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A B S T R A C T   

Background: Non-alcoholic fatty liver disease (NAFLD) also referred as metabolic as metabolic (dysfunction) 
associated fatty liver disease. Type 2 diabetes mellitus (T2DM) is a major cause in progression of NAFLD and non- 
alcoholic steatohepatitis (NASH). The aim of the present study is to assess the activity of liver enzymes in T2DM 
in North Indian population. 
Method: This was a cross-sectional descriptive study clinic-based study in patients with T2DM. A total of 612 
participants (226 healthy controls and 386 T2DM) were recruited. Body mass index (BMI), activity of liver 
enzymes including alanine and aspartate aminotransferase (ALT, AST) along with alkaline phosphatase (ALP) 
was measured. Fasting blood glucose (FBG) and glycosylated hemoglobin (HbA1c) along with total protein (TP) 
and albumin were also measured. Quantitative variables were expressed as mean ± SD, while qualitative vari-
ables as frequencies (%). Pearson/Spearman correlation test, unpaired t-test, Chi-squared test was used to assess 
the correlation, association and significant differences between study groups respectively. A P-value of < .05 was 
set as statistically significant. The Statistical Package for Social Sciences (SPSS) ® Statistics, version 23 (IBM SPSS 
Statistics, Armonk, NY) was used to for analysis of data. 
Results: The study was conducted on 386 T2DM patients, and out of 386 patients, 139 (36.01%) were male (P <
.000) and 247 (63.98%) were female. The mean age of the T2DM patients was 46.4 ± 13.6 years, while healthy 
individuals have mean age of 39.2 ± 12.0 years (P < .000). It was observed that the activity of AST in T2DM is 
comparable with the healthy persons (P = .060). While the level of ALT, total bilirubin and ALP in T2DM is 
significantly higher compared to healthy control (P < .000). On average, 62.53% of T2DM subjects and 32% of 
participants of healthy subjects had abnormal liver enzymes activity. 
Conclusion: The present study has revealed widely co-existent derangements in liver function tests (LFTs) in the 
diabetic population of North India. A detailed workup in such patients may be helpful in timely diagnosis and 
treatment. Moreover, early detection and management of abnormal liver parameters in T2DM would help 
minimize liver-related morbidity and mortality.   

1. Introduction 

Diabetes mellitus (DM) is a metabolic disorder that arises from an 

abnormality in insulin secretion, insulin action, or both that contributes 
to chronic hyperglycemia which is considered the main cause of diabetic 
complications with long-term failure and damage to various organ 
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systems [1]. 
According to the International Diabetes Federation (IDF), DM is 

estimated to impact more than 463 million people worldwide in 2019 
[2]. The widespread prevalence of the disease is escalating, and it is 
postulated that more than 700 million people will have diabetes by 2045 
[2]. The most common form, which is accounting for 90% of all cases, is 
T2DM [3]. 

The liver plays an important role in the pathogenesis of this disorder 
[4]. However, T2DM affects all organs of the body, and the liver is not 
reprieved by this killer disease. Evidence has suggested that as high as 
70% of cirrhosis patients can be diagnosed with T2DM which may cause 
initiation and progression of chronic liver disease [5]. In DM, the exact 
pathogenesis to induce abnormalities in liver biomarkers is still not 
known. 

By this frame of reference, the present study is carried out to find the 
prevalence of abnormal LFT parameters in the subgroup of the diabetic 
population. To the best of our knowledge, limited data on the Indian 
population is available. Therefore, the present study has been under-
taken to discover the pre-dominance of LFT abnormalities in the diabetic 
population and to ascertain whether there is some relationship between 
LFT parameters and elevated blood glucose in T2DM patients, so that, it 
could provide new insights to clinicians for improving the disease 
outcome and its prognosis. 

