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(48 with type 1 diabetes and 152 with type 2 diabetes) were enrolled into the study. Mean age of type 1
diabetes patients was 38 ± 14 years, and those with

Introduction

type 2 diabetes 61 ± 12 years (p < 0.0001), and their

Diabetes patients usually require temporary hospital treatment in the course of the disease. The most
common causes of hospitalization of patients with
diabetes are: acute complications of diabetes (coma,
ketoacidosis), exacerbation of chronic complications
(myocardial infarction, stroke, diabetic foot syndrome),
significant metabolic decompensation of diabetes
requiring intravenous insulin, or other acute diseases
(infections, diseases requiring surgical treatment) [1–3].
The most frequent complication of diabetes treatment is hypoglycaemia, currently defined as glucose
< 70 mg/dL [4]. About 30% of young patients on insulin
therapy experience diabetes coma in their lives; this
complication develops in about 10% of insulin-treated
patients yearly. Recurrent coma affects about 3% of
patients. Hypoglycaemic coma causes about 3–4% of
diabetes-related deaths [5].

HbA1c was 10.1 ± 2.9 and 10.1 ± 2.3%, respectively.
Continuous intravenous insulin infusion was given for
2.5 ± 1.1 days (basal infusion and three 90-min prandial boluses) according to standard protocol.
Results. Hypoglycaemia was noted in 48% of patients
with type 1 diabetes and in 20% of those with type 2
diabetes (p < 0.001), most often in the second day
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Because of short- and long-term adverse effects of
hypoglycaemia, it is now recommended that the treatment of diabetes should be associated with the lowest
possible risk [4, 6]. Continuous intravenous insulin
infusion (CIVII), routinely used in hospital settings in
patients with acute or chronic metabolic decompensation of diabetes, can easily lead to hypoglycaemia.
During hospitalization, the intravenous administration
of insulin as well as monitoring of intravenous insulin
infusion and the patient condition are at the responsibility of the nursing team.
The aim of the study was to determine the incidence of hypoglycaemia and its risk factors during
intravenous insulin therapy. Identifying risk factors for
developing hypoglycaemia will reduce the risk of this
serious complication in hospitalized patients.

Patients
The study was prospective, observational and
non-interventional. An analysis was performed of intravenous insulin therapy in 200 consecutive diabetic
patients hospitalized at the Barlicki Memorial Teaching
Hospital No. 1 in Lodz in whom intravenous infusion
of short-acting human insulin was administered during the hospital treatment, according to the protocol
described below.
The inclusion criteria were as follows: age over
18 years, time from diagnosis of type 1 or type 2 diabetes of at least 6 months, poor metabolic control of
diabetes, i.e. HbA1c measured within 1 month before
hospitalization of > 7.0% and insulin therapy in the
form of CIVII during hospitalization. The exclusion
criteria included: pregnancy; acute disease with severe
general condition of the patient and/or extreme hyperglycaemia, including severe ketoacidosis, ketoacidosis
coma, hyperosmolar hyperglycaemic state or lactic
acidosis; newly diagnosed diabetes; diabetes of known
cause not being type 1 or type 2 diabetes (e.g. diabetes
associated with pancreatic disease, endocrine disease),
and the need for steroid intake.

