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ABSTRACT 

Steroids are group of drugs which are chemically related to hormones 

produced by adrenal glands in response to adrenocorticotropic 

hormones. Glucocorticoids are commonly prescribed by primary care 

physicians and specialists for various multiple acute as well as chronic 

disease, since its introduction from 1950’s. The prospective study was 

aimed to assess the occurrence and outcome of steroid induced 

hyperglycaemia in a tertiary care hospital. This study also evaluate risk 

factors causing steroid induced hyperglycaemia, relationship between 

route of administration of steroids and hyperglycaemia and also assess 

the type of steroids and its hyperglycaemic effect. In the total study population (n=300), 66% 

of patients (n=199) developed hyperglycaemia following steroid administration. In this study 

BMI and dose were found to be significant risk factors in the development of hyperglycaemia 

following steroid therapy. Increased age shows considerable risk for development of 

hyperglycaemia. Route of administration of steroids doesn’t have any influence on the 

development of hyperglycaemia. There was no sufficient guidance regarding adjustment of 

corticosteroids to various disease conditions and co-morbidities and so there exist variation in 

treatment duration. Physicians need to be aware that corticosteroids can increase blood 

glucose, worsen pre-existing diabetes and predispose to diabetes mellitus. The glycaemic 

imbalance may lead to development of diabetes mellitus and increases coronary risk, so 

patients on long-term steroid treatment should be monitored at regular intervals. Numerous 

undesirable side effects were associated with corticosteroids and so differences in prescribing 

may be relevant. 
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INTRODUCTION 

Steroids are group of drugs which are chemically related to hormones produced by adrenal 

glands in response to adrenocorticotropic hormones. Cortisol and aldosterone are the primary 

adrenal corticosteroids. Glucocorticoids are commonly prescribed by primary care physicians 

and specialists for various multiple acute as well as chronic medical problems, since its 

introduction from 1950’s.
[1]

 The vital roles of steroids includes maintainence of metabolic, 

autonomic, psychological, hemostatic and cardiovascular components of the stress response 

in preparation for various stresses that may occur during the day, prevents inflammation, 

cellular proliferation and tissue repair processes from overshooting and leading to self-injury 

or circulatory collapse and prepares the organism for prolonged nutritional deprivation by 

facilitating proteolysis and insulin resistance at the level of the muscle.
[2] 

 

Effect of steroid on glucose metabolism include down-regulation of glucose transporter 4 

(GLUT-4) in the muscle so that more insulin is needed for the uptake of glucose into cells. It 

also enhances glucose production in the liver, decrease binding of insulin to the insulin recep-

tor on cells, and reduce insulin secretion from the islet cell.
[3,4,5]

 In patients having pre-

existing diabetes, steroids will worsen the hyperglycemia, whereas in non-diabetic patients, 

they may experience hyperglycemia or even overt diabetes depending on the state of their 

islet cell reserve.
[4] 

(Figure 3). 

 

Increased visceral adiposity and decreased muscle mass may occur from increased 

glucocorticoid activity coupled with decreased growth hormone and IGF-1activity.Visceral 

adiposity is associated with HDL-C and corticosteroids have direct effects on circulating 

lipids, triglycerides and lipoproteins. Muscle and hepatic insulin resistance with 

glucocorticosteroids can precipitate hyperglycaemia. Hyperglycaemia, hypertension and 

dyslipidemia occur with endothelial dysfunctions are due to chronic exposure to the steroids. 

There also exist complex relationship between glucocorticoids, inflammation and vascular 

diseases (Figure 1).
[2] 
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Figure 1.
 

 

Hyperglycaemia with or without a prior diagnosis of diabetes can increase both mortality and 

disease-specific morbidity in hospitalized patient and that therefore goal directed insulin 

therapy is needed to improve outcomes.
[6,7]

 Several observational studies reported a 

prevalence of hyperglycaemia ranging from 32% to 38% in community hospitals to 

approximately 70% of diabetic patients with acute coronary syndrome and approximately 

80% of cardiac surgery patients in the pre operative period.
[6]

 

 

Mechanisms of Detrimental Effects of Hyperglycaemia 

There are several mechanisms that may explain the higher risk of complications and mortality 

in hyperglycaemic patients. (Figure 2). 
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Figure 2. 

