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Abstract 

Background The risk factors for hypoglycemia during hospital admission and its consequences in patients with dia‑
betes are not entirely known. The present study aimed to investigate the risk factors for hypoglycemia, as well 
as the potential implications of hypoglycemia in patients with type 2 diabetes mellitus admitted to the hospital.

Methods This retrospective cohort study included 324 patients (214 [66.0%] men; median age 70 years, range 
34–95 years) with type 2 diabetes admitted to a university hospital who were consulted the Endocrinology Depart‑
ment for glycemic control during a 12‑month period. We investigated the potential role of demographic factors, 
metabolic factors, therapy, and comorbidities on the development of in‑hospital hypoglycemia. We explored 
the prognostic value of hypoglycemia on mortality (both in‑hospital and in the long‑term), hospital readmission 
in the following year, and metabolic control (HbA1c value) after discharge (median follow‑up, 886 days; range 
19–1255 days).

Results Hypoglycemia occurred in 154 (47.5%) patients during their hospitalization and was associated 
with advanced age, previous insulin therapy, higher Charlson Comorbidity Index, lower body mass index and lower 
baseline HbA1c values. Hypoglycemia was associated with greater in‑hospital and long‑term mortality, longer 
hospital stays, higher readmission rates, and poorer metabolic control after discharge. These negative consequences 
of hypoglycemia were more frequent in patients with severe (≤ 55 mg/dL) hypoglycemia and in patients who had 
hypoglycemia during a greater percentage of hospitalization days.

Conclusions Hypoglycemia during hospital admission is a marker of a poor prognosis in patients with type 2 
diabetes.

Keywords Type 2 diabetes, Hypoglycemia, Mortality, Prognosis

Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Diabetology &
Metabolic Syndrome

†Elías Delgado‑Álvarez and Edelmiro Menéndez Torre contributed equally to 
this work.

*Correspondence:
Tomás González‑Vidal
tomasgonvidal@gmail.com
Full list of author information is available at the end of the article

http://orcid.org/0009-0006-9147-1757
http://orcid.org/0000-0001-6114-9712
http://orcid.org/0000-0002-9548-7821
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13098-023-01212-9&domain=pdf


Page 2 of 9González‑Vidal et al. Diabetology & Metabolic Syndrome          (2023) 15:249 

Introduction
Hypoglycemia is defined as serum/plasma glucose val-
ues lower than 70  mg/dL, and its severity is classified 
according to the intensity of symptoms and blood glu-
cose levels [1]. Hypoglycemia is a potential complication 
of type 2 diabetes mellitus (T2DM) therapy. Hypoglyce-
mia is associated with higher morbidity and mortality 
[2]. Hence, preventing hypoglycemia is essential [3]. Sev-
eral antidiabetic agents now available for the treatment 
of T2DM have low risk of hypoglycemia [4]. However, 
except in carefully selected cases, there is a recommenda-
tion to avoid the routine use of these drugs in hospital-
ized patients, maintaining insulin as the tool to control 
hyperglycemia in that setting [5]. Given that insulin is the 
drug with the greatest risk of hypoglycemia [4] and con-
sidering the clinical instability of patients admitted to the 
hospital, glycemic targets are less strict in hospitalized 
patients [5].

Previous studies have investigated risk factors for hypo-
glycemia during hospitalization in addition to insulin 
treatment [6–10], although few studies have been specifi-
cally focused on patients with T2DM [7, 9]. These stud-
ies showed a greater risk of hypoglycemia in patients with 
additional comorbidities and in patients who received 
other drugs with hypoglycemia risk, such as sulfonylu-
reas [7–9]. However, these studies showed inconclusive 
results regarding the influence of glycemic control prior 
to admission on the appearance of hypoglycemia [6, 7]. 
Few studies have addressed the influence of antidiabetic 
drugs that are unlikely to produce hypoglycemia [11].

