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Abstract

Background: Perioperative hyperglycemia is a risk factor for postoperative complications after total joint
arthroplasty (TJA). However, the variability of fasting blood glucose (FBG) after TJA remains unknown. We aimed to
assess the fluctuation and extent of elevation of FBG following primary or revision TJA.

Methods: We retrospectively evaluated the medical records of 1788 patients who underwent primary or revision
TJA between 2013 and 2018. We examined FBG values collected during 6 days of the perioperative period. The
findings for each time point were evaluated with descriptive statistics. Postoperative glycemic variability was
assessed by the coefficient of variation (CV).

Results: The final cohort included the medical records of 1480 patients (1417 primary and 63 revision). FBG was
highest on postoperative day 1 in the primary and revision groups (P < 0.001), which had the highest number of
hyperglycemic patients (FBG > 100 mg/dL), with 66.4% and 75.5% in the primary and revision groups, respectively.
The CV of diabetics in the primary group, and diabetics and non-diabetics in the revision group, was higher than
that of non-diabetics in the primary group.

Conclusion: Postoperative day 1 showed the highest FBG levels and proportion of patients with hyperglycemia in
the perioperative period. Primary group diabetics, and revision group diabetics and non-diabetics, had higher
postoperative fluctuation of FBG than primary group non-diabetics. Frequent FBG monitoring may therefore be
warranted in diabetic patients undergoing TJA, and all patients undergoing revision TJA.
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Background
Total joint arthroplasty (TJA) is a surgical procedure to
treat late-stage osteoarthritis and improve the quality of
life [1]. However, more complications are being recorded
than previously, due to the increased number of TJA sur-
geries [2, 3]. Risk factors for postoperative complications,

including age, obesity, malnutrition, prior infection, and
hyperglycemia, were demonstrated by several studies [4–
6]. Nonetheless, translation of these factors into clinical
practice to avoid complications and reach promising out-
comes has been addressed critically important [7–10]. For
example, correction of malnutrition and controlling the
blood glucose within normal levels would have a great im-
pact on minimizing postoperative complications [11, 12].
Recent studies have confirmed hyperglycemia as a sig-

nificant risk factor for postoperative complications in

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: zhangziji@mail.sysu.edu.cn; shengpy@mail.sysu.edu.cn;
shengpuyi@hotmail.com
Department of Orthopedic Surgery, The First Affiliated Hospital, Sun Yat-sen
University, 58 Zhongshan 2nd Road, Guangzhou 510080, China

Ye et al. Journal of Orthopaedic Surgery and Research          (2020) 15:508 
https://doi.org/10.1186/s13018-020-02029-2

http://crossmark.crossref.org/dialog/?doi=10.1186/s13018-020-02029-2&domain=pdf
http://orcid.org/0000-0002-5898-2161
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:zhangziji@mail.sysu.edu.cn
mailto:shengpy@mail.sysu.edu.cn
mailto:shengpuyi@hotmail.com


TJA, independent of diabetes mellitus (DM) status [4, 6,
13]. Timely recognition of fluctuation of glucose levels
and maintaining glycemic control is crucial for reducing
undesired complications [6]. Kheir et al. noted a linear
relationship between postoperative blood glucose and
periprosthetic joint infection (PJI) [4], while Shohat et al.
demonstrated that higher postoperative glucose variabil-
ity was associated with increased rates of complications
[6]. Varady et al. suggested that 9 pm on the night of
TJA surgery was the most sensitive time within 24 h for
detecting hyperglycemia in both diabetic and non-
diabetic patients [14]. Though some researchers have
demonstrated the variability of glucose levels in patients
undergoing TJA and acute fluctuation of blood glucose
within 24 h following TJA, an exact conclusion regarding
fasting blood glucose (FBG) fluctuation and the extent
to which FBG may become elevated postoperatively in
TJA patients remains unknown.
Therefore, we investigated the variability and distri-

bution of FBG during 6 days postoperatively in pa-
tients undergoing primary or revision TJA to explore
the differences and fluctuation of FBG, which may aid
clinicians in controlling FBG in various aspects of
clinical practice.

