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Hypoglycemia and Short-term Cardiovascular Outcomes 

Introduction

Macrovascular disease is more common in people with dia-
betes, and diabetes is considered a major risk factor for 
cardiovascular disease and death.1,2 It is now clear that 

atherosclerosis 
pathogenesis from the very early stages of development.3

Hypoglycemia is a well-recognized side effect of glucose low-
ering therapies. Although episodes of hypoglycemia occur much 
less frequently in people with type 2 diabetes compared to type 
1,4–6 hypoglycemia may adversely affect the vasculature which 
has already become compromised by atherosclerosis.

Major vascular events can be precipitated by severe hypoglyce-
mia. This might be due to hemodynamic changes on myocardial 
perfusion, or electrolyte disturbances on cardiac conduction.7–9 A 
low level of glucose in blood is associated with a surge of sympa-
thetic activity, catecholamine -
tions, which may potentially cause endothelial damage and con-
tribute to the development or progression of vascular disease.10–12

The results of the four major trials comparing different intensi-
ties of glucose-lowering therapies in people with type 2 diabetes 
suggest that the risk of myocardial infarction is reduced by glu-

cose lowering approaches that increase the risk of severe hypogly-
cemia. However, the effect on cardiovascular death varied among 
the studies.13

With regards to the association of hypoglycemia and cardiovas-
cular events, the bulk of evidence comes from glucose lowering 
therapy trials or trials of insulin therapy in hospitalized patients 
with critical illness and dysglycemia. 

A meta-analysis of 26 trials of insulin therapy and mortality in 
hospitalized critically ill patients suggests that despite a 6-fold 
higher risk of hypoglycemic episodes, there was no increase in 
mortality. However, for the subgroup of diabetic people, the risks 
of hypoglycemia and mortality were not reported.14

Less attention has been paid to the glycemic management out-
side the critical care setting. It would now be considered danger-
ous and unethical to induce hypoglycemia in patients who have 
established coronary heart disease or considered to be at high risk 
of developing vascular disease. Moreover, documentation of hy-
poglycemic episodes is a very important issue. The aim of this 
study was to explore short term cardiovascular outcomes in rela-
tion to hypoglycemic events in non-critically ill people with type 
2 diabetes switching to insulin therapy in their routine clinical 
care setting. 

Patients and Materials

Study population
One hundred and twenty non-critically ill people with uncon-

trolled type 2 diabetes who were on oral glucose lowering drugs 
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were enrolled in this study. They had not achieved the recom-
mended glycated hemoglobin level of less than 7% and were 
considered eligible to initiate insulin therapy according to ADA/
EASD guidelines.15 No upper threshold for the level of blood glu-
cose or glycated hemoglobin was set for inclusion in the study. 
Ethical approval was obtained from the ethics committee of Teh-
ran University of Medical Sciences. All participants signed a writ-
ten informed consent. 

People with a documented history of any major cardiovascular 
event and those who experienced hypoglycemic episodes within 
the past six months prior to the enrollment were excluded from 
the study. This study was conducted in Tehran, Iran from January 
2012 to January 2013.

Treatment Protocol
All participants initiated insulin therapy in an inpatient care set-

ting. This was a routine clinical practice in Iran when insulin ana-
logues were not available yet. Split-mixed insulin regimen (NPH/
Regular insulin) was started and titrated according to the local 
protocols. All patients were allowed to continue biguanides and/
or thiazolidinedione. However, sulfonylureas were discontinued 
at the time of insulin initiation. Titration was performed in accor-
dance with the glucose monitoring data and all participants were 
discharged from the hospital in good medical condition. 

Study follow-up 
Insulin titration was done during hospitalization. At the time of 

discharge, all participants were educated to perform self-monitor-
ing of blood glucose (SMBG) on a daily basis considering fasting, 
pre-meal and bedtime blood sugar levels. They were also asked to 
check and record their blood sugar when they had any symptoms 
referable to hypoglycemia (such as blurred vision, weakness, 
sweating, and shakiness). In addition to their routine follow-up 
care, they were contacted by telephone at weeks 12 and 24 after 
insulin initiation. The patients were asked about any hypoglyce-
mia events and the occurrence of any major cardiovascular event. 

hospital records. 

-
cose level of less than 3.8 mmol per liter (70 mg/dL).16 Patients 
with transient dysfunction of the central nervous system, who 
were unable to treat themselves and required help from others, 
were considered to have severe hypoglycemia. Patients with tran-
sient dysfunction of central nervous system who were able to treat 
themselves were considered to have minor hypoglycemia. Noc-

occurring during the night. 

Clinical outcomes 
-

jor cardiovascular events (fatal and nonfatal myocardial infarc-
tion, death from cardiovascular cause, unstable angina, fatal or 
nonfatal stroke) leading to hospital admission or requiring medi-
cal intervention.