 

Steroid Induced Diabetes 

Steroid-induced DM (S-DM) was defined as a fasting glucose concentration above 126 

mg/dL (7.0mmol/l) or a random glucose concentration exceeding 200 mg/dL (11.1mmol/l) at 

least twice after beginning steroid treatment.
[1]

 Plasma glucose level 100mg/dl (≥5.60 

mmol/L)is defined as fasting hyperglycaemia. A plasma glucose ≥5.60 and <7.00 mmol/L is 

defined as pre diabetes and 120mg/dl (≥7.00 mmol/L) as diabetes.
[9,10]

 

 

 

Figure 3. 
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Pathophysiology of Steroid Induced Hyperglycaemia
[11]

 

 

 

On administration of steroids conformational changes and down regulation of insulin 

receptors together with increased counter regulatory hormones results in insulin resistence 

together with impaired glucose tolerance. 

 

Symptoms of hyperglycaemia
[10,12]

 

¶ Blurry vision  

¶ Dry mouth  

¶ Frequent thirst  

¶ Increased urination 

¶ Nausea, headache 

¶ Change in weight 

¶ Tiredness 

 

DIAGNOSIS  

Treatment depends on the severity of the hyperglycemia and the estimated duration of the 

steroid treatment. Mild hyperglycemia in an immunocompetent patient may not require 

treatment if the steroids will be discontinued in a week or two. Moderate hyperglycemia 

carries an increased risk of infection, especially fungal, and especially in people with other 

risk factors such as immunocompromise or central intravenous lines.
[10] 

The proposed 

methods include:- 
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More sensitive 

Á Random plasma glucose (preferably in the afternoon or 2 hours after a meal) ≥ 200 

mg/dL with classic symptoms of hyperglycaemia 

Á 75-g oral glucose tolerance test, 2-hour value ≥ 200 mg/dL. 

 

Less sensitive but more feasible 

Á Fasting plasma glucose ≥ 126 mg/dL 

Á Haemoglobin A1c ≥ 6.5% 

 

For a diagnosis of diabetes, results should be confirmed with repeat testing in the absence of 

unequivocal hyperglycaemia. The glucose levels start to rise in the mid-morning and continue 

to increase until bedtime. Measuring glucose levels 1 to 2 hours after lunch allows for both 

the glucocorticoid action and the carbohydrate absorption from lunch to reach their peaks. If 

type 1 diabetes is suspected, in patients who are lean, younger than 30 years, or who had 

presented with diabetic ketoacidosis, then insulin should be started.
[13]

 

 

Management of Steroid Induced Hyperglycaemia 

Management of SIH aims to prevent hyperglycaemia during steroid therapy which may 

predispose the patient to a hyperglycaemic hyperosmolar crisis and to treat hyperglycaemia 

as quickly as possible while avoiding hypoglycaemia.It also ensures that the correct anti-

hyperglycaemic agents, oral or insulin, are prescribed with appropriate adjustments to 

existing diabetes treatment and to maintain stable glycaemic control.
[14] 

 

The Clinical Approach Should Reflect The Following Considerations
[14]

 

1) The pharmacologic properties of the steroid agent used 

2) The duration of action 

3) The frequency of doses 

4) The duration of therapy 

5) The severity of the hyperglycaemia 

 

MANAGEMENT
[13]

 

ü If the random or 1- to 2-hour post-meal plasma glucose is lower than 220 mg/dL 

The choices of drugs are: 

Á Metformin 

Á Dipeptidyl peptidase-4 (DPP-4) inhibitors (gliptins) 
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Á Meglitinides (glinides), safest agents in the renal transplant population. 

Á Glucagon-like protein-1 (GLP-1) agonists 

Á Sulfonylureas. 

 

ü If The Random or 1- to 2-Hour Post-Meal Plasma Glucose is 220 to 300 mg/dL 

A combination of drugs or insulin is needed. The treatment can start with one agent and add a 

second agent within 2 or 3 months. The following combinations of the drugs can be used. 