Materials and methods
Selection criteria and data review
Following approval by our institutional review board,
this retrospective study reviewed 1788 medical records
of patients who were admitted to the orthopedic depart-
ment of our hospital between October 2013 and Novem-
ber 2018. We included patients who underwent total
knee arthroplasty (TKA) or total hip arthroplasty (THA)
as either a primary or revision surgical procedure. The
exclusion criteria were as follows: (1) patients with
underlying inflammatory conditions, e.g., rheumatoid
arthritis and ankylosing spondylitis, as this would impact
blood glucose levels; (2) patients with malignancy, as
evidence showed patients with malignancy had higher
blood glucose levels [15]; (3) no previous surgical record;
(4) lack of FBG data within 6 days postoperatively. Fi-
nally, the medical records of 1417 primary and 63 revi-
sion TJA patients were selected for the study.
Demographic information (age, sex, type of procedure,
date of admission, date of discharge), comorbidities (ma-
lignancy, rheumatoid arthritis, ankylosing spondylitis,
DM, and hypertension), operative details (type of
anesthesia, date of surgery, start time, end time, and dur-
ation of surgery), and reasons for surgery (PJI, peripros-
thetic osteolysis, aseptic loosening, periprosthetic
fracture, dislocation, and surgical site infection [SSI])
were extracted from the records. The definitions of SSI
and PJI were based on the Centers for Disease Control
(CDC) definition and the Musculoskeletal Infection

Society criteria [16, 17]. The medial parapatellar ap-
proach was used for TKA, and the posterior lateral ap-
proach was used for THA. The requirement for
informed consent was waived due to the retrospective
design of our study.

Laboratory evaluation and management protocol
Routine blood tests, including basic metabolic panel, were
ordered preoperatively for all patients admitted for arthro-
plasty. FBG values were based on serum glucose levels in
the basic metabolic panel preoperatively and during the 6
days postoperatively. All samples were drawn at approxi-
mately 7 am after patients had fasted overnight for a mini-
mum of 8 h. The diagnosis of DM was based on past
medical history or the American Diabetes Association
(ADA) criteria regarding the blood glucose after admission.
Patients with DM were given diabetic meals, and those
without were given standard meals, from the hospital can-
teen. All patients were on restricted solids and liquids for at
least 8 h before surgery. Either general or spinal anesthesia
was performed. Postoperatively, most patients received an
analgesic pump. All patients were given lactated Ringer’s
solution or glucose saline intravenously within 6 h following
surgery. In case of hyperglycemia resulting from the infu-
sion of glucose, supplementary insulin was added to the
glucose saline for diabetic patients. Patients with DM were
initiated on sliding-scale insulin therapy or antidiabetic
drugs. Fixed-amount carbohydrate meals were provided to
patients with DM at each meal from the hospital canteen.
Patients with DM underwent regular fingertip glucose level
monitoring and adjustment of oral medications or insulin
according to their glucose levels. Non-steroidal anti-
inflammatory drugs such as loxoprofen or celecoxib were
used to relieve pain postoperatively. Routine blood tests
postoperative were performed for all patients. Ordering of
blood tests on other days was determined by the doctors in
charge and the general status of patients. After discharge,
patients underwent regular follow-up.

