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Honda etal. (12)

Obeidatet al. (19) Retrospective cohort

study.

Hung et al. (20) Retrospective cohort

study.

Pfortmueller et al. Retrospective cohort

(21) study.

Cross sectional study.

105 patients with chronic
liver disease with type 2
diabetes mellitus.

31,615 cirrhotic patients
aged 18 or over, without
diabetes were identified
from the National
Inpatient Sample
database in the

United States, from 2016
to 2019.

636 cirrhotic patients
without diabetes mellitus
who presented with
hypoglycemia from the
Taiwan National Health
Insurance Database
(2010-2013).

312 patients aged

16 years and over,
admitted into the
Emergency Department
of Inselspital, Bern
University Hospital,
Switzerland, between 1
Jan 2002 and 31 Dec
2012, with a primary

diagnosis of acute

decompensated liver
cirrhosis. Patients
identified using medical

database software
(Qualicare Office).

Aimed to identify
hypoglycemia in
cirrhotic patients with
type 2 diabetes.

Aimed to analyze the

impact that
hypoglycemia had on
patients with liver
cirrhosis and without
diabetes.

To assess the effect of
hypoglycemia at
admission on 30 days
mortality.

Study aimed to identify
rate of glucose
disturbance and
outcomes associated
including ICU admission
and mortality in patients
presenting with acute
decompensated liver
cirrhosis.

CGM was useful for detecting asymptomatic nocturnal
hypoglycemia and undetected postprandial hypoglycemia.
22% of patients had nocturnal hypoglycemia.

In-hospital mortality was significantly higher in the cirrhosis
patient group with hypoglycemia (adjusted OR: 6.8).

Other complications like mechanical ventilation (aOR: 5),
vasopressor use (aOR: 4.33), cardiac arrest (aOR: 4.97) and
ICU admissions (aOR: 5.09) were more frequent in the
hypoglycemia patient group.

Hypoglycemia was associated with longer length of stay
(7.79 days vs 6.2 days in non-hypoglycemic group).

30 days mortality: 30.2% in hypoglycemia group vs 7.4% in
non-hypoglycemia group.

Adjusted hazard ratio: 4.96 for hypoglycemia; 6.11 when
combined with HCC.

28.5% of patients experiences glucose disturbances; 15.7%
hypoglycemia, 12.8% hyperglycemia.

In-hospital mortality;

28.6% in hypoglycemic group vs 7.5% in hyperglycemic
group vs 10.3% in normoglycemic group.

Survival analysis indicated hypoglycemic group had lower
survival (36 days) compared to normoglycemic (54 days) or
hyperglycaemic (45 days) groups.

ICU admissions were more likely in the hypoglycemia
group. 20.4% of hypoglycemic patient’s vs 10.8%
hyperglycemic patients vs 10.3% normoglycemic patients,
were admitted to ICU.

Lack of control group of healthy individuals or chronic liver
disease patients without diabetes, making it hard to generalize
the results.

Selection bias — n = 105, relatively small.

Study was limited to T2DM patients, hence did not explore
glycemic variability in non-diabetic patients.

Use of ICD-10 codes for classification of cirrhosis and
hypoglycemia may not be accurate or specific, leading to
misclassification of patient’s conditions.

Confounding bias — the study did control variables such as age,
gender, race, comorbidities but did not factor in nutritional
status, liver disease etiology or medications.

Due to retrospective design, a definitive causality between
cirrhosis, hypoglycemia and in-hospital complications cannot
be established.

Use of ICD-9 codes for classification of cirrhosis and

hypoglycemia may lead to diagnostic inaccuracies.

Selection bias — may exclude patients with undetected
hypoglycemia on admission.

Confounding bias - the study did control variables of age, sex
and comorbidities, however, other factors such as degree of liver

function, medications, nutritional status were not controlled.
The study claims that mortality is higher in hypoglycemia
group with HCC, but there is no clarification on stage of HCC,
as this can be a confounder affecting mortality independent of
hypoglycemic state.

Measurement bias - study did not clarify the definition of
hypoglycemia. There may also be underreporting of
hypoglycemia, especially if blood glucose levels not measured
routinely in cirrhosis patients presenting to hospital.

The patient demographics may not be generalizable to

populations outside of Taiwan.

Use of a database inherently has limitations and there may
reporting bias present as a result.

Detection bias — since serial glucose measurements were not
performed, the true detection of hypoglycemia may be
underestimated.

Confounding - although the study accounted for age, sex, liver
disease extent (using Child Pugh classification), and etiology of
cirrhosis, it didn’t factor in medications, nutritional status and

infection state.





