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Abstract

Hypoglycemia is common among hospitalized patients with diabetes mellitus (DM), and is associated with increased mor-
bidity and mortality. Identify pre-admission risk factors associated with in-hospital hypoglycemia. Historical prospectively
collected data of adult DM patients hospitalized to medical wards between 2011 and 2013. Hypoglycemia and serious hypo-
glycemia were defined as at least one blood glucose measurement < 70 and < 54 mg/dl, respectively, during hospitalization.
The primary outcome was in-hospital hypoglycemia. The cohort included 5301 patients (mean age 73 + 13 years, 51% male),
including 792 patients (15%) with hypoglycemia, among them 392 patients (7%) with serious hypoglycemia. Patients with
hypoglycemia or serious hypoglycemia during hospitalization were older, compared to patients without hypoglycemia and
more likely to have chronic renal failure and cerebrovascular disease. Malignancy and female gender were risk factors for
hypoglycemia, but not for serious hypoglycemia, while congestive heart failure was associated with increased risk only for
serious hypoglycemia. Diabetes mellitus’ duration over 10 years was associated with an almost threefold increased risk for
hypoglycemia, compared to DM duration less than a year. Insulin treatment and glycated hemoglobin > 9% were also more
common in patients with hypoglycemia. Insulin treatment was associated with a fourfold increase in the risk for hypogly-
cemia among all glycated hemoglobin categories. Our results identified several risk factors for in-hospital hypoglycemia in
patients with DM. These findings may lead to appropriate monitoring and early intervention to prevent hypoglycemia and
to reduce morbidity and mortality associated with in-hospital hypoglycemia.
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Introduction the poor definition of hypoglycemia. While in previous

guidelines published by the American Diabetes Association

Hypoglycemia is not uncommon in hospitalized patients
with diabetes mellitus (DM), with an incidence ranging
between less than 1% and over 32% [1-9]. This wide range
of incidence rates in different studies probably stems from
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in-hospital hypoglycemia was defined as any blood glucose
level below 70 mg/dl [10], in the current guidelines from
the International Hypoglycaemia Study Group, serious,
clinically significant hypoglycemia (serious hypoglycemia)
is now defined as glucose < 54 mg/dl, while glucose alert
value is defined as < 70 mg/dl, and can be important for
adjustment of glucose lowering drugs [11].

Hypoglycemia is a major limiting factor in achieving
optimal glycemic control in patients with DM, with solid
evidence indicating that intensive insulin therapy leads to
more episodes of hypoglycemia [12—-15]. Many factors may
contribute to development of hypoglycemia in admitted
patients, including poor nutrition, renal failure, heart fail-
ure, advanced liver disease, advance age, infections, and the
intensity of treatment regimen [16-19].
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We have previously reported increased short- and long-
term mortality in patients with spontaneous and insulin-
related hypoglycemia in hospitalized patients [8]. One of
the most critical components of DM management includes
prevention of hypoglycemia, thus, while our previous study
focused on the detrimental effects of in-hospital hypogly-
cemia, in the current study we aim to take a step back and
identify predictors and risk factors for in-hospital hypogly-
cemia in patients with DM.

Methods

The study was conducted at a large 1300-bed university-
affiliated tertiary medical center. The vast majority of admis-
sions to the ten medical wards are through an emergency
department. All patient data are recorded in electronic medi-
cal charts, based on the same database platform used in the
community primary care facilities.

The study was approved by the hospital’s Institutional
Review Board.

For the present study, historical prospectively collected
observational data were extracted from the medical records
of all patients with DM, admitted for any cause to the hospi-
tal’s medical wards between January 1, 2011 and December
31, 2013. Self-reported data regarding alcohol use, smoking
and body mass index (BMI), as well as comorbidities were
also collected from the database.

Diabetes mellitus was defined as a previous diagnosis of
DM coded in the medical records or use of any oral hypo-
glycemic agent, glucagon-like peptide 1 (GLP-1) agonist,
or insulin at time of admission. Blood glucose values were
based on point-of-care bedside measurements in capillary
blood as well as serum glucose levels in venous samples.
We excluded patients with no glucose measurement during
the hospitalization or recorded glycated hemoglobin levels
in the year prior to the index admission. Hypoglycemia was
defined as at least one blood glucose measurement < 70 mg/
dl, with serious hypoglycemia defined as values < 54 mg/dl
during the hospitalization.