Classification of FBG
We classified FBG levels into several categories to iden-
tify the hyperglycemic state of each patient at each time
point, based on previous studies [4, 13, 14, 18–22]. Ac-
cording to the definition from the ADA and evidence
published by Varady et al. [14, 18], the normal status
was defined as FBG < 100mg/dL. FBG between 100mg/
dL and 126 mg/dL was defined as elevated blood glu-
cose. The other three categories for FBG used to define
hyperglycemia were as follows: strict > 126 mg/dL, inter-
mediate > 137 mg/dL, and lenient > 180 mg/dL. Postop-
erative glycemic variability was evaluated by calculating
the coefficient of variation (CV), which is the ratio of the
standard deviation to the mean FBG [23, 24].
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Statistical analysis
For the demographic features, age differences were ana-
lyzed using the independent t test, and categorical vari-
ables were calculated using the chi-square test. The
Mann-Whitney U test was applied for divergence in gly-
cemic status. The measures of FBG (mean, standard de-
viation, median, range, and hyperglycemic rate) were
calculated at each time point. The variability and fluctu-
ation of FBG were revealed by boxplot and CV. To
evaluate the differences between each pair of time
points, we used the Kruskal-Wallis H test for compari-
sons, and the P value was adjusted by Bonferroni ana-
lysis. A P value < 0.05 was considered statistically
significant. All analyses were performed using SPSS
(Statistical Package for the Social Sciences) version 22
(IBM Corporation, Armonk, New York).

Results
Demographic features and general glycemic status
Medical records of 1480 patients (1417 primary and 63
revision) were studied. There were no significant differ-
ences in age and sex ratio between the two groups (P =
0.17 and P = 0.10, respectively). In the revision group,
the number of patients with hip problems was signifi-
cantly higher than that in the primary group (P < 0.001).
For DM, hypertension, and anesthesia, no significant dif-
ferences were revealed between the primary and revision
groups. For the glycemic status of FBG, significant dif-
ferences were noted between primary and revision pa-
tients postoperatively (P = 0.01) (Table 1).

The fluctuation of perioperative FBG
Primary total joint arthroplasty patients
Among all patients (diabetic and non-diabetic together)
or non-diabetic group with primary TJA, the mean glu-
cose levels at POD1 (postoperative day 1) were signifi-
cantly higher than that at all other time points (P <
0.001). There were no significant differences in FBG be-
tween PODs 2 and 3, PODs 3 and 4, PODs 4 and 5, or
PODs 5 and 6. From PODs 1 to 6, FBG gradually de-
clined and became stable (CVs of all patients and non-
diabetic patients: 7.14% and 6.85% respectively). Further
examination of the primary group revealed that FBG at
POD1 in diabetics was only significantly higher than that
measured preoperatively (P < 0.001), and the variability
of FBG was higher in diabetics within the primary group
(CV%, 9.02) (Table 2, Fig. 1).
We further classified hyperglycemia into four groups.

POD1 had the highest number of hyperglycemic patients
(66.4% for FBG > 100mg/dL, 37.0% for FBG of 100-126
mg/dL, and 29.4% for FBG > 126mg/dL). When
grouped by diabetic status, 63.7% of non-diabetic and
85.0% of diabetic patients were hyperglycemic (> 100
mg/dL) at POD1 (Table 2).

Revision surgery patients
In the revision group, FBG at POD1 in all patients (dia-
betic and non-diabetic together) or non-diabetic group
was significantly higher than at the PRDs (preoperative
days) (P < 0.001). There were no significant differences
in FBG between PODs 2 and 3, PODs 3 and 4, PODs 4
and 5, or PODs 5 and 6. The CVs of all patients and
non-diabetic patients were 8.82% and 12.83% postopera-
tively, and FBG displayed large fluctuation. However,
compared to the non-diabetic group, there were no sig-
nificant differences in FBG between each time point in
the diabetic group, and the variability of FBG was higher
(CV%, 15.31) (Table 3, Fig. 2).
The highest number of hyperglycemic (> 100 mg/dL)

patients in the revision group was at POD1, which was
far higher than that on the other days. When stratified
by diabetic status, 69.1% of non-diabetic and 100% of
diabetic patients were hyperglycemic (> 100 mg/dL) at
POD1 (Table 3).