2. Materials and methods 

2.1. Study area and study population 

This descriptive study was conducted between September 2019 to 
February 2021on 386 T2DM and 226 non-diabetic subjects (age range 
16–78 years) from the regions of New Delhi and Kanpur, Uttar Pradesh. 
The sample size was calculated using formula Z2 p (1 − p)/d2, where: Z 
= Z score at 95% confidence interval = 1.96 with power = 0.80, p =
prevalence = 50%, d = mariginal error = 5% (0.05). A total of 386 study 
participants were recruited in the diabetic group. The participants with 
T2DM were enrolled from the Out-Patients Department of Jamia Ham-
dard Hospital, New Delhi, and Lala Lajpat Rai Hospital, Kanpur. Non- 
diabetic subjects were randomly selected from the family members 
escorting the T2DM participants for regular physical examination. 

2.2. Exclusion and inclusion criteria for participant’s recruitment 

Study participants with confirmed diagnosis of diabetes mellitus or 
newly diagnosed diabetes using American Diabetes Association (ADA) 
screening criteria with fasting venous plasma glucose (FPG) ≥126 mg/ 
dL (7.0 mmol/L) were included into the study [6]. Patients with history 
of liver disease, alcohol intake, using hepatotoxic drugs, clinical pre-
sentation of acute hepatitis, participants with presentation of virus 
infection like hepatitis B and C and also with history of subclinical hy-
pothyroidism were excluded from the present study. 

2.3. Human ethics 

The present study was approved by the Ethics Committee, GSVM 
Medical College Kanpur (EC/BMHR/2021/35). All study participants 
were informed about the study, and written consent was obtained from 
them. 

2.4. Anthropometric characteristics 

Anthropometric measurements were performed by the trained 
Paramedical staff according to the standard procedure explained to 
them under the guidance of expert physicians. Body mass index (BMI) 
was calculated for each participant using their body weight (kilogram) 
and height (in meters squared). 

2.5. Specimen collection and laboratory 

The venous blood (5 mL) was collected in a plain dry vacutainer tube 
using sterilize disposable syringes from the enrolled participants. Post 
collection of whole blood, it was left undisturbed at room temperature 
for 15–30 min followed by centrifugation at 2000×g for 10 min under 
refrigerated conditions for the separation of serum and plasma. 
Extracted serum and plasma were stored at − 80 ◦C until analysis. Serum 
levels of total bilirubin, AST, ALT, ALP, Albumin, TP, and FPG were 
measured using an automated biochemistry analyzer (Beckman Coulter 
AU480) and HbA1c by Biorad D10, California, United States 
respectively. 

2.6. Reference range of liver enzymes level 

The reference ranges used for this study were as following: TB: 0.3–1 
mg/dL, ALT >45 U/L in men/>34 U/L in women, AST >35 U/L in men/ 
>31 U/L in women, ALP >129 U/L in men/>104 U/L in women [7]. 
Diagnosis of T2DM was performed according to the American Diabetes 
Association screening criteria of fasting glucose ≥126 mg/dL. 

2.7. Statistical analysis 

Quantitative variables in the resent study were expressed as mean ±
SD, whereas the qualitative variables are denoted with frequencies (%). 
To establish the correlation between liver enzymes and baseline vari-
ables, Pearson’s correlation coefficient was used. Anthropometric dif-
ferences among variables were performed by independent sample t-test. 
Gender-wise prevalence was calculated by using the chi-squared test. A 
P-value of < .05 was set as statistically significant. IBM SPSS software, 
version 23, was used for statistical data analysis. 

3. Results 

The variable characteristics of the present study participants are 
depicted in Table 1. Out of 612, 226 were healthy control (154 male and 
72 female) and 386 were diagnosed withT2DM (139 male and 247 fe-
male). The mean age of T2DM subjects was 46.4 ± 13.6 years and 39.2 
± 12.0 years for healthy control. The SBP and DBP of both groups did not 
show significant differences while the BMI of T2DM had a higher value 
of 25.1 ± 3.10(Kg/m2) compared to healthy controls 24.0 ± 3.80(Kg/ 
m2). Similarly, the value of fasting blood glucose and HbA1c of T2DM 
participants were found significantly higher compared to healthy per-
sons (P < .000). The activity of AST in T2DM is comparable with that of 
healthy persons. While the level of ALT and ALP in T2DM is significantly 

Table 1 
Baseline characteristics of the healthy control and diabetic participants.  