Statistical analysis 
Analyses were performed for all participants. IBM SPSS for 

Windows Version 19 (IBM Corp., Armonk, NY, USA) was ap-

plied for statistical analysis. The data were analyzed anonymous-
ly. Descriptive statistics (means and SDs) were used to describe 
clinical and demographic characteristics. Categorical data and 

2-test and Spearman’s rho. 
Histogram and Kolmogorov-Smirnov statistic test were used to 
assess the normality of continuous variables. For normally distrib-
uted variables, independent sample t-test was used to determine 

groups. Mann-Whitney U was used for not normally distributed 
variables. Binary logistic regression analysis was also done con-

dependent variable and hypoglycemia and systolic blood pressure 
as independent variables. 

Results

We enrolled 120 people with type 2 diabetes in this study. The 
mean age of the participants was 58.23 ± 12.81 years and the 
mean duration of diabetes was 10.62 ± 5.64 years. Seventy eight 
percent of the participants were female. 

Table 1 illustrates the demographic and biochemical variables of 

cardiovascular event during the follow-up period. There were not 

namely, hyperlipidemia, diastolic blood pressure, and prior CVD 
in patients who experienced more CV events. However, systolic 

During the follow-up, 43 (36%) patients reported to have hypo-
glycemia, 19 of whom experienced a major cardiovascular event. 
No episode of severe hypoglycemia was reported (Table 2). The 
mean HbA1c was 8.74% in patients who experienced hypoglyce-
mia while it was 8.51% in those who did not experience hypogly-
cemic events (P = 0.88).

The rate of hypoglycemia in patients who experienced a major 
cardiovascular event was 5.29 event/patient/year which was high-
er than those who did not experience any cardiovascular event 
(2.88 events/patient/year). Furthermore, nocturnal hypoglycemia 
was more frequent in patients with major cardiovascular events 
(Table 3).

In a binary logistic regression analysis considering the occur-
-

able, only occurrence of any hypoglycemic episode after initiation 
-

vascular event (Table 4). 

event relating to hypoglycemia was 7.41, CI = 2.15–25.47. The 
calculated risk ratio was 2.66, using the equation: 

RR= ; 

Where Pref is the incidence outcome in unexposed group.

Discussion

We found that symptomatic hypoglycemia is the only risk fac-

critically ill people with type 2 diabetes initiating insulin therapy. 
Improvements in glycemic control are usually associated with 

an increased risk of hypoglycemia.17 It has been shown that acute 
hypoglycemia provokes activity of the sympathetic nervous 



Archives of Iranian Medicine, Volume 19, Number 2, February 201684

Hypoglycemia and Short-term Cardiovascular Outcomes 

system and increases the secretion of potent vasoconstrictors,12 
thereby promoting destabilization of atherosclerotic plaques.10 In 
addition, hypoglycemia has profound effects on cardiac function 

18 It 
also promotes platelet aggregation that might precipitate cardiac 
and cerebral ischemic events in people with type 2 diabetes.19,20 

Three large clinical trials investigate the risk of cardiovascular 
outcomes after in-hospital hypoglycemic episodes in patients with 
coronary artery disease or acute myocardial infarction. In the 2nd 
Diabetes Glucose and Acute Myocardial Infarction (DIGAMI) 
trial,21 the risk of cardiovascular death was greater in people who 

experienced a hypoglycemic episode during the 2-year follow-up 
compared with individuals who did not. However, the risk was no 
longer present after adjustment for baseline characteristics (HR = 

other 2 clinical trials in people with diabetes who were admitted 
with acute MI.22

On the other hand, the risk of death in an ambulatory environ-
ment has been reported to be higher in people who experienced a 
minor or major hypoglycemic episode.23,24 However, the partici-
pants either had documented coronary artery disease or cardiovas-
cular risk factors.

All patients Major Cardiovascular Event
P-valueYes No

N = 120 N = 31 N = 89
Age (yrs.) 58.23 ± 12.81 60.29 ± 12.49 57.51 ± 12.91 0.31
Female, n (%) 78 (65) 18 (58) 60 (67) 0.35
Diabetes duration (yrs.) 10.62 ± 5.64 11.58 ± 4.79 10.28 ± 5.90 0.27
Prior CVD, n (%) 34 (28.3%) 12 (39%) 22 (25%) 0.09
BMI 27.05 ± 4.44 26.33 ± 3.24 27.32 ± 4.81 0.43
HbA1c 8.71 ± 1.28 8.52 ± 1.19 8.76 ± 1.31 0.62
Systolic BP (mmHg) 123.81 ± 14.83 130.48 ± 15.29 121.32 ± 13.95 0.006
Diastolic BP (mmHg) 75.92 ± 8.30 76.61 ± 8.98 75.66 ± 8.07 0.41
Total cholesterol (mg/dL) 171.83 ± 43.93 182.21 ± 28.60 169.10 ± 46.96 0.14
Triglyceride (mg/dL) 188.61 ± 88.27 197.53 ± 88.18 182.49 ± 83.18 0.49
LDL (mg/dL) 93.94 ± 41.13 98.58 ± 32.43 92.66 ± 43.34 0.58
HDL (mg/dL) 45.13 ± 12.48 44.39 ± 12.79 45.31 ± 12.48 0.76
Insulin dose (dose/Kg) 0.84 ± 0.37 0.83 ± 0.31 0.85 ± 0.45 0.81

Table 1. Demographic and biochemical variables of the study population. 

