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results. Unlike type 2 diabetes mellitus (T2DM), hepatogenous diabetes is caused by abnormal liver
function. In this study, the relationship between liver enzymes, aspartate aminotransferase (AST),
alanine transaminase (ALT), and the AST/ALT ratio (De Ritis ratio), indicating liver function, and
diabetes—related tests was analyzed. The results of the study showed a positive correlation between
AST and glucose (r=0.14, £<0.01), ALT and glucose (r=0.21, £<0.01), AST and glycated hemoglobin
(HbA1c) (r=0.15, P<0.01), and ALT and HbA1lc (r=0.20, A<0.01). The De Ritis ratio showed a
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negative correlation with glucose (r=-0.20, £<0.01) and HbAlc (r=-0.14, £<0.01). The results of
regression analysis with AST, ALT, and the De Ritis ratio as independent variables and glucose

Alanine aminotransferase (R?=0.05) and HbA1c (R?=0.04) as dependent variables revealed that the independent variables had

Aspartate aminotransferase
Diabetes mellitus
Hemoglobin Alc

a statistically significant effect on the dependent variables. AST showed a lower correlation between
blood glucose and glycated hemoglobin than ALT, and an increase in ALT caused a decrease in the De
Ritis ratio. Therefore, the De Ritis ratio can be said to be meaningful in relation to diabetes-related
tests.

Copyright © 2023 The Korean Society for Clinical Laboratory Science.

INTRODUCTION complications and mortality [1]. Chronic liver disease is

often related with impaired glucose tolerance and

Diabetes mellitus (DM) is related with a spectrum of diabetes [2]. Both fatty liver disease and alcohol

liver diseases including nonalcoholic liver disease, fatty consumption have been reported to affect incident type

liver disease and liver cirrhosis with their increased 2 DM (T2DM) [3]. Non-alcoholic fatty liver disease

(NAFLD) is highly frequent in patients with DM and

increasing evidence suggests that patients with T2DM
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are at an especially high risk for developing the advancing
forms of NAFLD, non-alcoholic steatohepatitis and asso-
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NAFLD, the hepatic manifestation of metabolic syndrome
is rapidly increasing in Korean populations. NAFLD is
one of the strongest risk factors of T2DM, and the
presence of NAFLD in T2DM patients is associated with
a worse physiological condition of diabetic compli-
cations [5]. The aspartate aminotransferase (AST) to
alanine aminotransferase (ALT) ratio (De Ritis Ratio)
has been known to be associated with insulin resistance
and metabolic syndrome [6]. Therefore, the The aim of
this study was to evaluate the relationship among item
of the liver function test, the De Ritis Ratio etc and

diabetes test in adults with health screening.

MATERIALS AND METHODS

1. Sample and setting

This study is a retrospective design, which corre-
sponds to the IRB exemption requirements (approval
number: HALLYM 2022-12-025-002) approved the
study and only 699 adult (ranged from 20 to 90 years)
data with health screening at Hallym University
Hospital located in Pyeongchon, Gyeonggi-do, Korea
for a month in October 2022.

2. Clinical chemistry data

The collected all clinical chemistry's data included
total protein (T-P), albumin (Alb), total bilirubin (T-B),
AST, ALT, De Ritis ratio, gamma glutamyl transferase
(GGT), alkaline phosphatase (ALP), lactate dehydro-
genase (LDH), uric acid (UA), amylase, glucose, and
HbAlc. For the serum chemistry test used in the study,
an automated analyzer, Beckman AU 5800 (Beckman
Coulter, Brea, CA, USA) was used. Fasting blood glucose
was measured using the hexokinase UV method, and
AST, ALT, GGT, ALP, LDH, amylase, and UA were
measured using the UV kinetic method recommended
by the International Society of Clinical Chemistry
(IFCC). The body mass index (BMI) was automatically
calculated through Microsoft Excel (Microsoft, Redmomd,
WA, USA) by dividing the subject’s height squared by
weight.
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3. Statistical analysis

All statistical analyses were performed using SPSS
Statistics version 21.0 (IBM, Armonk, NY, USA) program
for windows. Data are expressed as descriptive stati-
stics (N, mean, SD) for continuous variables. The De
Ritis ratio was artificially manipulated divided into
three groups defined by the following <1.0; 1.0~2.0;
and >2.0 [7]. Differences between general characteristics
and personal variables were tested for significance
using the independent t test. In addition, the one way
analysis of variance analysis was performed among DM
test (glucose, HbAlc) and De Ritis ratio. Dunnett’s post
hoc test was performed when there was a difference
between groups. In addition, Pearson’s correlation t
test was performed on each variable. Furthermore, the
multiple regression model was used to explore the
linear relationship between the De Ritis Ratio and
diabetes test. All statistical significance level was
presented as proportions with 95% confidence intervals
(set as P<0.05).

