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Abstract9

Background: The term hypoglycemia refers to a clinical condition resulting from an10

abnormally low plasma glucose level (<40 mg/dl). Clinically, it is characterized by11

varying degree of neurological dysfunction and is responsive to the administration of12

glucose. Hypoglycemia is commonly caused by drugs used to treat diabetes mellitus.13

Objective: To study the clinical profile, precipitating factors and outcome in the14

patients of hypoglycemia.15

Material and Methods: This hospital based 2 years prospective study was16

conducted in the Department of Medicine, Kasturba Medical College and hospital,17

Manipal, Karnataka. Clinical profile of 100 diabetic patients on OHA’s or Insulin18

treatment with the diagnosis of hypoglycemia were analysed.19

Results:20

Out of 100 patients, 30 (30%) patients were of type 1 diabetes mellitus and 70 (70%)21

patients of type 2 diabetes mellitus. The male:female ratio was 1:1.7.  The most22

common precipitating factor was found to be delaying or skipping meals (80%),23
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followed by decreased carbohydrate intake (70%), increase in insulin or OHAs24

dosage (54%), decrease in insulin requirement (10%). The most common autonomic25

symptom was sweating (90%) followed by palpitation (80%). Neuroglycopenic26

symptoms were observed at much lower blood glucose level. Majority of27

hypoglycemic patients (68%) had blood glucose in the range 31-40 mg/dl. 6428

patients (64%) were on only insulin therapy and 16 (16%) patients were on OHAs.29

20 (20%) patients were on combination (insulin+OHAs) therapy. Maximum incidence30

of hypoglycemia was reported among patients who were on combination of short31

acting plus intermediate acting (i.e Premix – 30/70) Insulin. However, within the set32

of patients developing hypoglycaemia due to OHA’s, the frequency was much higher33

(62.5%) with a combination therapy of OHA’s as compared to monotherapy (37.5%).34

Present study did not show any mortality due to hypoglycemia.35

Conclusion:36

Hypoglycemia is the most common acute metabolic complication of diabetes mellitus37

on treatment. Elderly diabetics, patients with chronic kidney disease and patients on38

long acting insulin/sulfonylureas (used either alone or in combination) are more39

prone to develop hypoglycemia. Diabetic patients should be familiar with40

hypoglycemia symptom profile so that they can perceive the early onset of41

hypoglycemia and an appropriate action can be taken immediately.42

Key words: Hypoglycemia, Blood sugar, OHAs (oral hypoglycemic agents)43

INTRODUCTION44

Hypoglycemia is the most common endocrine emergency faced by physicians. It is45

defined arbitrarily as a blood glucose of less than 50mg/dl with neuroglycopenic46
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symptoms or less than 40 mg/dl in the absence of symptoms.[1] Hypoglycemia47

impedes safe achievement of optimal glycemia. Severe hypoglycemia – that require48

the assistance of another person – is a clinical red flag. [1]49

Hypoglycemia remains the most common and serious iatrogenic cause of morbidity50

in diabetic patients.[2] Large trials such as Veterans affairs diabetes trial and Action to51

control cardiovascular risk in diabetes trial have shown that there was a higher52

mortality in the group that had been treated intensively to achieve glycemic control53

.[3],[4] Hence, the American Diabetes Association (ADA) guidelines emphasized on54

individualizing targets and reducing risk of hypoglycemia in patients with long55

duration of diabetes and co-morbidities.[5] Targeted HbA1c levels in patients with56

Type 1 Diabetes and Type 2 Diabetes should be tailored to the individual, balancing57

the micro vascular complication with risk of hypoglycaemia. [6-9] The American58

Diabetes Association’s most recent guidelines still recommended HbA1C goal for59

most adults to be less than 7 %, but also recognizes that less stringent goals (such60

as <8%) may be appropriate for patients with a history of severe hypoglycemia,61

limited life expectancy, advanced complications and comorbid conditions. [10]62

MATERIAL AND METHODS63

The study was conducted on patients admitted in in Department of Medicine64

Kasturba Medical College and hospital, Manipal, Karnataka during a span of 2 years65