Although some studies have investigated the prognos-
tic value of hypoglycemia in hospitalized patients [8, 9, 
12–20], some have been performed on highly selected 
populations [8, 18–20]. In general, it is assumed that 
hypoglycemia predicts a longer hospital stay [9, 12–14, 
16, 17, 20] and a higher in-hospital mortality [8, 12–20]. 
After adjusting for covariates, particularly comorbidities 
[8, 12, 14–19], the association between hypoglycemia 
and mortality has not always been maintained [8, 17]. 
Thus, it is not clear whether hypoglycemia is a risk fac-
tor for mortality by itself or whether it is a merely marker 
of the severity of the patient’s situation. In some studies, 
mortality was only related to spontaneous hypoglycemia 
and not to that caused by hypoglycemic treatment [18]. 
Several of these studies included patients with and with-
out diabetes [8, 13, 15, 18, 19] and mixed patients with 
type 1 diabetes mellitus (T1DM) and T2DM [12, 14, 17]; 
two different diseases with different risk levels for hypo-
glycemia [21]. In studies that differentiated T1DM and 
T2DM [9, 16, 20], mortality in relation to hypoglycemia 
was lower in patients with T2DM than in those with 
T1DM [9, 16]. Few studies have investigated the poten-
tial relationship of hypoglycemia severity [12, 14, 15, 17] 

and frequency [14] with mortality. Furthermore, only a 
few studies have addressed the prognostic value of hypo-
glycemia during hospitalization for long-term mortal-
ity, with discordant results [8, 12, 14, 20]. Finally, to the 
best of our knowledge, no studies have been conducted 
to study the evolution of glycemic control at discharge of 
patients who had hypoglycemia during admission.

The present study aimed to investigate, specifically in 
patients with T2DM, the risk factors for development 
of hypoglycemia during hospitalization, as well as the 
potential influence on short- and long-term mortality 
and glycemic control of mild and severe hypoglycemia 
during the hospital stay.

Materials and methods
Study design and setting
This was a retrospective cohort study performed on 
patients hospitalized in the Hospital Universitario Cen-
tral de Asturias (Spain) throughout the year 2020 for 
whom an assessment for glycemic control by the Endo-
crinology Department was requested during admission. 
Only patients with a diagnosis of T2DM were included, 
either known before admission or diagnosed during 
their hospital stay using American Diabetes Association 
(ADA) criteria [22]. We excluded patients without a prior 
diagnosis of T2DM who developed hyperglycemia due to 
corticosteroid treatment or after solid organ transplanta-
tion during hospitalization; pregnant patients; patients 
with T1DM (as evidenced by pancreatic islet autoan-
tibodies or highly suspected due to debut in youth with 
low insulin reserve [22]); patients with diabetes second-
ary to pancreatic diseases; and patients in whom consul-
tation was requested exclusively for glycemic control to 
perform 18F-fluoro-2-deoxy-D-glucose-positron emis-
sion tomography-computed tomography. A total of 324 
patients (214 [66.0%] men; median age 70  years, range 
34–95  years) met the criteria and were included in the 
study.

The standard hospital protocol for monitoring glycemic 
control in T2DM includes 3–8 capillary glycemia meas-
urements per day, depending on the degree of control 
and the complexity of the treatment. The initial hypo-
glycemic treatment was chosen by the department that 
admitted the patient. The Endocrinology Department 
took over the treatment once it was consulted. Usual rec-
ommendations for treatment and therapy targets were 
followed [5], individualizing each case according to the 
patient characteristics.

Main determinations
Outcomes
In-hospital hypoglycemia. A patient was considered 
to have had hypoglycemia when he/she had at least 1 
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capillary blood glucose measurement of less than or 
equal to 70 mg/dL during their stay. Similar to the ADA 
classification [22], mild hypoglycemia was defined as a 
blood glucose level between 56 and 70 mg/dL and severe 
hypoglycemia was defined as a blood glucose level less 
than or equal to 55 mg/dL. The total days of hospitaliza-
tion with at least one determination in the hypoglycemia 
range were recorded, and based on these data, the per-
centage of hospitalization days with hypoglycemia was 
calculated using the total duration of hospitalization as 
the denominator.

Length of hospital stay. Measured in days, from the date 
of admission to the date of discharge.

In-hospital and long-term mortality. All-cause mortal-
ity during hospitalization was registered. For patients 
who did not die and were discharged, long-term mortal-
ity was recorded, with a follow-up extended until April 
15, 2023. Survival in patients discharged alive from the 
hospital was calculated from the day of hospital discharge 
until death or until the last reliable contact with the 
healthcare system, to account for potential misclassifica-
tion owed to change of residence. Median follow-up was 
886 days (range 19–1255 days).

Readmission. For patients who did not die during hos-
pitalization, readmission to any hospital service up to 
1 year after discharge was recorded.

