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ARTICLE INFO Background: Injections of corticosteroids into or around joints have been reported to increase blood

glucose in patients with diabetes due to corticosteroid absorption into the bloodstream. However, the
Keywords: magnitude, duration, and clinical implications of local corticosteroid injections on glycemic control are
Shoulder not clear. The purpose of this study was to evaluate the effects of corticosteroid injection to the shoulder

Diabetes mellitus

A ! on glycemia in patients with type 2 diabetes mellitus using a continuous glucose monitoring device.
Corticosteroids

Methods: Twenty-five patients with symptomatic shoulder problems and type 2 diabetes mellitus, not

Injection s . . . ; e . . .
H)J, perglycemia treated with insulin, prescribed a corticosteroid injection into the shoulder, were investigated. The pa-
Treatment tients were connected to a flash glucose monitoring system, which continuously monitored interstitial

glucose levels. Data were collected 3 days before injection and for additional 11 days after corticosteroid
Level of evidence: Level II; Prospective injection. We analyzed glucose levels in the first 3 days (early postinjection) and on days 4-11 (late
Cohort Design; Treatment Study postinjection) after the injection and compared them to the preinjection period. The outcome measures
included change in the average glucose levels, per patient, between the preinjection and postinjection
periods and the differences in the time spent at glucose >180 mg/dL, >250 mg/dL, and >350 mg/dL, per
patient, between the preinjection and postinjection periods.
Results: The increase in the mean glucose level per patient was statistically significant from 136 mg/dL
in the preinjection period to 159 mg/dL in the first 3 days after the injection and returned to normal
thereafter. Time at blood glucose >250 mg/dL increased from 4.3% in the preinjection period to 9.5% on
the first day after the injection. It then decreased to 7% on day 2, 3.8% on day 3, and 1.4% in the late
postinjection period. New onset of glucose levels >350 mg/dL was found in 4 of 25 patients during the
early postinjection period. In all 4 patients, the exposure to severe hyperglycemia (>350 mg/dL) was
short. None of the patients required intensification of the antidiabetic treatment or insulin injections.
Conclusion: Local corticosteroid injection to the shoulder can create a significant, short-term increase in
systemic glucose levels in patients with D2DM not treated with insulin. Some of these patients may have
periods with glucose above 350 mg %. However, these glycemic changes are short lived and are mostly
limited to the 2-3 days after the injection. In addition, none of the patients in our study needed any
change in antidiabetic treatment or any medical care after the injection.
© 2022 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Type 2 diabetes mellitus (T2DM) is a global epidemic affecting healing.?! In the shoulder, diabetes is mainly associated with

13% of the US adult population (34.1 million), with 1.5 million  rotator cuff pathology"'® and adhesive capsulitis.'*?* These painful

Americans newly diagnosed with diabetes annually. conditions can be disabling and impede these patients' ability to
Diabetes is associated with musculoskeletal pathologies, perform routine physical activity.

including osteoarthritis and impaired tendon homeostasis and Local corticosteroid injections are often used as part of the

conservative management of many painful shoulder conditions.
These include rotator cuff disorders, biceps pathology, osteo-

The Committee on research involving human subjects of the Hebrew University arthrosis, and frozen shoulder.”'928 Local corticosteroid injections
Hadassah Medical School approved this study—0261-17-HMO. are aimed to relieve pain, reduce inflammation, and improve
*Corresponding author: Ori Safran, MD, Kiryat Hadassah 12000 POB 12000, . . N
Jerusalem 91200. moblhllty with Fhe advantage.s ofSease of delivery, low cost, and
E-mail address: oris@hadassah.org.il (O. Safran). relatively low risk for the patient.

https://doi.org/10.1016/j.jseint.2022.05.016
2666-6383/© 2022 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:oris@hadassah.org.il
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jseint.2022.05.016&domain=pdf
www.sciencedirect.com/science/journal/26666383
http://www.jsesinternational.org
https://doi.org/10.1016/j.jseint.2022.05.016
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jseint.2022.05.016
https://doi.org/10.1016/j.jseint.2022.05.016