¶ Metformin plus a sulfonylurea 

¶ Metformin plus a glinide 

¶ Metformin plus a GLP-1 agonist 

¶ Metformin plus a DPP-4 inhibitor 

 

ü If the random or 1- to 2-hour post-meal plasma glucose is higher than 300 mg/dL 

If the plasma glucose levels are high, patients are experiencing specific symptoms of 

hyperglycaemia. Insulin is used to alleviate those symptoms as it does not causes much drug 

interactions and the dose can be adjusted according to the patient’s needs, so can be used 

inspite of multiple diseases. A starting total daily dose of 0.15 to 0.3 U/kg is reasonable— on 

the lower end if only the postprandial glucose levels are elevated, and on the higher end if 

both fasting and postprandial glucose levels are affected. If fasting glucose levels are not 

elevated, then Neutral Protamine Hagedorn insulin (which is intermediate-acting) or a 

premixed (combination of an intermediate-acting + a fast/ short-acting) insulin can be given 

once a day. If both the fasting and the postprandial glucose levels are elevated, regimens 

similar to those for type 1 or insulin-requiring type 2 can be used.  

¶ Long-acting insulin plus prandial insulin, in a ratio of 30:70 to 50:50. As glucocorticoids 

are tapered, the long-acting insulin may have to be discontinued while the prandial doses 

are continued, since the fasting glucose level decreases first. 

¶ Premixed insulins, with one-half to two thirds of the dose given before breakfast and the 

rest before the evening meal and third injection before lunch. As glucocorticoids are 

tapered, the evening dose is tapered first. 

¶ Intermediate-acting insulin plus short- or fast -acting insulin in the morning, short- or 

fast-acting insulin before the evening meal, and intermediate-acting insulin at bedtime. As 

glucocorticoids are tapered, the bed time insulin is tapered first. 
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Steroid Diabetes- Important Points
[4]

 

1. Primary effect is on postprandial glucose level. 

2. Glucose values tend to normalize overnight. 

3. Glucose levels should be tested before as well as 2 hours after a meal. 

4. Oral agents are usually inappropriate, ineffective, or too inflexible. 

5. Insulin is generally the best therapy. 

6. Prandial insulin is the primary need. 

7. Prandial insulin should be titrated to the glucose 2 hours post prandially. 

8. Basal insulin should be given in the morning and titrated to the glucose level from the 

following morning. 

9. Target glucose levels are < 115 mg/dL pre-meal and < 140–180 mg/dL 2 hours 

postprandially. 

10. Steroid diabetes is difficult to control: consults with endocrinologists, certified diabetes 

educators, and nutritionists are appropriate. 

 

It is well established that oral corticosteroids have pronounced hyperglycaemic effect. In a 

proportion of cases the impaired glucose level will not return to normal even after the 

cessation of steroids. In these cases it is presumed that the patient was already developing 

T2DM and the onset of steroid therapy contributes a worsening of glucose intolerance.
[15]

 

Risk of developing diabetes will be more in elderly patients who were newly initiated on 

corticosteroid therapy.
[16]

 The most appropriate dosage regimen has not been determined and 

remains controversial, so differences in prescribing might be relevant.
[17]

 Clinicians should be 

aware of the possibility of steroid-induced DM, especially among old patients.
[1]

  

 

METHODOLOGY 

Objectives 

ü Analysis of risk factors to cause steroid induced hyperglycaemia. 

ü Relationship between route of administration of steroids and hyperglycaemia. 

ü Assessment of type of steroids and its hyperglycaemic effect. 

 

Study Design and Site 

A prospective study was conducted in KovaiMedical Centre and Hospital, a 800 bedded 

multispecialty hospital located in Avinashi road, Coimbatore, Tamilnadu. 
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Study Period 

The study was carried over a period of six months from March to August 2013. 

 

Study Population 

Inclusion Criteria 

¶ All patients receiving steroids for their treatment. 

 

Exclusion Criteria 

¶ Patients with pre- existing diabetes, patient under steroid treatment. 

¶ Patients receiving different kind of steroid at any time. 

¶ Patients receiving drugs like Beta blockers, thiazide diuretics, anti psychotics, 

epinephrine stimulants like acetaminophen, protease inhibitors, L-asparginase. 

 

Sources of Data 

The data was collected from various sources such as patient’s case sheet, treatment chart, 

laboratory reports and through patient interview. 

 

Study Procedure 

Patient information such as demographic data, underlying disease condition, duration of 

treatment andblood sugar levels of patients, both fasting and random, were measured before 

and after initiation of steroid therapy. 