(2016-2107). A total of 100 diabetic Patients (diabetes diagnosed as per American66

diabetes Association citeria) with Hypoglycemia (as per inclusion criteria) were67

selected for the study. The detailed history, clinical examinations and relevant68

laboratory investigations done for all the patients were evaluated and analyzed in69

UNDER PEER REVIEW



detail. (Using Accu-Chek Nano Glucose meter, Roche Diagnostics, USA, Beckman70

Coulter Auto analyzer, USA and COBAS 6000, Auto Analyzer, Roche Diagnostics, USA).71

INCLUSION CRITERIA72

Plasma glucose <40 mg/dl73

74

RESULTS75

Out of 100 patients of diabetes (under treatment) included in study, 30 (30%)76

patients were suffering from type 1 diabetes mellitus and 70 (70%) patients from77

type 2 diabetes mellitus. The male:female ratio was 1:1.7. The maximum number of78

patients (44%) were in age group of 41 to 60 years. Majority of hypoglycemic79

patients (n=68, 68%) had blood glucose in the range 31-40 mg/dl and 26 (26%) had80

blood glucose between 21-30 mg/dl. Only 6 (6%) patients had blood glucose <2081

mg/dl.82

The most common symptom was sweating (90%) followed by palpitation83

(80%), incoordination (80%) and altered sensorium (64%). 6% of patients had84

tremors. Hunger and speech difficulty were reported in 50% of patients. Visual85

disturbance and headache were present in 40% of patients. 10% of patients had86

nausea. Two patients of hypoglycemia presented with hemiplegia but it recovered87

completely on treatment. (Figure 2)88

The most common precipitating factor was found to be delaying or skipping89

meals (80%), followed by decreased carbohydrate intake (70%). In 54% patients,90

precipitating factor for hypoglycemia was increase in insulin or dose of oral91

hypoglycemic agent. In 10% of patients, hypoglycemia was due to decrease in92

insulin requirement due to clearance of infection, reduced renal clearance of Insulin93
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(progression to chronic kidney disease). Most of the patients had more than one94

precipitating factor. ( Figure 1)95

Out of 100 patients, 64 (64%) were on only insulin therapy and 16 (16%)96

patients were on oral hypoglycemic agents. 20 (20%) patients were on combination97

(insulin+OHA) therapy. Out of 64 patients who were on insulin therapy alone, 3698

(56.25%) were on mixture of short acting+intermediate acting insulin (i.e Premix99

Insulin 30/70) and 18 (28.12%) patients were on short acting (regular insulin).100

Out of 16 patients who were on oral hypoglycemic agents alone, 6 (37.5%)101

patients were on Sulfonylureas (Glibenclamide) and other 10 (62.5%) patients were102

on various combination of oral hypoglycemic agents. None of the patients was on103

biguanidemonotherapy. All hypoglycemia patients recovered fully following treatment104

without any neurological sequelae.105

106

DISCUSSION107

108

Iatrogenic hypoglycemia is the limiting factor in the glycemic management of109

diabetes mellitus. [5] It causes recurrent symptomatic and sometimes (at least110

temporarily) disabling episodes in most patients with type 1 diabetes as well as in111

those with advanced type 2 diabetes, and is sometimes fatal.[11] Drug induced112

hypoglycemia occurs more frequently in older patients with underlying hepatic or113

renal dysfunction.[12]114

Present study showed that 70% hypoglycemic patients had Type 2 diabetes as115

compared to 30% patients with type 1 diabetes. In conformity with our observations,116