Metabolic control after hospital discharge. Baseline 
glycated hemoglobin (HbA1c) value was obtained dur-
ing admission (or, failing that, the most recent previous 
value available). Follow-up HbA1c was the first available 
measurement after hospital discharge, provided that at a 
minimum of 2 months and a maximum of 12 months had 
elapsed after discharge.

Covariates
The following variables were collected from each patient: 
age; sex; serum glucose on admission; glomerular fil-
tration rate on admission (calculated from serum cre-
atinine levels using the CKD-EPI formula) [23]; body 
mass index (BMI); known T2DM diagnosis prior to 
admission according to the ADA criteria [22]; previ-
ous outpatient treatment with insulin; baseline HbA1c 
value (as described above); Charlson Comorbidity Index 
(CCI) as a global estimator of comorbidities [24]; hos-
pital department/unit of admission (particularly, inten-
sive care unit [ICU]); days of hospitalization elapsed 
until he/she was assessed by the Endocrinology Depart-
ment; and treatment received during their stay (oral 
or intravenous corticosteroids, insulin, sulfonylureas, 
meglitinides, metformin, dipeptidyl peptidase-4 [DPP-
4] inhibitors, glucagon-like peptide-1 [GLP-1] agonists, 
sodium-glucose cotransporter-2 [SGLT2] inhibitors, and 
thiazolidinediones).

Statistical analyses
We employed the chi-squared test to compare propor-
tions; the Mann–Whitney test to compare numerical 
data between independent groups; and the Wilcoxon 
test to compare paired samples of numerical values. We 
employed Spearman’s rank test to assess correlation, and 
used logistic regression for multivariate analysis of fac-
tors associated with hypoglycemia and with in-hospital 
mortality. A calculator and a nomogram with a visual 
scale method for prediction of in-hospital hypoglycemia 
using selected baseline variables was also constructed. 
The points to the variables were assigned in the calcu-
lator and in the nomogram scale based on the logistic 
regression model. We assessed the model’s diagnostic 
performance by constructing receiver operating charac-
teristic (ROC) curves and evaluated them by calculating 
the area under the ROC curve. We employed Kaplan–
Meier curves for an assessment of the mortality rates 
after hospital discharge according to hypoglycemia dur-
ing admission and the log-rank test for between-group 
comparisons. Cox regression (proportional hazards 
regression) was used for multivariate analysis of survival 
during follow-up after hospital discharge. Covariates 
were forced to enter the equation in all multivariate mod-
els. All tests were two-tailed. P-values lower than 0.05 
were considered statistically significant.

Results
Prevalence of hypoglycemia during hospital admission 
and associated risk factors
A total of 154 (47.5%) patients developed hypoglycemia 
during hospitalization; 63 (19.4%) presented only mild 
hypoglycemia, and 91 (28.1%) patients presented at least 
an episode of severe hypoglycemia.

Table  1 represents a comparison of patients with and 
without overall, mild and severe hypoglycemia during 
hospitalization. Advanced age, known previous diagno-
sis of diabetes, low HbA1c values, previous comorbidi-
ties (high CCI), insulin treatment during their stay, and 
previous outpatient insulin treatment were associated 
with both mild and severe hypoglycemia. Higher ambu-
latory doses of insulin, low BMI, decreased glomerular 
filtration rate, admission to a surgical unit, treatment 
with secretagogues during admission, and late evaluation 
by the Endocrinology Department were associated with 
severe hypoglycemia. ICU admission was associated with 
a higher frequency of hypoglycemia in general.  Treat-
ment with oral antidiabetics that are unlikely to cause 
hypoglycemia was associated with a lower frequency 
of hypoglycemia in general and a lower frequency of 
severe hypoglycemia, even when only patients who were 
treated with insulin (n = 302) were selected (P = 0.003 for 
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Table 1 Characteristics of patients with type 2 diabetes in relation to hypoglycemia during admission

Numerical variables are expressed as medians and interquartile ranges (within parentheses)
* P < 0.05; **P < 0.01; ***P < 0.001 versus patients with no hypoglycemia
a Data available for 110 patients (only patients with ambulatory treatment with insulin were included)
b Outpatient treatment with 2 or more insulin injections per day. Data available for 149 patients (only patients with ambulatory treatment with insulin were included)
c Calculated only if the body weight was available during admission. Data available for 282 patients
d Data available for 296 patients
e Preferably, HbA1c value during admission was used. If not available, the most recent HbA1c value available before admission was used. Data available for 320 
patients
f Glomerular filtration rate was estimated by CKD‑EPI equation, using the first creatinine value available during admission. Data available for 321 patients
g Patients who received at least one dose of any type of subcutaneous or intravenous insulin
h Includes sulfonylureas and meglitinides
i Includes metformin, DPP‑4 inhibitors, GLP‑1 agonists, SGLT2 inhibitors and thiazolidinediones
j Patients who received at least one dose of any type of oral or intravenous glucocorticoid

