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Abstract

Background: Studies have shown that hyperglycemia in cirrhotic patients increases mortality. However, no popula-
tion-based study has evaluated the influence of hypoglycemia upon hospital admission on death in these patients.
The aim of this study was to assess the effect of hypoglycemia at admission on the mortality of patients with liver
cirrhosis.

Methods: The Taiwan National Health Insurance Database was searched, and 636 cirrhotic patients without base-
line diabetes mellitus who presented with hypoglycemia upon hospitalized from 2010 to 2013 were included in the
study. A one-to-four propensity score matching was performed to select a comparison group based on age, sex and
comorbidities.

Results: The overall 30-day mortality rate was 30.2% in the hypoglycemia group and 7.4% in the non-hypoglycemia
group (P<0.001). After Cox regression modeling adjusting for age, sex and comorbid disorders, cirrhotic patients with

compared to those with neither hypoglycemia nor HCC.

cially in those with underlying HCC.
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hypoglycemia had a hazard ratio (HR) of 30-day mortality of 4.96 (95% confidence interval [CI] 4.05-6.08, P<0.001)
as compared to the non-hypoglycemia group. In subgroup analysis, the cirrhotic patients with hypoglycemia and
hepatocellular carcinoma (HCC) had a 30-day mortality HR of 6.11 (95% confidence interval [Cl] 440-8.49, P<0.001)

Conclusions: Hypoglycemia is a very important prognostic factor in the 30-day mortality of cirrhotic patients, espe-

Introduction

Liver is a metabolic organ that plays an important role in
glucose metabolism. It maintains and regulates the blood
sugar mainly through the glycogenolysis and gluconeo-
genesis. Liver dysfunction is well known to correlate
with poor blood glucose regulation [1]. The presence of
the disturbance of liver metabolism, or liver cell damage
may decrease the stability of the liver in regulating the
blood glucose level. Ascites, variceal bleeding, hepatic
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encephalopathy are mainly complications in patients with
liver cirrhosis. It is worthy to know the prognosis in these
patients with the hypoglycemia. Hypoglycemia is not
uncommon in cirrhotic patients. In one report, hypogly-
cemia was noted in 50% patients with liver cirrhosis with
bacetermia [2]. In one study, the survival analysis showed
a significantly lower estimated survival for patients with
hypoglycemia (36 days) than for patients with normal
blood sugar (54 days) [3]. These findings may indicate
the important role of hypoglycemia in patients with liver
cirrhosis.

In addition, patients with liver cirrhosis are also prone
to have hepatocellular carcinoma (HCC) [4]. Paraneo-
plastic syndrome may occur in patients with HCC who
present with hypoglycemia [5]. Because both of the
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liver cirrhosis and HCC are possible factors correlated
with hypoglycemia, it is worthy to realize the effect of
the hypoglycemia on the mortality of these patients.
Although a few studies have evaluated the role of blood
glucose in the mortality of cirrhotic patients [3, 6, 7],
no population-based studies have yet evaluated the
effect of hypoglycemia on short-term mortality in cir-
rhotic patients. Using the Taiwan National Health Insur-
ance Research Database (NHIRD), we designed this
population-based study to identify the role of hypogly-
cemia in the short-term mortality of cirrhotic patients.
In subgroup analysis, we evaluated the role of hypogly-
cemia in cirrhotic patients with different liver-related
complications.

Materials and methods

Database and ethical statement

The National Health Insurance Administration (NHIA)
in Taiwan instituted a National Health Insurance pro-
gram that covers more than 99% of the Taiwan popula-
tion. In this program, all enrolled medical institutions
must provide medical records to the NHIA for medi-
cal payment. The medical records were established as a
database, the NHIRD. This database includes Interna-
tional Classification of Diseases, 9th Revision, Clinical
Modification (ICD-9-CM) codes, medical procedures,
number of days of hospitalization, medications and other
related information on patients in Taiwan who have been
hospitalized.

This study was approved by the Institutional Review
Board of the Buddhist Dalin Tzu Chi Hospital (IRB
B10403026). Because all of the data in the NHIRD is
de-identified, the Institutional Review Board waived the
requirement for informed patient consent and the need
of informed consent for ethical approval.