Table 1 Demographic features and glycemic status of patients
who underwent total joint arthroplasty

Group and variable Primary Revision P value

No. of patients 1417 63

Agea 63.3 ± 12.3 65.5 ± 11.1 0.17c

Sexb 0.10d

Female 1012 (71.4%) 39 (61.9%)

Male 405 (28.6%) 24 (38.1%)

Joint b < 0.001d

Hip 604 (42.6%) 53 (84.1%)

Knee 813 (57.4%) 10 (15.9%)

Diabetes mellitusb 0.17d

Diabetic 184 (13.0%) 12 (19.0%)

Non-diabetic 1233 (87.0%) 51 (81.0%)

Blood pressureb 0.23d

Hypertension 580 (40.9%) 42 (66.7%)

Non-hypertension 837 (59.1%) 21 (33.3%)

Anaesthesiab 0.28d

Spinal 1032 (72.8%) 43 (68.3%)

General 385 (27.2%) 20 (31.7%)

Glycemic status (mg/dL)a

Pre-operation 93 ± 26 94 ± 28 0.81e

Post-operation (within 6 days) 109 ± 32 121 ± 45 0.01e

Total 103 ± 31 111 ± 42 0.55e

TJA total joint arthroplasty
aData are presented as the mean ± standard deviation
bData are presented as the number (percentage) of patients
cP value was calculated by the independent t test
dP value was calculated by the chi-square test
eP value was calculated by the Mann-Whitney U test. P < 0.05 indicates a
significant difference between groups
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Discussion
The clear association between perioperative hypergly-
cemia and postoperative complications (for example,
PJI) after TJA has been established by previous studies

[4, 6, 25–27]. However, the fluctuation and extent of ele-
vation of FBG within 1 week after TJA remains uncer-
tain. In our study, we studied the FBG monitoring
records through 6 days following TJA. We found that

Table 2 Perioperative glucose levels of the primary total joint arthroplasty population

Day Cases
(n)

Glucose level (mg/dL) CV
(%)bMean

± SD
Median Range Normala (<

100mg/dL)
Elevateda (100-
126mg/dL)

Stricta (> 126
mg/dL)

Intermediatea (>
137mg/dL)

Lenienta (>
180mg/dL)

Total

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%)

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%)

Non-diabetic

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 pre-operative day, POD post-operative day, SD standard deviation
aData are presented as the number (percentage) of measurement
bPost-operative glycemic variability was assessed using a coefficient of variation (the ratio of the standard deviation to the mean glucose level)
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POD1 had the highest FBG level and the most hypergly-
cemic patients perioperatively, suggesting that investigating
FBG at this time point may be warranted. Additionally,
compared to non-diabetic patients in the primary group,
the fluctuation of FBG was greater in patients with DM
within the primary group and diabetic and non-diabetic pa-
tients in the revision group, indicating that frequent peri-
operative FBG assessment was useful for those patients.
Hyperglycemia, which can even occur in non-diabetics,

was considered to be a risk factor for postoperative

complications [4, 14, 20]. Notably, evidence shows that
monitoring blood glucose levels and assessing glucose vari-
ability are effective in predicting complications [6]. Two
studies showed that early postoperative glucose control
could be a reducing factor in nosocomial infections [28,
29]. Specifically, Varady et al. examined the blood glucose
values within POD1 in patients who underwent TJA and
found that 9 pm on the night of surgery showed the highest
number of hyperglycemic patients, suggesting that this
time point may be the most sensitive for detecting

Fig. 1 a-c Boxplots of FBG for each time point across patients with primary total joint arthroplasty. a The fluctuation of FBG for each time point in patients with
primary total joint arthroplasty. b, c The fluctuation of FBG for each time point in patients with primary total joint arthroplasty grouped by diabetic status. The
asterisks indicate a significant difference between groups. The P values were calculated using the Kruskal-Wallis H test and corrected by Bonferroni analysis. Solid
lines within the box indicate median, top, and bottom lines of the 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 the red line represents the fluctuation of the
mean of FBG. PRD indicates preoperative day. POD indicates postoperative day, and the number represents the day after surgery
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hyperglycemia in both diabetic and non-diabetic pa-
tients [14]. However, the above studies lacked mul-
tiple consecutive monitoring of postoperative FBG,
and there is no consensus regarding how FBG varies

perioperatively. While their data were limited to 24 h after
surgery, our study included not only the observation of the
glucose fluctuation in PRDs but also for 6 days postopera-
tively. In our study, the peak FBG appeared in the first 24 h