Heller [13] has reported that risks of hypoglycemia are less in type 2 diabetes mellitus117

patients, but are higher during insulin treatment. Hepburn et al. [14] in their study118
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found that when matched for duration of insulin therapy (mean duration 12 years)119

and HbA1C, the frequency of severe hypoglycemia is similar in type 1 and type 2120

diabetes mellitus patients. Higher incidence of hypoglycemia in type 2 diabetic121

patients in the present study may be due to the fact that some of these patients were122

admitted for surgical intervention and were temporarily put on insulin therapy as a123

part of pre-operative management of diabetes. The mean age of patients in this124

study was 57.68 years. Although, any age group is prone to hypoglycemia on125

treatment, however elderly patients on long acting preparations are more susceptible126

to hypoglycemic episodes. Independent risk factors for severe hypoglycemia include127

recent hospitalization, advanced age and polypharmacy.128

Delaying or skipping meals was observed as the most important precipitating factor129

for hypoglycemia (80% of patients). Decreased carbohydrate intake as a causative130

factor was found in 70% of patients. These patients were eating less as compared to131

their regular diet during sick days or had anorexia due to their primary illness.132

Increase in insulin or OHA dosage to achieve good glycemic control was the133

precipitating cause for hypoglycemia in 54% of patients. Decrease in insulin134

requirement was found in 10% of patients. This decrease was due to clearance of135

the primary infection like treatment of diabetic foot or delayed insulin clearance due136

to progression to Chronic kidney disease.137

Symptom profile provoked by hypoglycemia is idiosyncratic and varies in character,138

pattern and intensity between individuals.[14] Symptoms of hypoglycemia vary139

depending on the age of the individual but the symptoms appear to be similar140

whether induced by sulfonylureas, insulin analogues, animal or human insulin.[15]141

Although, no single symptom is present consistently during hypoglycemia in all142

patients with diabetes, some symptoms are more common than other.[16] In the143
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present study sweating was the most common autonomic symptom (90%) followed144

by palpitation and inco-ordination (80%), altered sensorium (64%), tremors (60%),145

hunger and speech difficulty (50%), visual disturbances and headache (40%).146

Consistent to our results, McAulay et al [17] have reported similar prevalence of147

symptoms in their study with sweating in 80% of patients, palpitation (55%),148

incoordination (75%), altered sensorium (40%). Hunger and slurred speech were149

present in 60% and 40% of patients respectively. Visual disturbance in 20% and150

headache in 30% of patients. There is no single symptom that is exclusive to151

hypoglycemia alone. However, hypoglycemia unawareness is a major clinical152

problem in the management of Diabetic patients on Insulin therapy. The risk of153

severe episode of hypoglycemia increases 6-7 folds in these patients.[18]154

Moreover, in a study by Pennebakeretal[19] has found that no single symptom155

correlate significantly with a specific blood glucose concentration in humans. Hence,156

it is important that diabetic patient on treatment should be familiar with their own157

symptom profile, so that they can perceive the early onset of hypoglycemia and158

know what appropriate action has to be taken.159

160
Our study showed insulin therapy was the most common cause of hypoglycemia161

accounting for 64% of diabetic patients. Carroll et al [2] also found that insulin162

treatment of diabetes is the most common cause of severe hypoglycemia in adults.163

United Kingdom Prospective Diabetes Study (UKPDS) [20] reported severe164

hypoglycaemia in 11.2% of patients treated with insulin. In the present study, the165

majority of hypoglycaemia cases were receiving combination of OHA’s rather than166

monotherapy. And the most common monotheraupeutic offending agent was167

sulfonylurea. United Kingdom Prospective Diabetes Study (UKPDS) [20] has168

reported severe hypoglycemia due to sulfonylureas in 3.3% of patients and 2.4% of169
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those treated with bigunanides. Jennings et al. [22] have found, that hypoglycemia in170

patients receiving sulfonylurea treatment vary widely but were reported to be as high171

as 20% over a 6 month treatment period. Shorret al. [23] described a crude rate of172

serious hypoglycemia (hospitalization, emergency department admission or death) of173

