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Abstract
Background
This study investigated the prevalence and association of liver transaminases in type 2 diabetes
mellitus (T2DM) patients at King Abdulaziz University Hospital (KAUH), Jeddah, Saudi Arabia.

Methods
This retrospective, cross-sectional study was carried out on 211 T2DM patients at KAUH in
2017, and the Research Ethics Committee of KAUH approved this study. The data were analyzed
on SPSS 21 (IBM Corp., Armonk, NY, US). The association of aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) with several risk factors was computed by the chi-square
test. The odds ratio with a 95% confidence interval (CI) was also calculated.

Results
The mean age of study participants was 60 ± 13.43 years; 143 (67.8%) were female while 68
(32.2%) were male. Serum AST levels were elevated in 6.16% (10.3% in males, 4.2% in females).
Elevated ALT levels were found in 7.58% (11.8% in males, 5.6% in females) (Table 2). The
probability of rising AST levels increased with age (OR = 2.59 for patients aged 46-65) and with
male gender (OR = 2.65, CI: 0.84-8.12). Additionally, the probability of rising ALT levels
increased with male gender (OR = 2.25, CI: 0.80-6.27), low-density lipoproteins (LDL-C)
(OR = 2.11, CI: 0.73-6.04), and triglycerides (TG) (OR = 2.08, CI: 0.739-5.87). No statistically
noteworthy association was observed between elevated levels of AST and ALT with gender, age,
body mass index (BMI), glycated hemoglobin (HbA1c), TG, total cholesterol (TC), LDL-C, and
high-density lipoprotein cholesterol (HDL-C) levels, smoking, or hypertension.

Conclusion
Higher ALT and AST levels were found in T2DM patients but with no statistically significant
link between elevated levels and gender, age, BMI, HbA1c, TG, TC, HDL-C, LDL-C, smoking, or
hypertension.

Categories: Endocrinology/Diabetes/Metabolism, Family/General Practice
Keywords: alt, ast, hba1c, smoking, diabetes mellitus
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Introduction
The liver is a metabolic food factory where, generally, all types of nutrients and, particularly,
carbohydrates, proteins, and lipids metabolize. It plays an important role in maintaining blood
sugar levels in both a fasting state and a postprandial state. The World Health Organization
(WHO) reports that almost 422 million people have type 2 diabetes mellitus (T2DM) globally,
and in 2025, that number will be doubled. Furthermore, developing countries will suffer more
because of unhealthy diets, sedentary lifestyles, obesity, aging, and high population growth [1].
According to the report from the WHO, the overall prevalence of T2DM in Saudi Arabia is 14.4%
(14.7% males and 13.8% females) [2].

Diabetes causes lipid disorders and, consequently, long-term complications and injury to many
organs of the body, including the liver [3-4]. Moreover, T2DM is considered one of the causes of
liver diseases such as nonalcoholic steatohepatitis (NASH), nonalcoholic fatty liver disease
(NAFLD), cirrhosis, and, eventually, hepatocellular carcinoma [5].

Liver disease comprises substantial comorbidity in T2DM [6]. A few studies have reported that
liver injury biomarkers can independently forecast the possibility of deranged fasting sugar,
T2DM, and metabolic syndrome (MS) [7-8]. Diabetes can impair liver and heart muscle cells,
which, in turn, may influence levels of serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP) and creatine kinase (CK) [9].

The literature indicates a comparatively high prevalence of abnormal serum liver enzymes,
specifically ALT and AST, in diabetic patients [6,10-11]. However, Ahmadi found no significant
increase in ALT or AST levels [12].

Thus, in spite of the abundant literature, the range of elevated ALT and AST in T2DM patients
is still indistinct. It is imperative to investigate these liver enzymes in diabetic patients because
the literature indicates that T2DM accompanied by the derangement of liver enzymes
establishes an augmented risk for cardiovascular disease [13-14] and kidney disease [15].