OPS/images/fendo.2025.1514093/M3.jpg





OPS/images/fendo.2025.1514093/M4.jpg
IyG - BMI

1vG x BMI





OPS/images/fendo.2025.1514093/M5.jpg
IyG - WHIR

AyG o x WHIR





OPS/images/fendo.2025.1514093/M6.jpg
AvG x GG





OPS/images/fendo.2025.1514093/fendo-16-1514093-g005.jpg
Points

AST

TyG

TyG BMI

Diabetes

Total Points

Linear Predictor

Risk

0 20 40 60 80 100

0 20 40 60 80 | 100 120 140

6.57.5 8.5 9.5 10.5

| |

150 250 350 450 550 650
YES ‘
I_._*_I
NO
rH-FFrH-H-rFFFFrFI-FFrH-FFrI-I-I-I-rFI-I-I-rI-FHﬂ
0 40 80 120 160

0.2 0406 0.8





OPS/images/fendo.2025.1514093/fendo-16-1514093-g006.jpg
Sensitivity (TPR)

1.0

=
o0

=
N

N
~

0.2

0.2

Model
AUC: 0.809
CI: 0.771-0.847

0.4 0.6 0.8 1.0
1—-Specificity (FPR)

Actual Probability

0.8

=
o)

o
™~

0.2

0.0

0.0

0.2

— Apparent
— Bias corrected
Ideal line
0.4 0.6 0.8
Predicted Probability

1.0





OPS/images/fendo.2025.1514093/M1.jpg
WHIR = WC (¢cm) / height (cm)





OPS/images/fendo.2025.1514093/M2.jpg
TyG = In |[(TG (mg/dL) x FPG (mg/dL))/2!





OPS/images/fendo.2025.1514093/fendo-16-1514093-g003.jpg
OR where the refvalue is 8.774

OR where the refvalue is 215.796

@)

b

OR where the nshap.cutoff 41.648

N

—

_.
e

=

(9]

0D

—

—

=

Estimation
95% CI

Estimation
95% CI

Estimation
95% CI

10

0
HOMA IR

P-overall = 0.025
P-non-linear = 0.364

P-overall =< 0.001
P-non-linear = 0.016

P-overall =< 0.001
P-non-linear =< 0.001

OR where the Ishap.cutoff is 374.070

OR where the Ishap.cutoff is 6.634 m

200

Estimation
95% CI

Estimation
95% CI

TyG_WHtR

P-overall =< 0.001
P-non-linear = 0.154

400

P-overall =< 0.001
P-non-linear = 0.200

C

v Estimation
on 6 T 95% CI
o~

ot

[\l

i

—(

4

2 4

5

Q

g

=

4

Q

=

)

—

Q

=

=

&

o

i 800 1000
TyG WC
F 6
Estimation
""" 95% CI

OR where the Ishap.cutoff is 65.842

METS IR

P-overall =< 0.001
P-non-linear = 0.144

P-overall =< 0.001
P-non-linear = 0.210





OPS/images/fendo.2025.1514093/fendo-16-1514093-g004.jpg
Sensitivity (TPR)

1.0

=
00

&
o)

=
N

-
b

0.2

TyG (AUC = 0.572)

- /TyG_WHIR (AUC = 0.755)
~~ TyG BMI (AUC = 0.754)
— TyG_WC (AUC = 0.764)
— TyG GGT (AUC = 0.647)

- METS IR (AUC = 0.748)
— HOMA IR (AUC = 0.715)

0.4 0.6 0.8
I-Specificity (FPR)

1.0





OPS/images/fmed-12-1541471/fmed-12-1541471-t001a.jpg
References

Study design

Study population

Purpose of study

Main results

Possible bias

Singh et al. (8) Cross sectional study 100 patients with liver To identify hypoglycemia | Hypoglycemia was observed in 67% of patients with liver Selection bias — patients recruited from a single hospital.
cirrhosis > 12 years of among cirrhotic patients cirrhosis. Sampling bias — n = 100, limits generalizability.
age at Liaquat University without diabetes. Measurement bias - glucose levels measured using glucometers,
Hospital in Hyderabad, which may be less accurate that laboratory testing.
Pakistan. A single-time-point assessment may miss intermittent or
nocturnal hypoglycemia.
Lack of confounding variable control - nutritional status,
infection status, comorbid conditions, are not controlled for in
this study, despite potentially influencing glucose levels.
Grammar - grammatical errors throughout article may reduce
clarity.
Nouel et al. (9) Observational 30 patients with cirrhosis To identify relationship 50% of cirrhosis patients with septicemia had hypoglycemia. Sampling bias - 1 = 30, reduces statistical power.
prospective cohort study and septicemia in between hypoglycemia, 100% of patients with hypoglycemia developed circulatory Measurement bias - glucose measured only once daily, which

Hopital Beaujon, France.

septicemia and mortality

among cirrhotic patients.

failure (septic shock), compared to 0% of normoglycemic
patients.