Study sample

The database was searched for patients discharged
between January 1, 2010 and December 31, 2013 with a
primary or secondary diagnosis of cirrhosis (ICD-9-CM
codes 571.5 or 571.2). These ICD-9 codes have been used
in past studies to identify patients with cirrhosis in Tai-
wan. A total of 146,632 cirrhotic patients were screened.
In clinical practice, an important common cause of hypo-
glycemia is the overdose of medications related to treat
diabetes mellitus. In order to avoid the effect of these
medications, patients with underlying diabetes mel-
litus were excluded from the study. Hypoglycemia was
defined by ICD-9-CM code 251.2 in the database. A total
of 102,523 cirrhotic patients without baseline diabetes
mellitus were included. Of these, patients were enrolled
only if they had hypoglycemia noted during the hos-
pital stay. If a patient had multiple hospitalizations for
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hypoglycemia during the study period, only the first epi-
sode was included in the analysis. Finally, a total of 636
cirrhotic patients with hypoglycemia were enrolled. We
used one-to-four propensity score matching to match
a control group (non-hypoglycemia group) to the study
group by age, gender and liver-related complications
(the presence of either hepatic encephalopathy, variceal
bleeding or ascites). We collected for analysis the con-
founding factors of age, gender, hepatic encephalopathy
(ICD-9-CM code 572.2), alcoholism (ICD-9-CM codes
291, 303, 305.00—305.03, 571.0—571.3), HCC (ICD-
9-CM code 155.0), ascites (ICD-9-CM code 789.5 or pro-
cedure code 54.91), variceal bleeding (ICD-9-CM codes
456.0, 456.20), renal function impairment (ICD-9-CM
codes 584, 585, 586, 572.4, or codes for renal failure
procedures), cachexia (ICD-9-CM codes 799.4), cancer
(ICD-9-CM code 140-239), Charlson Comorbidity Index
(CCI), socioeconomic status (SES), hypoalbuminemia,
and bacterial infections. We used the presence of albu-
min supplementation to define the hypoalbuminemia
in our study because the serum albumin level could not
be identified from the database. In the cirrhotic patient
with edema or ascites, albumin supplementation is cov-
ered by the health insurance program when the patient’s
serum albumin level is lower than 2.5 g/dL [8]. A CCI 2
4 was defined as high [9]. The individuals in this study
were classified into three groups: low SES, medium SES,
and high SES. The monthly income lower than New
Taiwan Dollar (NTD $ 20,000) (about US$ 556) was
defined as low SES. The monthly income between NTD
$20,001-40,000 (about US$ 556-1111) was defined as
medium SES. The monthly income more than NTD $
40,001 (about US$ 1111) was defined as high SES. The
bacterial infections included were bacteremia, cellulitis,
pneumonia, biliary tract infection, necrotizing fasciitis,
empyema, brain abscess, urinary tract infection, septic
arthritis, perianal abscess, liver abscess, bacterial men-
ingitis and spontaneous bacterial peritonitis. The etiol-
ogy of liver cirrhosis (such as hepatitis B or hepatitis C)
could not be well obtained from the inpatient dataset we
applied because of the coding limitation from this data-
set. This is the reason the hepatitis B or C were not ana-
lyzed in this study.

Cirrhotic patients often also present with HCC (ICD-
9-CM code 155.0). In subgroup analysis, we calculated
the hazard ratios (HRs) of hypoglycemia in the short-
term mortality among these patients with concurrent
HCC.

Statistical analyses

We used the chi square test to compare categorical vari-
ables, and Student’s t test to compare continuous vari-
ables. Propensity score was performed to match analysis
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including age, gender and underlying comorbidities to
minimize potential confounding effects. The Cox regres-
sion model was used to identify the risk factors associ-
ated with mortality. The survival analysis was analyzed
by the Kaplan—Meier method with the log-rank test for
univariate analysis and the proportional hazards Cox
regression model for multivariate analysis. Statistical sig-
nificance was defined P<0.05. All Data were analyzed by
the SPSS statistical package for Windows version 22.0
(IBM Corp., Armonk, NY).