In the Saudi population, the relationship between liver enzymes and T2DM has not been
extensively studied. Further, studies about the magnitude of elevated liver transaminases in the
Saudi Arabian population are lacking. However, a few studies have been done in the Middle
East that tackled this topic [16-17]. Therefore, our study aimed to investigate the prevalence
and association of liver transaminases among patients with T2DM at King Abdulaziz University
Hospital (KAUH), Jeddah, Saudi Arabia.

Materials And Methods
Population and study design
This retrospective, cross-sectional study was carried out on 211 T2DM patients from both
genders at KAUH in the year 2017, and the Research Ethics Committee of KAUH approved this
study, approval No. 18-774. The data were collected by reviewing the electronic files of the
patients.

Patient selection and biological measurements
Patients with an established diagnosis of T2DM were selected according to the criteria set by
the American Diabetes Association in 2007. A patient’s smoking and alcohol history; their
anthropometric measurements (weight, height, and BMI) and blood pressure; and their
laboratory results, including HbA1c, transaminases (ALT, AST), TG, TC, LDL-C, and HDL-
C levels, were noted. We included only those patients having T2DM. Patients suffering from
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type 1 diabetes mellitus; cirrhosis; or hepatitis A, B, or C, as well as alcoholics and patients
taking medications that increase liver enzymes, were all excluded from the study.

Five milliliters of blood were taken after overnight fasting, and TG, TC, HDL-C, LDL-C, AST,
ALT, HbA1c, and fasting blood sugar were measured. Lipid profile components were determined
by using the cholesterol oxidase phenol 4-aminoantipyrine peroxidase (CHOD-PAP) method
and kits on a Siemens Dimension Vista 1500 (Siemens Medical Solutions, Malvern, PA, USA).
Blood sugar was measured using the glucose oxidase-peroxidase (GOD-POD) method.

ALT and AST were measured by clinical chemistry analyzer on the Siemens Dimension Vista
1500. The range for ALT was 12-78 U/L and AST was 15-37 U/L, according to KAUH laboratory
normal limits. Values above these were taken as elevated.

Statistical analysis
The data were analyzed with SPSS 21 statistical software (IBM Corp., Armonk, NY, US), and
quantitative variables are expressed as mean ± standard deviation. Smoking and hypertension
are presented as frequencies and percentages, respectively. An independent t-test was used for
a gender-wise comparison. ALT and AST association with different variables were calculated
using a chi-square test. The odds ratio with a 95% confidence interval (CI) was computed for
determining the association of any specific variable with increased levels of ALT and AST. p-
value <0.5 was taken as significant.

Results
The study included 211 T2DM patients with a mean age of 60 ± 13.43 years; 143 (67.8%) were
female and 68 (32.2%) were male. The mean AST and ALT levels were 21.31 ± 14.38, and
32.71 ± 23.97, respectively. The mean HbA1c and BMI were 7.68 ± 1.8 and 30.69 ± 6.1,
respectively. The participants’ baseline characteristics are shown in Table 1.
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Variables Total Mean±SD (N=211) Female (n=143) Male (n=68) p-value

Age (Years) 60.00±13.43 58.34±13.3 63.48±13.08 0.009

BMI (Kg/m2) 30.69±6.1 31.67±6.5 28.62±4.4 <0.001

HgA1c (%) 07.68±1.8 07.88±1.8 07.24±1.5 <0.009

TC (mmol/L) 04.31±1.1 04.52±1.0 03.86±1.0 <0.001

HDL (mmol/L) 01.28±0.85 01.29±0.4 01.25±1.3 0.785

LDL (mmol/L) 02.63±0.92 02.81±0.9 02.27±0.8 <0.001

TG (mmol/L) 01.62±0.97 01.59±0.8 01.69±1.1 0.520

FBG (mmol/L) 08.13±2.9 08.51±3.1 07.35±2.4 0.005

AST U/L 21.31±14.38 20.13±12.3 22.60±16.3 0.14

ALT U/L 32.71±23.97 31.71±22.9 27.58±12.1 0.43

TABLE 1: The baseline characteristics and gender-wise comparison of the study
subjects.
BMI = Body mass index, HbA1c = Hemoglobin A1C, AST = Aspartate aminotransferase, ALT = Alanine aminotransferase, TC = Total
cholesterol, HDL = High-density lipoprotein, LDL = Low-density lipoprotein, FBG = Fasting blood glucose

