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Purpose: This cohort study aimed to determine patterns of glycemic fluctuation and

changes in metabolic parameters during and after corticosteroid administration in newly

diagnosed diffuse large B-cell lymphoma (DLBCL) patients treated with R-CHOP

chemotherapy.

Patients and Methods: The study was performed in 20 patients of whom 11 had diabetes

and 9 were nondiabetics. Anthropometric parameters were collected, and blood samples were

taken four times during the study to analyze metabolic parameters. Capillary glucose was

measured seven times a day (fasting, before mean meals, postprandial, and before bedtime)

to evaluate the glycemic profile.

Results: In all 20 patients, acute glucocorticoid administration resulted in the elevation of

average glucose levels, dominantly postprandial in the afternoon which correlates with

corticosteroid peak action. In 7 out of 11 diabetics, prandial insulin was started during

corticosteroid administration and discontinued afterward. Although none of our nondiabetic

patients met diabetes criteria, evident is the elevation in average glycemia levels six weeks

after corticosteroid administration. Potentially, even transient corticosteroid administration

reduces insulin sensitivity and contributes to later glycemic disturbances. HbA1c levels were

higher at the end of the study while fructosamine levels were higher during the study.

Conclusion: Patients and health-care professionals need to be aware of corticosteroid-

induced hyperglycemia. We recommend identifying risk factors, measuring glycemia before,

during, and after corticosteroid administration, and starting the adequate therapy as soon as

possible.
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Introduction
Non-Hodgkin´s lymphoma (NHL) comprises a diverse group of malignant neo-

plasms of the lymphoid tissue with diverse biological and clinical behavior.1 High-

dose corticosteroids such as prednisone are generally part of initial chemotherapy

for many groups of lymphoma, although the choice of the chemotherapeutic regi-

men depends on the lymphoma classification.2

Abnormal glucose metabolism is one of the major adverse effects in patients who

receive glucocorticoids. Their use can worsen glycemic control in patients with pre-

existing diabetes, unmask unrecognized diabetes or potentially lead to glucocorticoid-

induced diabetes mellitus (GIDM).3 More than 86% of hospitalized patients treated

with corticosteroids and without a known history of diabetes will develop at least one

episode of hyperglycemia and almost 50% of them will present with a mean blood

glucose ≥7.8 mmol/L.4,5 Some authors found nearly 30% incidence in the rate of
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steroid-induced hyperglycemia following R-CHOP therapy.6

A retrospective analysis done by Lamar et al found that 47%

of all patients had at least one hyperglycemic episode during

the first line lymphoma treatment and hyperglycemia was

associated with chemotherapy alteration mostly due to infec-

tion. However, there are no data specifically evaluating the

role of glucocorticoid-induced hyperglycemia or diabetes as

a complication of therapy.2 For this reason, there are no

specified guidelines in whom and how to oversee or prevent

glycemic disturbances during cancer treatment.

Clinical presentation of GIDM varies and newly diag-

nosed patients can present as an acute condition such as

hyperglycemic hyperosmolar state or diabetic ketoacidosis

without any warning signs. The main risk factors identified

as predictors of developing GIDM are dose and duration

of corticosteroid treatment, previous glucose intolerance,

reduced sensitivity to insulin or impaired insulin secretion,

age, high body mass index, personal history of gestational

diabetes, family history of diabetes, or race.7

Pathophysiology of alterations responsible for the dia-

betogenic effect of corticosteroids is based on an increase

in peripheral insulin resistance along with inhibition of the

production and secretion of insulin by pancreatic β-cells,

increased gluconeogenesis, enhanced effects of other

counterregulatory hormones, the expression of the nuclear

receptor peroxisome proliferator-activated receptor α,

reduced peripheral glucose uptake at the level of the mus-

cle and adipose tissue, and lipotoxicity due to increased

plasma free fatty acids level.8

Patients and Methods
This was a multicentre, prospective cohort study. The

primary objective was to determine patterns of glucose

fluctuation and metabolic parameters in patients with

newly diagnosed diffuse large B-cell lymphoma

(DLBCL) depending on the personal history of diabetes

mellitus. Measurements and sampling were obtained from

20 newly diagnosed patients with DLBCL who were trea-

ted with R-CHOP chemotherapy in the University

Hospital Center Split, County Hospital Čakovec and

County Hospital Zadar, from April to August 2018.