All patients Major Cardiovascular Event

P-valueYes No

N = 120 N = 31 N = 89
Total hypoglycemic events 210 82 128

Patients, n (%) 43 (36) 19 (61) 24 (27) 0.001
One event (no. of people) 17 7 10

0.87Two events (no. of people) 8 5 3
Three or more events (no. of people) 18 7 11

Rate (per person per year) 3.50 5.29 2.88

Table 2. Episodes of any type of hypoglycemia in all study participants and according to the occurrence of major cardiovascular event.

All patients
Major Cardiovascular Event

P-valueYes No
N = 120 N = 31 N = 89

Total nocturnal hypoglycemia events 95 47 53
Patients, n (%) 23 (19.2) 11 (35.5) 12 (13.5) 0.007
One event (no. of people) 8 4 4

0.82Two events (no. of people) 6 3 3
Three or more events (no. of people) 9 4 5
Rate (per person per year) 1.58 2.84 1.15

Table 3. Episodes of nocturnal hypoglycemia in all study participants and according to the occurrence of major cardiovascular event.

 B SE P-value Odds ratio CI for odds ratio
Systolic BP (mmHg) 0.021 0.024 0.368 1.022 0.975 1.070
Any hypoglycemia 2.003 0.630 0.001 7.410 2.155 25.477
Cholesterol 0.007 0.007 0.279 1.007 0.994 1.021
Prior CVD 0.966 0.721 0.180 2.627 0.640 10.785
Constant -6.428 3.329 0.053 0.002   
BP = blood pressure; CVD  = cardiovascular disease.

Table 4. 
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The 4 large trials conducted in people with type 2 diabetes com-
pared different intensities of glucose lowering therapies and allo-
cated people to more versus less intensive glucose lowering. The 
risk of severe hypoglycemia in the intensive therapy arms versus 
standard arms varied from 1.9-fold in the Action in Diabetes and 
Vascular disease: Preterax Diamicrone MR Controlled Evaluation 
(ADVANCE) to 3.0-fold in the Action to Control Cardiovascular 
Risk in Diabetes (ACCORD) and the UKPDS trials.25 Despite this 
increase in the risk of severe hypoglycemia in intensive therapy 

-
lar events has been reported to diminish modestly with intensive 
approach. However, it is possible that the impact of hypoglycemia 
was underestimated due to un-recorded episodes. On the other 
hand, it has been suggested that hypoglycemia might be con-
founded by other risk factors for adverse health related outcomes. 
The possible coexisting factors include renal disease, hepatic dis-
ease, cancer, cognitive decline, and other chronic diseases.13  

The previous studies investigating the relationship between hy-
poglycemia and future cardiovascular events were based on pa-
tients recruited during hospitalization.26,27 Recently, a nation-wide 
population based study found that even mild symptomatic hypo-
glycemia is associated with an increased risk of cardiovascular 
events.28 The participants were recruited from real-world outpa-
tient clinical practice. However, the patients who were prone to 
hypoglycemic episodes were more likely to have comorbidities 
such as heart disease, stroke, renal disease, hypertension, and liver 
disease.

-
poglycemia in an ambulatory setting after adjusting for other ma-
jor cardiovascular risk factors including age, sex, diabetes dura-

history of previous cardiovascular disease (CVD).

SMBG records. Furthermore, none of the participants had coex-
isting chronic morbidities. In addition, the rate of previous CVD 
was similar in those who experienced a major cardiovascular 
event with those who did not. 

The strengths of this study include investigating the risk of car-
diovascular events in non-critically ill people with type 2 diabetes 
during their routine management environment. In addition, the 
hypoglycemic episodes were recorded and reported by the par-
ticipants. Moreover, none of the participants had coexisting risk 
factors such as hepatic or renal diseases. However, we could not 
record the duration of time for hypoglycemia to resolve, and the 
temporal relationship between hypoglycemia and the cardiovas-

measured in this study. 
In conclusion, the results support the notion that even mild hy-

poglycemia could be strongly associated with the occurrence of 
major cardiovascular events in non-critically ill people initiating 
insulin therapy in their real world during routine management 
of diabetes. Therefore, more attention should be paid in order to 
prevent hypoglycemia after initiation of insulin therapy in people 
with type 2 diabetes. 
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