11/15 of hypoglycemia patients died within 24-48 h due to
septic shock; 3/15 died later due to liver failure; only 1/15
survived. (Mortality rate: 93%).

Among normoglycemic patients, 10/15 died, none due to
septic shock (mortality rate: 67%).

may potentially omit intermittent or nocturnal hypoglycemia.
Confounding - severity of underlying liver disease, could be
responsible for hypoglycemia and development of septic shock.
The study doesn’t stratify according to degree of liver cirrhosis.
Degree of sepsis is also not commented on, as patients with
more prominent infections may be at risk of both shock,
mortality and hypoglycemia.

Lack of control group - no comparison to cirrhotic patients
without sepsis or septic patients without cirrhosis, limiting

causal conclusions.

Majeed etal. (10)

Cross sectional study.

84 patients in Mayo
Hospital, Lahore,

To identify hypoglycemia

among cirrhotic patients

Hypoglycemia was observed in 51.2% with liver cirrhosis
and who didn’t have diabetes.

Selection bias - single hospital.

Sampling bias — n = 84, which limits statistical power.

Pakistan, who were aged without diabetes. There was no correlation between severity of cirrhosis (as Measurement bias — use of glucometer less accurate than
16-75 with liver cirrhosis per Child Pugh score) and hypoglycemia. laboratory measurement. Single time-point may miss
and non-diabetic. fluctuations in glucose levels.
Confounding variables such as nutritional status, medications,
comorbidities were not controlled.
Gladys-Oryhon et al. Retrospective chart 101 non-diabetic To identify hypoglycemia | 22.8% of patients with cirrhosis and no diabetes, Selection bias - single center study.

(11)

review.

cirrhotic patients from a
tertiary care hospital.
Mean age 62 years.

among cirrhotic patients

without diabetes.

experienced hypoglycemia. Only 35% (35/101) had routine

point of care (POC) glucose monitoring.

Information bias - retrospective design depends on accuracy of
medical records.

Confounding - no adjustment for severity of liver disease,
nutritional status, infections, or medications.

Detection bias - limited POC monitoring likely led to

underestimation of hypoglycemia.
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Model 1 Model 2 Model 3 Model 4

OR (95% Cl), p-value OR (95% Cl), p-value OR (95% Cl), p-value = OR (95% ClI), p-value

TyG 1.44(1.10,1.88)< 0.01 1.44(1.09-1.91)< 0.01 1‘02(%7951'1‘37) 1‘23(1(&9;1'45)
TyG-WHIR 2.75(2.23,3.40)< 0.01 3.01(2.40-3.76)< 0.01 2.66(2.10-3.37)< 0.01 2.69(2.08-3.47)< 0.01
TyG-BMI 1.01(1.01,1.02)< 0.01 1.02(1.01-1.02)< 0.01 1.01(1.01,1.01)< 0.01 1'01(:):?)12’1'01)
TyG-WC 1.01(1.01,1.01)< 0.01 1.01(1.01,1.01)< 0.01 1.01(1.01,1.00)< 0.01 1'01(3?)12’1'01)
TyG-GGT 1.01(1.01,1.01)< 0.01 1.01(1.01,1.02)< 0.01 1.01(1.01,1.02)< 0.01 0'99(%?;52’1'01)
METS-IR 1.08(1.06,1.09)< 0.01 1.08(1.06,1.10)< 0.01 1.07(1.06,1.09)< 0.01 0'95(33‘21'01)
HOMA-IR 1.03(1.02,1.05)< 0.01 1.03(1.01,1.05)< 0.01 1.02(1.01,1.04)< 0.01 1.01(1.01,1.02)< 0.01

Model 1 was a non-adjusted model.

Model 2 was adjusted for age (years), gender and race.

Model 3 was adjusted for the same parameters as Model 2 with additional adjustments for hypertension (No or Yes) and diabetes (No or Yes).

Model 4 was adjusted for the same parameters as Model 3 with additional adjustments for BMI, WC, ALT, AST, GGT, TC, LDL, HbAlc, FBG.
OR, odds ratio; 95% CI, 95% confidence interval.