Our aim is to identify pre-admission risk factors for in-
hospital hypoglycemia and serious hypoglycemia in patients
with DM, including age, gender, BMI, comorbidities, glyce-
mic control based on glycated hemoglobin, drug treatment
and duration of DM.

Statistical analysis

The statistical analysis for this paper was generated using
SAS Software, Version 9.4.

Continuous variables were presented by mean + SD, cat-
egorical variables were presented by (N, %). Odds ratios, for
testing the univariate predictive value of all study covariates,
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were calculated by logistic regression. Logistic regression
was also used for multivariate models. Two sided p values
less than 0.05 were considered statistically significant.

Results
Study cohort

After exclusion of patients without DM, repeat admissions,
patients with no glucose measurements during the hospi-
talization or available glycated hemoglobin levels during
the year prior to admission, the study cohort includes 5301
patients with DM; 2708 (51%) were male, and mean age was
73 years (range 18—103 years).

Data on DM type were available for 4984 of the 5301
patients with DM: 45 (0.9%) had type 1 and 4635 (93%) had
type 2. In the remainder, type 2 DM was likely in most cases
but this could not be confirmed. Due to the small number of
patients with type 1 DM, we did not analyze the data specifi-
cally in this population.

DM duration data were available for 4715 patients (89%).
In the entire study cohort, the mean + SD duration of DM
was 12 + 11 years, and most patients had DM for over
10 years (2509 patients, 53%). The mean glycated hemo-
globin levels in the year prior to admission were 7.6 + 2%,
including 2223 patients (42%) with glycated hemo-
globin < 7%, 2220 patients (42%) with glycated hemoglobin
7-9% and 858 patients (16%) with values > 9%. A similar
rate of patients were insulin-treated (2190 patients, 41%) or
treated by non-insulin glucose lowering medication (2343
patients, 44%) before the admission, while only a minority
(758 patients, 14%) was not treated medically for DM. Long-
acting basal insulin (insulin glargine or insulin detemir) was
the most common insulin treatment in our cohort (74%),
including basal-only (38%) or basal-bolus (34%) regimen.
Pre-mixed insulin preparations were used by 20% of the
patients. Pre-hospitalization metformin monotherapy was
the most common non-insulin treatment (61%), followed
by the combination of metformin with another non-insulin
treatment (16%). Sulfonylurea or repaglinide was used in
less than 1% of patients.

A total of 792 patients (15%) had at least one blood
glucose value < 70 mg/dl (hypoglycemia), including 379
patients (7%) with at least one glucose value < 54 mg/dl
(serious hypoglycemia).

The most common discharge diagnoses in the entire
cohort were diseases of the circulatory system (1789
patients, 34%) and infectious diseases (1189 patients, 22%).
Compared to patients without hypoglycemia, in patients
with hypoglycemia the reported admission rate for infec-
tious diseases was higher (26 vs. 22%), as for diseases of the
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genitourinary system (9 vs. 6%), and endocrine, nutritional
and metabolic diseases (10 vs. 5%).

Patients with in-hospital hypoglycemia or serious hypo-
glycemia during the hospitalization were older (mean age
74 + 14 and 75 + 13, respectively) compared to patients
without hypoglycemia (72 + 12 years). While in the group
of patients with hypoglycemia there was a significant gender
difference with female preponderance (52 vs. 48%), this dif-
ference was not evident in the group of patients with serious
hypoglycemia. Patients with hypoglycemia or serious hypo-
glycemia were more likely to have chronic renal failure and
cerebrovascular disease compared to those without hypogly-
cemia. Insulin treatment was more common in patients with
hypoglycemia (68 vs. 37%, p < 0.001) or serious hypoglyce-
mia (71 vs. 39%, p < 0.001). Compared to patients without
hypoglycemia, basal-only (15 vs. 8%) and basal-bolus (19
vs. 8%) insulin regimens were more common among patients
with hypoglycemia. Significant findings were evident with
serious hypoglycemia, compared to patients without serious
hypoglycemia (15 vs. 8% and 21 vs. 9%, respectively).

There was no difference in hypoglycemia rate between
patients with non-insulin treatment for DM compared to
non-medically treated patients. Malignancy was significantly
more common in patients with hypoglycemia compared to
patients without hypoglycemia (16 vs. 13%), while conges-
tive heart failure was more common only in the group of
patients with serious hypoglycemia, compared to those with-
out serious hypoglycemia (21 vs. 15%). The adjusted odds
ratios for the association of each characteristic with hypogly-
cemia or serious hypoglycemia are shown in Table 1.