The gender-wise comparison showed that age, BMI, HbA1c, TC, LDL-C, and FBG were
significantly different. No significant difference was observed between AST or ALT levels
between the genders (Table 1).

The level of serum AST was elevated in 6.16% (10.3% in males and 4.2% in females) while
elevated ALT levels were found in 7.58% (11.8% in males and 5.6% in females) (Table 2).

Variables Total
Increased AST activity Increased ALT activity

n (%) OR (95%) X2 P-value n (%) OR (95%) X2 P-value

Gender

Male 68 7 (10.3) 2.62 (0.84–8.12) 2.96 0.85 8 (11.8) 2.25 (0.80–6.27) 2.50 0.11

Female 143 6 (4.2) 1   8 (5.6) 1   

Age groups

24–45 27 1 (3.70%) 1   2 (10) 1   

46–65 101 9 (8.9) 2.59 (0.77–8.69) 2.53 0.11 6 (7.2) 1.09 (0.39–3.04) 0.03 0.85

>65 83 3 (3.6) 0.44 (0.11–1.65) 1.53 0.21 6 (7.2) 0.91 (0.32—2.6) 0.02 0.87
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Smoking

No 199 13 (6.5) - 0.83 0.36 16 (8) - 1.04 0.30

Yes 12 0 (0) -   0 (0) -   

HbA1c

<7 91 7 (7.7) 0.63 (0.20–1.94) 0.64 0.42 9 (9.9) 0.56 (0.20–1.57) 1.21 0.27

>7 120 6 (5) 1   7 (5.8) 1   

TC

<5.18 169 11 (6.5) 0.71 (0.15–3.37) 0.17 0.673 13 (7.7) 0.92 (0.25–3.39) 0.01 0.90

>5.18 42 2 (4.8) 1   3 (7.1) 1   

LDL

<100 115 6 (5.2) 1.42 (0.464–4.40) 0.38 0.53 6 (5.2) 2.11 (0.73–6.04) 2.01 0.15

>100 96 7 (7.3) 1   10 (10.4) 1   

HDL

<40 147 11 (7.5) 0.39 (0.08–1.85) 1.46 0.22 12 (8.2) 0.75 (0.23–2.42) 0.23 0.62

>40 64 2 (3.1) 1   4 (6.3) 1   

Triglycerides

<150 151 9 (6) 1.12 (0.33–3.80) 0.13 0.84 9 (6) 2.08 (0.739–5.87) 1.99 0.16

>150 60 4 (6.7) 1   7 (11.7) 1   

Hypertension

No 165 11 (6.7) 0.63 (0.13–2.97) 0.335 0.56 15 (9.1) 0.22 (0.02–1.72) 2.45 0.11

Yes 46 2 (4.3)    1 (2.2) 1   

TABLE 2: Prevalence of elevated AST and ALT levels and odds ratio in type 2 diabetes
mellitus patients for various risk factors.
HbA1c = Hemoglobin A1C, AST = Aspartate aminotransferase, ALT = Alanine aminotransferase, TC = Total cholesterol, HDL = High-
density lipoprotein, LDL = Low-density lipoprotein

The probability of elevated AST levels increased with increased age (OR = 2.59 for patients aged
46-65) and with male gender (OR = 2.65, CI: 0.84-8.12). Additionally, the probability of raised
ALT levels increased with male gender (OR = 2.25, CI: 0.80-6.27), LDL-C (OR = 2.11, CI: 0.73-
6.04), or TG (OR = 2.08, CI: 0.739-5.87) (Table 2).