R-CHOP protocol included rituximab (375mg/m2 IV 7

days prior to beginning CHOP regimen), cyclophospha-

mide (750 mg/m2 IV, day 1), doxorubicin (50 mg/m2 IV

bolus, first day), vincristine (1,4 mg/m2 IV bolus, max.

2 mg, first day) and prednisone (40 mg/m2 IV, first to the

fifth day).

The baseline and metabolic characteristics of the study

patients are presented in Table 1. The diagnosis of diabetes

mellitus was established by the current guidelines provided

Table 1 Baseline and Metabolic Characteristics of the Study Patients

Characteristics All Patients (N=20) Men (N=12) Women (N=8)

Age (years) 55.20 ± 6.48 59.50 ± 3.73 48.75 ± 3.62

Weight (kg) 83.01±18.86 95.02±14.02 65.00±6.23

Height (cm) 173.20±8.91 178.67±4.38 165.00±7.58

BMI (kg/m2) 26.68±4.37 28.88±3.60 23.38±3.25

WC (cm) 96.95±16.41 106.60±11.37 82.47±11.33

HC (cm) 104.35±7.56 107.25±6.62 100.00±7.07

Family History of Diabetes

Yes 9 (45%) 7 (58.3%) 2 (25.0%)

No 11 (55%) 5 (41.7%) 6 (75.0%)

TC (mmol/L) 5.87±0.80 5.97±0.86 5.72±0.72

TG (mmol/L) 3.13±1.06 3.33±1.11 2.84±0.97

HDL-C (mmol/L) 2.63±0.47 2.61±0.54 2.65±0.39

LDL-C (mmol/L) 3.25±0.86 3.37±0.98 3.07±0.65

HbA1c (%) 6.05±0.96 6.27±0.99 5.72±0.88

HbA1c (mmol/mol) 43.0±10.5 45.0±10.8 39.0±9.6

Fasting glucose (mmol/L) 5.76±0.87 5.98±0.85 5.44±0.86

Fructosamine (µmol/L) 254.34±74.34 275.56±76.58 222.50±62.09

Notes: Data are presented as mean ± SD for continuous variables and as percentages for categorically distributed variables. Reference range: TC <5.0, TG <1.7, HDL-C

>1.0, LDL-C <3.0, HbA1c <6.0 (42.0), fasting glucose 3.9–5.4, fructosamine <285.

Abbreviations: BMI, body mass index; WC, waist circumference; HC, hip circumference; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein

cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, glycated hemoglobin.
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by the American Diabetes Association; fasting blood glucose

level of ≥7.0 mmol/L, glycemia at any time ≥11.1 mmol/L,

HbA1c ≥ 6.5% or blood glucose ≥11.1 mmol/L two hours

after an oral glucose tolerance test. Of the total of 20

patients, 11 were diagnosed with preexisting diabetes melli-

tus while 9 of them were nondiabetics. HbA1c ranged from

6.1% (43 mmol/mol) to 7.5% (58 mmol/mol) and BMI from

20 to 33 kg/m2. Initial antidiabetic therapy regimens

included a combination of sulfonylurea and metformin (6

patients), metformin and repaglinide (2 patients) and metfor-

min monotherapy (3 patients). Differences between baseline

and metabolic patient characteristics depending on the per-

sonal history of diabetes mellitus are shown in Table 2.

Anthropometric measurements were performed at the

beginning of the study and included body height, weight,

body mass index (BMI), and body circumferences (waist,

hip). Body height was measured using the stadiometer with

the investigator standing behind the participant. Subjects

stood with their scapula, buttocks, and heels resting against

a stadiometer, the neck was held in a natural non-stretched

position, the heels were touching each other, the toe tips

formed a 45° angle and the head was held straight with the

inferior orbital border in the same horizontal plane as the

external auditive conduct (Frankfort´s plane). The horizon-

tal arm of the stadiometer was lowered until it touched the

scalp (anthropometric point vertex). Bodyweight was mea-

sured on the medical decimal scale with a sliding weight,

with a ± 100 g error margin. Patients were barefoot, only

wearing their underwear. The weight was rounded up to the

nearest 0.5 kg. BMI was estimated by dividing weight (kg)

by height2 (m2). Waist and hip circumferences were mea-

sured using a flexible non-elastic measuring tape.