1.23 per 100 person-years in users of sulfonylureas aged 65 years or older.174

All hypoglycemic patients recovered fully following treatment without175

any neurological sequelae and no mortality was seen in this study. Usually, death176

from cerebral edema caused by hypoglycemia is extremely rare. [16] However,177

hypoglycemia had been implicated in “dead-in-bed” syndrome and in chronic178

cognitive impairment. [24] Klatt et al.[25] found 0.2% of death due to hypoglycemic179

coma. Macleod et al [26] found “dead-in-bed” syndrome may account for 6% of deaths180

in diabetic patients under the age of 40. Sartor [27] reported the greatest incidence of181

mortality in childhood onset insulin dependent diabetes between 15-19 years of age.182

In our study,100% recovery rate may be attributed to the fact that all patients had183

hypoglycemia in the hospital, so early detection and effective treatment was given.184

185

CONCLUSION186

Delaying or skipping meals was found to be the most common precipitating factor for187

hypoglycemia. Insulin treatment alone was the most common causative factor for188

hypoglycemia. Among sulfonylureas, glibenclamide was the most common offending189

agent causing hypoglycemia in elderly. Elimination of hypoglycemia from the lives of190

people with diabetes will likely be accomplished by new treatment methods that191

provide plasma glucose-regulated insulin secretion with newer treatment modalities192

such as automated insulin pumps and artificial/ bionic  pancreas.[21]193

194

UNDER PEER REVIEW



195

196

197

198

REFERENCES199

200

1. Cryer PE, Davis NS, Shamoon H. Hypoglycemia in diabetes. Diabetes Care201

2003; 26(6): 1902-12. [6]202

2. CryerPEHypoglycemia. In: Kasper DL, Braunwald E, Fauci AS, Hauser SL,203

Longo DL, Jameson JL (eds). Harrison’s Principles of Internal Medicine.204

17thedn. New York: McGraw-Hill, 2008: 2305-2310.205

70

54
10

Figure 1. Precipitating factors for hypoglycemia

0

20

40

60

80

100 90
80

60
50

64

Figure 2. Symptomatology in  patients with hypoglycemia (Percentage)

196

197

198

199

REFERENCES200

201

1. Cryer PE, Davis NS, Shamoon H. Hypoglycemia in diabetes. Diabetes Care203

2003; 26(6): 1902-12. [6]204

2. CryerPEHypoglycemia. In: Kasper DL, Braunwald E, Fauci AS, Hauser SL,206

Longo DL, Jameson JL (eds). Harrison’s Principles of Internal Medicine.207

17thedn. New York: McGraw-Hill, 2008: 2305-2310.208

80
Delaying or skipping
meals

Decreased carbohydrate
intake

Increase in insulin or OHA
dosage

Decrease in insulin
requirement

Figure 1. Precipitating factors for hypoglycemia

64
50

80

40

2

40

10

Figure 2. Symptomatology in  patients with hypoglycemia (Percentage)