No statistically noteworthy association was observed between the elevated levels of AST and
ALT with gender, age, BMI, HbA1c, TC, TG, HDL-C, LDL-C, smoking, or hypertension (Table 2).
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Discussion
The findings from this study showed that the levels of serum AST and ALT were elevated in
6.16% and 7.58% of T2DM patients, respectively. Our studies are in accordance with several
previous studies that also found serum transaminases were elevated in T2DM [7,10-11,18-19].

Our study indicates that the prevalence of elevated liver enzymes was gender-related, with
elevated AST levels in 10.3% of males and 4.2% of females and elevated ALT levels in 11.8% of
males and 5.6% of females. A similarly higher prevalence among males was reported from
China by Chen et al. [11] and from Jordan by Judi et al. [16]. An Algerian study reported the
prevalence of elevated ALT in T2DM patients was 15.9% in women and 10.9% in men [20].

The present study found no statistically significant association between the elevated levels of
AST and ALT with gender, age, BMI, HbA1c, TC, TG, HDL-C, LDL-C, smoking, or hypertension,
although a Jordanian study reported that male gender, younger age, higher waist
circumference, and noninsulin usage were independent predictors of raised levels of liver
transaminase [16].

Our results indicate the prevalence of elevated AST levels increased with increased age
(OR = 2.59 for patients aged 46-65) and in the male gender (OR = 2.65, CI: 0.84-8.12). These
results are in agreement with Gouri et al. [6] and Hermos et al. [21], who also reported elevated
ALT levels with increasing age. Moreover, a study reported that male gender and elevated TG
levels are independent predictors of ALT levels [6]. However, in our study, the odds ratio for AST
and ALT elevation was only 0.44 (CI: (0.11-1.65)) and 0.91 (CI: (0.32-2.63)), respectively, among
patients older than 65 years. We don’t have any particular explanation for this.

Elevated ALT values might be an important risk indicator for T2DM and metabolic syndrome
(MS), and, in this context, it becomes imperative to identify the factors linked with elevated
liver enzymes. These identified factors could assist in the prevention of T2DM and MS [7,22].

It is proposed that the elevated levels of ALT in diabetic patients and MS are chiefly due to fat
accumulation in the liver [10,16]. Furthermore, elevated levels of ALT without any liver disease
is usually taken as a surrogate marker of NAFLD [23]. The elevation of ALT could be because of
impairment in insulin signaling rather than being purely due to hepatocyte injury [24].

A proposed pathophysiological mechanism is that elevated transaminases may indicate
inflammation that weakens insulin signaling in the liver systemically [25-26]. Zhang et al. [27]
stated that insulin resistance is caused by ALT regardless of gender, BMI, or age.

We found no significant difference according to BMI while another study reported a risk of
increased ALT in diabetic patients with obesity [11]. Furthermore, the measurement of
transaminases is more important in obese diabetic subjects according to one study that stated
that the presence of T2DM, obesity, and elevated ALT, AST, WC are independent risk factors for
fatty liver [18].

Another study mentioned that factors such as dietary habits, cultural influences, and awareness
of health and body might play a role in the normalization of liver serum enzyme levels among
the majority of people [20]. Our and other findings support the idea of implementing routine
liver function test (LFT) monitoring in T2DM patients, as suggested by Gouri et al. [6].

There are a few limitations to our study. The first limitation is that it is a retrospective study, so
direct patient histories could not be taken and we had to depend on existing electronic records.
Second, the sample size is not large enough, and third, it is a single-center study and has no
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control group. Fourth, there is a lack of dietary history and other investigations such as
abdominal sonography and did not discuss the presence of diabetic complications.