Individuals stood with feet together and arms resting by

their sides. The hip circumference was measured from the

maximum perimeter of the buttocks. The waist circumfer-

ence was taken as the plane between the umbilical scar and

the inferior rib border.

Blood samples were taken four times during the study;

one day before chemotherapy started, on the second and

sixth day of treatment, and an additional blood sample was

taken six weeks after corticosteroid therapy was completed.

Blood samples were taken from the antecubital vein after

Table 2 Overview of Baseline and Metabolic Characteristics of Diabetic and Nondiabetic Patients

Characteristics All Patients (N=20) Diabetics (N=11) Nondiabetics (N=9) P

Age (years) 55.20 ± 6.48 57.36±5.05 52.56±5.05 0.100

Weight (kg) 83.01±18.86 84.80±17.26 80.33±21.52 0.653

Height (cm) 173.20±8.91 173.09±7.92 173.33±10.50 0.954

BMI (kg/m2) 26.68±4.37 27.27±4.29 25.94±4.60 0.513

WC (cm) 96.95±16.41 97.81±16.15 95.89±17.65 0.802

HC (cm) 104.35±7.56 104.00±8.67 104.78±6.41 0.826

Diabetes duration (years) 2.05±2.48 3.72±2.20 0 0.000

Family History of Diabetes 0.006

Yes 9 (45%) 8 (72%) 1 (11%)

No 11 (55%) 3 (27%) 8 (89%)

Medication 0.000

Yes 11 (55%) 11 (100%) 0

No 9 (45%) 0 9 (100%)

TC (mmol/L) 5.87±0.80 6.20±0.80 5.47±0.61 0.037

TG (mmol/L) 3.13±1.06 3.04±1.24 3.24±0.85 0.681

HDL-C 2.63±0.47 2.63±0.39 2.63±0.58 0.960

LDL-C 3.25±0.86 3.59±0.90 2.83±0.62 0.046

HbA1c (%) 6.05±0.96 6.85±0.41 5.07±0.09 0.000

HbA1c (mmol/mol) 43.00±10.50 51.00±4.50 32.00±1.00 0.000

Fasting glucose (mmol/L) 5.76±0.87 6.48±0.29 4.90±0.39 0.000

Fructosamine (µmol/L) 254.34±74.34 317.20±37.66 177.50±9.65 0.000

Notes: Data are presented as mean ± SD for continuous variables and as percentages for categorically distributed variables. P<0.05 was considered statistically significant.

Reference range: TC <5.0, TG <1.7, HDL-C >1.0, LDL-C <3.0, HbA1c <6.0 (42.0), fasting glucose 3.9–5.4, fructosamine <285.

Abbreviations: BMI, body mass index; WC, waist circumference; HC, hip circumference; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein

cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, glycated hemoglobin.
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12 hour period of overnight fasting. HbA1c plasma levels

were measured using the immunochemistry method on the

Cobas Integra device while the fructosamine level was mea-

sured using colorimetric assay on Abbot Architect ci8200

device. Plasma cholesterol, HDL and LDL cholesterol, tri-

glycerides, and glucose levels were analyzed on Abbot

Architect c16000 device. Capillary glucose was measured

seven times a day during the treatment (before breakfast,

lunch and dinner, two hours after breakfast, lunch and dinner

and before bedtime) with self-monitoring blood glucose

device (Contour, Bayer).

All continuous variables were expressed as mean ± SD

and categorical variables were expressed as percentages.

Normally distributed variables were presented as mean ±

SD and compared using independent samples t-test.

Categorical variables were compared between the groups

using the χ2 test. The linear relationship between the two

quantitative variables was investigated using the Pearson

correlation coefficient (normally distributed variables) or

Spearman’s rank correlation coefficient (non-normally dis-

tributed variables). The level of significance was set at

P<0.05. Statistical analyses were performed using statisti-

cal software SPSS v.20. The study was conducted accord-

ing to the Declaration of Helsinki and was approved by

University Hospital Center Split, County Hospital

Čakovec and County Hospital Zadar ethics committees.

All patients have provided written informed consent for

their details to be used in the manuscript.