 

Stat points for analysis 

ü FBS level ≥ 100mg/dL is considered as hyperglycaemia. 

ü RBS level ≥125mg/dL is considered as hyperglycaemia. 

ü BMI >25 is considered as obese. 

ü IV- drugs administered through intravenous route. 

ü Oral- drugs administered through oral route. 

ü Developed population- patients who developed hyperglycaemia following steroid 

treatment. 

ü Non- developed population- patients who didn’t developed hyperglycaemia following 

steroid treatment. 

 

Statistical Analysis 

Statistical analysis was performed by using SPSS statistical package version 20.0. 
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TABLES AND GRAPHS 

Table 1: Occurrence of Hyperglycaemia in Patients Treatedwith Steroids. 

Sl No Occurrence Number of patients Percentage 

1 With Hyperglycaemia 199 66% 

2 Without Hyperglycaemia 101 34% 

 

 

 

Table 2: Distribution Based on Average Age of The Study Population. 

Sl No: Population Average Age (±SD) 

1 With Hyperglycaemia 49.45±15.62 

2 Without Hyperglycaemia 47.82±15.59 

 

 

Figure 2: Distribution Based on Average Age of The Study Population. 
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Table 3: Age Wise Distribution of Steroid Induced Hyperglycaemia. 

AGE IN YEARS <20(%) 21-40(%) 41-60(%) 61-80(%) >80(%) 

With Hyperglycaemia 3.51 26.63 46.72 20.60 2.51 

Without Hyperglycaemia 5.94 25.74 49.50 16.83 1.98 

 

 

Figure 3: Age Wise Distribution of Steroid Induced Hyperglycaemia. 

 

Table 4: Distribution of Study Population Based on Bmi Values. 

Sl No Population 
Number of Patients 

with Normal BMI 

Number of Patients 

with Abnormal BMI 

1 With hyperglycaemia 123 (61.8%) 76 (38.19%) 

2 Without Hyperglycaemia 91 (90.09%) 10 (9.9%) 

 

 

Figure 4: Distribution of Study Population Based on Bmi Values. 
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Table 5: Distribution of Study Population Based on Steroids Prescribed. 

Sl No Steroid 
Number of Patients 

(With Hyperglycaemia) 

Number of patients 

(With out Hyperglycaemia) 

1 Budesonide 14(7.03%) 14 (13.86%) 

2 Dexamethasone 79 (39.69%) 54 (53.46%) 

3 Hydrocortisone 40 (20.10%) 12 (11.88%) 

4 Methylprednisolone 35 (17.58%) 8 (7.92%) 

5 Prednisolone 31 (15.57%) 13 (12.87%) 

 

 

Figure 5: Distribution of Study Population Based on Steroids Prescribed. 

 

Table 6: Distribution of Steroids Based on Rbs And Fbs Values. 

SL NO: Steroid FBS RBS 

1 Budesonide 121.82 160.81 

2 Dexamethasone 145.69 162.21 

3 Hydrocortisone 161.18 170.24 

4 Methyl prednisolone 143.32 170.57 

5 Prednisolone 140.16 171.24 
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Figure 6: Distribution of Steroids Based on Rbs and Fbs Values In Patients That 

Developed Steroid Induced Hyperglycaemia. 

 

Table 7: Distribution Based on Duration of Steroid In Study Population. 

Sl 

No: 
Steroid 

Average Duration of 

steroids (days) ± SD 

(With Hyperglycaemia) 

Average Duration of 

steroids (days) ± SD 

(Without Hyperglycaemia) 

1 Budesonide 4.64 ± 0.811 7.71 ± 4.09 

2 Dexamethasone 4.83 ± 1.91 6.59 ± 2.21 

3 Hydrocortisone 4.85 ± 1.73 7.83 ± 1.62 

4 Methylprednisolone 4.97 ± 1.93 8.12 ± 1.69 

5 Prednisolone 5.28 ± 1.82 7.53 ± 2.17 

 

 

Figure 7: Distribution Based on Duration of Steroid In Study Population. 
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Table 8: Distribution of Patients Treated With Steroids Based on Route of 

Administration. 