Corticosteroid treatment prior to the hospitalization
was similar among patients with and without hypoglyce-
mia or serious hypoglycemia. During the hospitalization,
dose reduction or treatment discontinuation was recorded
in 28 patients, including three patients with hypoglycemia,
but not in the group of patients with serious hypoglycemia.
New corticosteroid treatment was recorded in a total of 434
patients, more frequently among patients with hypoglycemia
(12 vs. 7%) or serious hypoglycemia (12 vs. 8%), compared
to patients without hypoglycemia.

The mean DM duration was significantly longer in
the group of patients with hypoglycemia (15 + 11 vs.
12 + 10 years, p < 0.001) or serious hypoglycemia (15 + 11
vs. 12 + 11 years). In patients with shorter duration of DM
the risks for hypoglycemia or serious hypoglycemia were
lower (DM duration > 10 vs. < 1 year: OR 2.76, 95% CI
1.75-4.35 and OR 3.86, 95% CI 1.80-8.27, respectively).

Glycated hemoglobin and DM treatment
Analysis of the interaction between hypoglycemia, glycated

hemoglobin and treatment for DM indicated a significant
interaction (p < 0.05), thus we analyzed the data separately

according to glycated hemoglobin levels and DM treatment.
The interaction between insulin treatment, comorbidities and
in-hospital hypoglycemia was evident with glycated hemo-
globin of < 7% (p < 0.0001), 7-9% (p < 0.0001), and < 9%
(p = 0.003).

The mean glycated hemoglobin was higher in patients
with hypoglycemia (7.8 + 2.0) and serious hypoglycemia
(7.9 + 2.0), compared to patients without hypoglycemia or
serious hypoglycemia (7.5 + 2.0 and 7.6 + 2.0, respectively,
p < 0.01 for both comparisons). Glycated hemoglobin above
9% was more common in the group of patients with hypo-
glycemia (20 vs. 15%). (Table 2, Fig. 1).

While most patients with glycated hemoglobin < 7%
were treated with a non-insulin glucose lowering drug,
most patients with glycated hemoglobin > 9% were
insulin-treated.

Compared to no medical treatment for DM, the risk for
hypoglycemia associated with insulin treatment was greater
in patients with better glycemic control—sixfold increase for
hypoglycemia risk in patients with well-controlled DM (gly-
cated hemoglobin < 7%), while in those with uncontrolled
DM (glycated hemoglobin > 9%) insulin treatment was not
associated with increased risk for hypoglycemia. However,
compared to non-insulin glucose lowering treatment, the risk
for hypoglycemia was increased by fourfold in all glycated
hemoglobin categories (Tables 2a, 3).

Similarly, the risk for serious hypoglycemia with insulin
treatment, compared to no medical treatment, was greater
in patients with better glycemic control. In patients with
glycated hemoglobin > 9%, the only significant difference
in the risk for serious hypoglycemia according to treatment
was evident with insulin treatment compared to non-insulin
glucose lowering treatment (Tables 2b, 3).

Discussion

Hypoglycemia is a major complication in the treatment of
patients with DM, and hospitalization is associated with an
increased risk for this common event. Following our recent
study demonstrating increased mortality rate in patients with
in-hospital hypoglycemia [8], in this study we aim to iden-
tify pre-admission risk factors and predictors of in-hospital
hypoglycemia.

While previous studies report varying rates of hypoglyce-
mia [1-9], mainly due to differences in patients characteris-
tics and in the definition of hypoglycemia, our study is based
on the recent American Diabetes Association guidelines’
definitions of hypoglycemia (< 70 mg/dl) and serious, clini-
cally significant hypoglycemia (< 54 mg/dl) [11]. We have
completed a separate analysis of the risk for hypoglycemia
and for serious hypoglycemia. Globally, 15% of the patients
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Table 1 Baseline characteristics of patients with and without hypoglycemia

Patients with hypoglycemia (n = 792)

Patients without hypoglycemia

Adjusted odds ratio (95% CI)

(n =4509)

(a)