Results
A detailed overview of daily plasma glucose values in

consecutive measurements is shown in Table 3. In all

seven-points of daily glucose monitoring there are statis-

tically significant differences between glucose values in

diabetic and nondiabetic patients whereas diabetic patients

reached significantly higher glucose values in contrast to

nondiabetic patients. In the first measurement (1 day

before R-CHOP chemotherapy) the highest average glyce-

mic value in diabetic patients was recorded after dinner

(8.56 mmol/L), and in nondiabetic patients after lunch

(6.11 mmol/L). In the second measurement (2nd day of

chemotherapy), the average glycemic values in diabetics

were generally higher with the highest value recorded

before dinner (10.88 mmol/L) while nondiabetics had the

highest glucose value after dinner (8.26 mmol/L). In the

third measurement (6th day of cycle) the highest glycemic

value was lower than in the second measurement for both

diabetics and nondiabetics (9.36 mmol/L and 7.47 mmol/

L, respectively). In the fourth measurement (6 weeks after

chemotherapy) the average glycemic values in diabetics

were lower and the highest value was recorded after dinner

(8.66 mmol/L) while glucose profile appeared normal in

nondiabetics (6.53 mmol/L) but generally higher than in

the first measurement.

When comparing glucose values in all seven-points in

different measurements in patients with diabetes, the fol-

lowing statistically significant differences were observed

(Table 4). The fasting glucose values showed a statistically

significant difference between the fourth and third mea-

surements, as well as between the fourth and first, wherein

both cases the glucose value was lower in the fourth

measurement. The glucose values measured after breakfast

were higher in the second measurement than in the first

and lower in the fourth compared to the third measure-

ment. Glucose level before lunch was statistically higher

in the second measurement than in the first, lower in the

fourth measurement than in the third and higher in the

fourth measurement than in the first. After-lunch values

were statistically higher in the second measurement com-

pared to the first and lower in the fourth compared to the

third. Before dinner, glucose value was statistically higher

in the second measurement than in the first, lower in the

third measurement than in the second and lower in the

fourth than in the third. The only statistically significant

difference in the after-dinner value was found in

the second measurement. The values before bedtime

proved to be statistically significant between the second

and first measurements where the second measurement

was higher; between the second and third where the third

was lower and between the fourth and the first where the

fourth measurement showed higher glucose level.

When comparing glucose values at all seven-points in

different measurements in patients without diabetes, the

following statistically significant differences were

observed (Table 5). The fasting glucose value was statis-

tically higher in the second and fourth measurements than

in the first measurement. Glucose levels after breakfast

were statistically higher in the second measurement than

in the first, lower in the fourth measurement when com-

pared to the third, but higher than in the first. Glucose

measured before lunch turned out to be statistically higher

in the second measurement when compared to the first,

lower in the fourth when compared to the third but higher

when compared to the first measurement. Statistically sig-

nificant differences were found for glucose values mea-

sured after lunch – the second measurement was higher
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than the first; the third was lower than the second; the

fourth was lower than the third but higher than the first.

The same is true for values before dinner – the second

measurement showed higher glucose level than the first,

the third measurement showed lower value than

the second, the fourth showed lower than the third, but

also higher than the first measurement. In the case of

glucose values after dinner, the value in the second mea-

surement was statistically significantly higher than in the

first, the value in the third measurement was lower than in

the second measurement and the value of the fourth mea-

surement was lower than the value of the third. Glucose

values measured before bedtime appeared to be higher in

the second measurement than in the first and third mea-

surements, while the value in the fourth measurement was

lower than in the third but higher than in the first

measurement.

Given the increase in glycemic target values, fast-

acting insulin was started before dinner in 7 of 11 diabetic

patients (64%) on the second day of the study (initial dose

of 0.05 U/kg). One patient was administered prandial

insulin before dinner from the third day, and one patient

was administered basal insulin at bedtime on the second

day of the study (initial dose of 0.1 U/kg). In two patients

Table 3 Comparison of Plasma Glucose Values Between Diabetics and Nondiabetics During Consecutive Measurements