Route of Administration IV Oral Nebulization 

Number of Patients (With Hyperglycaemia) 147(73.86%) 41(20.60%) 11(5.52%) 

Number of Patients (Without Hyperglycaemia) 71(70.29%) 17(16.83%) 12(11.88%) 

 

 

Figure 8: Distribution of Patients Treated with Steroids Based on Route of 

Administration. 

 

Table 9: Management of Steroid Induced Hyperglycaemia. 

Sl no Management Number of patients 

1 Without Treatment 110(55.27%) 

2 Insulin 34(17.08%) 

3 Metformin 55 (27.63%) 

 

 

Figure 9: Management of Steroid Induced Hyperglycaemia. 
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Table 10: Assessment of Risk Factors For The Development Of Steroid Induced 

Hyperglycaemia In Dexamethasone Treated Population. 

Factors  N Mean 
Std 

Dev 

Std 

error 

95%ci 

Min Max Lower 

bound 

Upper 

bound 

Age 
Developed 

Non-Developed 

73 

50 

1.87 

1.74 

0.74 

0.59 

0.87 

0.084 

1.70 

1.56 

2.05 

1.91 

1.00 

1.00 

3.00 

3.00 

BMI 
Developed 

Non-Developed 

73 

50 

24.62 

22.58 

2.56 

1.97 

0.300 

0.278 

24.03 

22.02 

25.22 

23.14 

18.66 

17.63 

32.05 

28.19 

Gender 
Developed 

Non-Developed 

73 

50 

1.50 

1.48 

0.50 

0.50 

0.58 

0.071 

1.38 

1.33 

1.62 

1.62 

1.00 

1.00 

2.00 

2.00 

Dose 
Developed 

Non-Developed 

73 

50 

15.87 

0.00 

35.90 

0.00 

4.20 

0.00 

7.50 

0.00 

24.25 

0 

0.00 

0 

312 

0 

Duration 
Developed 

Non-Devloped 

73 

50 

5.123 

4.44 

2.12 

1.94 

0.24 

0.27 

4.62 

3.88 

5.61 

4.99 

2.00 

1.00 

10.00 

10.00 

 

Table 11: Assessment of Relationship Between Route of Administration of Steroids And 

Hyperglycaemia. 

Factors  N Mean 
Std 

Dev 

Std 

Error 

95%ci 

Min Max Lower 

bound 

Upper 

bound 

Age 
Iv 

Oral 

209 

55 

1.94 

1.94 

0.76 

0.704 

0.52 

0.095 

1.84 

1.75 

2.05 

2.13 

1.00 

1.00 

4.00 

3.00 

BMI 
Iv 

Oral 

209 

55 

23.94 

23.44 

2.27 

1.88 

0.157 

0.254 

23.63 

22.93 

24.25 

23.95 

17.63 

19.82 

32.05 

28.48 

Gender 
Iv 

Oral 

209 

55 

1.49 

1.45 

0.50 

0.50 

0.034 

0.064 

1.42 

1.31 

1.56 

1.59 

1.00 

1.00 

2.00 

2.00 

Dose 
Iv 

Oral 

209 

55 

201.4 

47.38 

441.5 

70.61 

30.54 

9.52 

141.2 

28.29 

261.63 

66.47 

0 

0 

3000 

270 

Duration 
Iv 

Oral 

209 

55 

4.70 

5.70 

1.77 

1.83 

0.12 

0.24 

4.46 

5.21 

4.94 

6.20 

2.00 

1.00 

12.00 

10.00 

Hyperglyca

emia 

Iv 

Oral 

209 

55 

1.32 

1.29 

0.46 

0.45 

0.032 

0.06 

1.26 

1.16 

1.38 

1.41 

1.00 

1.00 

2.00 

2.00 

 

Table 12: Assessment of Type of Steroids and Its Hyperglycaemic Effect. 