Conclusions
Higher ALT and AST levels were found in T2DM patients. However, no statistically considerable
link was observed between elevated levels of AST or ALT with gender, age, BMI, HbA1c, TG, TC,
HDL-C, LDL-C, smoking, and hypertension. Future prospective longitudinal studies are
recommended to find better results among Saudi diabetics as well as healthy subjects.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Research Ethics
Committee of King Abdulaziz University issued approval 18-774. This retrospective, cross-
sectional study was carried out on 211 T2DM patients at KAUH in the year 2019, and the
Research Ethics Committee of KAUH approved this study, approval No. 18-774. The data were
collected by reviewing the electronic files of the patients. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: This work was funded by the Deanship of Scientific Research (DSR),
King Abdulaziz University. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations
that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced
the submitted work.

Acknowledgements
This work was funded by the Deanship of Scientific Research (DSR), King Abdulaziz University,
Jeddah. The authors wish to thank the Deanship of Scientific Research (DSR), King Abdulaziz
University, Jeddah, SA, for their technical and financial support of the publication of this study.
The authors acknowledge the help of Abdullah Faisal Shalabi, Sultan Hazem Alqarni, and
Ibrahim Sulaiman Alhajjam for their cooperation and assistance with retrieving the patients’
data.

References
1. World Health Organization. Global report on diabetes . (2016).

http://www.who.int/diabetes/global-report/en/.
2. World Health Organization. Diabetes country profile . (2016).

http://www.who.int/diabetes/country-profiles/en/.
3. Garcia-Caballero M, Reyes-Ortiz A, Martínez-Moreno JM, Toval-Mata JA: Glycemic and lipid

metabolic disorders in diabetic and non-diabetic patients BMI <35 or >35 before gastric
bypass. Nutr Hosp. 2014, 29:1095-1102. 10.3305/nh.2014.29.5.7288

4. Muller MJ, Pirlich M, Balks HJ, Selberg O: Glucose intolerance in liver cirrhosis: role of hepatic
and nonhepatic influences. Eur J Clin Chem Clin Biochem. 1994, 32:749-758.
10.1515/cclm.1994.32.10.749

5. Moscatiello S, Manini R, Marchesini G: Diabetes and liver disease: an ominous association .
Nutr Metab Cardiovasc Dis. 2007, 17:63-70. 10.1016/j.numecd.2006.08.004

6. Gouri A, Dekaken A, Rouabhia S, Bentorki AA, Yakhlef A: Transaminases profile in Algerian
patients with type 2 diabetes mellitus [Article in French]. Immuno Anal Biol Spe. 2013, 28:25-
29. 10.1016/j.immbio.2012.07.021

7. Villegas R, Xiang YB, Elasy T, et al.: Liver enzymes, type 2 diabetes, and metabolic syndrome
in middle-aged, urban Chinese men. Metab Syndr Relat Disord. 2011, 9:305-311.

2019 Alzahrani et al. Cureus 11(7): e5166. DOI 10.7759/cureus.5166 7 of 8

http://www.who.int/diabetes/global-report/en/
http://www.who.int/diabetes/global-report/en/
http://www.who.int/diabetes/country-profiles/en/
http://www.who.int/diabetes/country-profiles/en/
https://dx.doi.org/10.3305/nh.2014.29.5.7288
https://dx.doi.org/10.3305/nh.2014.29.5.7288
https://dx.doi.org/10.1515/cclm.1994.32.10.749
https://dx.doi.org/10.1515/cclm.1994.32.10.749
https://dx.doi.org/10.1016/j.numecd.2006.08.004
https://dx.doi.org/10.1016/j.numecd.2006.08.004
https://dx.doi.org/10.1016/j.immbio.2012.07.021
https://dx.doi.org/10.1016/j.immbio.2012.07.021
https://dx.doi.org/10.1089/met.2011.0016


10.1089/met.2011.0016
8. Jo SK, Lee WY, Rhee EJ, et al.: Serum gamma-glutamyl transferase activity predicts future

development of metabolic syndrome defined by 2 different criteria. Clin Chim Acta. 2009,
403:234-240. 10.1016/j.cca.2009.03.035

9. Evliyaog ̆lu O, Kibrisli E, Yildirim Y, Gökalp O, Colpan L: Routine enzymes in the monitoring of
type 2 diabetes mellitus. Cell Biochem Funct. 2011, 29:506-512. 10.1002/cbf.1779

10. Augusthy A, Jeppu AK, Sahu S, Jawalekar S, Marakala V: A study of liver functions in
metabolic syndrome and type 2 diabetes mellitus. Int J Med Res Rev. 2016, 4:470-475.