Results

The database was searched for patients discharged
between January 1, 2010 and December 31, 2013 with
the diagnosis of liver cirrhosis. After review of the data-
base and application of the inclusion and exclusion
criteria, 636 patients with cirrhosis and hypoglycemia
were included in the study as the hypoglycemia group.
With 1:4 propensity score matching, 2544 cirrhotic
patients without hypoglycemia were included as the
non-hypoglycemia group. Of the 636 cirrhotic patients
with hypoglycemia, the mean age was 60.61 £ 15.5 years
and 485 (76.3%) were males. Of the 2544 cirrhotic
patients without hypoglycemia, the mean age was
60.22 £ 15.3 years and 1979 (77.8%) were males. Table 1
shows the demographic characteristics of the two
groups. Because of the propensity score matching, fac-
tors such as cancer, alcoholism, renal function impair-
ment, complication conditions, cachexia, SES, CCI,
hypoalbuminemia, bacterial infections, the cirrhosis-
related complications, gender and age were not signifi-
cantly different between the two groups. The overall
30-day mortality was 30.2% for the hypoglycemia group
and 7.4% for the non-hypoglycemia group (P<0.001).
After Cox regression modeling adjusting for age, sex
and other comorbid disorders, the HR for 30-day mor-
tality of the hypoglycemia group was 4.96 (95% CI
4.05-6.08, P<0.001) times that of the non-hypoglyce-
mia group. Other risk factors for 30-day mortality of
cirrhotic patients included one cirrhotic-related com-
plication (HR, 2.04; 95% CI 1.63-2.56; P<0.001), RFI
(HR, 2.59; 95% CI 1.99-3.38; P<0.001), bacterial infec-
tions (HR, 1.67; 95% CI 1.35-2.07; P<0.001), cachexia
(HR, 2.14; 95% CI 1.28-3.57; P=0.004), cancer (HR,
3.06; 95% CI 2.38-3.94; P<0.001) and hypoalbumine-
mia (HR, 2.35; 95% CI 1.81-3.05; P<0.001). Other
factors, including male (HR, 1.23; 95% CI 0.95-1.60;
P=0.116), age (HR, 1.00; 95% CI 1.00-1.01; P=0.330),
two or three cirrhotic-related complications (HR, 1.50;
95% CI 0.88-2.58; P=0.138), alcoholism (HR, 0.93;
95% CI 0.68-1.28; P=0.649), CCI (>4) (HR, 0.88;
95% CI 0.68-1.13; P=0.309), and SES do not reveal
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Table 1 Demographic characteristics of the hypoglycemia

groups
Hypoglycemia (+) Hypoglycemia (—) P value
(n=636) (n=2544)
Male 485 (76.3) 1979 (77.8) 0.408
Age,y 60.61+£155 60.22+£153 0.569
Complication 0.668
conditions
No complication 480 (75.5) 1939 (76.2)
1 complication 141 (22.2) 533(21.0)
2 or 3 complica- 15(24) 72(2.8)
tions
HCC 143 (22.5) 512 (20.1) 0.188
RFI 77 (12.1) 293 (11.5) 0.678
Infection 185 (29.1) 751 (29.5) 0.831
Alcoholism 139 (21.9) 570 (22.4) 0.766
Cachexia 10 (1.6) 40 (1.6) 1.000
Cancer 184 (28.9) 682 (26.8) 0.282
Socioeconomic 0.936
status
Low 409 (64.3) 1644 (64.6)
Medium 206 (32.4) 823 (32.4)
High 21(33) 77 (3.0)
CCl(=4) 134 (21.1) 509 (20.0) 0.551
Hypoabluminemia 54 (8.5) 194 (7.6) 0467

Age presented as mean =+ standard deviation; other data as number
(percentage)

HCC hepatocellular carcinoma, CCI Charlson Comorbidity Index, RF/ renal
function impairment

significant difference in this study. The statistically sig-
nificant prognostic factors were summarized in Table 2.
The flowchart for this study were shown in Fig. 1. The
cumulative survival plots for the patients with and
without hypoglycemia were shown in Fig. 2. Cirrhotic
patients with hypoglycemia had a significantly lower
cumulative survival rate than those without hypoglyce-
mia (P<0.001).