Factors  N Mean 
Std 

Dev 
Std error 

95%ci 

Min Max Lower 

Bound 

Upper 

Bound 

Age 
Dexa 

Prednisolone 

123 

86 

2.829 

2.918 

0.686 

0.706 

0.061 

0.076 

2.706 

2.76 

2.95 

3.07 

2 

2 

4 

5 

BMI 
Dexa 

Prednisolone 

123 

86 

23.81 

23.91 

2.49 

1.83 

0.225 

0.19 

23.37 

23.52 

24.26 

24.31 

18.5 

19.82 

32.05 

28.48 

Gender 
Dexa 

Prednisolone 

123 

86 

1.49 

1.47 

0.502 

0.502 

0.045 

0.054 

1.406 

1.369 

1.585 

1.584 

1.00 

1.00 

2.00 

2.00 

Day 
Dexa 

Prednisolone 

123 

86 

0.682 

1.058 

0.693 

0.885 

0.062 

0.095 

0.55 

0.868 

0.806 

1.24 

0 

0 

3.00 

4.00 

Percentage 
Dexa 

Prednisolone 

123 

86 

36.43 

41.88 

42.28 

37.97 

3.81 

4.094 

28.88 

33.74 

43.97 

50.02 

0.00 

0.00 

186.02

02.0 

Hyperglycaemia 
Dexa 

Prednisolone 

123 

86 

1.414 

1.244 

0.494 

0.432 

0.044 

0.046 

1.32 

1.15 

1.50 

1.33 

1.00 

1.00 

2.00 

2.00 
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RESULTS 

The prospective study was aimed to assess the occurrence and outcome of steroid induced 

hyperglycaemia in a tertiary care hospital. This study also evaluate risk factors causing 

steroid induced hyperglycaemia, relationship between route of administration of steroids and 

hyperglycaemia and also assess the type of steroids and its hyperglycaemic effect. 

 

In the total study population (n=300), 66% of patients (n=199) developed hyperglycaemia 

following steroid administration. (Table 1; Figure 1). 

 

DEMOGRAPHIC DATA ANALYSIS 

Age 

The mean average age of total population (n=300) was 48.90 ±15.63 years. Among them 

mean average age of those who developed hyperglycaemia was 49.45±15.62 years and 

47.82±15.59years for non developed group. Most of the developed population falls between 

the age group of (41-60)years. (Table 2; Figure 2). 

 

Gender 

53 %(n=159) were male and 47%(n=141) were female in the total study population. In 

patients who developed hyperglycaemia (n=199) 52% male (n=103) and 48% (n=96) were 

female. (Table 4, Figure 4). 

 

Bmi 

In the study population (n=300), 86 (28.66%) patients were obese (BMI= >25). 76 (38.19%) 

were obese among patients who developed hyperglycaemia and 10 (9.9%) were in non-

developed group. (Table 5; Figure 5). 

 

Parameters Determining Hyperglycaemia 

(a) Steroids 

Among the patients, 44% were administered with dexamethasone (n=133) followed by 

17.33% of hydrocortisone (n=52), 14.6% of prednisolone (n=44), 14.33% of methyl 

prednisolone (n=43) and 9.3% of budesonide (n=28). 53.46% of hyperglycaemia developed 

population were administerd with dexamethasone, followed by 12.87% of prednisolone. 

(Table 7; Figure 7). 
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(b) Fasting Blood Sugar Level (FBS) 

The average FBS level for the overall population is of 125.64 ± 31.74 mg/dl.Among patients 

who developed hyperglycaemia(n=199), the average FBS value was 140.79 ± 28.56 mg/dland 

95.34±3.72 mg/dl for non-developed group. (Table 8; Figure 8). 

 

(c) Random Blood Sugar Level(RBS) 

The average RBS level for the overall population is 149.69 ± 42.96 mg/dl. Among patients 

who developed hyperglycaemia (n=199), the average RBS value was 166.57 ± 42.40 mg/dl 

and 113.93±8.02 mg/dl for non-developed group. (Table 8; Figure 8). 

 

(d) Dose, Durationand Day of Elevation of Steroid Treatment 

The average cumulative dose for prednisolone was 276.29 ± 495.27 mg and dexamethasone 

was 9.45 ± 28.5 mg in developed population.(Table 9; Figure 9). The average duration of 

treatment in developed population forprednisolone was 5.28±1.82days, dexamethasone was 

4.83±1.91days and hydrocortisone was 4.85 ±1.73 days. (Table 10; Figure 10).The average 

day of elevation of prednisolone was 1.83±1.21 day and that of dexamethasone was 

1.26±1.13 day. 