Variables Healthy Control T2DM P value 

N 226 386 – 
Gender [n (%)] 
Male 154 (68.14) 139 (36.01) .000 
Female 72 (31.85) 247 (63.98) 
Age (Yrs) 39.2 ± 12.0 46.4 ± 13.6 .000 
SBP (mm of Hg) 122.8 ± 12.4 125.2 ± 16.8 .062 
DBP (mm of Hg) 71.8 ± 8.2 70.6 ± 9.4 .111 
BMI (Kg/m2) 24.0 ± 3.80 25.1 ± 3.10 .000 
Fasting Glucose (mg/dL) 98.61 ± 11.26 201.26 ± 24.62 .000 
HbA1c (%) 5.9 ± 0.18 8.1 ± 0.33 .000 
AST (U/L) 29.16 ± 10.16 31.39 ± 16.00 .060 
ALT (U/L) 31.02 ± 13.9 38.7 ± 12.80 .000 
ALP (U/L) 92.4 ± 26.78 108.14 ± 28.64 .000 
Albumin (mg/dL) 45.64 ± 19.62 43.17 ± 18.42 .118 
TP (mg/dL) 64.18 ± 21.62 66.85 ± 28.41 .222 
Total Bilirubin 0.59 ± 0.05 0.68 ± 0.08 .000 

Note: Data are presented as mean ± SD. P-values are obtained from independent 
sample t-test in comparison between healthy control and diabetes group. 
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higher compared to healthy control (P < .000). Similarly total bilirubin 
is found significantly higher in T2DM compared to healthy participants 
(P < .000). 

The prevalence of abnormal liver enzymes including AST, ALT and 
ALP were compared in both groups and presented in Table 2. On 
average, 62.53% of T2DM subjects and 32% of participants of healthy 
subjects had abnormal liver enzymes activity as shown in Table 2. In 
T2DM the females showed the most common abnormalities in liver 
enzyme activity compared to male participants. 

Table 3 represents the correlation between liver enzymes and clinical 
characteristics of the study participants that plays important role in 
diabetes mellitus pathogenesis. All liver enzymes showed a negative 
correlation with the HbA1c. ALT and AST also showed a negative cor-
relation with the fasting blood glucose except for ALP had a positive 
correlation with the FBG. Similarly, all liver enzymes showed a positive 
correlation with the total bilirubin level. 

4. Discussion 

The present study has been undertaken to throw some light on he-
patic dysfunctions in diabetics as the present study shows that patients 
having abnormalities in LFT in Type 2 DM patients. Previously pub-
lished study also demonstrated the association of liver enzymes with 
T2DM in Ethiopian population and found significant association with 
elevated expression in T2DM patients as observed in our study [8]. In 
another similar study, the authors have examined liver enzyme activity 
and observed high prevalence of NAFLD in T2DM patients [9]. The re-
sults of our study are in complete agreement with the results obtained 
from previously published study, in which the authors used elevated 
AST enzyme as marker for in diabetes risk assessment [10]. The first 
possible explanation of this abnormality is the deposition of fat in the 
liver leading to nonalcoholic fatty liver disease (NAFLD). In another 
recently published comparative cross-sectional study, it was found that 
there is prevalence of abnormal LFTs in T2DM compared to healthy 
persons [11]. The other possible assumption is the susceptibility to 
inflammation of the liver which alters the function of the liver and in-
duces a change in liver biomarkers [12]. Furthermore, fatty acid accu-
mulation causes cell membrane disruption at high concentrations, 
causes activation and inhibition of key steps in the regulation of various 

metabolism and mitochondrial dysfunction, [13]. 
In India a high prevalence of deranged LFTs of about 71.2% and 70% 

respectively in individuals with T2DM [13]. Our study also showed 
abnormal liver parameters with a relatively lower rate of 53% as 
compared to the above study. Moreover, the frequency of deranged LFTs 
reported, in the case of Indian diabetes is 50–70% [14–17]. 