Glucose (mmol/L) First Measurement

All Patients (N=20) Diabetics (N=11) Nondiabetics (N=9) P

Fasting 5.64±1.20 6.62±0.48 4.44±0.43 0.000

After breakfast 7.10±1.30 8.01±0.97 5.98±0.51 0.000

Before lunch 5.77±1.16 6.56±0.98 4.81±0.31 0.000

After lunch 7.42±1.41 8.49±0.89 6.11±0.45 0.000

Before dinner 5.98±1.23 6.95±0.65 4.79±0.41 0.000

After dinner 7.43±1.41 8.56±0.18 6.06±0.19 0.000

Before bedtime 7.07±1.20 8.06±0.57 5.86±0.15 0.000

Second Measurement

Fasting 5.96±1.08 6.81±0.45 4.91±0.56 0.000

After breakfast 7.93±1.33 8.86±1.07 6.80±0.41 0.000

Before lunch 6.49±1.21 7.35±0.96 5.44±0.28 0.000

After lunch 8.92±1.22 9.74±1.04 7.91±0.36 0.000

Before dinner 9.04±2.35 10.88±1.32 6.79±0.71 0.000

After dinner 8.99±1.17 9.60±1.03 8.26±0.88 0.006

Before bedtime 8.56±1.19 9.45±0.72 7.47±0.52 0.000

Third Measurement

Fasting 5.89±0.78 6.47±0.44 5.18±0.41 0.000

After breakfast 8.04±1.28 9.01±0.73 6.84±0.54 0.000

Before lunch 6.48±1.17 7.42±0.57 5.32±0.39 0.000

After lunch 8.51±1.07 9.36±0.50 7.47±0.46 0.000

Before dinner 6.67±1.14 7.56±0.44 5.59±0.68 0.000

After dinner 8.15±1.22 9.06±0.72 7.03±0.56 0.000

Before bedtime 7.70±1.10 8.56±0.62 6.66±0.43 0.000

Fourth Measurement

Fasting 5.59±0.68 6.03±0.41 5.06±0.54 0.000

After breakfast 7.42±1.14 8.15±0.92 6.53±0.65 0.000

Before lunch 5.98±1.03 6.65±0.93 5.17±0.28 0.000

After lunch 7.59±1.20 8.45±0.87 6.53±0.48 0.000

Before dinner 6.10±1.14 6.92±0.67 5.00±0.48 0.000

After dinner 7.36±1.41 8.66±0.78 6.17±0.35 0.000

Before bedtime 7.26±1.30 8.32±0.66 5.97±0.14 0.000

Notes: Data are represented as mean ± SD. P<0.05 was considered statistically significant.
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fast-acting insulin was administered twice a day, before

lunch and before dinner. In one patient prandial insulin

was administered before lunch on the sixth day when the

corticosteroid administration finished. Other patients con-

tinued with previous therapy.

Analyzing other variables, the following significant

statistical differences were found. HbA1c level was sig-

nificantly higher in the fourth than in the first and third

measurements. For fructosamine, the value observed in

the second measurement was statistically higher than in

the first measurement, but also significantly lower than the

value in the third measurement. The fructosamine level

was significantly lower in the fourth compared to the third

measurement. Considering all four measurements, it was

evident that the duration of diabetes and fasting plasma

glucose strongly correlated with HbA1c values. Age,

Table 4 Differences Between Seven-Point Glucose Values Across All Four Measurements in Diabetics