IR, insulin resistance; LF, liver fibrosis; NAFLD, non-alcoholic fatty liver disease.
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Non-Fibrosis Fibrosis
Characteristics
No. (%) No. (%)
Total 904 751 (83.08) 153 (16.92)
Gender, n(%) 0.322
Male 493 (54.5%) 404 (53.8%) 89 (58.2%)
Female 411 (45.5%) 347 (46.2%) 64 (41.8%)
Age (years) 57.00(43.00, 67.00) 57.00(42.00, 67.00) 59.00(47.00, 68.00) 0220
BMI 32.00(28.30, 37.20) 31.10(27.90, 35.45) 37.30(32.50, 43.80) <0.001
weC 108.85(99.70, 119.82) 106.70(98.00, 116.50) 122.20(112.50, 131.70) <0.001
ALT (U/L) 21.00(15.00, 30.00) 20.00(15.00, 28.00) 25.00(16.00, 40.00) <0.001
AST (U/L) 19.00(16.00, 24.00) 19.00(16.00, 24.00) 21.00(17.00, 29.00) <0.001
GGT (U/L) 24.00(18.00, 35.00) 24.00(17.00, 33.00) 29.00(21.00, 54.00) <0.001
TC (mmol/L) 4.63(4.01, 5.38) 4.65(4.09, 5.48) 4.42(3.83, 5.04) <0.001
TG (mmol/L) 1.29(0.90, 1.79) 1.28(0.89, 1.79) 1.32(0.95, 1.77) 0592
HDL (mmol/L) 1.16(1.01, 1.40) 1.19(1.01, 1.42) 1.14(0.98, 1.32) 0044
LDL (mmol/L) 2.74(2.20, 3.14) 2.82(2.25, 3.46) 2.46(1.99, 3.13) <0.001
HbAlc (%) 5.80(5.50, 6.50) 5.80(5.40, 6.25) 6.20(5.70, 7.60) <0.001
FBG (mmol/L) 6.11(5.61,7.11) 6.05(5.55, 6.94) 6.72(5.94, 8.55) <0.001
TyG 8.77(8.39, 9.23) 8.72(837,9.21) 8.93(8.51, 9.26) 0.005
TyG-WHtR 5.78(5.15, 6.46) 5.60(5.07, 6.23) 651(5.90, 7.20) <0.001
TyG-BMI 282.69(246.32, 333.08) 274.72(241.95, 316.41) 336.98(292.24, 385.13) <0.001
TyG-WC 961.78(857.68, 1074.51) 939.90(846.10, 1046.47) 1091.97(997.30, 1199.98) <0.001
TyG-GGT 215.80(154.08, 309.09) 208.09(147.84, 293.14) 266.58(183.50, 502.69) <0.001
METS-IR 49.57(42.89, 58.82) 48.00(41.88, 56.52) 59.07(51.54, 68.38) <0.001
HOMA-IR 441(2.75,7.22) 4.05(2.59, 6.15) 7.48(4.29, 11.05) <0.001
Diabetes, n(%) <0.001
YES 254 (28.1%) 176 (23.4%) 78 (51.0%)
NO 650 (71.9%) 575 (76.6%) 75 (49.0%)
Hypertension, n(%) <0.001
YES 445 (49.2%) 349 (46.5%) 96 (62.7%)
NO 459 (50.8%) 402 (53.5%) 57 (37.3%)

BMI, Body Mass Index; WC, Waist Circumference; ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; GGT, Gamma-Glutamyl Transferase; TC, Total Cholesterol; TG,

Triglycerides; HDL, High-Density Lipoprotein Cholesterol; LDL, Low-Density Lipoprotein Cholesterol; FBG, Fasting Blood Glucose; TyG, Triglyceride-Glucose Index;

G-WHIR, Triglyceride-

Glucose Index to Waist-to-Height Ratio; TyG-BMI, Triglyceride-Glucose Index to Body Mass Index; TyG-WC, Triglyceride-Glucose Index to Waist Circumference; TyG-GGT, Triglyceride-
Glucose Index to Gamma-Glutamyl Transferase; METS-IR, Metabolic Score for Insulin Resistance; HOMA-IR, Homeostasis Model Assessment of Insulin Resistance.
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Participants included in NHANES from

2017-2020.03

(n=15,560)

Exclusion criteria

(n=2,059)

Exclusion criteria

(n=904)

Normal group
(LSM<8.2, n="751)

Fibrosis group
(LSM >8.2,n=153)

(1): Age < 18 years (n=5,867)

(2): Excessive alcohol consumption (more than three
standard drinks per day for men or more than two standard
drinks per day for women) (n=2,877)

(3): Viral hepatitis (hepatitis B surface antigen or hepatitis
C virus RNA positivity) (n=560)

(4): Missing data with CAP and LSM (n=1,2006)

(5): Autoimmune hepatitis and other liver disease (n=24)
(6): Missing data with BMI, fasting blood glucose, waist
circumference, HDL, TG, TC, LDL, ALT, AST, GGT,
insulin, and HbAlc (n=2,782)

(7): Unknown diabetes or high blood pressure (n=185)

Non-NAFLD: CAP < 274 (dB/m)
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