Table 3 Perioperative glucose levels of patients with revision surgery

Day Cases
(n)

Glucose level (mg/dL) CV
(%)bMean

± SD
Median Range Normala (<

100mg/dL)
Elevateda (100-
126mg/dL)

Stricta (> 126
mg/dL)

Intermediatea (>
137mg/dL)

Lenienta (>
180mg/dL)

Total

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%)

Diabetic

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%)

Non-diabetic

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 pre-operative day, POD post-operative day, SD standard deviation
aData are presented as the number (percentage) of measurement
bPost-operative glycemic variability was assessed using a coefficient of variation (the ratio of the standard deviation to the mean glucose level)
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after surgery in the primary and revision groups. Our find-
ings suggest that the FBG for TJA patients remains within
normal limits before surgery and increases substantially
within the first day of TJA, and then postoperative FBG de-
creases mildly and tends toward normal in the non-diabetic
patients within the primary group. Various factors could
contribute to the elevation of blood glucose levels postoper-
atively, including medications, physiologic stress response,
and hormones [4, 30]. More importantly, the episodes of
hyperglycemia would provide an optimal medium for bac-
terial growth, alter the immune response, and subsequently
impair the capability of the host to battle infection, making
patients more susceptible to infection postoperatively [31,

32]. Regardless of the etiology and pathophysiology of post-
operative hyperglycemia, several studies have demonstrated
the association between hyperglycemia in POD1 and post-
operative complications [4, 19, 21], which was in line with
our findings. Kheir et al. revealed that blood glucose levels
in POD1 were significantly associated with PJI, and the risk
of PJI increased linearly when blood glucose levels >
115mg/dL. Furthermore, they set a glucose level of 137
mg/dL as the optimal threshold to reduce the likelihood
of PJI [4]. Another study demonstrated that significantly
higher blood glucose levels in POD1 were observed in in-
fected patients. Interestingly, non-diabetic patients with
blood glucose values of > 140mg/dL in POD1 were more

Fig. 2 a-c Boxplots of FBG for each time point across patients with revision surgery. a The fluctuation of FBG for each time point in patients with
revision surgery. b, c The fluctuation of FBG for each time point in patients with revision surgery grouped by diabetic status. The asterisks indicate
a significant difference between groups. The P values were calculated using the Kruskal-Wallis H test and corrected by Bonferroni analysis
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than 3 times likely to develop PJI than those with equiva-
lent glucose levels in the DM group [19]. However, further
studies are needed to monitor the blood glucose levels
after TJA in a continuous manner, aiming to determine
the most sensitive time point in detecting hyperglycemia.
On the other hand, previous studies have suggested that