Methods
Clinical data regarding hospitalization and intravenous insulin treatment were prospectively collected,
but the analysis was performed after the study group
was completed. The process of analysing collected data
and the results of the analysis did not affect patient
management during hospitalization. The study was
approved by the Bioethics Committee at the Medical
University of Lodz and the Head of the Barlicki Memorial Teaching Hospital No. 1 in Lodz.
The following parameters were analysed: sex, age,
body weight and height, body mass index (BMI), type
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of diabetes (type 1, type 2), time from diagnosis of
diabetes, chronic complications of diabetes and concomitant diseases, antidiabetic treatment used before
hospitalization, results of laboratory tests and data
regarding the course of hospitalization.
Continuous intravenous insulin infusion is the
procedure used in the Barlicki University Hospital Lodz
for over 20 years. The original protocol was developed
in Strasbourg (France) [7, 8]. The intravenous insulin
infusion consisted of a basal infusion and three 90-minute prandial boluses. Short-acting human insulin was
administered in 0.9% NaCl solution (50 IU in 50 mL,
1 IU/1 mL) using automatic infusion pump. Initial insulin
dose was established based on insulin doses used by
the patient before the study. Initial basal rate (in IU/h)
was calculated as 50% of the patient’s daily dose of
insulin divided by 24. The remaining 50% of insulin
dose were divided equally into three prandial boluses
(breakfast, lunch and dinner).
Capillary blood glucose was measured every 90
min during the day and every 3 hours during the night
(10.00 p.m.–7.00 a.m.), with the mean number of
measurements per day of about 12. Basal infusion rate
was modified according to study protocol:
—— glucose level < 40 mg/dL — infusion rate reduction by 0.4 UI/h;
—— glucose level 40–60 mg/dL — infusion rate reduction by 0.2 UI/h;
—— glucose level 60–80 mg/dL — infusion rate reduction by 0.1 UI/h;
—— glucose level 80–120 mg/dL — no changes in infusion rate;
—— glucose level 120–150 mg/dL — infusion rate increase by 0.1 UI/h;
—— glucose level 150–200 mg/dL — infusion rate increase by 0.2 UI/h;
—— glucose level > 200 mg/dL — infusion rate increase by 0.3 UI/h, and additionally a bolus of
60 UI/h for 4 min.
Prandial boluses lasted 90 min and were initiated
at the beginning of the meal at strictly defined time
during the day: 7.30–9.00, 12.00–13.30, 19.00–20.30.
Each bolus was divided into three periods: during
first 20 min the patient received 30% of the dose, during
subsequent 20 min — 50%, and during remaining 50
min — 20% of estimated insulin dose for one prandial
bolus. Subsequent prandial bolus doses were estimated
based on glucose-lowering effects of previous boluses.
The intravenous insulin infusion was continued
until achieving sufficient metabolic control, but not less
than 24 h. Sufficient metabolic control was defined as
fasting and pre-prandial blood glucose within the range
of 70–120 mg/dL and blood glucose 2 h after a meal
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Figure 1. Mean values of blood glucose during continuous intravenous insulin infusion in patients with type 1 (T1DM) and type 2
diabetes mellitus (T2DM)

< 160 mg/dL. The intravenous insulin administration
regimen was the same for patients with type 1 and
type 2 diabetes.
Hypoglycaemia was diagnosed in every case when
measured blood glucose level was below the diagnostic
threshold for hypoglycaemia of < 60 mg/dL (a value
recommended in 2012, when the study was planned
and its protocol developed) or when continuous
infusion of insulin had to be stopped due to clinical
symptoms of hypoglycaemia, regardless of the blood
glucose level.
The obtained results were statistically analysed
with Statistica 9.1 software. The Shapiro-Wilk test was
utilized to assess the normality of data distribution. For
the assessment of between-group differences in normally distributed variables, the Student’s t-test for independent samples was used, and the U-Mann-Whitney
test was used for non-normally distributed variables.
The correlation analysis was utilized to evaluate the
significance of the relationship between quantitative
variables by calculating the Pearson coefficient. In order
to identify risk factors for hypoglycaemia, a multiple
regression model was used, defining dependent and
independent variables. Statistical significance was set
at p < 0.05.

Results
The study included 200 consecutively hospitalized
patients who required intravenous insulin infusion: 48
patients with type 1 diabetes (25 women and 23 men)
and 152 patients with type 2 diabetes (81 women and
71 men).