ICU, intensive care unit

Characteristic No 
hypoglycemia 
(n = 170)

Mild hypoglycemia (blood 
glucose 56–70 mg/dL) 
(n = 63)

Severe hypoglycemia (blood 
glucose ≤ 55 mg/dL) (n = 91)

Any hypoglycemia (n = 154)

Demographics

Age (years) 66 (57–75) 71 (65–77)* 74 (66–79)*** 73 (66–78)***

Sex (male), n (%) 118 (69.4) 41 (65.0) 55 (60.4) 96 (62.3)

Metabolic characteristics

Known diagnosis of type 2 diabe‑
tes before admission, n (%)

139 (81.7) 59 (93.6)* 88 (96.7)*** 147 (95.4)***

Ambulatory treatment with insulin 
before admission, n (%)

56 (32.9) 43 (68.2)*** 52 (57.1)*** 95 (61.6)***

Insulin dose before admission (IU/
kg/day)a

0.42 (0.23–0.63) 0.41 (0.27–0.61) 0.64 (0.44–0.91)** 0.57 (0.35–0.95)*

Multiple doses of insulin 
before admission, n (%)b

27 (50.0) 23 (53.4) 41 (78.8)** 64 (67.3)*

Body mass index (kg/m2)c 29.3 (25.6–34.1) 28.1 (24.0–32.5) 25.2 (22.4–29.1)*** 25.8 (23.0–31.1)***

Serum glucose on admission (mg/
dL)d

240 (182–349) 236 (142–311) 225 (160–309) 226 (152–310)

HbA1c during or before admission 
(%)e

8.1 (7.0–9.9) 7.6 (6.6–9.2)* 7.4 (6.5–8.9)** 7.5 (6.6–8.9)**

Comorbidities

Charlson Comorbidity Index 5 (4–7) 6 (5–8)*** 7 (6–9)*** 7 (6–9)***

Estimated glomerular filtration rate 
(mL/min/1.7  m2)f

67 (40–87) 50 (31–84) 48 (27–76)** 48 (27–82)**

Characteristics of admission

Surgical department admission, 
n (%)

48 (28.2) 26 (41.2) 38 (41.7)* 64 (41.5)*

ICU admission, n (%) 13 (7.6) 10 (15.8) 14 (15.3) 24 (15.5)*

Days until assessment by the Endo‑
crinology department

5 (3–8) 7 (3–9) 8 (4–14)*** 7 (4–13)***

Therapy during admission

Insulin, n (%)g 150 (88.2) 61 (96.8)* 91 (100.0)*** 152 (98.7)***

Secretagogues, n (%)h 13 (7.6) 6 (9.5) 16 (17.5)* 22 (14.2)

Antidiabetic agents that are 
unlikely to cause hypoglycemia, 
n (%)i

112 (65.8) 34 (53.9) 37 (40.6)*** 71 (46.1)***

Systemic corticosteroids, n (%)j 75 (44.1) 31 (49.2) 49 (53.8) 80 (51.9)
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hypoglycemia in general; P = 0.001 for severe hypogly-
cemia; see Additional file  1). There was no association 
between any form of hypoglycemia and sex, blood glu-
cose on admission, or corticosteroid treatment during 
hospitalization (Table 1).

Among baseline variables (Table  1), in-hospital hypo-
glycemia was independently and positively associated 
with older age (in years; odds ratio [OR] 1.04, 95% CI 
1.01–1.06) and insulin therapy before admission (OR 
3.04, 95% CI 1.77–5.21), and it was negatively associ-
ated with HbA1c (in percentage; OR 0.81, 95% CI 0.70–
0.94) and BMI (in kg/m2; OR 0.93, 95% CI 0.89–0.97) 
on multivariate analyses (logistic regression). These 4 
baseline variables allowed us to construct a nomogram 
and a calculator for probability prediction of hypoglyce-
mia in patients with T2DM admitted to the hospital and 
assessed by an endocrinology department (see Additional 
files 2 and 3). The area under the ROC curve exploring 
the diagnostic performance of this model was 0.754 (95% 
CI 0.697–0.811).