Patient characteristics
Age, mean =+ SD, years (median) 74 + 14 (76) 72 + 12 (74) 1.01 (1.01-1.02)*
Female, n (%) 412 (52%) 2181 (48%) 1.31 (1.1-1.60)*
Smoking (%) 82 (12%) (missing 120) 483 (12%) (missing 545) 1.006 (0.72-1.41)
Alcohol (%) 7 (1%) (missing 132) 38 (1%) (missing 597) 1.09 (0.49-2.46)
BMI, median 27+6 29+6 0.97 (0.95-0.98)*
Pre-hospitalization corticosteroid treatment, n 59 (7%) 307 (7%) 1.1 (0.8-1.4)

(%)

Comorbidities, n (%)
Malignancy 127 (16%) 570 (13%) 1.43 (1.10-1.90)*
Hypertension 557 (70%) 3312 (69%) 1.20 (0.94-1.50)
Ischemic heart disease 292 (37%) 1623 (36%) 0.91 (0.73-1.14)
Congestive heart failure 153 (19%) 650 (14%) 1.30 (0.97-1.72)
Chronic renal failure 178 (22%) 666 (15%) 1.42 (1.10-1.85)*
Cerebrovascular disease 148 (19%) 653 (15%) 1.33 (1.02-1.73)*
Liver failure 5 (1%) 63 (1%) 0.36 (0.08-1.53)

Diabetes parameters
Diabetes duration, years, mean + SD (median)
HbAIc, mean + SD (median)
Insulin treatment
Non-insulin glucose lowering treatment

No glucose lowering treatment

15 + 11 (11) (missing 101)
7.8 +2.0(7.4)

542 (68%)

187 (24%)

63 (8%)

12 + 11 (10) (missing 485)

75+2.0(7.1)
1648 (37%)
2156 (48%)
705 (16%)

1.03 (1.02-1.03)*
1.06 (1.02-1.10)*
3.94 (3.11-4.98)
0.99 (0.67-1.47)

Patients with serious hypoglycemia
(n=379)

Patients without serious hypo-

glycemia (n = 4922)

Adjusted odds ratio (95% CI)

(b)
Patient characteristics
Age, mean + SD, years (median)
Female, n (%)
Smoking (%)
Alcohol (%)
BMI, median
Pre-hospitalization corticosteroid treatment, n
(%)
Comorbidities, n (%)
Malignancy
Hypertension
Ischemic heart disease
Congestive heart failure
Chronic renal failure
Cerebrovascular disease
Liver failure
Diabetes parameters
Diabetes duration, years, mean + SD (median)
HbAlc, mean + SD (median)
Insulin treatment
Non-insulin glucose lowering treatment

No glucose lowering treatment

75 + 13 (76)

199 (53%)

40 (12%) (missing 56)
5 (2%) (missing 61)
27+6

30 (8%)

61 (16%)
262 (69%)
142 (37%)
80 (21%)
91 (24%)
71 (19%)
3(1%)

15 + 11 (11) (missing 101)
7.9 +2.0(7.6)

270 (711%)

83 (22%)

26 (7%)

72 + 13 (74)
2394 (49%)

525 (12%) (missing 609)
40 (1%) (missing 668)

28+ 6
336 (1%)

636 (13%)
3427 (70%)
1773 (36%)
723 (15%)
753 (15%)
730 (15%)
61 (1%)

12 + 11 (10) (missing 485)

7.6 +2.0(7.2)
1920 (39%)
2260 (46%)
742 (15%)

1.01 (1.01-1.03)*
1.22 (0.92-1.61)
0.95 (0.60-1.50)
1.68 (0.66-4.29)
0.95 (0.92-0.98)*
1.2 (0.8-1.8)

1.30 (0.90-1.92)
0.96 (0.70-1.30)
0.88 (0.66-1.19)
1.53 (1.10-2.20)*
1.42 (1.02-1.99)*
1.43 (1.01-2.01)*
0.36 (0.08-1.53)

1.02 (1.01-1.03)*
1.06 (1.02-1.11)*
4.13 (2.97-5.76)*
0.92 (0.51-1.64)

Baseline characteristics, comorbidities and odds ratios of patients with and without hypoglycemia (a) patients with and without hypoglycemia,

(b) patients with and without serious hypoglycemia

*p < 0.05

#Compared to no glucose lowering treatment
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Table 2 Hypoglycemia according to glycated hemoglobin and DM treatment