To evaluate the role of hypoglycemia in cirrhotic
patients with HCC, subgroup analysis were performed.
In cirrhotic patients with underlying HCC, the HR for
30-day mortality of those with hypoglycemia was 6.11
(95% CI 4.40-8.49, P<0.001) times that of those with-
out hypoglycemia. In cirrhotic patients without under-
lying HCC, the HR for 30-day mortality for those with
hypoglycemia was 4.51 [95% CI 3.47-5.86, P<0.001]
times that of those without hypoglycemia. For confirm-
ing the result, we also performed the Cox regression as
the main analysis without propensity score matching.
The results were listed as Additional file 1: Appendix 1.
The hypoglycemia is still an important prognostic fac-
tor in the 30-day mortality of cirrhotic patients.
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Table 2 Adjusted hazard ratios of risk factor for 30-day mortality
of cirrhotic patients

Variable Hazard ratio 95% Pvalue
Confidence
interval

Male 1.23 0.95-1.60 0.116
Age,y 1.00 1.00-1.01 0.330
Complication conditions

No complication <0.001

1 complication 2.04 1.63-2.56 <0.001

2 or 3 complications 1.50 0.88-2.58 0.138
RFI 259 1.99-3.38 <0.001
Infection 1.67 1.35-2.07 <0.001
Alcoholism 0.93 0.68-1.28 0.649
Cachexia 214 1.28-3.57 0.004
Cancer 3.06 2.38-3.94 <0.001
Socioeconomic status

Low 0210

Medium 1.04 0.84-1.29 0.722

High 0.58 0.30-1.10 0.093
CCl(=4) 0.88 0.68-1.13 0.309
Hypoglycemia 4.96 4.05-6.08 <0.001
Hypoalbuminemia 2.35 1.81-3.05 <0.001

RFl renal function impairment, CC/ Charlson Comorbidity Index

Liver cirrhosis
n=146632

|

Liver cirrhosis without diabetes mellitus
n=102523

‘ After propensity score matching

Total study cases

n=3180
Included : Included_:
Cachexia > n=50 HCC » n=655
RFI > n=370

Cancer > n=866
CCl (>4) > n=643
High SES > n=98

Infection > n=936
Alcoholism » n=709
Hypoalbuminemia > n=248

Hypoglycemia
n=636

Non-hypoglycemia
n=2544

Fig. 1 The flowchart of this study. HCC hepatocellular carcinoma, RF/
renal function impairment, CC/ Charlson Comorbidity Index, High SES
High socioeconomic status

Discussion
In this present study, we demonstrated that cirrhotic
patients who had a hypoglycemic episode during hospital
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Fig. 2 Kaplan—Meier survival analysis for survival of cirrhotic patients
with and without hypoglycemia during the 30-day follow up

admission had a higher 30-day mortality rate than those
without hypoglycemia. In addition, the cirrhotic patients
with concurrent HCC also had a higher 30-day mortality
rate than those without HCC.

To our best knowledge, this is the first population-
based study to discuss short-tern mortality in cirrhotic
patients with a hypoglycemic episode during admission.
Our present findings were similar to those of a previous
study. Pfortmueller et al. showed that hypoglycemia is
associated with increased mortality in cirrhotic patients
with acute decompensation [3]. However, our study
revealed that cirrhotic patients had higher short-term
mortality regardless of the decompensated status.

In this present study, we also showed that cirrhotic
patients with concurrent HCC had a higher mortality
rate than those without HCC. Paraneoplastic syndromes
are not uncommon in HCC patients. The incidence rate
was reported to range from 4 to 27% [10]. Several studies
have been shown that HCC patients with paraneoplastic
syndromes, including hypoglycemia, have poor progno-
sis [5, 11, 12]. Therefore, not surprisingly, in our present
study, cirrhotic patients with concurrent HCC had poor
prognosis.