0. Safran, G. Fraind-Maya, L. Kandel et al.

Systemic administration of corticosteroids is often associated
with increased blood glucose levels.>'? Local injections of cortico-
steroids into or around joints and tendons have also been reported
to increase blood glucose in T2DM patients due to partial cortico-
steroid absorption to the bloodstream.>'>>? The literature contains
only a few prospective studies, with a small number of participants,
assessing the effect of local corticosteroid injection to the shoulder
on glycemia.>!32%26:29.30 These studies have shown a mild increase
in average blood glucose levels after shoulder intra-articular
corticosteroid injections.”!>20262930 However, all these studies
used a small number of glucose measurements carried out in each
patient, which does not necessarily represent the patient’s glucose
levels after the injection. None of these studies analyzed the effects
of injected local corticosteroids continuously throughout the study
period.

Herein, we aimed to perform an in-depth analysis of the short-
time effects of corticosteroid injection to the shoulder on glycemia
in patients with T2DM using a continuous glucose monitoring de-
vice. We hypothesized that the patient's glucose levels would in-
crease in the first 3 days after the injection and return to baseline
thereafter.

Material and methods
Study design and participants

The local ethics committee approved this study. All patients
provided written informed consent. Eligible participants were
patients aged >35 years attending our shoulder clinic with symp-
tomatic shoulder problems and T2DM and prescribed by a board-
certified shoulder specialist to have a corticosteroid injection into
the shoulder. We included patients treated for T2DM with oral
medications and/or glucagon-like peptide one receptor agonists.
The antidiabetic medical regimen had to be stable over the last 3
months before inclusion. We excluded patients treated with insulin
injections. The reason for that was the ability of the patients to
easily change the insulin dosage in response to the changing
glucose levels, which may interfere with data analysis. As most
T2DM do not use insulin injection, we assumed that our results will
still represent most T2DM patients. Other exclusion criteria were
hospitalization due to hypo/hyperglycemia over the previous 6
months, corticosteroid injections during the last 3 months, and
systemic use of corticosteroids.

Glucose monitoring

Flash glucose monitoring system FreeStyle Libre (Abbott Dia-
betes Care, Alameda, CA, USA) monitors subcutaneous interstitial
glucose levels in diabetic patients. It is commonly used to assess
glycemic control in patients with type 1 diabetes mellitus (T1DM)
and T2DM.”17

This tool includes a reader device and a small disposable sensor,
applied on the upper arm's back for up to 14 days, according to the
manufacturer's directions. It is factory calibrated and has no auto-
matic alarms. The sensor measures glucose levels continuously.
These data are automatically stored on the sensor and uploaded to
the reader when brought into the sensor's proximity. For a com-
plete 24-hour glycemic profile, data transfer from the sensor to the
reader is performed at least once every 8 hours. Using the device
software, we can generate a summary glucose report. According to
the literature, there might be an average difference of 10% in
glucose measurements between glucose readings using FreeStyle
Libre and glucose blood measurements in the hyperglycemic
range >172731
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After receiving informed consent, we attached the FreeStyle
Libre sensor to the patients and guided them on how to use the
device. We asked the participants to return 3 days later to receive
the corticosteroid injection. As a single sensor collects data for 14
days, we had glucose monitoring data 3 days before the injection
and 11 days afterward. After completing the monitoring period,
patients removed the sensor, and the data were transferred from
the FreeStyle Libre device to the study computer.