RESULTS

1. General characteristics

A total of 699 participants of the mean age of the
participants was 48.73+10.48 years and 48.95 +10.58
years (N=404) were male and 48.43+10.35 years (N=295)
were female. There was no statistically significant
difference in age between male and female. The average
height of the subjects was 167.08+£8.82 cm (male:
172.5246.25 cm, female 159.63+5.90 cm, P<0.01),
and the average weight of the subjects was 67.69+12.87
kg (male: 74.16+10.75 kg, female: 58.84+9.94 kg,
P<0.01 the average BMI of the subjects was 24.11+3.38
(male: 24.87+3.05, female: 23.0743.52, P<0.01). Males
were higher than females in terms of height, weight,

and BMI, which was statistically significant (Table 1).



2. Differences by clinical chemistry data according to
subjects

In the results of analysis of the subjects’ clinical
chemistry data, there was no statistical difference
between males and females in total protein, Alb, LDH,
and amylase. T-B, AST, AL'T, GGT, ALP, uric acid, glucose,
and HbAlc were higher in males than females and were
statistically significant (P<0.01). De Ritis ratio and
were higher in females than in males and were
statistically significant (7<0.01) (Table 2).

3. Difference between De Ritis ratio level and
diabetes-related test results by subjects

According to the level of De Ritis ratios, the glucose
result showed that the De Ritis Ratio was higher than
the “a(<1.0)" group (105.10+19.73 mg/dL) than the “b

Table 1. General characteristics of study
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(1.0~2.0)" group (98.44+£15.78 mg/dL), and the “a(<1.0)”
group showed a higher score than “c (>2.0)" group
(94.69+17.84 mg/dL) was statistically significant. The
“b (1.0~2.0)" group tended to appear higher than the “c
(>2.0)” group, and there was no statistical difference.
The level of De Ritis ratios and HbAlc results showed
that the De Ritis Ratio was higher than the “b (1.0~2.0)”
group (5.57+£0.58%) than the “a (<1.0)" group
(5.80%0.65%), and the “a(<1.0)” group was higher than
the “c (>2.0)” group (5.50£0.65%). and was statistically
significant. The “b (1.0~2.0)" group tended to appear
higher than the “c (>2.0)" group, and there was no
statistical difference. The level of De Ritis ratio and
amylase results showed that the De Ritis Ratio was
lower than the “b (1.0~2.0)" group (65.74+21.59 U/L)
than the “a(<1.0)” group (58.53+17.38 U/L), and the “a
(<1.0)” group was lower than the ‘c (>2.0)" group.

Variable Total (N=699) Male (N=404) Female (N=295) F t
Age (yr) 48.73+10.48 48.95+10.58 48.43+10.35 0.43 0.65
Height (cm) 167.08+8.82 172.52+6.25 159.63+5.90 1.07 27.58%*
Weight (kg) 67.69+12.87 74.16+10.75 58.84+9.94 3.00 19.19%*
BMI (Weight/heightz) 24.11+3.38 24.87+3.05 23.07+3.52 8.05 7.19%*

Data are presented as mean=SD.
Abbreviation: BMI, body mass index.
**p<0.01 by independent t-test.