The mean age of the whole study group was 54 ±
16 years, body weight 81.6 ± 19.3 kg, BMI 29.3 ± 6.4
kg/m2, mean diabetes duration was 10.0 ± 7.8 years,
the hospitalization time was 9 ± 3 days, and HbA1c
value was 10.1 ± 2.5%.
Hypoglycaemia was reported in 48 (24%) patients.
These patients had significantly longer diabetes duration (12.4 ± 10.8 vs. 9.2 ± 8.2 years; p < 0.05) and
were characterized by lower body weight (74.2 ± 15.6
vs. 83.9 ± 19.8 kg; p < 0.01; BMI 27.0 ± 5.9 vs. 30.0
± 6.4 kg/m2; p < 0.01) compared with the patients in
whom CIVII was not complicated by hypoglycaemia.
The mean age of the patients with type 1 diabetes
was 38 ± 14 years and in those with type 2 diabetes it
was 61 ± 12 years (p < 0.0001). Both groups of patients
were not statistically significantly different in terms of time
since the diagnosis of diabetes. In patients with type 1 diabetes, the duration of the disease was on average 10.4 ±
8.7 years, and in the group of the patients with type 2
diabetes, the disease was diagnosed 10.2 ± 8.4 ago.
The patients with type 2 diabetes were significantly
more likely to be obese than those with type 1 diabetes
(60 vs. 15%; p < 0.001) (Fig. 1). The BMI was 31.1 ±
6.2 kg/m2 in type 2 diabetic patients and 25.1 ± 4.5
kg/m2 in type 1 diabetics (p < 0.0001).
Table 1 presents the occurrence of diabetes complications, concomitant diseases and selected clinical
parameters in patients with type 1 and type 2 diabetes.
The groups did not differ in terms of the degree of
metabolic decompensation of diabetes based on the
value of HbA1c: in the patients with type 1 diabetes
HbA1c was 10.1 ± 2.9% and in those with type 2 diabe-

43

Clinical Diabetology 2017, Vol. 6, No. 2

Table 1. Diabetes complications, concomitant diseases and selected clinical parameters in patients with type 1 and type 2
diabetes
Type 1 diabetes (n = 48)

Type 2 diabetes (n = 152)

n (%)

n (%)

p-value

Retinopathy

16 (33%)

63 (41%)

< 0.05

Nephropathy

17 (35%)

72 (47%)

< 0.05

Neuropathy

13 (27%)

40 (26%)

NS

Hypertension

13 (27%)

120 (79%)

< 0.001

Previous myocardial infarction

2 (4%)

20 (13%)

< 0.01

Previous stroke

0 (0%)

14 (9%)

< 0.01

Liver disease

7 (15%)

43 (28%)

< 0.05

Gastro-intestinal disease

10 (21%)

31 (20%)

NS

Anaemia

6 (13%)

13 (9%)

NS

Status post cholecystectomy

3 (6%)

26 (17%)

< 0.05

Status post appendectomy

2 (4%)

11 (7%)

< 0.05

48 (100%)

92 (61%)

< 0.01

(prior to hospitalization)

0 (0%)

108 (71%)

< 0.001

Beta-blocker therapy

9 (19%)

60 (39%)