11. Chen S, Guo X, Chen Y, Dong S, Sun Y: Prevalence of abnormal serum liver enzymes in
patients with type 2 diabetes mellitus: a cross-sectional study from China. Postgrad Med.
2016, 16:770-776. 10.1080/00325481.2016.1242366

12. Ahmadi R: Assessment of lipid profile, SGOT, SGPT and alkaline phosphatase and diet history
in patients with diabetes in Hamedan, North-Western Iran. Bull Env Pharmacol Life Sci. 2014,
3:102-108.

13. Ioannou GN, Weiss NS, Bokyo EJ, Mozzaffarian D, Lee SP: Elevated serum alanine transferase
activity and calculated risk of coronary heart disease in United States. Hepatol. 2006,
43:1145-1151. 10.1002/hep.21171

14. Targher G, Bertolini L, Rodella S, Zoppin G, Lippi G, Day C, Muggeo M: Non-alcoholic fatty
liver disease is independently associated with an increased prevalence of chronic kidney
disease and proliferative/laser-treated retinopathy in type 2 diabetic patients. Diabetologia.
2008, 51:444-450. 10.1007/s00125-007-0897-4

15. Targher G, Bertolini L, Padovani R, et al.: Prevalence of nonalcoholic fatty liver disease and its
association with cardiovascular disease among type 2 diabetic patients. Diabetes Care. 2007,
30:1212-1218.

16. Judi L, Toukan A, Khader Y, Ajlouni K, Khatib MA: Prevalence of elevated hepatic
transaminases among Jordanian patients with type 2 diabetes mellitus. Ann Saudi Med. 2010,
30:25-32.

17. Adibi A, Maleki S, Adibi P, Etminani R, Hovsepian S: Prevalence of nonalcoholic fatty liver
disease and its related metabolic risk factors in Isfahan, Iran. Adv Biomed Res. 2017, 6:47.
10.4103/2277-9175.204590

18. Manoria P, Inamdar S, Kumar R: Hepatobiliary dysfunction in type-2 diabetes mellitus . J
Family Med Prim Care. 2017, 6:563-567. 10.4103/2249-4863.222018

19. Al-Jameil N, Khan FA, Arjumand S, Khan MF, Tabassum H: Associated liver enzymes with
hyperlipidemic profile in type 2 diabetes patients. Int J Clin Exp Pathol. 2014 Jun, 15:4345-
4359.

20. Belkacemi L, Belalia M: Cross-sectional pilot study about the liver enzymes profile in type 2
diabetic patients from an Algerian west region: Wilaya of Mostaganem. Diabetes Metab Syndr.
2016, 10:147-150. 10.1016/j.dsx.2015.10.013

21. Hermos JA, Cohen SA, Hall R, Gagnon DR, Brophy MT, Fiore LD: Association of elevated
alanine aminotransferase with BMI and diabetes in older veteran outpatients. Diabetes Res
Clin Pract. 2008, 80:153-158. 10.1016/j.diabres.2007.11.008

22. Gohel MG, Chacko AN: Serum GGT activity and hsCRP level in patients with type 2 diabetes
mellitus with good and poor glycemic control: An evidence linking oxidative stress,
inflammation and glycemic control. J Diabetes Metab Disord. 2013, 12:56. 10.1186/2251-6581-
12-56