Table 2. Differences by clinical chemistry data according to subjects

ltem Total (N=699) Male (N=404) Female (N=295) F t

T-P (g/dL) 7.43+0.39 7.43+0.39 7.42+0.39 0.17 0.50

Alb (g/dL) 4.71+0.23 4.75+0.23 4.66+0.22 0.69 5.31

T-B (mg/dL) 0.62+0.30 0.68+0.31 0.55+0.27 5.b4* 6.10%*
AST (U/L) 27.07+13.19 28.93+13.74 24.53+11.95 7.09%* 4 52**
ALT (U/L) 22.83+17.48 26.26+17.91 18.14+15.71 9.17%* 6.36%*
AST/ALT ratio (De Ritis ratio) 1.42+0.51 1.28+0.49 1.61+£0.49 0.88 -8.90%*
GGT (U/L) 33.74+50.61 42.70+60.20 21.46+29.16 22.25%* 6.17%*
ALP (U/L) 63.53+17.99 65.34+17.42 61.04+18.49 3.70 3.14%*
LDH (U/L) 164.92+27.40 165.74+27.87 163.80+26.76 0.00 -0.49
UA (mg/dL) 5.68+1.43 6.36+1.30 4.76+1.02 16.06** 18.31**
Amylase (U/L) 64.10+20.82 63.30+20.78 65.20+20.87 0.03 -1.19
Glucose (mg/dL) 99.57+17.24 102.94+19.23 94.96+12.66 21.70%* 6.60%*
HbA1c (%) 5.61+0.62 5.68+0.69 5.52+0.47 14.73%* 3.51%*

Data are presented as mean=SD.

Abbreviations: T-P, total protein; Alb, aloumin; T-B, total bilirubin; AST, aspartate aminotransferase; ALT, alanin aminotransferase; GGT, gamma
glutamyl transferase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; UA, uric acid.

¥Pp<0.05, **P<0.01 by independent t—test.
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Table 3. Difference between AST/ALT ratio (De Ritis ratio) level and diabetes-related test results by subjects

De Ritis ratio (N=699)

Variables “a (<1.0)" group ‘b (1.0~2.0)" group “‘c (>2.0)" group Dunnett T3 (F)
(N=159) (N=469) (N=71)

Glucose 105.10+19.73 98.44+15.78 94.69+17.84 a>b** c** (12.44%%)

HbA1c 5.80+0.65 5.57+0.58 5.50+0.65 a>b** c** (10.16%*%)

Amylase 58.563+17.38 65.74+21.59 65.82+20.83 a<b** c** (7.52%%)

Data are presented as mean=SD.
Abbreviations: See Table 2.
**p<0.01 by one way ANOVA test.

Table 4. Correlation analysis between diabetes—related test results
and liver function test results

Variables Amylase (U/L) %Ug(i/(ﬁ HbATc (%)
T-P (g/dL) -0.022 0.088* 0.086*
Alb (g/dL) -0.009 0.103** 0.092*
T-B (mg/dL) -0.070 0.014 -0.092*
AST (U/L) -0.086* 0.135% 0.148*
ALT (U/L) -0.123% 0.206** 0.203**
AST/ALT ratio 0.145%* -0.202* -0.144*

(De Ritis ratio)
GGT (U/L) -0.145* 0.118% 0.060
ALP (U/L) -0.049 0.070 0.073
LDH (U/L) 0.051 0.055 0.085*
UA (mg/dL) -0,133* 0.144%* 0.074*

Abbreviations: See Table 2.
*P<0.05, **P<0.01 by Pearson’s correlation ¢ test.

(65.82+£20.83 U/L), and was statistically significant.
The “b (1.0~2.0)" group tended to appear lower than

the “c (>2.0)" group, and there was no statistical
difference (Table 3).

4. Correlation analysis between diabetes-related test
results and liver function test results

AST (r==0.086, P<0.05), ALT (r=-0.123, 7<0.01), GGT
(r=-0.145, P<0.01), UA (r=-0.133, P<0.01) and amylase
were all statistically significant with negative correla-
tions. Conversely, the amylase and De Ritis ratio were
positively related and statistically significant (r=0.145,
P<0.01). In addition, amylase and T-P, Alb, T-B and
ALP showed a negative trend relationship, and amylase
and LDH showed a positive trend relationship. T-P
(r=0.088, P<0.05), Alb (r=0.103, P<0.01), AST (r=0.135,
P<0.01), ALT (r=0.206, £<0.01), GGT (r=0.118, <0.01),
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UA (r=0.144, P<0.01) and glucose were all statistically
significant with positively correlations. Conversely, the
glucose and De Ritis ratio were negatively related and
statistically significant (r=—0.202, £<0.01). In addition,
glucose and T-B, ALP, LDH showed a positive trend
relationship. T-P (r=0.086, <0.05), Alb (r=0.092, 7<0.05),
AST (r=0.148, P<0.01), ALT (r=0.203, P<0.01), LDH
(r=0.085, P<0.05), UA (r=0.074, P<0.05) and HbAlc
were all statistically significant with positively correla-
tions. Conversely, the HbAlc and De Ritis ratio (r="0.144,
P<0.01), T-B (r=0.092, P<0.05) were negatively related
and statistically significant. In addition, HbAlc, GGT,
and ALP showed a positive trend relationship (Table 4).