Longitudinal studies in relation to hypoglycemia 
during admission
Length of hospital stay
The patients who had hypoglycemia during hospitaliza-
tion had longer hospital stays (mean, 27  days) than the 
patients who did not (median, 16 days; P < 0.001). There 
was a positive correlation between the days of hospi-
talization and the proportion of days of hospitalization 
in which there was at least 1 episode of hypoglycemia 
(Rho = 0.258; P < 0.001).

All‑cause in‑hospital mortality
A total of 30 (9.3%) patients died during hospitaliza-
tion. Mortality was significantly higher in patients with 
hypoglycemia than in patients without it (Table  2). 
However, the mortality risk increase was almost 
restricted to the group of patients with severe hypo-
glycemia (Table  2). The patients who died during 

hospitalization had hypoglycemia during a higher per-
centage of days (mean, 9.7%) than the patients who 
did not (mean, 6.3%; P = 0.007). Among the 21 patients 
who did not receive insulin or secretagogues during 
their stay, only 2 developed mild hypoglycemia (which, 
therefore, could be considered spontaneous hypoglyce-
mia). When patients who received insulin or secreta-
gogues were selected (n = 303), the association between 
hypoglycemia (which could be considered as secondary 
to hypoglycemic treatment) and mortality during hos-
pitalization was also maintained (P = 0.007; Additional 
file 1). The increased risk in hospital mortality in rela-
tion to hypoglycemia was still present after adjusting 
for age, sex, BMI, glomerular filtration rate, ICU admis-
sion, and CCI (Table 2).

All‑cause long‑term mortality
A total of 115 (39.1%) of 294 patients who were dis-
charged alive from the hospital died during follow-up. 
Mortality during follow-up was higher among those 
who had developed hypoglycemia than in those who 
did not (Fig.  1). The patients who died during follow-
up had had hypoglycemia during the previous admis-
sion for a greater percentage of days (mean, 9.4%) than 
the patients who did not (mean, 4.3%; P < 0.001). When 
patients who received insulin or secretagogues dur-
ing their stay were selected (n = 273), the association 
between hypoglycemia (i.e., secondary to hypoglycemic 
treatment) and mortality after admission was still pre-
sent (P < 0.001; Additional file 1).

On Cox regression analysis (proportional risk model), 
mortality risk among patients who had developed hypo-
glycemia during the previous admission was higher than 
that of the reference category (patients without hypo-
glycemia) (hazard ratio [HR] 2.48; 95% CI 1.70–3.63; 
P < 0.001). The association between in-hospital hypogly-
cemia and mortality risk was still present after adjusting 
for baseline CCI (HR 1.62; 95% CI 1.10–2.38; P = 0.013).

Table 2 Risk of mortality in patients with type 2 diabetes in relation to hypoglycemia during admission

* P < 0.05; **P < 0.01; ***P < 0.001. OR, odds ratio
a Adjusted for Charlson Comorbidity Index [24]. Complete data available for 324 individuals
b Adjusted for age, sex, body mass index, glomerular filtration rate, and need for intensive care unit admission. Complete data were available for 279 individuals

Level of hypoglycemia No Inpatient 
mortality 
(%)

Crude OR (95% CI) Charlson Index- 
adjusted  ORa (95% 
CI)

Multi-adjusted  ORb (95% CI)

No hypoglycemia 170 4.7 1 (reference) 1 (reference) 1 (reference)

Any hypoglycemia 154 14.3 3.37 (1.45–7.82)** 2.90 (1.22–6.88)* 3.66 (1.33–10.0)*

Mild hypoglycemia (blood glucose 56–70 mg/dL) 63 4.8 1.01 (0.26–3.94) 0.89 (0.22–3.53) 1.30 (0.30–5.57)