Patients with hypoglycemia

Patients without hypoglycemia

HbAlc <7%  HbAlc7-9%  HbAlc>9% HbAlc<7% HbAlc7-9%  HbAlc> 9%

(@
Patients, n (%) 285 (36%) 348 (44%) 159 (20%) 1938 (43%) 1872 (42%) 699 (15%)
In-hospital hypoglycemia compared to - 1.3 (1.1-1.5) 1.6 (1.3-1.9) - - -
HbAlc < 7% OR (95% CI)
Insulin treatment 145 (51%) 262 (75%) 135 (85%) 388 (20%) 749 (40%) 511 (73%)
Non-insulin glucose lowering treatment 105 (37%) 65 (19%) 17 (11%) 1098 (57%) 905 (48%) 153 (22%)
No glucose lowering treatment 35 (12%) 21 (6%) 7 (4%) 452 (23%) 218 (12%) 35 (5%)
Patients with serious hypoglycemia Patients without serious hypoglycemia
HbAlc<7%  HbAlc7-9% HbAlc>9% HbAlc<7% HbAIc7-9%  HbAlc>9%
(b)
Patients, n (%) 135 (36%) 161 (43%) 83 (22%) 2088 (42%) 2059 (42%) 775 (16%)
In-hospital hypoglycemia compared to - 1.2 (1.0-1.5) 1.7 (1.3-2.2) - - -
HbAlc < 7% OR (95% CI)
Insulin treatment 74 (54%) 126 (78%) 70 (84%) 459 (22%) 885 (43%) 576 (74%)
Non-insulin glucose lowering treatment 46 (34%) 26 (16%) 11 (13%) 1157 (55%) 944 (46%) 159 (21%)
No glucose lowering treatment 15 (11%) 9 (6%) 2 (2%) 472 (23%) 230 (11%) 40 (5%)

(a) Patients with and without hypoglycemia, (b) patients with and without serious hypoglycemia

p < 0.05

Patients with Hypoglycemia

m Insulin Treatment

® Non-Insulin Glucose
Lowering Treatment

No Glucose Lowering
Treatment

HbAlc<7% HbAlc 7-9% HbAlc > 9%

Patients with Clinically Significant Hypoglycemia

m Insulin Treatment

® Non-Insulin Glucose
Lowering Treatment

No Glucose Lowering
Treatment

HbAlc<7% HbAlc 7-9% HbAlc>9%

r 90%
- 80%
- 70%
r 60%
r 50%
- 40%
r 30%
F20%
- 10%

0%

r 90%
- 80%
- 70%
r 60%
- 50%
- 40%
r 30%
- 20%
- 10%

0%

Patients without Hypoglycemia

r 80%
r 70%

m Insulin Treatment r 60%

r 50%

= Non-Insulin Glucose Lowering L 40%
Treatment

. r 30%
No Glucose Lowering ?
Treatment r 20%

r 10%
0%

HbAlc<7% HbAlc7-9% HbAlc>9%

Patients without Clinically Significant Hypoglycemia

r 80%
r 70%

m Insulin Treatment r 60%

r 50%

® Non-Insulin Glucose Lowering L 40%
Treatment

. r 30%
No Glucose Lowering 0%

Treatment r 20%
r 10%
0%

HbAlc<7% HbAlc7-9% HbAlc>9%

Fig.1 DM treatment according to glycated hemoglobin. a Patients with hypoglycemia, b patients without hypoglycemia, ¢ patients with serious

hypoglycemia and d patients without serious hypoglycemia

in our cohort experienced hypoglycemia, and 7% experi-

enced serious hypoglycemia.

Our results identify several risk factors for in-hospital

hypoglycemia and serious, hypoglycemia in patients with

DM. These include age, BMI, chronic renal failure, cere-
brovascular disease, duration of diabetes, glycated hemo-
globin in the year prior to admission and insulin treatment.
Malignancy and female gender are identified as risk factors
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Table 3 Risk of hypoglycemia according to glycated hemoglobin and DM treatment

@ Springer

Patients without hypoglycemia

Patients with hypoglycemia

HbAlc > 9%

HbAlc 7-9% HbAlc > 9% HbAlc < 7% HbAlc 7-9%

HbAlc < 7%

Insulin treatment vs. no glucose lowering treatment

2.4 (0.6-10.3)
3.0 (0.4-23.8)

5.1(2.9-9.0 3.6 (1.8-7.3)
3.9 (1.5-9.9)

6.1 (3.0-7.5)

1.3 (0.6-3.0)
0.9 (0.3-2.7)

3.6 (2.3-5.8)