Some reasons might explain why cirrhotic patients
with a hypoglycemic episode during admission are at
higher risk of short-term mortality. First, hypoglycemia
is a sign of malnutrition. Dozens of studies have shown
that malnutrition contributes to increased mortality
during admission [13-15]. Second, patients with severe
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infection with sepsis have a poor prognosis when hypo-
glycemia occurs at admission [16—18]. In one recent
publication, Furukawa et al. found higher mortality in
septic patients with hypoglycemia and hypoalbumine-
mia at admission [16]. Thus, these septic patients are in
greater need of immediate intensive treatment during
admission. In other words, according to our current find-
ings, cirrhotic patients who had a hypoglycemic episode
during admission were also those who needed intensive
care. Third, hypoglycemia may be associated with adrenal
insufficiency [19-21]. Liver cirrhosis has been reported
as being to some degree an adrenocortical dysfunction
[19, 22, 23]. Thus, cirrhotic patients with hypoglyce-
mia have an inappropriately low response of the adrenal
glands to stimulation and increased mortality. Lastly,
severe liver fibrotic disease is associated with poor glu-
cogensis [24]. In one review article, Olson et al. held that
hypoglycemia may be as sign of acute liver failure with
impaired glucogensis, and reflect the impending loss of
the remaining compensatory mechanism [3, 24]. All of
these factors may explain the poor prognosis in these cir-
rhotic patients with hypoglycemia.

There are some limitations in our present study. First,
this dataset did not identify the etiology of liver cirrho-
sis. Nevertheless, the most important factor contributing
to non-alcoholic liver cirrhosis in Taiwan is chronic viral
infection, including hepatitis B or/and hepatitis C [25].
Therefore, adding the etiology of cirrhosis would not
affect the results. Moreover, Child—Pugh scores and the
Mayo Clinic Model for End-stage Liver Disease scores
were also unavailable. In this dataset, it was not possible
to use the ICD-9 codes to identify laboratory data such
as concentrations of bilirubin or albumin or prothrombin
time. However, we were able to track cirrhosis-related
complications such hepatic encephalopathy, ascites
and esophageal variceal bleeding, to represent cirrhotic
patients with decompensated status. Second, because of
the baseline difference between the study and compari-
son groups, we used propensity score matching before
Cox regression. However, the unmatched group is not
included in the analysis after the propensity score match-
ing method used. This reduces the generalizability of the
study results and makes the lack of robustness of our final
analysis results. In order to confirm the results, we also
performed the Cox regression as the main analysis with-
out propensity score matching. The results were listed as
Additional file 1: Appendix 1. The crude HR for 30-day
of cirrhotic patients with hypoglycemia before and after
propensity score matching method were 6.76 and 4.78
(P<0.001) compared to patients without hypoglycemia.
After Cox regression analysis, the adjusted HR for 30-day
of cirrhotic patients with hypoglycemia before and after
propensity score matching method were 5.45 and 4.96
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(P<0.001), respectively. The survival of cirrhotic patients
with hypoglycemia were affected by many factors, such as
underlying diseases, liver reserved, infections, ...etc. In
fact, we could not analyze all factors by Cox regression
method, and these factors may skew the results before
and after adjusting for confounders. However, the hypo-
glycemia is still an important prognostic factor in the
30-day mortality of cirrhotic patients regardless of the
propensity score matching or Cox regression analysis.
Finally, the hypoglycemia was defined by ICD-9 coding
number and we could not validate that. This is the limi-
tation of this database we used. However, we excluded
the patients with underlying diabetes mellitus. In clinical
practice, an important common cause of hypoglycemia is
the overdose of medications related to treat diabetes mel-
litus. This may partially decrease the bias of this study.

In conclusion, this nationwide population-based
study showed that hypoglycemia is a very important
prognostic factor in the 30-day mortality of cirrhotic
patients, especially in those with underlying HCC.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512876-021-01895-2.

[ Additional file 1. Appendix 1. }

Acknowledgements
Not applicable.

Authors’ contributions

T-HH, C-WT and H-FL: study concept and design; acquisition of data; analysis
and interpretation of data and drafting of the manuscript; C-CT and T-HH:
statistical analysis. All authors read and approved the final manuscript.

Funding
None declared.