5. Regression analysis of De Ritis ratio with
diabetes-related tests

As a result of regression analysis with AST, ALT, and
De Ritis ratio as independent variables and diabetes-
related tests glucose, HbAlc and amylase as dependent
variables, it was found that AST, ALT, and De Ritis ratio
had a statistically significant effect on glucose (R*=0.05),
HbAlc (R*=0.04) and amylase (R*=0.02). (Table 5).

DISCUSSION

The liver function tests typically include alanine transa-
minase and aspartate transaminase, alkaline phosphatase,
gamma-glutamyl transferase, serum bilirubin, prothrom-
bin time, the international normalized ratio, total
protein and albumin [8]. The prevalence of diabetes

mellitus in cirrhotic patients is much higher than that
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Table 5. Regression analysis of AST/ALT ratio (De Ritis ratio) with diabetes-related tests

Independent

Dependent variables variables B Beta SE t F/R/R2/D-W
Glucose (mg/dL) Constant 102.80 12.92%%/0.23/0.05/2.01
Glucose (mg/dL) AST (U/L) 0.04 0.03 0.10 0.40 12.92*%/0.23/0.05/2.01
Glucose (mg/dL) ALT (U/L) 0.98 0.10 0.09 1.04 12.92**/0.23/0.05/2.01
Glucose (mg/dL) De Ritis ratio -4.65 -0.14 1.94 -2.40*% 12.92**/0.23/0.05/2.01
HbA1c (%) Constant 5.53 10.19%%/0.21/0.04/2.02
HbA1c (%) AST (U/L) 0.00 -0.02 0.00 -0.20 10.19%%/0.21/0.04/2.02
HbA1c (%) ALT (U/L) 0.01 0.20 0.00 2.05*% 10.19**/0.21/0.04/2.02
HbA1c (%) De Ritis ratio -0.04 -0.03 0.07 -0.54 10.19**/0.21/0.04/2.02
Amylase (U/L) Constant 58.13 5.96%%/0.16/0.02/1.99
Amylase (U/L) AST (U/L) -0.15 -0.01 0.13 -1.12 5.96%%/0.16/0.02/1.99
Amylase (U/L) ALT (U/L) 0.05 0.04 0.12 0.43 5.96**/0.16/0.02/1.99
Amylase (U/L) De Ritis ratio 6.21 0.15 2.38 2.61%* 5.96%%/0.16/0.02/1.99

Abbreviations: See Table 2; SE, standard error; D-W, Durbin—-Watson.

**pP<0.01 by regression analysis.

in the general population and the association between
chronic liver disease and diabetes mellitus is known
since long [9]. However, there are not many studies on
the relationship between De Ritis Ratio and diabetes.
The term hepatogenous diabetes (HD) was first used by
Megyesi et al. [10] in the 1960’s.

HD is directly caused by loss of liver function, implying
that it develops after cirrhosis onset. Moreover, patients
with HD usually present with almost normal fasting
glucose and HbAlc levels [11]. Therefore, the purpose
of this study was to analyze the relationship between
liver function tests, blood glucose, and glycated hemo-
globin in adults who had undergone health checkups
based on these previous studies. The level of De Ritis
ratio and HbAlc results showed that the De Ritis ratio
was higher than the “b (1.0~2.0)" group (5.57£0.58%)
than the “a (<1.0)" group (5.80£0.65%), and the “a
(<1.0)" group was higher than the “c (>2.0)" group
(5.50£0.65%) and was statistically significant. The “b
(1.0~2.0)" group tended to appear higher than the “c (>
2.0)" group, and there was no statistical difference. The
level of De Ritis ratio and amylase results showed that
the De Ritis Ratio was lower than the “b (1.0~2.0)
group (65.74%21.59 U/L) than the “a (<1.0)" group
(58.53+17.38 U/L), and the “a (<1.0)" group was lower
than the “c (>2.0)" group. (65.82+20.83 U/L), and was
statistically significant. The “b (1.0~2.0)” group tended