Severe hypoglycemia (blood glucose ≤ 55 mg/dL) 91 20.9 5.34 (2.23–12.7)*** 4.59 (1.87–11.2)*** 6.03 (2.09–17.4)***
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Metabolic control after hospital discharge
HbA1c follow-up was available from 177 patients dis-
charged from the hospital. The level of HbA1c level 
tended to improve after hospital discharge in the major-
ity of patients, although improvement was only signifi-
cant among patients who did not develop hypoglycemia 
during their hospital stay: mean HbA1c decreased from 
8.8% to 7.5% in patients without in-hospital hypoglyce-
mia (n = 103; P < 0.001) and from 8.1% to 7.6% in patients 
with in-hospital hypoglycemia (n = 74; P = 0.204). In 
fact, HbA1c worsened in 26/103 (25.2%) patients with-
out hypoglycemia during hospitalization and worsened 
in 35/74 (47.2%) with hypoglycemia during their stay 
(P = 0.002). Patients whose glycemic control (HbA1c 
level) at discharge worsened had had hypoglycemia for 
a greater percentage of days (mean, 8.6%) than patients 
whose glycemic control remained equal or improved 
(mean, 4.7%; P = 0.006). There was a positive correla-
tion between the percentage of hospitalization days 
with hypoglycemia and the degree of change in HbA1c 
during the follow-up compared with baseline HbA1c 
(Rho = 0.219; P = 0.003).

Readmission after hospital discharge
Hospital readmission in the following year was more fre-
quent among patients who had had hypoglycemia during 
the former hospital admission. Readmission occurred in 
42/60 (70.0%) patients with mild hypoglycemia, 48/72 
(66.7%) patients with severe hypoglycemia, and 75/162 

(46.3%) patients without hypoglycemia during the for-
mer admission (P < 0.001). Patients who were readmitted 
during the following year had had a greater percentage 
of days with hypoglycemia during former hospitaliza-
tion (mean, 7.7%) than patients who were not readmitted 
(mean, 4.5%; P < 0.001).

Discussion
The present study shows that hypoglycemia in patients 
with T2DM, which is common during hospitalization 
(occurring in nearly a half of cases), is associated with 
increased in-hospital and long-term mortality, longer 
hospital stays, higher rates of readmission, and poorer 
metabolic control after discharge. To the best of our 
knowledge, this is the first T2DM-focused study to com-
prehensively demonstrate such associations. In addi-
tion, we have shown that these negative consequences of 
hypoglycemia are greater in patients with severe hypogly-
cemia and in patients who have had hypoglycemia during 
a greater percentage of hospitalization days, which had 
not been previously investigated.

The frequency of in-hospital hypoglycemia was signifi-
cantly higher, as expected, than that observed in studies 
mixing patients with and without diabetes [8, 13, 15, 18, 
19]. It should be considered that this is a selected sam-
ple of patients with T2DM who were complex enough for 
another specialist to consider an evaluation by an endo-
crinologist necessary. Similarly, this implies a greater 
frequency of glucose determinations and thus a greater 
probability that some of them fall into the hypoglycemic 
range.

The results regarding the factors associated with hypo-
glycemia in our series of patients with T2DM admitted 
to the hospital have similarities and differences with 
previous studies [6–10]. We confirmed that age, previ-
ous comorbidities (particularly, decreased glomerular 
filtration rate) and treatment during hospitalization with 
insulin or secretagogues are risk factors for hypoglyce-
mia [6–10]. Hypoglycemia was less frequent in patients 
who received oral antidiabetics that are unlikely to cause 
hypoglycemia, even in those who were also treated with 
insulin. These patients were probably in a more stable 
clinical situation because, in general, clinical instability 
is a contraindication for their use [5]. This hypothesis is 
supported by the fact that patients who received these 
antidiabetic drugs had a lower CCI (P < 0.001; Additional 
file 1). Moreover, these oral antidiabetics could improve 
insulin resistance, thus implying a lower dose of insulin 
and therefore a lower risk of hypoglycemia. Low BMI 
was also associated with hypoglycemia in the present 
series, as assessed in previous studies [9, 10]. Low HbA1c 
values were also associated with hypoglycemia in our 
series. This contrasts with previous studies showing that 
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Fig. 1 Probability of survival (Kaplan–Meier curves) in patients 
discharged from the hospital, stratified according to the presence 
or absence of hypoglycemia during admission (no hypoglycemia 
[overall mortality, 26.5%]; mild hypoglycemia [blood glucose 
56–70 mg/dL, overall mortality, 46.6%]; severe hypoglycemia [blood 
glucose ≤ 55 mg/dL, overall mortality, 61.1%]). Vertical ticks represent 
censored data. P‑value was calculated with the log‑rank test
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hypoglycemia was more frequent in patients with HbA1c 
values greater than 9% [6]. Possibly, patients with already 
known diabetes, previous insulin therapy, and low base-
line HbA1c values are prone to more intensive thera-
pies during hospital admission, favoring hypoglycemia, 
although this hypothesis should be tested in future stud-
ies. In any case, our data allow the elaboration of a score 
based on 4 simple baseline variables (age, previous insu-
lin therapy, BMI, and HbA1c value) that accurately pre-
dict the development of hypoglycemia in patients with 
T2DM admitted to the hospital who require consulta-
tion with an endocrinology department (Additional files 
2 and 3). Early identification of patients who are at high 
risk for hypoglycemia can be useful in order to take steps 
to prevent hypoglycemia, such as the use of continuous 
glucose monitoring systems [25, 26].