Glucose (mmol/L) Mean ± SD df t/Z 95% CI P

Fasting

M1:M2 6.6±0.5:6.8±0.4 10 −1.46 −0.48, 1.10 0.176

M2:M3 6.8±0.4:6.5±0.4 10 1.66 −0.12, 0.79 0.129

M3:M4 6.5±0.4:6.0±0.4 10 3.04 0.12, 0.77 0.013

M1:M4 6.6±0.5:6.0±0.4 10 −3.24 −1.00, −0.19 0.009

After Breakfast

M1:M2 8.0±1.0:8.9±1.1 10 −4.80 −1.24, −0.45 0.001

M2:M3 8.9±1.1:9.0±0.7 10 −0.88 −0.54, 0.24 0.398

M3:M4 9.0±0.7:8.1±0.9 10 4.01 0.38, 1.34 0.002

M1:M4 8.0±1.0:8.1±0.9 10 1.16 −0.13, 0.40 0.274

Before Lunch

M1:M2 6.5±1.0:7.3±1.0 10 −5.01 −1.13, −0.43 0.001

M2:M3 7.3±1.0:7.4±0.6 10 −0.37 −0.51, 0.37 0.720

M3:M4 7.4±0.6:6.6±0.9 10 3.42 0.27, 1.28 0.007

M1:M4 6.5±1.0:6.6±0.9 10 2.52 0.01, 0.15 0.031

After Lunch

M1:M2 8.5±0.9:9.7±1.04 10 −3.31 −2.08, −0.41 0.008

M2:M3 9.7±1.04:9.4±0.5 10 −1.54 5.07, 4.75 0.123

M3:M4 9.4±0.5:8.4±0.87 10 −2.54 6.15, 4.50 0.011

M1:M4 8.5±0.9:8.4±0.87 10 −0.22 −0.50, 0.41 0.829

Before Dinner

M1:M2 7.0±0.6:10.9±1.3 10 −8.64 −4.94, −2.91 0.000

M2:M3 10.9±1.3:7.6±0.4 10 8.21 2.42, 4.23 0.000

M3:M4 7.6±0.4:6.9±0.7 10 3.31 0.21, 1.06 0.008

M1:M4 7.0±0.6:6.9±0.7 10 −0.33 −0.28, 0.21 0.749

After Dinner

M1:M2 8.6±0.8:9.6±1.0 10 −2.70 −1.91, −0.18 0.022

M2:M3 9.6±1.0:9.1±0.7 10 1.19 −0.47, 1.54 0.262

M3:M4 9.1±01.7:8.7±0.8 10 1.68 −0.13, 0.95 0.124

M1:M4 8.6±0.8:8.7±0.8 10 0.77 −0.19, 0.39 0.462

Before Bedtime

M1:M2 8.1±0.6:9.4±0.7 10 −5.21 −1.98, −0.80 0.000

M2:M3 9.4±0.7:8.6±0.6 10 2.53 0.11, 1.67 0.030

M3:M4 8.6±0.6:8.3±0.7 10 1.8 −0.42, 0.52 0.088

M1:M4 8.1±0.6:8.3±0.7 10 3.01 −0.68, 0.46 0.013

Notes: Data are presented as mean ± SD. T-test was used to test difference between means. P<0.05 was considered statistically significant.

Abbreviations: M1, first measurement; M2, second measurement; M3, third measurement; M4, fourth measurement; df, degrees of freedom, 95% CI, 95% confidence

interval.
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duration of diabetes, and fasting plasma glucose moder-

ately and strongly correlated with fructosamine (Table 6).

Discussion
Patients given corticosteroids consecutively at a dose that

exceeds 40 mg per day are likely to develop hyperglycemia.9

According to published data, the impact is the greatest during

the first days of the administration, with a spontaneous remis-

sion later on in the majority of patients.10 The effect on

glucose level depends both on the type and dose of corticos-

teroid given. An intermediate-acting corticosteroid such as

prednisone, affects the glucose level dominantly in the after-

noon and night which overlaps with its peak action. On the

other hand, dexamethasone causes consecutive hyperglyce-

mia that lasts for more than 24 hours.8 The combination of

corticosteroids with acute hematologic disease in our patients

contributed to the decrease in the β-cell function and an

increase in peripheral insulin resistance.

Table 5 Differences Between Seven-Point Glucose Values Across All Four Measurements in Nondiabetics