to appear lower than the “c (>2.0)" group, and there
was no statistical difference (Table 3). In addition, the
glucose and De Ritis ratio were negatively related and
statistically significant (r=0.00, £<0.01). These results
can be explained in the same contents as the results of
previous studies below, De Ritis ratio of =1.5 suggests
intrahepatic cholestasis while values <1.5 suggest an
extrahepatic process [12] and De Ritis ratio was
negatively associated with blood glucose levels [13, 14].
Low HbAlc values were associated with liver enzymes
and liver disease may partially explain the association
of HbAlc with mortality and other long-term outcomes
[15]. In this study, the glucose levels according to the 3
groups of De Ritis ratio, the HbAlc result showed that
the De Ritis Ratio was higher than the “a (<1.0)” group
(5.80%0.65%) than the “b (1.0~2.0)" group (5.57£0.58%),
and the “a (<1.0)” group showed a higher score than “c
(>2.0)" group (5.50£0.65%) was statistically significant.
However, the “b (1.0~2.0)" group tended to appear
higher than the ‘c (>2.0)" group, and there was no
statistical difference. In a similar study, ALT showed
significant positive correlation with fasting glucose,
post prandial glucose, HbAlc at £<0.05 [16].

In 1957, Italian pathologist Fernando De Ritis first
described it as an enzyme for viral hepatitis between
AST and ALT in the diagnosis of viral hepatitis, where
AIT is usually higher than AST. Also, a clinical descrip-
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tion of the rate of De Ritis is provided and also, a
clinical description of the rate of De Ritis is provided
[7]. Therefore, there are studies that insist on redefining
the distinction between T2DM and hepatic diabetes
[11]. Specifically, elevated ALT leads to insulin
resistance. Insulin resistance plays an important role in
the development of diabetes, as increased insulin
resistance can result in insulin not working enough,
resulting in high blood sugar levels. As for the cause of
insulin resistance due to elevated ALT, studies have
shown that ALT produces substances that promote
oxidative stress, and oxidative stress can negatively
affect insulin signaling. The other is that elevated ALT
causes liver dysfunction, resulting in insulin resistance
as the liver does not produce enough of the substances
needed to metabolize insulin [17]. An interesting fact in
this study is that amylase showed a negative correlation
between blood glucose and HbAlc which was also
found in other studies [18]. In summary, routinely
measured diabetes-related tests such as blood glucose
(R*=0.05), HbAlc (R*=0.04), and amylase (R*=0.02) are
significantly associated with liver enzymic biomarkers
functions such as AST, ALT, and De Ritis ratio among
adults.

QI5k= Aojtt. & AqtollA 71715 A 8 SAFAR]
ofAmE EAL o] A o] § A(aspartate aminotransferase,
AST), ¥ehd ofu|izZdo] g4 (alanine aminotransferase,
ALT) 71821 AST/ALT ratio (De Ritis ratio)2} G2 HAF
o] IAE F=2 ERIsIcE A+ 2 ASTeF 25394
(glucose) (r=0.14, P<0.01); ALT ¥ 2FFI1=0.21, P<0.01);
AST ¥ F5aM A (HbAlC) (r=0.15, P<0.01); ALT2} HbAlc
(r=0.20, P<0.01), B W Fo| RIAE Uehd e,
De Ritis ratio= 2534 (r=0.20, £<0.01)2} F3Fgd 44
(r="0.14, P<0.01)2}-29] ATAS K} ASTQFALT 18]
1 De Ritis ratio & SHWSE 31l 734 (R*=0.05) 2
HbAlc (R*=0.04) & <42 5lo] A543 2a} =g
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= TEH] AR CE FeloHA FFS UEit= 2=
UERITE AST= ALT Hr @53} Gold Aol A A A7t
A Yepom, ALT7FS710R= A2, De Ritis ratio T4~
9] Rlo] =t webA], De Ritis ratios G HAIR)
TARA om7} Q= AR & 4=

Acknowledgements: This study was financially supported
by Dongnam Health University.

Conflict of interest: None

Author’s information (Position): Sung HH', Professor;
Choi HK?, M.T.