< 0.01

Insulin therapy
(prior to hospitalization)
Oral antidiabetic drugs

NS — non-significant

tes — 10.1 ± 2.3%. Hospitalization time was similar in
both groups: 8.7 ± 4.0 days in type 1 diabetes patients
and 8.5 ± 2.9 days in type 2 diabetes patients.
The continuous intravenous insulin infusion was
administered significantly longer in patients with type 1
diabetes than in type 2 diabetes: 2.7 ± 1.6 and 2.3 ±
0.8 days, respectively (p < 0.05). During CIVII, patients
with type 1 diabetes had a lower daily insulin requirement than patients with type 2 diabetes (45 ± 19
and 56 ± 22; p < 0.01), but in terms of daily insulin
requirement per kg of body mass, the between-group
difference was not statistically significant: in type 1
diabetes it was 0.63 ± 0.21 U/day/kg and in type 2
diabetes — 0.67 ± 0.26 U/day/kg.
Mean blood glucose values during CIVII in both
groups of patients are shown in Figure 1. In both
groups, the intravenous infusion of insulin was similarly effective in reducing the glycaemia; blood glucose
levels achieved in the second day of intravenous insulin
infusion did not differ significantly from the values
measured in subsequent days.
The primary risk factor for hypoglycaemia was
type 1 diabetes (hypoglycaemia was reported in 48%
of patients with type 1 diabetes and in 20% of patients
with type 2 diabetes; p < 0.001).
Among the patients with type 1 diabetes, those
with hypoglycaemia had significantly longer diabetes
duration than the patients who did not experience hypoglycaemia during the continuous infusion of insulin
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(14.4 ± 10.4 vs. 6.8 ± 5.6 years; p < 0.01). The degree
of diabetes decompensation, coexistence of vascular
complications, renal, gastrointestinal or cardiovascular
disease, the amount of insulin administered per body
weight and medicines taken before or during hospitalization did not affect the occurrence of hypoglycaemia.
In both subgroups of diabetic patients, the first episode of hypoglycaemia during CIVII occurred at similar
time point. In type 1 diabetes, the first hypoglycaemia
was noted at 1.4 ± 0.9 days of infusion and in type 2
diabetes — at 1.6 ± 0.7 days.
In the group of type 1 diabetic patients, those
in whom hypoglycaemia occurred during CIVII were
different from those who did not experience this complications in terms of the time from the diagnosis of
diabetes (14.4 ± 10.4 vs. 6.8 ± 5.6 years, respectively;
p < 0.01), but were not different in terms of the duration
of intravenous infusion of insulin (2.5 ± 0.8 vs. 3.0 ±
± 2.1 days), total daily insulin dose (42 ± 16 vs. 49 ±
± 23 U/day), daily insulin dose per kg of body weight
(0.60 ± 0.16 vs. 0.66 ± 0.26 U/day/kg) as well as in terms
of age (39.8 ± 15.2 vs. 35.2 ± 12.9 years), body weight
(69.0 ± 9.0 vs. 17.5 ± 17.3 kg) and BMI (24.2 ± 3.6 vs.
25.8 ± 5.1 kg/m2); although a trend toward lower body
mass was observed in the group with hypoglycaemia.
In the multiple regression model with hypoglycaemia as a dependent variable and the age, time from
diagnosis of diabetes, BMI, HbA1c, plasma creatinine
and daily insulin dose per kg of body weight as inde-
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pendent variables, the duration of diabetes was the
significant risk factor for hypoglycaemia (regression
coefficient B = 0.398; p < 0.05).
Unlike patients with type 1 diabetes, the patient
with type 2 diabetes who had hypoglycaemia did not
differ significantly from those who did not experience
this complication in terms of the time from the diagnosis of diabetes (10.4 ± 9.1 vs. 10.1 ± 8.3 years),
duration of intravenous infusion of insulin (2.2 ± 0.7
vs. 2.3 ± 0.8 days), age (62.2 ± 13.7 vs. 60.5 ± 11.8),
body weight (79.3 ± 19.1 vs. 86.7 ± 19.6 kg) and BMI
(29.6 ± 6.6 vs. 31.3 ± 6.1 kg/m2). Significant differences were, however, observed in total daily dose of
insulin (45 ± 14 vs. 58 ± 22 U/day; p < 0.001) and
daily insulin dose per kg of body weight (0.56 ± 0.11
vs. 0.69 ± 0 27 U/day/kg; p < 0.01), which indicates
that people who experienced hypoglycaemia required
lower doses of insulin. Also in type 2 diabetes patient,
there is a noticeable trend towards lower body mass
(more precisely — being less overweight) in the group
of patients in whom hypoglycaemia had occurred.
Multiple regression model with hypoglycaemia as
a dependent variable and age, the time from diagnosis
of diabetes, BMI, HbA1c, plasma creatinine and daily
insulin dose per kg of body weight as independent
variables showed that the daily insulin dose per kg of
body weight was a significant risk factor (B = –0.23;
p < 0.05) for hypoglycaemia.