Glucose (mmol/L) Mean ± SD df t/Z 95% CI P

Fasting

M1:M2 4.4±0.4:4.9±0.6 8 −2.47 −0.90, −0.03 0.039

M2:M3 4.9±0.6:5.2±0.4 8 −1.48 −0.68, 0.15 0.177

M3:M4 5.2±0.4:5.1±0.5 8 1.08 −0.14, 0.38 0.310

M1:M4 4.4±0.4:5.1±0.5 8 4.06 0.26, 0.96 0.004

After Breakfast

M1:M2 6.0±0.5:6.8±0.4 8 −8.03 −1.06, −0.59 0.000

M2:M3 6.8±0.4:6.8±0.5 8 −0.25 −0.46, 0.37 0.812

M3:M4 6.8±0.5:6.5±0.6 8 −2.54 4.50, 0.00 0.011

M1:M4 6.0±0.5:6.5±0.6 8 −2.04 4.33, 2.00 0.041

Before Lunch

M1:M2 4.8±0.3:5.4±0.3 8 −2.69 0.00, 5.00 0.007

M2:M3 5.4±0.3:5.3±0.4 8 −1.74 4.63, 8.00 0.082

M3:M4 5.3±0.4:5.2±0.3 8 −2.36 5.25, 3.00 0.018

M1:M4 4.8±0.3:5.2±0.3 8 −2.38 4.00, 0.00 0.018

After Lunch

M1:M2 6.1±0.5:7.9±0.4 8 −8.31 −2.30, −1.30 0.000

M2:M3 7.9±0.4:7.5±0.5 8 2.49 0.03, 0.86 0.038

M3:M4 7.5±0.5:6.5±0.5 8 5.97 0.57, 1.29 0.000

M1:M4 6.1±0.5:6.5±0.5 8 2.95 0.09, 0.75 0.018

Before Dinner

M1:M2 4.8±0.4:6.8±0.7 8 −2.68 0.00, 5.00 0.007

M2:M3 6.8±0.7:5.6±0.7 8 4.59 0.60, 1.80 0.002

M3:M4 5.6±0.7:5.0±0.5 8 3.92 0.24, 0.94 0.004

M1:M4 4.8±0.4:5.0±0.5 8 −1.97 5.33, 2.00 0.000

After Dinner

M1:M2 6.1±0.2:8.3±0.9 8 −7.02 −2.92, −1.48 0.000

M2:M3 8.3±0.9:7.0±0.6 8 7.31 0.84, 1.61 0.000

M3:M4 7.0±0.6:6.2±0.4 8 −2.49 5.44, 1.50 0.013

M1:M4 6.1±0.2:6.2±0.4 8 −0.41 4.50:2.00 0.680

Before Bedtime

M1:M2 5.9±0.2:7.5±0.5 8 −8.63 −2.04, −1.18 0.000

M2:M3 7.5±0.5:6.7±0.4 8 5.88 0.49, 1.1 0.000

M3:M4 6.7±0.4:6.0±0.1 8 4.25 0.32, 1.06 0.003

M1:M4 5.9±0.2:6.0±0.1 8 4.26 0.05, 0.17 0.003

Notes: Data are presented as mean ± SD. T-test was used to test difference between means. P<0.05 was considered statistically significant.

Abbreviations: M1, first measurement; M2, second measurement; M3, third measurement; M4, fourth measurement; df, degrees of freedom, 95% CI, 95% confidence

interval.
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Our study confirmed the fact that the highest glucose

values were recorded in the afternoon (sections after

lunch – before dinner – after dinner – before bedtime)

which correlates with a peak of prednisone action. Despite

the dysregulation of preexisting diabetes, average glycemia

did not exceed 9.26 mmol/L ± 1.09 mmol/L, even during

prolonged corticosteroid administration due to proper mon-

itoring and insulin delivery. To emphasize, majority of our

patients were treated with an addition of prandial insulin after

a single corticosteroid dose and despite the fact that their

diabetes was well regulated before the study.

Unlike the study performed by Lee et al where more

than 30% nondiabetic patients treated with R-CHOP che-

motherapy developed GIDM, none of our nondiabetics

fulfilled diabetes criteria.11 However this could be

explained by the small study sample in our case.

Analyzing glycemic profiles in nondiabetic patients, the

highest fasting glucose level was recorded in the third

measurement, the highest glucose after breakfast was

recorded in the second and third measurement, and in the

afternoon in the second measurement. This can be inter-

preted by the fact that acute and short-term exposure to

prednisolone impairs different aspects of beta-cell func-

tion, which contributes to its diabetogenic effects.12 But

since glucose levels on average appeared higher in the

fourth than in first measurement (in all seven-points of

daily glucose profile), it is possible that acute corticoster-

oid administration impacts later insulin sensitivity in

nondiabetic patients what was however expected with

chronic corticosteroid use. This is clinically important

and worthful finding and should serve as a reminder to

monitor glucose levels in nondiabetics even weeks after

short corticosteroid use in order to recognize glycemic

disturbances.