Unadjusted model 4.8 (3.3-7.2)

3.6 (1.9-6.8)

6.0 (3.6-10.1)
Insulin treatment vs. non-insulin glucose lowering treatment

Adjusted model

1.8 (0.9-3.4)
7.1 (1.7-30.4)

4.1 (2.8-6.0) 5.2(3.4-8.0)
4.1 (2.4-6.8)

4.5(2.7-1.5)

24 (14-4.1)
4.1(1.8-9.3)

4.9 (3.7-6.5)

Unadjusted model 3.9 (3.0-5.2)

4.3 (3.0-6.3)

4.2 (2.9-6.1)
No glucose lowering treatment vs. non-insulin glucose lowering treatment

Adjusted model

0.7 (0.2-3.4)

1.8 (0.7-4.7) 0.8 (0.4-1.5) 1.4 (0.7-3.1)

4.4(1.2-15.8)

1.3 (0.8-2.2)
1.2 (0.6-2.4)

Unadjusted model 0.8 (0.5-1.2)

Adjusted model

2.4 (0.2-28.1)

1.1 (0.4-2.9)

0.7 (0.4-1.6)

0.7 (0.4-1.2)

Hypoglycemia risk (odds ratio, 95% CI), with different glycated hemoglobin levels, according to insulin treatment, non-insulin glucose lowering treatment, or without drug treatment for DM

for hypoglycemia, but not for serious hypoglycemia, while
congestive heart failure is associated with increased risk
only for serious hypoglycemia. While this is not the first
study to identify predictors of hypoglycemia in hospitalized
patients [2—4], our study is novel in that it was based on the
new hypoglycemia definitions by the American Diabetes
Association, and investigated separately the predictors for
hypoglycemia (< 70 mg/dl) and serious, clinically signifi-
cant hypoglycemia (< 54 mg/dl). Furthermore, as our data
indicates, a significant interaction between hypoglycemia,
glycated hemoglobin and the type of treatment for DM, we
analyzed the data according to these variables. As there is a
clear difference in the risk for hypoglycemia in patients with
well-controlled DM without drug treatment, compared to
patients with well-controlled DM using insulin treatment,
this analysis has important clinical implications.

In accordance with previous studies that have reported
increased risk for hypoglycemia in older patients, our results
indicate an 11% increase in the risk for hypoglycemia for
each additional decade of age. This increase in risk with age
may be related to polypharmacy, reduced drug clearance
and slow counter-regulatory response in the elderly [3, 20].

Similar to previous reports and not surprisingly, our data
clearly indicate increased risk for in-hospital hypoglycemia
in insulin-treated patients [4, 7]. This may be related to fail-
ure to take into account important factors in the treatment
of hospitalized patients with DM, including poor/different
nutrition, renal and hepatic failure, advanced age, or hospi-
talization for infectious diseases, and adjusting the treatment
accordingly [16—19]. In this context, the possible interaction
of antimicrobial drugs that favors hypoglycemia should be
considered, given the association between in-hospital hypo-
glycemia and both infections and diseases of genitourinary
system. Reduced renal function was also reported previously
as a risk factor for in-hospital hypoglycemia, and may be
attributed to impaired gluconeogenesis and glycogenolysis,
as well as impaired renal insulin degradation and clearance
[3, 21-23]. We assume these mechanisms also apply in the
possible association between congestive heart failure and
serious hypoglycemia, though there is limited data on this
matter. Cerebrovascular disease may lead to increased risk
for hypoglycemia due to poor nutrition or cognitive impair-
ment following the acute insult. The objective of our study
is identification of pre-admission risk markers for in-hospital
hypoglycemia, but it must be noted that a pre-existing char-
acteristic may interact with other occurring events during the
hospitalization in a sort of causal pathway, such as develop-
ment of malnutrition, renal or liver failure.

Borzi et al. report that hypoglycemia is more frequent
among patients with cognitive dysfunction, and this is an
independent predictor of hypoglycemia [3]. Similarly, many
of these factors, including poor nutrition, renal failure, heart
failure, advanced liver disease, advance age, or infections,
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may contribute to development of hypoglycemia in the hos-
pital setting even in patients without any drug treatments
for DM, providing an explanation for the hypoglycemia
episodes evident in a significant portion of patients with no
glucose lowering treatment in our study [16—19].