In one study done in Sudan by Idris et al., 22% had at least one 
abnormal liver function test [18]. Harris et al. showed that ALT in-
creases up to 9.5% in the diabetic population that is up to 4 times in 
comparison to the general population [19]. The present study was 
supported by a study in the UK of 959 diabetic patients; ALT was raised 
in 15.7% diabetics, alkaline phosphatase in 10.4% patients whereas only 
3.9% had hyperbilirubinaemia [20]. In another study in Iran on diabetic 
population, a rise of ALT and AST in 10.4% and 3.3% in study subjects 
respectively were seen [21]. Increased level of ALT (57%) and AST 
(46%) was also seen in another study on DM and it was found to be 
statistically compared to non-diabetic controls [22]. 

One study conducted by Ni H et al. from Malaysia showed a rela-
tively lower frequency for LFTs; 18%, 12%, and 5% for ALT, AST and 
ALP respectively in the diabetic population [23]. In our study, it was 
seen that LFT was deranged more in female subjects as compared to 
males. However, our findings on gender distribution could not be 
compared with other studies as some of the studies showed an overall 
prevalence of abnormal LFTs was significantly higher in males than in 
females [24]. Also, our results showed that in both females and males, 
ALP was the most commonly affected parameter followed by ALT. 

5. Limitations of the study 

The study is associated with few limitations as present study design is 
cross sectional, therefore it is not possible to know whether the diabetes 
preceded abnormal liver function, also we did not investigate the 
chronic or transient abnormality in LFTs. The present study did not use 
any imaging technique to investigate association between abnormal 
LFTs with NAFLD. In the present study, liver enzyme: γGT was not 
assessed, which is another major limitation of the present study. 

6. Conclusion 

The present study mainly focuses on the importance of monitoring 
the liver function of patients with T2DM. It has revealed widely co- 
existent derangements in LFTs in the Type 2 diabetics in a subgroup of 
the population. A detailed workup in such patients may be helpful in 
timely diagnosis and treatment. Moreover, early detection and man-
agement of abnormal liver parameters in diabetes mellitus would help 
minimize liver-related morbidity and mortality in the diabetic popula-
tion. Future studies are required to find out the causes of hepatic 
dysfunction in diabetics and to explore the impact of abnormalities of 
the liver on the glycemic status. The need of the hour is to request LFTs 
in the diabetic population because of the high prevalence of LFT ab-
normalities in these patients as they may harbor co-morbid illnesses. 

Table 2 
Gender wise prevalence of abnormal liver enzymes in the healthy control and 
T2DM. The p values are tabulated using Chi-squared test.   

Healthy Control T2DM 

Male (%) Female (%) Male (%) Female (%) 

AST 
Normal 73.26 78.11 72.00 (.809) 51.10 (.000) 
Abnormal 26.74 21.89 28.00 (.809) 48.90 (.000) 
ALT 
Normal 86.90 92.11 84.22 (.514) 67.72 (.000) 
Abnormal 13.10 7.89 15.78 (.514) 32.28 (.000) 
ALP 
Normal 93.52 80.10 68.00 (.000) 69.35 (.075) 
Abnormal 6.48 19.90 32.00 (.000) 30.65 (.075)  

Table 3 
Correlation between liver enzymes and clinical characteristics of the study participants.   

AST ALT ALP 

Correlation (r) P value Correlation (r) P value Correlation (r) P value 

Age − 0.025 .730 − 0.019 .743 0.008 .880 
BMI − 0.069 .584 − 0.077 .542 0.075 .552 
HbA1c − 0.038 .763 − 0.003 .981 − 0.144 .252 
Fasting Glucose − 0.048 .408 − 0.041 .480 0.122 .034 
Total Bilirubin 0.018 .750 0.004 .942 0.004 .945 

Note: Correlation was analysed using Pearson’s correlation coefficient test (two-tailed). 
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