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Abstract
Purpose—To quantify diabetic patients’ change in blood glucose levels after corticosteroid
injection for common hand diseases and to assess which patient-level risk factors may predict an
increase in blood glucose levels.

Methods—Patients were recruited for this case-crossover study in the clinic of fellowship-trained
hand surgeons at a tertiary care center. Patients with diabetes mellitus type 1 or 2 receiving a
corticosteroid injection recorded their morning fasting blood glucose levels for 14 days after their
injection. Fasting glucose levels on days 1–7 after injection qualified as “case” data with levels on
days 10–14 providing control data. A mixed model with a priori contrasts were used to compare
post-injection blood glucose levels to baseline levels. A linear regression model was used to
determine patient predictors of a post-injection rise in blood glucose levels.

Results—Forty of 67 patients (60%) recruited for the study returned completed blood glucose
logs. There was a significant increase in fasting blood glucose levels following injection limited to
post-injection days 1 and 2. Among patient risk factors in our linear regression model, type 1
diabetes and use of insulin each predicted a post-injection increase in blood glucose levels from
baseline while higher HbA1c levels did not predict increases.

Discussion—Corticosteroid injections in the hand transiently increase blood glucose levels in
diabetic patients. Patients with type 1 diabetes and insulin-dependent diabetics are more likely to
experience this transient rise in blood glucose levels.

Level of Evidence—Therapeutic Level III
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Introduction
Corticosteroid injections are commonly used to treat a variety of common hand and wrist
conditions such as trigger finger, De Quervain tenosynovitis, and osteoarthritis. Local
injection is often first-line therapy and is anticipated to provide temporary or lasting pain
relief with the potential for a definitive cure as in the case of trigger fingers.1,2,3

Diabetic patients are at increased risk for developing trigger fingers.4 Previous studies have
reported a 10 to 20% higher incidence of trigger finger in diabetic patients and a higher
likelihood of multiple digit involvement than a non-diabetic patient.5,6,7,8 With prior data
indicating only moderate long-term relief (36–60%) after corticosteroid injections for trigger
finger in diabetic patients, the risks of injection must be weighed against potential
benefits. 1,9,10

Corticosteroid injections in the knee, shoulder, and spine produce a short-term rise in blood
glucose levels with no affect on long-term measures of blood glucose control (fructosamine
or HbA1c).11,12,13 Two studies have reported transient increases in blood glucose after
corticosteroid injection in the hand or wrist.10,14 Patient characteristics that distinguish an
individual’s reaction to injection were not assessed. Some clinicians may be hesitant to
administer corticosteroids due to the perceived risk of hyperglycemia following an injection
coupled with potentially limited efficacy of injection in diabetic patients.

The purpose of this study was to quantify diabetic patients’ change in blood glucose levels
after corticosteroid injection for common hand diseases and to assess which patient-level
risk factors could predict an increase in blood glucose levels. We hypothesized that diabetic
patients would show a significant but transient rise in blood glucose levels post-injection
with greater increases in poorly controlled diabetics as measured by HbA1c.

Methods
This prospective case-crossover study evaluated the effect of corticosteroid injection in the
hand on blood glucose levels in patients with diabetes. Diabetic patients treated with
corticosteroid injections of methylprednisolone acetate completed a daily blood glucose log
to determine changes in blood glucose levels following injection. This study was approved
by our institutional review board.

Patients at least 18 years old undergoing clinically indicated corticosteroid injection for De
Quervain disease, trigger finger, osteoarthritis, or carpal tunnel syndrome in the clinic of
fellowship-trained hand surgeons at a tertiary care institution were considered for the study.
Patients were included if they had a diagnosis of type 1 or 2 diabetes mellitus and checked
blood glucose values daily. Patients were excluded if they were unable to provide consent,
had received a corticosteroid injection in the previous 3 months, had been administered oral
corticosteroid in the past 6 months, or had any contraindications to the administration of
corticosteroids.

Patients were consented after electing to proceed with a corticosteroid injection following
their discussion of treatment options and risks and benefits with their surgeon. Following the
injection, we recorded the location (i.e., tendon sheath, joint) and amount of
methylprednisolone acetate administered (range: 20–120 mg), patient demographics,
diabetes type, most recent HbA1c result, and diabetes control regimen (diet, oral medication,
and/or insulin).

Participants were provided a daily log to record their morning fasting blood glucose levels
for 14 days after injection. All participants used personal glucometers to record their
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readings. Upon completion of the 14-day post- injection period, patients returned their logs
via a self-addressed stamped envelope provided at the time of their corticosteroid injection.

Data Analysis
In this case-crossover design, participants’ first 7 days of blood glucose readings provided
“case” outcome data. Days 8 and 9 represented the washout period, while the average of
days 10–14 were used to determine baseline blood glucose levels. This design was based on
prior literature of corticosteroid injections in diabetic patients’ knees, shoulders, spine, and
hands that showed no statistically significant elevation in blood glucose levels after 5 days
following injection.10,11,13,15,16 To assure a proper washout period, we doubled this time
and did not consider participant blood glucose values to be at baseline until 10 days after
injection. Recording blood glucose levels prospectively prior to a corticosteroid injection
would have required withholding pharmacologic therapy for a painful condition and a
second visit to the clinic for treatment, which would increase participant burden.