clinicians should gain better control of glucose levels below
the cutoff values to minimize the risk of postoperative com-
plications [4, 13, 16, 19, 21]. CDC guidelines, published in
2017, stipulate that it is better to maintain blood glucose
levels at less than 200mg/dL for all patients during surgery,
regardless of diabetic status [16]. Kwon et al. studied the re-
lationship between perioperative hyperglycemia and out-
comes in general surgery. They revealed that glucose levels
maintained below 130mg/dL had promising outcomes
[21]. Kheir et al. found that hyperglycemia was associated
with PJI, with an optimal cutoff of 137mg/dL [4]. Mraovic
et al. investigated the association between hyperglycemia
and infection after TJA and found that postoperative blood
glucose values of > 140mg/dL doubled the risk of infection
in patients with TJA [19]. Kremers et al. demonstrated a
significantly higher risk of PJI among patients with peri-
operative hyperglycemia (blood glucose value > 180mg/dL)
[13]. In our study, we classified hyperglycemia into different
categories. For both the primary and revision groups, the
FBG increased significantly at POD1, and the total number
of hyperglycemic patients was the highest at POD1 among
all measured days, indicating that POD1 was the most crit-
ical and sensitive day for clinicians to monitor FBG. At
POD1, FBG in many patients was beyond the cutoff values,
which suggested an increased risk of postoperative compli-
cations based on previous evidence [4, 13, 16, 19, 21]. Not-
ably, controlling and maintaining glucose levels under
thresholds was likely to reduce complications, which was
supported by previous studies [21, 33]. Gallagher et al.
pointed out that subcutaneous insulin intervention was
both effective and safe for the management of postoperative
hyperglycemia in TJA patients with or without DM, and
the rate of developing PJI was remarkedly low by control-
ling hyperglycemia in a timely manner [33]. Besides investi-
gations in the arthroplasty literature, a study regarding the
general surgery as well verified the evidence that imple-
menting insulin to lower blood glucose levels in hypergly-
cemic patients postoperatively ameliorates the risk of
postoperative complications [21]. Therefore, clinicians
should identify hyperglycemic patients by earlier monitoring
after TJA and be aware that well controlling of blood glu-
cose at POD1 can minimize the duration that the patient
spends in a hyperglycemic state, which could decrease post-
operative complications and improve clinical outcomes.
Understanding blood glucose variability could help doc-

tors monitor and maintain blood glucose at stable levels [6].
Maeda et al. performed continuous glucose monitoring ana-
lysis in 20 patients who underwent THA or TKA and found

that higher blood glucose levels and larger fluctuations were
detected postoperatively, especially until POD2 [34]. Shohat
et al. focused on the associations between hyperglycemia
and adverse outcomes in patients who underwent ortho-
pedic surgery and TJA, and they demonstrated that higher
glucose variability postoperatively was associated with in-
creased rate of complications [6, 25]. However, the extent of
FBG fluctuation remains unknown. In our study, from
PODs 1 to 6, the FBG gradually decreased and became
stable in non-diabetic patients in the primary group. For di-
abetics in the primary group and diabetics and non-
diabetics in the revision group, the FBG varied dramatically
in the postoperative period. Greater fluctuation of FBG was
observed in patients with DM and those in the revision
group. Hence, the FBG of patients with DM and those
undergoing revision surgery should be carefully monitored
to ensure prompt detection and control of hyperglycemia.
To our knowledge, our study is the first to continuously

monitor and examine the fluctuation of FBG over almost a
week after TJA. However, there are some limitations to this
study. First, not all confounding variables that could impact
blood glucose, such as the body mass index, were consid-
ered. Second, this is a retrospective study, and not all the
patients had FBG measured at each time point. Postpran-
dial glucose and HbA1c could not be studied due to the
lack of relevant extractable medical information. Third,
compared to the primary group, the number of patients in
the revision group was relatively small. Future studies asses-
sing a larger cohort of revision patients and measuring glu-
cose values at fixed intervals would be valuable to gain
further insight and better patient representation.

Conclusions
Our study highlights that POD1 had the highest FBG
levels and proportion of patients with hyperglycemia peri-
operatively. Greater attention should be paid to frequent
measurement of FBG in patients with TJA after surgery,
especially for patients who have DM or those who
undergo revision surgery because the fluctuation of FBG
was higher among such patients in our study. Clinicians
should be aware of the incidence of perioperative hyper-
glycemia during fasting, and strategies to regulate glucose
levels must be developed and implemented to avoid post-
operative complications. Prospective multicenter studies
are needed to further elucidate the value of detecting and
controlling postoperative hyperglycemia, and thus dimin-
ish postoperative complications in patients with TJA.
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