All patients who are started on corticosteroid treatment

should measure baseline glucose and be educated on daily

glucose self-monitoring. Frequent daily monitoring should

start when hyperglycemia ≥10 mmol/L is identified on

more than one occasion.13 In nondiabetic patients who

maintain glucose levels <7.8 mmol/L without insulin

requirements for one to two days, glycemic monitoring

during corticosteroid therapy can be discontinued.5 It

could be worth retesting glucose level in nondiabetics

a couple of weeks after initial corticosteroid therapy to

prevent potential glycemic disturbances in this phase. The

diagnosis of GIDM is similar to the current criteria for

diagnosing diabetes mellitus established by expert

committees.14 For most corticosteroids, measuring fasting

blood glucose as the sole diagnostic criterion does not

reflect the true incidence of GIDM. This refers especially

to intermediate-acting glucocorticoids, such as prednisone

and methylprednisolone. Unfortunately, there is no estab-

lished consensus on the management of patients with

GIDM. The approach should always be individualized

taking into account a history of preexisting diabetes,

comorbidities, the degree of hyperglycemia, type and

dose of corticosteroid, as well as hypoglycemic drugs.15

Some international organizations recommend that the

treatment of corticosteroid-induced hyperglycemia should

be considered when the preprandial and postprandial capil-

lary glucose levels are ≥7.8 mmol/L and ≥11.1 mmol/L,

respectively.7 Insulin therapy is often unavoidable as glu-

cocorticoid-induced hyperglycemia is the result of the

combined effects of insulin resistance and inhibition of

the biosynthesis and insulin release. It is the treatment of

choice in patients with persistent hyperglycemia. The

choice of insulin type and schedule is primarily deter-

mined by the glycemic profile. The prandial insulin

scheme is used in those patients who achieve the highest

glucose levels postprandially. The use of basal insulin

alone or in basal-bolus regimen is usually considered in

diabetics or when high doses or long-acting corticosteroids

are administered. The total insulin dose must be adjusted

according to the glycemic profile every couple of days,

with a gradual increase or decrease of the dose. Moreover,

one should consider adjusting the insulin dose based on

Table 6 Correlation of Different Variables with HbA1c and

Fructosamine for All Patients

Variable HbA1c Fructosamine

Age 0.319 0.526*

Weight 0.099 0.247

Height 0.122 0.246

BMI 0.011 0.122

WC −0.034 0.097

HC 0.052 0.120

TC 0.437 0.361

TG −0.046 −0.139

Diabetes duration 0.842** 0.844**

HDL-C 0.078 0.155

LDL-C 0.399 0.288

Fasting glucose 0.805** 0.802**

Notes: The linear relationship between the two quantitative variables was investi-

gated using the Pearson correlation coefficient. The level of significance was set at

P<0.05. *P<0.05; **P<0.001.

Abbreviations: BMI, body mass index; WC, waist circumference; HC, hip circumfer-

ence, TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein choles-

terol; LDL-C, low-density lipoprotein cholesterol; HbA1c, glycated hemoglobin.
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changes in the total steroid dose in order to prevent hyper

or hypoglycemia.8 In the majority of our diabetic patients

glycemia was well regulated with the addition of a single

dose of prandial insulin, dominantly before dinner. Those

patients in whom basal insulin or multiple prandial insulin

injections were applied had either higher BMI or were

poorly regulated prior to entering the study. It is known

that glucose fluctuation potentially interferes with planned

treatment. Acute hyperglycemia results in altered neutro-

phil chemotaxis, phagocytosis and microbial activity that

leads to reduced neutrophil activity and impaired immune

response.16 It is, therefore, associated with a higher risk of

infection, poor wound healing, repeated emergency room

visits, higher hospital stay and higher mortality rates.4,5,17

A large proportion of patients demanding therapy altera-

tion due to hyperglycemia are proof that practitioners more

than often oversee this potential treatment complication

although it thought to be ˝generally well-known˝.2

The biggest limitations of our study are small sample size

and lack of novel information about corticosteroid-induced

hyperglycemia which is well described and previously inves-

tigated in numerous articles and medical literature. These

limited but detailed and worthful data obtained in our study

could help physicians in everyday practice since limited

guidelines are available for this clinical problem.

Conclusion
Screening for GIDM should be considered in all patients

treated with medium to high doses of corticosteroids.

Challenges in the management of GIDM arise from wide

fluctuations in dominantly postprandial hyperglycemia and

the lack of defined diagnostic and treatment protocols.8 The

treatment should be tailored according to proposed glycemic

thresholds and patient comorbidities, choosing between anti-

diabetic oral drugs and insulin, which is preferable among

hospitalized patients.18 We strongly recommend an active

approach and focus on glucose fluctuation in newly diagnosed

DLBCL patients treated with corticosteroids as a part of che-

motherapy protocol, irrespective of their diabetes history.
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