Our sample size analysis determined 40 patients were needed to detect a difference in 20
mg/dl in blood glucose level with a power of 0.90 using a paired data design with a 2-tailed
alpha of 0.05. To analyze our data, we used a mixed model and a priori contrasts of paired t-
tests to compare the calculated baseline fasting blood glucose levels to the blood glucose
levels attained on each day of the first week post-injection. This model took into account
each patient’s repeated contribution to the data. All 95% confidence intervals underwent a
Bonferroni adjustment to account for multiple comparisons.

To determine which risk factors were associated with a rise in blood glucose levels a Fisher
exact test was used. For this univariate analysis, we compared patients with a >50 mg/dl rise
in fasting post-injection day 1 blood glucose levels with different patient risk factors
(diabetes type, diabetes control regimen, sex, and location of injection). A rise in >50 mg/dl
was chosen as it would represent an 80% change relative to the normal standard deviation of
fasting glucose levels.17 For each risk factor we reported Mantel-Haenszel adjusted odd’s
ratios to account for differences in the amount of methylprednisolone acetate received. The
Spearman rho was used to determine if overall glucose control (HbA1c) correlated with
changes in fasting blood glucose levels on post-injection day 1. To determine if type of
diabetes, diabetes control regimen, or amount of injection predicted the level of change in
fasting blood glucose levels (as a continuous variable without cut point) on post-injection
day 1 after controlling for the other variables, we constructed a linear regression model.

Results
Sixty-seven patients were recruited to participate in our study, of which 40 participants
(60%) returned their completed daily blood glucose logs. Patient demographics, location and
amount of methylprednisolone acetate, baseline fasting blood glucose values, diabetes type,
and medication type of both study completers and those failing to finish our study are
documented in Table 1. All 7 patients with type 1 diabetes and 10 (30%) with type 2
diabetes were dependent on insulin.

The number of days after injection was a significant predictor of the difference in blood
glucose values from baseline levels (df=51.8, F=3.09, P=0.01). Specifically, there was a
statistically significant increase in fasting blood glucose levels on post-injection day 1 (43.3,
95% CI: 19.4–67.1), and post-injection day 2 (17.1, 95% CI: 2.0–32.2), with a non-
significant increase in mean glucose on day 3 (11.9, 95% CI: −7.4–31.2). There was no
statistically significant difference between post-injection days 4–7 and baseline fasting
blood glucose levels (Figure 2).
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Patients with type 1 diabetes and patients taking insulin were more likely to experience a
rise >50 mg/dl on post-injection day 1. Patient sex and location of injection were not
statistically significantly associated with a >50 mg/dl increase on post-injection day 1
despite a 3-fold (36% vs 10%) incidence of this following extra-articular injection. These
results remained the same after controlling for amount of methylprednisolone administered
using the Mantel-Haenszel odds ratio (Table 2). Thirty patients had available HbA1c data. In
these patients, HbA1c levels were not significantly correlated with a rise in fasting blood
glucose levels 1 day following injection (Spearman’ correlation coefficient = 0.15, P =0.42).

In our linear regression model, the amount of corticosteroid injected did not predict a change
in blood glucose (β= 0.49, P=0.43) level after accounting for diabetes type or medication
used. Both type 1 diabetes (β= 72.2, P =0.03) and insulin use (β= 62.5, P =0.02) predicted a
rise in fasting blood glucose from baseline fasting values on post-injection day 1 after
accounting for amount of methylprednisolone administered. The patterns of the change in
fasting blood glucose levels during the week after injection in diabetics taking insulin vs.
those on oral medications/diet are seen in Figure 3.

Discussion
Diabetic patients are at increased risk for common hand diseases for which a corticosteroid
injection may provide lasting relief.4 The current study showed an increase in blood glucose
levels 1 and 2 days following injection with return to baseline on day 3. Those most likely to
experience an increase in blood glucose levels were patients with type 1 diabetes and
patients dependent on insulin.

Prior studies have shown varying impact of corticosteroid injections on diabetic glucose
control. Habib and Ahmad evaluated the effect on18 type 2 diabetic patients (6 using
insulin) undergoing intra-articular corticosteroid injections in the shoulder.15 They found no
significant effect on blood glucose levels after injection or on long-term measures of
glycemic control (fructosamine). They also studied 24 patients (10 using insulin) undergoing
intra-articular corticosteroid injections for osteoarthritis of the knee.12 Unlike their previous
study on shoulder injections, this study showed an increase in blood glucose values for 2–4
days following injection. It is unclear whether injection location, study population, or
difference in type of corticosteroid may have accounted for the difference in results. Our
study suggests, however, that the higher number of insulin users among patients undergoing
intra-articular knee injections may have resulted in a change in post-injection blood glucose
levels. As seen in Figure 3, there was minimal change in post-injection blood glucose levels
from baseline values in patients not taking insulin.