23. Schindhelm RK, Diamant M, Dekker JM, Tushuizen ME, Teerlink T, Heine RJ: Alanine
aminotransferase as a marker of non-alcoholic fatty liver disease in relation to type 2 diabetes
mellitus and cardiovascular disease. Diabetes Metab Res Rev. 2006, 22:437-443.
10.1002/dmrr.666

24. O’Brien RM, Granner DK: Regulation of gene expression by insulin . Biochem J. 1991, 278:609-
619. 10.1042/bj2780609

25. Hsueh WA, Quiñones MJ: Role of endothelial dysfunction in insulin resistance . Am J Cardiol.
2003, 92:10-17. 10.1016/S0002-9149(03)00611-8

26. Hotamisligil GS: Inflammatory pathways and insulin action. Int J Obes Relat Metab Disord.
2003, 27:53-55. 10.1038/sj.ijo.0802502

27. Zhang Y, Lu X, Hong J, Chao M, Gu W, Wang W: Positive correlations of liver enzymes with
metabolic syndrome including insulin resistance in newly diagnosed type 2 diabetes mellitus.
Endocrine. 2010, 38:181-187. 10.1007/s12020-010-9369-6

2019 Alzahrani et al. Cureus 11(7): e5166. DOI 10.7759/cureus.5166 8 of 8

https://dx.doi.org/10.1089/met.2011.0016
https://dx.doi.org/10.1016/j.cca.2009.03.035
https://dx.doi.org/10.1016/j.cca.2009.03.035
https://dx.doi.org/10.1002/cbf.1779
https://dx.doi.org/10.1002/cbf.1779
https://www.researchgate.net/publication/331566840_A_study_of_liver_functions_in_metabolic_syndrome_and_Type_2_diabetes_mellitus
https://dx.doi.org/10.1080/00325481.2016.1242366
https://dx.doi.org/10.1080/00325481.2016.1242366
http://www.bepls.com/july_2014/19.pdf
https://dx.doi.org/10.1002/hep.21171
https://dx.doi.org/10.1002/hep.21171
https://dx.doi.org/10.1007/s00125-007-0897-4
https://dx.doi.org/10.1007/s00125-007-0897-4
https://www.ncbi.nlm.nih.gov/pubmed/17277038
https://www.ncbi.nlm.nih.gov/pubmed/20103955
https://dx.doi.org/10.4103/2277-9175.204590
https://dx.doi.org/10.4103/2277-9175.204590
https://dx.doi.org/10.4103/2249-4863.222018
https://dx.doi.org/10.4103/2249-4863.222018
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4129054/
https://dx.doi.org/10.1016/j.dsx.2015.10.013
https://dx.doi.org/10.1016/j.dsx.2015.10.013
https://dx.doi.org/10.1016/j.diabres.2007.11.008
https://dx.doi.org/10.1016/j.diabres.2007.11.008
https://dx.doi.org/10.1186/2251-6581-12-56
https://dx.doi.org/10.1186/2251-6581-12-56
https://dx.doi.org/10.1002/dmrr.666
https://dx.doi.org/10.1002/dmrr.666
https://dx.doi.org/10.1042/bj2780609
https://dx.doi.org/10.1042/bj2780609
https://dx.doi.org/10.1016/S0002-9149(03)00611-8
https://dx.doi.org/10.1016/S0002-9149(03)00611-8
https://dx.doi.org/10.1038/sj.ijo.0802502
https://dx.doi.org/10.1038/sj.ijo.0802502
https://dx.doi.org/10.1007/s12020-010-9369-6
https://dx.doi.org/10.1007/s12020-010-9369-6

	Prevalence and Association of Elevated Liver Transaminases in Type 2 Diabetes Mellitus Patients in Jeddah, Saudi Arabia
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Population and study design
	Patient selection and biological measurements
	Statistical analysis

	Results
	TABLE 1: The baseline characteristics and gender-wise comparison of the study subjects.
	TABLE 2: Prevalence of elevated AST and ALT levels and odds ratio in type 2 diabetes mellitus patients for various risk factors.

	Discussion
	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