Discussion
Hypoglycaemia is a common health problem in
diabetic patients, especially those treated with insulin
[9]. Nowadays, hypoglycaemia is considered as a particularly unfavourable event in the course of diabetes
treatment [4, 6]. Its occurrence has been associated
with the treatment of diabetes since the introduction
of insulin, almost 100 years ago, and until recently it
has been considered as an inevitable part of diabetes
therapy.
The fundamental reason of frequent occurrence
of hypoglycaemia is very narrow therapeutic index of
insulin. This means that the difference between the
therapeutic dose of insulin and its harmful dose — that
is, causing hypoglycaemia — is very small. This in turn
is due to the fact that targets for glycaemic control in
diabetic patients are very close to diagnostic threshold
for hypoglycaemia, which is now set at < 70 mg/dL
[4]. This value was announced only in 2014; whereas
at the time when the study was conducted the recommended threshold for the diagnosis of hypoglycaemia
was < 60 mg/dL.
There are many reasons to avoid hypoglycaemia
as much as possible. It affects unfavourably the car-

diovascular and central nervous systems. Even mild
hypoglycaemic episodes, if they are frequent, can lead
to significant intellectual disability, especially in the
elderly [10–12]. Indirect evidence of the nature of the
hypoglycaemic problem is the fact that all new medications introduced in the last decade (incretins, SGLT-2
inhibitors) do not pose the risk of hypoglycaemia due
to their mechanism of action [6], and all new insulin
preparations (e.g. insulin glargine, degludec) are characterized by a lower risk of hypoglycaemia than the
insulins used so far.
The way to reduce the risk of hypoglycaemia is to
identify the factors leading to its increase and avoid
them. Therefore, the aim of this study is to identify
these factors, focusing on patients treated with intravenous insulin infusion in hospital setting, because in this
group of patients the risk of developing hypoglycaemia
is the greatest and its consequences may be the most
dangerous. Obviously, the population of hospitalized
patients is different from the outpatients, but it cannot be ruled out that those who have hypoglycaemia
during hospitalization are also at risk of this complication outside the hospital. Given the impact of physical
activity on the risk of hypoglycaemia and the fact that
during hospitalization, the physical activity is low, the
risk factors for hypoglycaemia should be even more
important outside the hospital, where physical activity
may additionally decrease blood glucose. Monitoring
the risk of hypoglycaemia in hospital setting where insulin can be administered intravenously also allowed for
a more direct assessment of hypoglycaemia, because
insulin was injected immediately into circulating blood
and a significant barrier to its action (i.e. the need to
absorb insulin from subcutaneous tissue into the blood)
was eliminated.
The intravenous administration of insulin is the
most effective method of treating hyperglycaemia,
because a reduction in glycaemia is achieved in all
patients [7, 13]. In addition, the intravenous infusion
of insulin allows for precise regulation of the drug
supply — the half-time of insulin molecule is several
minutes, and in the case of hypoglycaemia, intravenous
infusion allows for immediate stoppage of progressive
decrease in glycaemia. Therefore — paradoxically — the
most effective method of lowering glycaemia is also the
safest. The intravenous insulin infusion is a commonly
used method in hospital settings [14]. In patients hospitalized for acute diabetic complications characterized
by hyperglycaemia (ketoacidosis, hyperosmolar state,
lactic acidosis) and other severe conditions associated
with rapid increase in blood glucose, this is a treatment of choice [15–17]. However, this method is also
commonly used in chronic decompensation of diabetes
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— as in patients taking part in this study. The intravenous insulin infusion not only provides desired degree
of metabolic control of diabetes, but also allows for
determination of, for example, insulin requirement per
day, at meal times and at night. It is quite often used
for this purpose in diabetic patients. It can be safe,
provided that the risk of hypoglycaemia is minimalized, especially considering that the aim of intravenous
insulin therapy is to prevent both significant hyperglycaemia and hypoglycaemic episodes. One of the basic
methods of avoiding specific events is to identify risk
factors for their occurrence. Therefore, determining
what is the profile of patients that are most likely to
have hypoglycaemia during intravenous insulin therapy
is critical to reducing the risk of developing this acute
complication of glucose-lowering treatment.
In hospital conditions, the intravenous infusion
of insulin, its flow rate and duration is defined by
physicians, but the preparation for insulin infusion, its
administration and adjustment during administration
are among the tasks of the nursing staff [18, 19]. This
was one of the basic prerequisites for this study. It can
be assumed that if a nurse who prepares an infusion