Availability of data and materials

The data that support the findings of this study are available from National
Health Insurance Research Database (NHIRD) in Taiwan but restrictions apply
to the availability of these data, which were used under license for the current
study, and so are not publicly available. Data are however available from the
authors upon reasonable request and with permission of NHIRD in Taiwan.

Declarations

Ethics approval and consent to participate

The study protocol was carried out in accordance with the Declaration of
Helsinki. Because all of the data from the Taiwan National Health Insurance
Research Database (NHIRD) is de-identified, the Institutional Review Board of
the Buddhist Dalin Tzu Chi Hospital (IRB B10403026) waived the requirement
for informed patient consent and the need of informed consent for ethical
approval.

Consent for publication
Not applicable.

Competing interests
None declared.


https://doi.org/10.1186/s12876-021-01895-2
https://doi.org/10.1186/s12876-021-01895-2

Hung et al. BMC Gastroenterol (2021) 21:319

Author details

"Division of Gastroenterology, Department of Medicine, Dalin Tzu Chi Hospital,

Buddhist Tzu Chi Medical Foundation, No. 2, Minsheng Rd., Dalin Township,
Chiayi County 62247, Taiwan. 2School of Medicine, Tzu Chi University, Hualien,
Taiwan. *Department of Mathematics, Tamkang University, Tamsui, Taiwan.

Received: 14 February 2021 Accepted: 3 August 2021
Published online: 09 August 2021

References

1. Kumar R. Hepatogenous diabetes: an underestimated problem of liver
cirrhosis. Indian J Endocrinol Metab. 2018;22(4):552-9.

2. Nouel O, Bernuau J, Rueff B, Benhamou JP. Hypoglycemia: a com-
mon complication of septicemia in cirrhosis. Arch Intern Med.
1981;141(11):1477-8.

3. Pfortmueller CA, Wiemann C, Funk GC, Leichtle AB, Fiedler GM, Exadakty-
los AK, Lindner G. Hypoglycemia is associated with increased mortal-
ity in patients with acute decompensated liver cirrhosis. J Crit Care.
2014;29(2):316.e317-e312.

4. Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet.
2012;379(9822):1245-55.

5. QuQWangs, ChenS, Zhou L, Rui JA. Prognostic role and significance
of paraneoplastic syndromes in hepatocellular carcinoma. Am Surg.
2014,80(2):191-6.

6. Hagel S, BrunsT, Herrmann A, Stallmach A, Schmidt C. Abnormal glucose
tolerance: a predictor of 30-day mortality in patients with decompen-
sated liver cirrhosis. Z Gastroenterol. 2011;49(3):331-4.

7. Nishida T, Tsuji S, Tsujii M, Arimitsu S, Haruna Y, Imano E, Suzuki M, Kanda
T,Kawano S, Hiramatsu N, et al. Oral glucose tolerance test predicts prog-

nosis of patients with liver cirrhosis. Am J Gastroenterol. 2006;101(1):70-5.

8. Chen CW, ChenYY, Lu CL, Chen SC, ChenYJ, Lin MS, Chen W. Severe
hypoalbuminemia is a strong independent risk factor for acute respira-
tory failure in COPD: a nationwide cohort study. Int J Chron Obstruct
Pulmon Dis. 2015;10:1147-54.

9. Kobayashi K, Cooper GS, Chak A, Sivak MV Jr, Wong RC. A prospective
evaluation of outcome in patients referred for PEG placement. Gastroin-
test Endosc. 2002;55(4):500-6.

10. Vagionas A, Tigas S, Oikonomou P, Pentheroudakis G, Malamou-Mitsi V,
Pavlidis N. Relapsing episodes of loss of consciousness in a patient with
hepatocellular carcinoma. World J Oncol. 2014;5(5-6):214-9.

11. Huh UY, Kim JH, Kim BH, Nam KD, Jang JY, Kim NH, Lee SK, Joo KR, Dong
SH, Kim HJ, et al. The incidence and clinical significance of paraneoplastic
syndromes in patients with hepatocellular carcinoma. Korean J Hepatol.
2005;11(3):275-83.

12. Luo JC, Hwang SJ, Wu JC, Lai CR, Li CP, Chang FY, Chiang JH, Lui WY, Chu
CW, Lee SD. Clinical characteristics and prognosis of hepatocellular carci-
noma patients with paraneoplastic syndromes. Hepatogastroenterology.
2002;49(47):1315-9.