Injection and medication

A board-certified shoulder surgeon administered each injection
without any additional imaging. As most steroid injections to the
shoulder are done in the outpatient clinic without an additional
imaging modality, we aimed to simulate the current practice of
shoulder steroid injections. Injected material included 40 mg of
methylprednisolone acetate in all patients (1 cc of 40 mg/mL),
mixed with 1% lidocaine. The total volume of the injection to the
subacromial space, glenohumeral joint, biceps tendon, and acro-
mioclavicular joint (ACJ) was 8 cc, 8 cc, 5 cc, and 2 cc, respectively.
The subacromial space was approached posteriorly, the gleno-
humeral space was approached anteriorly, and the AC] was
approached superiorly. Injection to the biceps tendon was targeted
to the point of maximum tenderness along the long head of the
biceps. Each patient received only one injection in this study. We
used methylprednisolone acetate for the corticosteroid because it is
commonly used for joint injection.”® Patients were asked to report
any adverse effects to the study coordinators. After the injection,
patients were given oral as well as written instructions to imme-
diately call one of the investigators (0.S., S.B., and G.L.) in case they
feel not well in any way during the study period.

Clinical data

All patients filled out a questionnaire regarding their de-
mographics, medical history, including the age at diagnosis of
diabetes, disease duration, and medical treatment. We recorded the
patients' weight and height.

We drew blood for HbA;. measurement before corticosteroid
injection. However, we did not know the HbA; result before the
injection, and it did not serve to include or exclude patients to this
study.

Outcomes

Glucose level change after the injection can be evaluated using 2
main methods. The first is the change in the average glucose levels,
per patient, between the preinjection and postinjection periods.
Another method includes the change in time spent, per patient, at
glucose levels above a selected threshold level between the pre-
injection and postinjection periods. The latter includes the sum-
mation of the number of measurements above the threshold level
divided by the total number of measurements in each period.* The
latter is a more practical and appropriate method to follow and
control patients' glycemic control.* The threshold glucose levels
recommended for the evaluation of diabetes control by the Inter-
national Consensus on Time in Range are time above 180 mg/dL and
250mg/dL. We have used these thresholds and an additional
threshold of 350 mg/dL to evaluate periods with extreme
hyperglycemia.

We have decided to use both evaluation methods in this study to
better assess the glucose changes after the corticosteroid injection.