We also observed that the frequency of hypoglycemia 
was higher the later that assessment by the Endocrinol-
ogy Department occurred during admission. This rela-
tionship could be misleading, given that there was a 
directly proportional relationship between the days of 
admission and the days until the assessment by Endo-
crinology (Rho = 0.594; P < 0.001). Thus, it is possible 
that this higher frequency of hypoglycemia is explained 
by a longer average stay, and not necessarily because the 
intervention of a diabetes specialist significantly reduces 
the frequency of hypoglycemia. Likewise, the association 
between hypoglycemia and a longer hospital stay that had 
been reported in most studies [9, 12, 13, 16, 17, 20] could 
not indicate that hypoglycemia acts as a factor prolong-
ing admission, as has been suggested, but that it could be 
the reverse, i.e., the more days the hospital stay lasts, the 
more blood glucose determinations will be performed 
and therefore more likely that some of them are compat-
ible with hypoglycemia. However, our study suggests a 
direct relationship because it showed a positive correla-
tion between the percentage of hospitalization days with 
at least 1 hypoglycemic event and the total admission 
days, as previously suggested [14].

Our study confirms the results of previous studies 
showing that hypoglycemia during hospitalization, insu-
lin-mediated or not, is a marker of short-term mortal-
ity [8, 12–17, 19, 20]. Furthermore, it is one of the few 
studies that has analyzed the influence of hypoglycemia 
on long-term mortality [8, 12, 14, 20], showing that it 
remains a risk factor after a follow-up period of up to 
3  years after hospital discharge. This association with 
mortality was still present after adjusting for covariates, 
particularly the CCI [24], an estimator of the patient 
baseline comorbidity and age. Regarding the mechanism 
of this association, it is difficult to argue that hypogly-
cemia during admission per se contributes to long-term 
mortality. Rather, it is likely that hypoglycemia is an 

additional marker of lability or disease severity leading 
to mortality. Future studies will be needed to elucidate 
the mechanisms by which hypoglycemia in hospitalized 
patients with T2DM is associated with short- and long-
term mortality.

To the best of our knowledge, this is the first study to 
analyze the impact of hypoglycemia during hospitaliza-
tion on glycemic control after discharge, documenting a 
worse glycemic control (in terms of HbA1c) in patients 
who had hypoglycemia while hospitalized. It could be 
argued that diabetes treatment intensity at discharge 
might have been reduced with the aim of preventing new 
hypoglycemia episodes. Furthermore, worsening of dia-
betes control could theoretically contribute to increased 
long-term mortality. However, the precise mechanisms 
for this finding deserve further studies.

The study has limitations that must be acknowledged, 
including those inherent to its retrospective design 
[27], particularly information biases and the possibility 
that confounders have not been adequately controlled. 
The distinction between adult T1DM and TD2M is not 
always straightforward, and adult patients with T1DM 
can be misclassified as T2DM [28]. Therefore, we can-
not exclude the possibility that some patients with T1DM 
were misclassified as T2DM. It should also be considered 
that it is a selected population of patients who required 
consultation with an endocrinology department. As 
strengths, it should be noted that this is a study in real 
life, with prolonged follow-up, and performed exclusively 
in patients with T2DM, without mixing patients without 
diabetes or with T1DM.

Conclusions
The present results could have practical clinical impli-
cations. The results might help predict the risk of hypo-
glycemia in patients with T2DM who are admitted to 
the hospital. Also, the results suggest that patients with 
T2DM who develop hypoglycemia when admitted to the 
hospital constitute a particularly vulnerable population, 
with a high in-hospital and post-discharge mortality, in 
which preventive measures should be emphasized. More 
studies will be needed to determine why hypoglycemia in 
patients with T2DM is associated with deleterious conse-
quences in the short and long term.
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