13. Leiva Badosa E, Badia Tahull M, Virgili Casas N, Elguezabal Sangrador G,
Faz Mendez C, Herrero Meseguer |, Izquierdo Gonzalez A, Lopez Urdiales

Page 6 of 6

R, Oca Burguete FJ, Tubau Molas M, et al. Hospital malnutrition screening
at admission: malnutrition increases mortality and length of stay. Nutr
Hosp. 2017,34(4):907-13.

14. Lim SL, Ong KC, Chan YH, Loke WC, Ferguson M, Daniels L. Malnutrition
and its impact on cost of hospitalization, length of stay, readmission and
3-year mortality. Clin Nutr. 2012;31(3):345-50.

15. Tappenden KA, Quatrara B, Parkhurst ML, Malone AM, Fanjiang G, Ziegler
TR. Critical role of nutrition in improving quality of care: an interdiscipli-
nary call to action to address adult hospital malnutrition. JPEN J Parenter
Enteral Nutr. 2013;37(4):482-97.

16. Furukawa M, Kinoshita K, Yamaguchi J, Hori S, Sakurai A. Sepsis patients
with complication of hypoglycemia and hypoalbuminemia are an
early and easy identification of high mortality risk. Intern Emerg Med.
2019;14(4):539-48.

17. Ssekitoleko R, Jacob ST, Banura P, Pinkerton R, Meya DB, Reynolds SJ,
Kenya-Mugisha N, Mayanja-Kizza H, Muhindo R, Bhagani S, et al. Hypo-
glycemia at admission is associated with inhospital mortality in Ugandan
patients with severe sepsis. Crit Care Med. 2011;39(10):2271-6.

18. Mortensen EM, Garcia S, Leykum L, Nakashima B, Restrepo MI, Anzueto A.
Association of hypoglycemia with mortality for subjects hospitalized with
pneumonia. Am J Med Sci. 2010;339(3):239-43.

19. Trifan A, Chiriac S, Stanciu C. Update on adrenal insufficiency in patients
with liver cirrhosis. World J Gastroenterol. 2013;19(4):445-56.

20. Tanaka S, Abe M, Kohno G, Kushimoto M, Ikeda J, Ogawa K, Suzuki Y,
Ishihara H, Fujishiro M. A single episode of hypoglycemia as a pos-
sible early warning sign of adrenal insufficiency. Ther Clin Risk Manag.
2020;16:147-53.

21. loakim KJ, Sydney Gl, Paschou SA. Glucose metabolism disorders in
patients with adrenal gland disorders: pathophysiology and manage-
ment. Hormones. 2019;19:135-43.

22. TanT, Chang L, Woodward A, McWhinney B, Galligan J, Macdonald GA,
Cohen J, Venkatesh B. Characterising adrenal function using directly
measured plasma free cortisol in stable severe liver disease. J Hepatol.
2010;53(5):841-8.

23. Triantos CK, Marzigie M, Fede G, Michalaki M, Giannakopoulou D,
Thomopoulos K, Garcovich M, Kalafateli M, Chronis A, Kyriazopoulou V,
et al. Critical illness-related corticosteroid insufficiency in patients with
cirrhosis and variceal bleeding. Clin Gastroenterol Hepatol Off Clin Pract J
Am Gastroenterol Assoc. 2011;9(7):595-601.

24. Olson JC,Wendon JA, Kramer DJ, Arroyo V, Jalan R, Garcia-Tsao G,
Kamath PS. Intensive care of the patient with cirrhosis. Hepatology.
2011,54(5):1864-72.

25. Hsu HC, Lin WS, Tsai MJ. Hepatitis-B surface antigen and hepatocellular
carcinoma in Taiwan. With special reference to types and localization of
HBsAg in the tumor cells. Cancer. 1983;52(10):1825-32.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Prognosis of hypoglycemia episode in cirrhotic patients during hospitalization
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Database and ethical statement
	Study sample
	Statistical analyses

	Results
	Discussion
	Acknowledgements
	References