Our primary endpoint was the change in the average glucose
levels, per patient, between the preinjection and postinjection
periods. Our secondary endpoints were the differences in the time
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Table I
Percentage of time spent in different glucose categories for each patient during the different study periods.
Patient Before injection 1-3 days after injection >4 days after injection HbA;c
<180 180-250 251-350 >350 <180 180-250 251-350 >350 <180 180-250 251-350 >350
1 92.0% 8.0% 0.0% 0.0% 91.2% 8.8% 0.0% 0.0% 95.9% 4.0% 0.1% 0.0% 6.6
2 96.3% 3.7% 0.0% 0.0% 93.5% 6.5% 0.0% 0.0% 97.9% 2.1% 0.0% 0.0% 6.4
3 78.1% 16.9% 2.8% 2.2% 66.1% 31.4% 2.5% 0.0% 83.6% 14.8% 1.6% 0.0% 7.9
4 39.9% 59.0% 1.1% 0.0% 40.6% 55.8% 3.6% 0.0% 48.2% 46.4% 5.4% 0.0% 8.2
5 74.2% 24.7% 1.1% 0.0% 62.4% 22.5% 15.1% 0.0% 93.9% 6.1% 0.0% 0.0% 7.8
6 97.4% 2.6% 0.0% 0.0% 91.5% 5.9% 2.6% 0.0% 98.3% 1.7% 0.0% 0.0% 6.4
7 1.7% 30.1% 55.4% 12.7% 18.1% 33.3% 37.0% 11.6% 52.4% 46.2% 1.4% 0.0% 9.6
8 100.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 5.9
9 100.0% 0.0% 0.0% 0.0% 95.4% 4.6% 0.0% 0.0% 89.1% 10.8% 0.1% 0.0% 6.8
10 95.6% 4.4% 0.0% 0.0% 33.2% 62.6% 4.2% 0.0% 86.4% 13.6% 0.0% 0.0% 6.4
11 99.7% 0.3% 0.0% 0.0% 89.9% 10.1% 0.0% 0.0% 99.0% 1.0% 0.0% 0.0% 5.8
12 99.7% 0.3% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 5.9
13 99.0% 1.0% 0.0% 0.0% 92.0% 8.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 6.4
14 77.8% 17.9% 4.3% 0.0% 63.8% 24.2% 11.1% 1.0% 71.4% 20.7% 7.5% 0.3% 7.4
15 46.1% 44.3% 9.6% 0.0% 12.0% 53.0% 32.2% 2.8% 51.1% 47.5% 1.4% 0.0% 8.7
16 87.5% 12.5% 0.0% 0.0% 92.9% 7.1% 0.0% 0.0% 91.1% 8.9% 0.0% 0.0% 7.5
17 60.8% 38.5% 0.7% 0.0% 47.9% 52.1% 0.0% 0.0% 93.3% 6.7% 0.0% 0.0% 74
18 51.0% 35.9% 13.1% 0.0% 44.1% 35.0% 19.9% 1.0% 39.1% 53.1% 7.8% 0.0% 9.6
19 95.8% 4.2% 0.0% 0.0% 95.2% 4.8% 0.0% 0.0% 97.6% 2.4% 0.0% 0.0% 7.6
20 98.7% 1.3% 0.0% 0.0% 92.9% 7.1% 0.0% 0.0% 90.2% 9.6% 0.3% 0.0% 7.7
21 94.6% 5.4% 0.0% 0.0% 98.3% 1.7% 0.0% 0.0% 99.7% 0.3% 0.0% 0.0% 7.7
22 82.4% 15.3% 2.3% 0.0% 74.3% 25.1% 0.7% 0.0% 93.5% 6.5% 0.0% 0.0% 8.1
23 89.2% 10.8% 0.0% 0.0% 90.9% 6.9% 2.2% 0.0% 95.6% 4.4% 0.0% 0.0% 7.8
24 75.0% 22.5% 2.5% 0.0% 58.0% 27.2% 13.0% 1.8% 62.4% 30.3% 7.2% 0.1% 6.8
25 99.0% 1.0% 0.0% 0.0% 99.2% 0.8% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 6.3
Mean 81.3% 14.4% 3.7% 0.6% 73.7% 19.8% 5.8% 0.7% 85.2% 13.5% 1.3% 0.02% 7.3
SD 23.9% 15.9% 11.0% 2.5% 26.8% 19.0% 10.1% 2.3% 18.7% 16.8% 2.5% 0.1% 1.0

SD, standard deviation.

spent at glucose >180 mg/dL, >250 mg/dL, and >350 mg/dL, per
patient, between the preinjection and postinjection periods.

Statistical analysis

Sample size analysis showed that a sample size of 22 patients
was needed for an 80% power to reject the null hypothesis of equal
means with a mean difference of 30.0 mg/dL in change from
glucose levels before the injection to that in the days after the in-
jection and a common standard deviation of 30 at an alpha level of
0.05. The mean difference and standard deviation are based on and
similar to those used in previous studies.?>*°

The glycemic changes were analyzed per day after the injection
and were also grouped into 3 periods: preinjection (3 days before
injection), early postinjection period (days 1-3 after the injection),
and late postinjection period days 4-11 after the injection. This is
based on the previous studies that showed more prominent gly-
cemic changes in the first 3 days after the steroid injection.'>%>26

The change in the average glucose levels, per patient, between
the preinjection and postinjection periods and a comparison be-
tween periods was performed using a t-test. Percent of time spent
at glucose >180, 250, and 350 mg/dL were calculated at pre-
injection and postinjection periods for each patient. The changes
between periods per patient were analyzed using a paired t-test. All
analyses were performed using R 3.6.2 (R Foundation for Statistical
Computing, Vienna, Austria).