of insulin and connects the infusion set to a patient is
aware that a given patient is at increased risk of hypoglycaemia, she or he may monitor the intravenous
insulin infusion more carefully and give the patient
maximum attention, which would undoubtedly help to
reduce the risk of hypoglycaemia. For this reason, the
results of the study are of great practical importance.
The study showed that the highest risk for hypoglycaemia was observed in patients with type 1 diabetes,
especially those who have had diabetes for more than
10 years. This is not an unexpected observation. In type 1
diabetes, insulin resistance, or disturbed insulin action, is
not an issue; therefore, the effect of insulin is very directly
proportional to the dose and very easy to measure. In
patients with long-lasting type 1 diabetes, also the endogenous glucagon production is impaired, hence their ability
to defend against hypoglycaemia is very limited [20, 21].
Interestingly, no association was found between
the occurrence of hypoglycaemia and factors such as
the degree of decompensation of diabetes, coexistence
of vascular complications, renal disease, gastrointestinal and cardiovascular diseases, the amount of insulin
administered per body weight or drugs used. This
means that intravenous infusion of insulin by skilled and
experienced nursing stuff (such as the nurses employed
in a specialist hospital where the study was conducted)
effectively eliminates the risk of hypoglycaemia in situations where the risk is particularly high, e.g. in renal
failure. However, the professional qualifications and
experience of the staff is not sufficient to offset the
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effects of long-term type 1 diabetes or type 1 diabetes
in general. In this type of diabetes, hypoglycaemia was
more than twice as common as in type 2 diabetes.
The study found that the first episode of hypoglycaemia occurred most often in the second day of
intravenous infusion, both in patients with type 1 and
type 2 diabetes. This is easily explained by the fact that
the basic principle of insulin therapy, regardless of the
route of administration, is to start with small doses
and gradually increase them. In the second day of the
infusion, the insulin dose was already higher, and the
glycaemic values were lower than the first, hence the
patients were more likely to have hypoglycaemia. This
also means that special attention should be paid in
the second day of intravenous insulin therapy, when
hypoglycaemia is most prevalent.
The greatest value of the study is, however, the
identification of the most significant risk factors for
the occurrence of hypoglycaemic episodes during CIVII.
In patients with type 1 diabetes this is a long-term
duration of diabetes, and in type 2 diabetes — relative
insulin sensitivity, in other words, less insulin resistance.
Similar conclusions can be found in recently
published papers and recommendations describing
the pathophysiology, prevention and management
of hypoglycaemia [18, 22–27]. Clinical practice also
indicates that patients who have had type 1 diabetes
for more than 10 years are at the highest risk for hypoglycaemia. However, most of publications primarily
focus on outpatient treatment, and hypoglycaemia in
the context of hospitalization is most often related to
patients admitted to hospital due to severe hypoglycaemia (associated with loss of consciousness) or development of hypoglycaemia in hospitalized critically-ill
patients. In the latter group, hypoglycaemic episodes
indicate poor prognosis and are a symptom of progressive multi-organ failure. Our study included patients in
good general condition who have had poorly glycaemic
control for a long time (mean HbA1c was approximately
10%) and who were scheduled to reduce glycaemia by
administering insulin intravenously for 1–3 days. This
type of treatment is rarely studied in the literature for
the risk of hypoglycaemia. In this context, the reliable identification of risk factors, also in the multiple
regression model, offers the possibility of introducing
such protocols for intravenous infusion of insulin that
minimize the risk of developing hypoglycaemia.
In conclusion, the study showed that intravenous
insulin therapy in patients with chronically decompensated diabetes mellitus is associated with hypoglycaemia in 50% of patients with type 1 diabetes
and in every fifth patient with type 2 diabetes. Among
type 1 diabetes patients, those with long-term disease
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duration are most likely to suffer from hypoglycaemia,
whereas in patients with type 2 diabetes the risk of
hypoglycaemia is significantly higher among those with
lower degree of insulin resistance. In order to prevent
the hypoglycaemic episodes during intravenous insulin infusion, physicians and nurses using intravenous
insulin therapy should closely monitor the patients
undergoing intravenous treatment, particularly type
1 diabetes patients with long-term diabetes duration
and patients with type 2 diabetes with a low degree
of overweight and/or low daily insulin requirement, i.e.
clinical features of low insulin resistance.
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