197

198

199

200

REFERENCES201

202

1. Cryer PE, Davis NS, Shamoon H. Hypoglycemia in diabetes. Diabetes Care205

2003; 26(6): 1902-12. [6]206

2. CryerPEHypoglycemia. In: Kasper DL, Braunwald E, Fauci AS, Hauser SL,209

Longo DL, Jameson JL (eds). Harrison’s Principles of Internal Medicine.210

17thedn. New York: McGraw-Hill, 2008: 2305-2310.211

UNDER PEER REVIEW



3. Carrol MF, Burge MR, Schade DS. Severe hypoglycemia in adults. Rev206

EndocrMetabolDisord 2003; 4: 149-57[1].207

4. Kahn CR, Weir GC. In: Joslin’s Diabetes Mellitus. 13thedn. Philadelphia: Lea208

and Febiger, 1996: 489-507 & 740.[ 2]209

5. Cryer PE: Glucose homeostasis and hypoglycemia, in Williams Textbook of210

Endocrinology, 11th ed. Kronenberg HM et al (eds). Philadelphia, Saunders,211

an imprint of Elsevier, Inc 2008, pp 1503–1533 .212

6. Pogach L, Aron D. Balancing hypoglycemia and glycemiccontrol : a public213

health approach for insulin safety. JAMA 2010; JAMA 2010; 303:20176214

7. YudkinJS, Richter B, Gale EA . Intensified glucose lowering in type 2215

diabetes : time for a reappraisal Diabetologia 2010;53: 2079216

8. Cryper PE. Elimination of hypoglycemia from the lives of people affected by217

diabetes. Diabetes 2011;60:24.218

9. Cryper PE. Glycemic control in diabetes: trade off between glycemic control219

and iatrogenic hypoglycemia. Diabetes 2014:63:2188.220

10. American Diabetes Association . Standards of medical care in diabetes –221

2013. Diabetes Care 2013;36 (Suppl 1): S4-10.222

223

11. Cryer PE. Diverse causes of hypoglycemia associated autonomic failure in224

diabetes. N Engl J Med 2004; 350: 2272-9.225

12. Parekh TM, Raji M, Lyn YL, et al. Hypoglycemia after antimicrobial drug226

prescription in older patients using sulfonylureas .JAMA Int. Med 2014 ;227

174:1605.228

13. Heller SR. Diabetic hypoglycemia. Bailliere’sClinEndocrinolMetabol 1999;229

13: 279-94.230

UNDER PEER REVIEW



14. Hepburn DA, Macleod KM, Pell AC, ScougalIJ, Frier BM. Frequency and231

symptoms of hypoglycemia experienced by patients with type 2 diabetes232

treated. Diabet Med 1993; 10: 231-37233

15. Airey CM, Williams DR, Martin PG, Bennett CM, Spoor PA. Hypoglycemia234

induced by exogenous insulin-‘human’ and animal insulin compared. Diabet235

Med 2000; 17: 416-32.236

16. Cox DJ, Gonder-Frederick L, Pohl S, PennebakerJW. Reliability of237

symptom-blood glucose relationships among insulin-dependent adult238

diabetics. Psychosomatic Med 1983; 45: 357-60.239

17. McAulay V, DearyIJ, Freir BM. Symptoms of hypoglycemia in people with240

diabetes. Diabet Med 2001; 18: 690-705.241

18. Pickup JC, Williams G. Textbook of Diabetes. 3rd edn. Massachusetts,242

USA: Blackwell Science, 2003; 32.1-33.19.243

19. PennebakerJW, Cox DJ, Gonder-Frederick L, Wunsch MG, Evans WS, Pohl244

S. Physical symptoms related to blood glucose in insulin-dependent245

diabetics. Psychosomatic Med 1981; 43: 489-500.246

20. The UKPDS Research Group: Overview of 6 years of therapy of type 2247

diabetes: A progressive disease. Diabetes 1995; 44: 1249-58.248

21. CryperPE.Hypoglycemia in Type 1 Diabetes Mellitus. EndocrinolMetabClin249

North Am 2010;Sep:39(3):641-54.250

22. Jennings AM, Wilson RM, Ward JD. Symptomatic hypoglycemia in NIDDM251

patients treated with oral hypoglycemic agents. Diabetes Care 1989; 12:252

203-08.253

UNDER PEER REVIEW



23. Shorr RI, Ray WA, Daugherty JR, Griffin MR. Antihypertensives and the risk254

of serious hypoglycemia in older persons using insulin or sulfonylureas. J255

Am Med Assoc 1997; 278: 40-43.256

24. Amiel SA. Cognitive function testing in studies of acute hypoglycemia.257

Diabetologia 1998; 41: 713-19.258

25. Klatt EC, Beatie C, Noguchi TT. Evaluation of death from hypoglycemia. Am259

J Forensic Med Pathol 1998; 122-25.260

26. Macleod KM, Hepburn DA, Frier BM. Frequency and morbidity of severe261

hypoglycemia in insulin treated diabetic patients. Diabet Med 1993; 10: 238-262

45.263

27. Sartor G, Dahlquist G. Short term mortality in childhood onset insulin264

dependent diabetes mellitus: A high frequency of unexpected deaths in bed.265

Diabet Med 1995; 12: 607-11266

267

UNDER PEER REVIEW