Results

We recruited 26 patients; one patient had his sensor fall off a
day after the injection, so he remained without glucose readings for
48 hours. He was, therefore, excluded from the study. Of the
remaining 25 patients who completed the trial, 17 were males
(68%), and 8 were females (32%). The mean age was 65 + 9 years
(range 50-83), body mass index was 28.6 + 4.1 kg/m? (range 21.5-
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36.4), and Hb A;. was 7.3 + 1 (range 5.8-9.6). Patients' diagnoses
included rotator cuff tear in 18 patients, adhesive capsulitis in 3
patients, long head of biceps tendinosis in 2 patients, calcified
tendinosis on 1 patient, and ACJ arthrosis in 1 patient. In 19 pa-
tients, the injection was targeted to subacromial space (76%), 3 to
the glenohumeral joint (12%), 2 to the long head of the biceps (8%),
and 1 patient to the ACJ (4%).

Change in average glucose

The mean glucose level, per patient, increased from 136 mg/dL
before injection to 159 mg/dL on postinjection day 1 (P <.0001) and
154 mg/dL on postinjection day 2 (P < .0001 compared with the
preinjection period). It then decreased to 140 mg/dL on post-
injection day 3 (P =.2650 compared with the preinjection period)
and 135 mg/dL in the 4-11 days (late postinjection period) after the
injection. The mean glucose level in the late postinjection period
was not significantly different from that in the preinjection period
(P =.2358).

Time above the glucose target range

We measured the percentage of time in which patients' glucose
levels were <180 mg/dL, >180 to 250 mg/dL, >250 to 350 mg/dL,
and >350 mg/dL. The individual's percentages of time spent in
different glucose categories during the different study periods are
shown in Table I. The data for the entire study group are presented
in Figure 1.

There was a statistically significant increase in the percentage of
time with glucose levels >180 mg/dL, per patient, from 19% before
injection to 29.6% and 29.8% on postinjection days 1 and 2,
respectively (P =.0067, P =.0044 compared with the preinjection
period). It then decreased to 21.2% on day 3 (P = .5685 compared
with the preinjection period) and 15.2% in the late postinjection
period (P =.1884 compared with the preinjection period).
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Figure 1 The percentage of time spent in different glucose categories (time in range) before injection and during the early and late postinjection periods. Glucose categories: <180

mg/dL, >180-250 mg/dL, >250-350 mg/dL, and >350 mg/dL.

There was a statistically significant increase in the percentage of
time with glucose levels >250 mg/dL, per patient, from 4.3% before
injection to 9.5% on day 1 postinjection (P = .0278). It then grad-
ually decreased to 7% on postinjection day 2 (P = .1743 compared
with the preinjection period), 3.8% on postinjection day 3 (P =.8511
compared with the preinjection period), and to 1.4% in the late
postinjection period (days 4-11; P =.27).

The percentage of time in which glucose levels were >350 mg/
dL was 0.6% before injection, 1.1% on postinjection day 1, 1.0% on
postinjection day 2, and 0.02% on day 3, and the late postinjection
period (days 4-11). These differences were not statistically
significant.

Specifically, there were 5 patients (20%) with glucose mea-
surements >350 mg/dL during the early postinjection period (days
1-3 after the injection). One of these patients, with an HbA;. of
9.6%, had 12.7% of measurements with glucose >350 mg/dL in the
preinjection period. It decreased to 11.6% in the early postinjection
period. In the late postinjection period, no measurements >350 mg/
dL were recorded in this patient. The other 4 patients had new-
onset glucose levels >350 mg/dL in the early postinjection period.
The first patient, a 68-year-old man with an HbA; of 6.8%, had 1.8%
of glucose level readings above 350 mg/dL in the early postinjection
period, which decreased to 0.1% in the late postinjection period. The
second, a 71-year-old patient with an HbAi. of 7.4%, had 1% of
glucose level readings above 350 mg/dL in the early postinjection
period, which decreased to 0.3% in the late postinjection period.
The third, a 57-year-old man with an HbA;. of 8.7%, had 2.8% of
glucose level readings above 350 mg/d in the early postinjection
period, which decreased to 0% in the late postinjection period. The
fourth patient, a 61-year-old man with a HbA1. of 9.6%, had 1.0% of
glucose level readings above 350 mg/dL in the early postinjection
period, which decreased to 0% in the late postinjection period.