Two studies have evaluated the effect of corticosteroid injections in the hand. Wang and
Hutchison followed 18 patients receiving 10 mg of methylprednisolone acetate for trigger
finger.10 These patients showed an average increase of 73% over baseline values on post-
injection day 1 with no statistically significant difference in values on \ days 2–5. Possibly
due to their small population, they found no difference in change in blood glucose levels
between type 1 and type 2 diabetic patients. Patient baseline blood glucose values were also
not recorded prospectively. Patients were simply asked to recall average morning levels.
Catalano et al. evaluated morning blood glucose levels in 23 diabetic patients receiving an
extra-articular injection of 10 mg of triamcinolone acetonide in the hand.14 Their data
revealed a small, statistically significant increase on post- injection days 1 and 5 of 14.2 and
9.7 mg/dl, respectively. Unlike Wang et al, insulin-dependent diabetics did experience
statistically significant higher post- injection blood glucose levels than non-insulin-
dependent diabetics. The authors, however, were not certain they obtained pre-breakfast
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morning data; some patients may have recorded post-prandial morning blood glucose levels.
This likely contributed to the variation of their data.

The current study enrolled twice the number of participants and used 5 days of patient
control data for comparison of post-injection blood glucose values. Our data showed similar
results with a sharp rise in blood glucose levels in post-injection days 1 and 2 with a return
to baseline values on day 3. With our sample size, we were able to evaluate factors
associated with increases in post-injection blood glucose levels. The presence of type 1
diabetes and insulin-dependent diabetes predicted greater changes in post-injection blood
glucose levels when accounting for amount of injection in our regression model. However,
chronic glucose control (HbA1c) was not associated with changes in post-injection blood
glucose values. This suggests that chronically elevated blood glucose does not heighten the
elevation of post-injection glucose levels in insulin-dependent diabetics.

There were several limitations to our study. Sixty percent of participants returned fully
completed blood glucose logs despite being provided self-addressed envelopes and phone
call reminders. Despite similar baseline data, we cannot be certain that those either not
returning or returning incomplete logs were similar to the patients returning fully completed
logs, thus, possibly introducing differential bias. Similarly 75% of the patients reported
HbA1c levels, and those not reporting their value may have differed systematically from
those who did. Additionally, injections in this study were not uniformly administered to
either joint spaces or tendon sheaths.

In this study design, we did not collect pre-injection baseline blood glucose values. We
believe, however, our 14-day follow-up was sufficient to ensure patient blood glucose levels
from days 10–14 represented baseline values. If in fact blood glucose levels were elevated
during the control period, it would affect results towards the null hypothesis. The non-
significant but potentially relevant finding that more patients receiving extra-articular
injection had an increase in glucose of >50 mg/dl when compared to those with intra-
articular injection deserves further study as we were underpowered for this subgroup
analysis. Lastly, the Hawthorne effect may lead to a change in patient behavior (e.g.
improved diabetic management). Despite these potential biases toward the null hypothesis,
our data still revealed an increase in post-injection blood glucose values.

The case-cross over design strengthened our study by allowing us to compare each patient’s
post-injection blood glucose levels to their own baseline values without withholding
treatment. This was not a controlled study as we asked patients to continue to manage their
diabetes in their typical fashion. We believe this also strengthens the results as conditions
more closely resemble the typical clinical scenario.

Our results add to the evidence that corticosteroid injections for common hand conditions
should not be withheld from diabetic patients. Previously, we advised all diabetic patients
there may be a transient rise in blood glucose levels after an injection. Based on our data, we
now tell patients there is likely to be a transient rise in blood glucose levels potentiated in
type 1 diabetics and those taking insulin. These patients should maintain vigilant glucose
monitoring and adjust their medications accordingly. We cannot provide a specific glucose
value above which injections should be avoided. We do, however, advise caution in type I
diabetic patients and those on insulin when considering steroid injection if glucose levels
have been acutely unstable in the days preceding injection.
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Figure 1.
Change in blood glucose level from baseline over 7 days following injection
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Figure 2.
Change in blood glucose level from baseline for 7 days following injection in insulin and
non-insulin dependent diabetic patients
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Table 1

Demographic and Baseline Values

Completed Study Failed to Complete Study*

Age 62 (±10) 57 (±9)

Sex (female) 22 (55%) 16 (67%)

Amount Injected (mg/ml)† 40 (20–120) 40 (40–120)

Fasting BG Level (mg/dl) 138 (43) Not available

Diabetes Mellitus

Type 1 7 (18%) 7 (29%)

Type 2 33 (82%) 18 (71%)

HbA1C 7.1 (6-10) 7.5 (6-11)

Medication Type

Insulin 17 (43%) 11 (46%)

Oral Meds Only 19 (47%) 12 (50%)

Diet Only 4 (10%) 1 (4%)

Injection location‡

Tendon Sheath 28 (70%) 23 (96%)

Joint 10 (25%) 1 (4%)

Other§ 2 (5%) --

*
Data available for 24 of 27 excluded participants

†
Data not normal, mode value reported

‡
23 Trigger finger, 3 DeQuervain’s, 1 CTS, 1 Unknown; all 10 joints were injected for OA

§
Injections in both Tendon Sheath and Joint
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