REFERENCES

1. Bhatt HB, Smith RJ. Fatty liver disease in diabetes mellitus.
Hepatobiliary Surg Nutr. 2015;4:101-108. https://doi.org/10.3978/
j.issn.2304-3881.2015.01.03

2. Blendea MC, Thompson MJ, Malkani S. Diabetes and chronic liver
disease: etiology and pitfalls in monitoring. Clin Diabetes. 2010;
28:139-144. https://doi.org/10.2337/diaclin.28.4.139

3. Okamura T, Hashimoto Y, Hamaguchi M, Obora A, Kojima T,
Fukui M. Effect of alcohol consumption and the presence of fatty
liver on the risk for incident type 2 diabetes: a population-based
longitudinal study. BMJ Open Diabetes Res Care. 2020;8:€001629.
https://doi.org/10.1136/bmjdrc-2020-001629

4. Ieite NC, Villela-Nogueira CA, Cardoso CR, Salles GF. Non-alco-
holic fatty liver disease and diabetes: from physiopathological in-
terplay to diagnosis and treatment. World ] Gastroenterol. 2014;20:
8377-8392. https://doi.org/10.3748/wig.v20.126.8377

5. Lee §, Lee BW. Diabetes mellitus and non-alcoholic fatty liver
disease: diagnosis and treatment. ] Korean Diabetes. 2021;22:38-45.
https://doi.org/10.4093/3kd.2021.22.1.38

6. NiuH, Zhou Y. Nonlinear relationship between AST-to-ALT ratio
and the incidence of type 2 diabetes mellitus: a follow-up study.
Int J Gen Med. 2021;14:8373-8382. https://doi.org/10.2147/1JGM.
S341790

7. Botros M, Sikaris KA. The de ritis ratio: the test of time. Clin
Biochem Rev. 2013:34:117-130.

8. Lala V, Zubair M, Minter DA. Liver function tests [Internet].
Treasure Island: StatPearls Publishing [cited 2022 Novermber 15].
Available from: https://europepmc. org/article/med/29494096

9. Kumar R. Hepatogenous diabetes: an underestimated problem of
liver cirrhosis. Indian J Endocrinol Metab. 2018;22:552-559.
https://doi.org/10.4103/ijem.IJEM_79_18

10. Megyesi C, Samols E, Marks V. Glucose tolerance and diabetes in
chronic liver disease. Lancet. 1967;2:1051-1056. https://doi.org/
10.1016/50140-6736(67)90334-0

11. OrsiE, Grancini V, Menini S, Aghemo A, Pugliese G. Hepatogenous
diabetes: Is it time to separate it from type 2 diabetes? Liver Int.
2017:37:950-962. https://doi.org/10.1111/1iv.13337

12. McClatchey KD. Clinical laboratory medicine. 2nd ed. Philadelphia:



13.

14.

15.

Williams & Wilkins; 2002. p288-290.

ChenL, Zhang K, Li X, Wu Y, Liu Q, Xu L, et al. Association be-
tween aspartate aminotransferase to alanine aminotransferase
ratio and incidence of type 2 diabetes mellitus in the Japanese
population: a secondary analysis of a retrospective cohort study.
Diabetes Metab Syndr Obes. 2021:14:4483-4495. https://do-
i.org/10.2147/DMSO.S337416

Chen W, Wang W, Zhou L, Zhou ], He L, Li ], et al. Elevated
AST/AIT ratio is associated with all-cause mortality and cancer
incident. J Clin Lab Anal. 2022;36:624356. https://doi.org/10.1002/
jcla.24356

Christman AL, Lazo M, Clark JM, Selvin E. Low glycated hemoglo-
bin and liver disease in the U.S. population. Diabetes Care.

16.

17.

18.

Korean J Clin Lab Sci. Vol. 55, No. 1, March 2023 15

2011;34:2548-2550. https://doi.org/10.2337/dc11-0944
Al-Jameil N, Khan FA, Arjumand S, Khan MF, Tabassum H
Associated liver enzymes with hyperlipidemic profile in type 2
diabetes patients. Int ] Clin Exp Pathol. 2014;7:4345-4349.
Stefan N, Hiring HU, Cusi K. Non-alcoholic fatty liver disease:
causes, diagnosis, cardiometabolic consequences, and treatment
strategies. Lancet Diabetes Endocrinol. 2019:7:313-324. https://
doi.org/10.1016/52213-8587(18)30154-2

Yadav R, Bhartiya JP, Verma SK, Nandkeoliar MK. The evaluation
of serum amylase in the patients of type 2 diabetes mellitus, with
a possible correlation with the pancreatic functions. J Clin Diagn
Res. 2013;7:1291-1294. https://doi.org/10.7860/JCDR/2013/6016.
3120

www.kjcls.org