 

(e) Route of Administration 

In overall population 72.6% of steroid were administered through iv route and 19.8% through 

oral route. In developed population 73.86% patients were administered steroids through iv 

route, 20.60% through oral route and 8.52% through nebulisation and for non developed 

group 70.29% were through iv route, 16.83% through oral route and 11.88% through 

nebulisation. (Table 11; Figure 11). 

 

(f) Mangement of Hyperglycaemia 

Hyperglycaemia developed during steroid therapy was managed with drugs like 17.08% of 

insulin (n=34) and 27.63% of metformin (n=55), and none for 55% (n=110). (Table 12; 

Figure 12). 

 

STATISTICAL ANALYSIS 

(a) Assessment of Riskfactors for the Development of Steroid Induced Hyperglycaemia 

¶ Prednisolone Treated Patients 

In the overall population patients who were treated with prednisolone were considered. They 

were grouped into developed (with hyperglycaemia) and non-developed group (without 
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gyperglycaemia). Assessment of risk factors (Age, Gender, BMI, Dose, Duration of steroids) 

for the development of hyperglycaemia was done by ANOVA.BMI (p =0.00), Dose 

(p=0.002) and Duration(p=0.072) have shown significant difference between the group. It 

was understood that BMI, Dose, Duration has influence in developing steroid induced 

hyperglycaemia. 

 

¶ Dexamethasone Treated Patients 

In the overall population patients who were treated with prednisolone were considered. They 

were grouped into developed (with hyperglycaemia) and non-developed group (without 

gyperglycaemia). Assessment of risk factors (Age, Gender, BMI, Dose, Duration of steroids) 

for the development of hyperglycaemia was done by ANOVA. BMI (p =0.00) and Dose 

(p=0.003) which have shown significant difference between the group. It was understood that 

BMI, Dose has influence in developing steroid induced hyperglycaemia. 

 

(b) Assessment of route of administration of steroids and hyperglycaemia 

The overall study population was divided depending upon the route of administration of 

steroids into 2 groups iv and oral route inorder to determine whether it has any influence on 

the development of hyperglycaemia. The assessment was done by ANOVA and it doesn’t 

show any significant difference (p>0.05) between the group. 

 

Thus route of administration does not have any influence in developing hyperglycaemia. 

 

(c) Assessment of Type of Steroids and Its Hyperglycaemic Effect 

The overall study population was divided into two groups based on the type of drug received 

by them. There are the prednisolone treated group and dexamethasone treated group. 

Analysis was done by ANOVA to determine whether it has any significant difference in 

developing hyperglycaemia. There is significant difference between two drugs in developing 

hyperglycaemia. 

 

DISCUSSION 

Steroids are commonly used drugs for various disease conditions. The most serious adverse 

effect associated with this is impaired glucose tolerance. The hyperglycaemic episodes itself 

can affect body composition, circulating lipids and also have relation between inflammation 

and vascular diseases. So appropriate monitoring is necessary. 
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In overall study population(n=300), 66% of patients (n=199) developed hyperglycaemia 

following steroid administration which is comparable with a retrospective study conducted by 

Dohini AC et al.,
[22] 

in which64%of patients developed hyperglycaemia following steroid 

treatment and a prospective study conducted by Priti D et al.,
[18]

 in which 62.5% of patients 

(n=40) developed hyperglycaemia after steroid therapy. Uzu.T et al.,
[19] 

concluded in his 

study that 40.5% of patients (n=17) were newly diagnosed with hyperglycaemia while 52% 

(n=13) of patients developed SDM due to high dose of steroid intake in Iwamoto T et.al.
[28]

 

 

Age does not have any influence in development of hyperglycaemia following steroid 

administration. Our mean average age was 49.45±15.62 years, which is the same statement of 

a prospective cohort study by Papang R et al.,
[25] 

with a mean average age of 39.2±14.6 

years. Gonzalez-Gonzalez et al.,
[9] 
in his study also concluded that age doesn’t have any 

influence in developing hyperglycaemia and the mean average age was found to be 38.4±18.7 

years. In contrast the study by Kim SY et al,
[1]

 had identified older age as a risk factor for 

steroid induced diabetes. 

 

In our study another risk factor was BMI. It was found to have significant difference between 

two groups and it can be comparable with Arner P et al,
[27]

 which showed relative body 

weight was higher in the steroid diabetic than among those who had not affected. Uzu T. et 

al.,
[19] 

also states that high BMI can be considered as an independent risk factor for 

glucocorticoid induced diabetes mellitus. 