There are several possible explanations for the association
between BMI and in-hospital hypoglycemia in our study.
First, certain comorbidities, such as malignancy, renal or
liver failure, malnutrition, and others, may lead to weight
loss, as well as to increased risk for hypoglycemia. Further-
more, the increased in-hospital hypoglycemia risk in the
lowest BMI category may be related to maltreatment, poor
glycemic control, or poor health conditions [24]. Jackson
et al. report that individuals with poorly controlled new-
onset DM may have low BMI due to advanced disease state.
During the treatment titration period, high glucose variabil-
ity and increased risk for hypoglycemia may be expected.

Our study shows an interaction between insulin treatment,
comorbidities and in-hospital hypoglycemia, indicating that
insulin treatment per se, is associated with increased risk
for in-hospital hypoglycemia. It is possible that insulin has
a more important role in the cumulative risk for hypoglyce-
mia among patients with well-controlled glycemic control,
who may be more prone to insulin-induced hypoglycemia,
compared to patients with higher HbA 1c levels, in which it
is possible that comorbidities have a bigger part in the risk
for hypoglycemia.

Long-term DM is also associated with increased risk
of hypoglycemia, while in patients with DM of less than
10 years there is no increased risk. These findings are most
likely due to increased risk of microvascular and macrovas-
cular complications with long-term disease, loss of glucagon
response, hypoglycemia unawareness and more advanced
treatment.

The glycemic control of patients with hypoglycemia is
different from that of patients without hypoglycemia. Only
36% of patients with hypoglycemia have well-controlled
DM, compared to 43% of patients without hypoglycemia,
whereas glycated hemoglobin > 9% is more common in
patients with hypoglycemia. Analysis of the risk of hypogly-
cemia according to glycated hemoglobin and DM treatment
indicates that compared to no glucose lowering treatment,
insulin treatment is associated with a significant increased
risk (sixfold) in those with well-controlled DM, while the
increase is less pronounced (3.6-fold) with glycated hemo-
globin between 7 and 9% and insignificant in those with
glycated hemoglobin > 9%. However, compared to non-
insulin glucose lowering treatment, the increase in risk of
hypoglycemia with insulin treatment is fourfold in all gly-
cated hemoglobin categories. The possible explanation for
these finding is that in insulin-treated patients with glycated
hemoglobin < 7%, the treatment regimen and tight glycemic
control is associated with hypoglycemic episodes, while in

those with glycated hemoglobin > 9%, the glucose levels
are far above the cutoff used to define hypoglycemia. There
is no significant difference in the risk of hypoglycemia with
non-insulin glucose lowering medication, compared to non-
medically treated DM, other than in patients with glycated
hemoglobin > 9%. However, due to the small sample size of
the latter group, no firm conclusion can be made.

Our study has several limitations. First, the retrospective
design of the study, basing data regarding comorbidities
solely on the medical records and basing smoking and alco-
hol on self-report. Further limitation is that patients with
a prior history of hyperglycemia or hypoglycemia have a
greater chance of having their blood glucose measured more
often, with a higher probability of detecting hypoglycemia.
Data regarding previous hypoglycemia episodes and hypo-
glycemia unawareness, as well as diabetic autonomic neu-
ropathy, or possible development of hypoglycemia-associ-
ated autonomic failure with defective counter-regulatory and
autonomic responses to hypoglycaemia is another important
limitation.

Furthermore, the clinical presentation of hypoglycemia,
if at all present, was not recorded in the database, as well as
the critical problems associated or triggered by in-hospital
hypoglycaemia (such as increase in blood pressure, heart
rate, cardiovascular events).

The major strengths of our study are the large cohort
of patients admitted solely to medical wards, representing
real-life experience, as opposed to prospective randomized-
controlled studies in which patients undergo intensive moni-
toring and treatment adjustments. Our definitions are based
on the recent guidelines, with separate analysis of patients
with hypoglycemia and those with serious hypoglycemia.
We also present analysis of the risk of hypoglycemia accord-
ing to glycemic control and DM treatment.

In conclusion, our findings highlight several independ-
ent risk factors associated with in-hospital hypoglycemia
and serious hypoglycemia in patients with DM. The present
data analysis adds data to previous studies that investigated
predictors of in-hospital hypoglycemia and thus can be used
to identify hospitalized patients at the highest risk for hypo-
glycemia. These findings may lead to appropriate monitoring
and early intervention, resulting in reduction of morbidity
and mortality associated with in-hospital hypoglycemia.
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