood glucose values signi�cantly �uctuate within 6 days
postoperatively.
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Figure 5

Comparisons of glucose values between primary and revision total joint arthroplasty groups. The asterisks indicate a signi�cant difference
between groups. The glucose levels was signi�cantly different in postoperative day 1 between primary and revision groups. The P values
was calculated by Mann-Whitney U test. P < 0.05 indicates a signi�cant difference between groups. Solid lines within the box indicate
median, top and bottom lines of box equal interquartile range (IQR), whiskers indicate values within 1.5 IQR of the top or bottom of the box,
and circle symbols represent outliers. PRD indicates preoperative day. POD indicates postoperative day and the number represent day after
surgery.
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Figure 6

A-C. Comparisons of glucose values between nondiabetic and diabetic groups. The asterisks indicate a signi�cant difference between
groups. The P values was calculated by Mann-Whitney U test. P < 0.05 indicates a signi�cant difference between groups. Solid lines within
the box indicate median, top and bottom lines of box equal interquartile range (IQR), whiskers indicate values within 1.5 IQR of the top or
bottom of the box, and circle symbols represent outliers. PRD indicates preoperative day. POD indicates postoperative day and the number
represent day after surgery. Fig. 6A. The primary and revision patients. Fig. 6B. The primary patients only. Fig. 6C. The revision patients
only. In above groups, most of the diabetic patients had higher glucose levels than nondiabetic patients.