 

We observed in our study that duration of treatment cannot be considered as a risk factor in 

development hyperglycaemia following steroid therapy which is the same statement of a 

retrospective study by Iwamoto T et al., which concluded that treatment duration have no 

significance in the development of hyperglycaemia between two groups(SDM and Non-

SDM). 

 

In our study we had compared oral and iv corticosteroid users to determine whether route of 

administration has any influence in the development of hyperglycaemia. We have excluded 

nebulisation due to lack of sample size. We observed that route of administration of steroids 

has no influence in developing hyperglycaemia. In contrast Blackburn D et al.,
[16] 

in his 

study had compared oral and inhaled corticosteroid users and found that oral corticosteroid 

users were significantly more likely than inhaled users in developing diabetes mellitus.  
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In our study 52% (n=103) of male and 48% (n=96) of female developed hyperglycaemia 

which is comparable with Gulliford MCet al.,
[26] 

in which 51% of male developed 

hyperglycaemia. But in contrast Yeganeh MZ et al.,
[24] 

concluded in his study that 85% 

female(M/F- 3/18) developed hyperglycaemia following steroid treatment.  

 

In this study steroid drugs like prednisolone and dexamethasone were compared to assess 

their hyperglycaemic effect. We observed that day of elevation of sugar level have shown 

significant difference between the groups and can be considered as an important parameter in 

assessinghyperglycaemic effect of drug. We concluded that dexamethasone can develop 

hyperglycaemia earlier as compared to prednisolone. 

 

In our study patients who developed steroid induced hyperglycaemia were treated with 

insulin (17%) and metformin(27%) and some were left untreated(55%). But with varying 

percentage that can be comparable with Simmons LR et al.,
[15] 

who showed 45% of patients 

were treated with insulin therapy, 38% with oral hypoglycaemic. 

 

CONCLUSION 

Glucocorticoids plays vital role in treatment of various diseases but impaired glucose 

tolerance was one of the major adverse effect. Hyperglycaemia occurs in majority of 

hospitalized patients receiving different types of corticosteroids. Patients with newly 

diagnosed hyperglycaemia had a significantly higher mortality rate and a lower functional 

outcome than patients with a known history of diabetes or normoglycaemia. These drugs 

causes hyperglycaemia through insulin resistance which lowers glucose uptake by peripheral 

tissues such as muscle cells and adipocytes. In some of the cases, glucose tolerance will not 

return to normal after cessation of steroid therapy, and in these cases it is presumed that the 

patient was already developing T2DM and the onset of steroid therapy merely precipitated a 

worsening of glucose intolerance. Hyperglycaemia associated with steroid therapy was 

managed usually with insulin and oral hypoglycaemic agents. 

ü In this study age, BMI, cumulative dose and duration of steroid treatment were 

considered as risk factors for steroid-induced hyperglycaemia. 

ü We observed that BMI and Dose were significant risk factors in the development of 

hyperglycaemia following steroid therapy. 

ü Increased age shows considerable risk for development of hyperglycaemia.  

ü Route of administration of steroids doesn’t have any influence on the development of 

hyperglycaemia.  
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ü Day of elevation of sugar level can be considered as an important parameter in assessing 

hyperglycaemic effects of the drugs. 

ü The study also concluded that dexamethasone can develop hyperglycaemia earlier as 

compared to prednisolone. 

Further studies are needed in all the areasbecause of several limitations of this study. 

 

There was no sufficient guidance regarding adjustment of corticosteroids to various disease 

conditions and co-morbidities and so there exist variation in treatment duration. Physicians 

need to be aware that corticosteroids can increase blood glucose, worsen pre-existing diabetes 

and predispose to diabetes mellitus. Theglycaemic imbalance may lead to development of 

diabetes mellitus and increases coronary risk, so patients on long-term steroid treatment 

should be monitored at regular intervals. Numerous undesirable side effects were associated 

with corticosteroids and so differences in prescribing may be relevant. 

 

Hyperglycaemia itself deals with serious complications like increased risk of infection, 

impaired wound healing, multiple organ failure, prolonged hospital stay and death. But in this 

study we restricted focus on these areas of interest. 
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