Hb A1 and time above the glucose target range

We compared the percentage time spent above 250 mg/dL in
patients with HbA;. >7.5 (11 patients) to those with HbA. <7.5%
(14 patients). The cutoff of 7.5% is based on the American College of
Physicians guidance statement from 2018,%*> which stated that cli-
nicians should aim to achieve an HbA1. level between 7% and 8% in
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most patients with type 2 diabetes. Therefore, we used a midpoint
of this range to differentiate between controlled and uncontrolled
diabetic patients. Patients with HbA;. >7.5 had significantly higher
percentage of time >250 mg/dL in the preinjection period (9.1% vs.
0.5%; P =.038), early postinjection period (11.7% vs. 2.4%; P = .01)
but not in the late postinjection period (1.6% vs. 1.1%; P = .508).

Clinical follow-up

None of the 25 patients reported any adverse effects related to
the injection or any change with their antihyperglycemic treatment
after the injection. None of the patients needed any medical care for
symptomatic hyperglycemia during the study period.

Discussion

In this study, we investigated the effects of corticosteroid in-
jection into the shoulder on patients with T2DM not treated with
insulin. This group of patients represents most diabetic patients.?
We found a significant increase in systemic glucose levels in the
first 3 days after a glucocorticoid injection into the shoulder. This
increase was short lived, with a return of glucose levels toward
baseline in the following days.

The increase in the mean glucose level, per patient, was rela-
tively mild from 136 mg/dL in the preinjection period to 159 mg/dL
in the first 3 days after the injection and returned to normal
thereafter. These findings are consistent with the previous small
case series showing a mild increase in mean blood glucose levels
after shoulder intra-articular corticosteroid injections.>!>-2%-26:29:30

Using continuous monitoring of glucose levels in this study, we
assessed the percentage of time patients' glucose levels were in the
hyperglycemic regions before and after the injection. The contin-
uous monitoring allowed us to perform a more accurate and
comprehensive evaluation of the impact of corticosteroid injection
on glycemia and the degree of exposure to severe hyperglycemia.
To our knowledge, this is the first study to use continuous glucose
monitoring technology to study the effects of corticosteroid injec-
tion to the shoulder on glycemia in patients with T2DM.

We found a 2-fold increase in the time patients were exposed to
significant hyperglycemia (glucose levels above 250 mg/dL) on day
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1 after the injection. It increased, per patient, from 4.3% before the
injection to 9.5% on the day after injection. However, this rise was
short, returning to the preinjection state on day 3 after the
injection.

One of the concerns when injecting corticosteroids to type Il
diabetic patients is a hyperosmolar nonketotic state, with extreme
hyperglycemia, dehydration, and electrolyte disturbance requiring
emergency treatment and hospitalization. Therefore, we were
interested in patients with severe hyperglycemia, that is, glucose
levels exceeding 350 mg/dL, after the steroid injection. Four pa-
tients (16%) had a new onset of blood glucose >350 mg/dL in the
early postinjection period. The exposure to severe hyperglycemia
(>350 mg/dL) was short (1%-2.8% of all measurements during the
early postinjection period). Two patients continued to have glucose
measurements >350 mg/dL during the late postinjection period but
for very periods (0.1%-0.3% of all measurements). None of these
patients required intensification of the antidiabetic treatment or an
additional medical treatment.

We found that patients with T2DM, who are less well controlled
(HbA1C >7.5%), spent more time with significant hyperglycemia
(>250 mg/dL) in both the preinjection as well as the early post-
injection periods, but not in the late postinjection period (>4 days).
Similar results have also been shown in previous studies.??52%30
However, 2 of the 4 patients with a new onset of severe hyper-
glycemic levels after the injection (>350 mg/dL) had baseline HbA1
levels of 7.4% and 6.8%. Therefore, severe hyperglycemia can also
occur in patients with moderately controlled T2DM and relatively
lower HbA1.

None of the patients reported any change with their anti-
hyperglycemic treatment or needed medical care for symptomatic
hyperglycemia during the study period. This is similar to other
studies, which reported no adverse clinical effects of hyperglycemia
after a steroid injection to the shoulder in T2DM.>*° It seems that
although corticosteroid injection to the shoulder may create sig-
nificant glucose level elevations in T2DM patients, the return to
preinjection glucose level is fast, and the patients do not suffer any
obvious immediate clinical side effects related to the glucose level
change.

Different steroids and dosages may change the extent of glucose
level excursions and the durability of dysglycemia.”'®*> We could
find reports of hyperglycemia after a musculoskeletal steroid in-
jection with the use of methylprednisolone, triamcinolone, beta-
methasone, and celestone.” However, we could not find any good
quality study comparing the glycemic effects of different cortico-
steroids or different dosages of corticosteroids injected to or around
joints. We have used 40 mg of methylprednisolone in this study
because it is commonly used for injections to the shoulder and
other musculoskeletal sites,'%1%8

The effect of steroid injection in T1DM may differ from that in
patients with T2DM.'""?? Patients with T1DM, which are not part
of this study, have been reported to develop significant hyper-
glycemia that lasts longer after a steroid injection.”??3° There-
fore, our data should not be automatically extrapolated to T1DM,
and further study targeted at these patients is needed. In addi-
tion, patients with T2DM treated with insulin were not included
in this study because of their ability to easily change the insulin
dosage in response to the changing glucose levels. Nevertheless,
this study relates to most diabetic patients because it focused on
T2DM patients not treated with insulin, which are the vast ma-
jority of diabetic patients, especially those in need of cortico-
steroid injections.®

This study has several limitations. The study group is small.
Although larger than in prior studies, it involves 25 patients with a
small number of injections into locations outside of the sub-
acromial space. The study lacks a control group of diabetic patients
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connected to FreeStyle Libre without local injection of corticoste-
roids. The use of continuous glucose monitoring may affect glyce-
mic control, as the patient is aware of blood glucose levels and may
better adhere to diet and medical treatment. However, connecting
the continuous glucose monitoring device to the patients a few
days before the injection gives us the patient's baseline glucose
control before the injection itself. Therefore, it may serve as the
patient's self-control to the effects of the injection itself. There is
also no control group of nondiabetic patients receiving the same
cortisone injections. This control group would allow further com-
parison to evaluate whether the postinjection increase in blood
glucose levels in nondiabetic patients is any different than in T2DM
patients not on insulin. The injections were not directed by imag-
ing. Therefore, they may have shifted in some cases from the
intended injection target, as shown in previous studies.®'> How-
ever, most steroid injections to the shoulder are done in the
outpatient clinic without an additional imaging modality. Our
study, therefore, simulates the current practice of shoulder steroid
injection. Finally, the duration of follow-up after injection was 11
days after the injection. The long-term effects on glycemic control
have not been evaluated. Nevertheless, the fact that corticosteroid
injections had short-lived effects on glycemia may argue against
significant long-term effects.

Conclusion

Our findings show that local corticosteroid injection to the
shoulder can create a significant, short-term increase in systemic
glucose levels in patients with D2DM, not treated with insulin.
Some of these patients may have short periods with glucose above
350 mg%, even in those with HBA1C lower than 7%. However, it
seems that the likelihood of clinical side effects is low.
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