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Abstract 

Background: We evaluated the relation between ALT, AST, GGT and ALP with diabetes in the Rafsanjan Cohort Study.

Materials and methods: The present study is a cross‑sectional research including 9991 adults participated via 
sampling. We used data obtained from the Rafsanjan Cohort Study (RCS), as a part of the prospective epidemiologi‑
cal research studies in IrAN (PERSIAN). Elevated serum levels of ALT, AST, GGT and ALP were defined according to 
the reference range of the laboratory in the cohort center. Serum liver enzymes levels within the normal range were 
categorized into quartiles, and their relationship with diabetes was evaluated by logistic regressions.

Findings: In present study, elevated serum levels of ALT, AST, GGT, and ALP were associated with increased odds 
of diabetes (adjusted ORs: 1.81, 95%CI 1.51–2.17; 1.75, 95%CI 1.32–2.32; 1.77, 95%CI 1.50–2.08; 1.60, 95%CI 1.35–1.90 
respectively). Also, in subjects with normal levels of ALT, GGT and ALP, a dose–response increase was shown for 
diabetes.

Conclusion: Elevated levels of ALT, AST, GGT and ALP are related to a higher odds of diabetes. Also, increased levels 
of ALT, GGT and ALP even within normal range were independently related with the increased odds of diabetes. These 
results indicated the potential of elevated liver enzymes as biomarkers for the possible presence of diabetes.

Keywords: Diabetes, Liver enzymes, Alkaline phosphatase, Y‑glutamyltransferase, Aspartate amino‑transferase, 
Alanine aminotransferase, Prospective epidemiological research studies in IrAN
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Introduction
The liver has an essential part in the maintenance of 
glucose homeostasis [1]. A number of markers indicat-
ing liver injury, including γ-glutamyl-transferase (GGT), 
aspartate aminotransferase (AST), Alkaline phosphatase 
(ALP) and alanine aminotransferase (ALT) are measures 
for non-alcoholic fatty liver disease (NAFLD) which has 
been associated with insulin resistance [2] and the risk of 
diabetes [3].

Diabetes mellitus is one of the key public health prob-
lem as well as a leading factor of mortality and morbidity 

globally [4, 5]. As stated by International Diabetes Fed-
eration (IDF), approximately 1 out of 11 adult people in 
the world would be afflicted with diabetes mellitus [6]. 
Nearly 80% of diabetic subjects are residents of low and 
middle-income countries, and countries from South-East 
Asia especially are influenced by this disease [6]. Diabetes 
has been related to various liver illnesses such as NAFLD, 
hepatocellular carcinoma and cirrhosis [3, 7, 8].

These liver diseases are regarded as major contribu-
tors to death among diabetic patients [9]. An important 
marker of liver damage in NAFLD disease is altered liver 
enzyme levels [10] which are biological markers linking 
liver disease and diabetes [11]. Specific focus has been 
made on the contribution of liver enzymes to prediction 
of diabetes. In this respect, although many studies have 
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shown a relation between diabetes and elevated liver 
enzymes, the results remain inconsistent [12]. Some stud-
ies showed significant relationship between high levels of 
AST, ALT, GGT and diabetes [13, 14]. In another study, a 
significant increase was observed for GGT, ALT and ALP 
levels but not AST [11]. Some studies showed that signif-
icant increases in ALT and AST are associated with dia-
betes [7, 15, 16]. On the other hand, in some studies, only 
an increase in GGT was associated with diabetes [17]. 
Considering the high prevalence of diabetes in Iran and 
its implications on cardiovascular diseases [18], it is of 
interest to determine the relationship between the levels 
of liver enzymes and diabetes. Our aim was to investigate 
the correlation of the level of liver enzymes with diabetes 
in the adult population of Rafsanjan. Moreover, we evalu-
ated the association between liver enzyme levels within 
their normal ranges and the odds of diabetes.

Materials and methods
Research design and selection of patients
The present cross-sectional study was derived from the 
recruitment phase of Rafsanjan cohort study (RCS) and it 
was part of the prospective epidemiological researches in 
in IrAN (PERSIAN) [19]. Briefly, RCS is a cohort popula-
tion based study that initiated in August 2015 in Rafsan-
jan, an area in the southeast of Kerman province of Iran. 
The inclusion criterion of the study has been age between 
35 and 70 years from both genders. The enrollment phase 
ended in December 2017, and a 15-year follow-up is 
planned. About 14,827 individuals were invited to par-
ticipate. A total number of 9991 subjects voluntarily par-
ticipated after signing the written informed consent form 
[20]. Among this population, 9941 subjects referred for 
blood sampling. We excluded subjects with missing data 
of antidiabetic medications. Finally 9895 subjects were 
considered. There were less than 2% of missing values 
for all variables and  because missing values were  com-
pletely at random (MCAR), we use complete case analy-
sis to handle missing data. The protocol of research was 
considered based on Persian Cohort Study [19] and has 
been confirmed by Ethics Committee of Rafsanjan Uni-
versity of Medical Sciences (Ethics code: ID: IR.RUMS.
REC.1399.243).

Data collection
In this step, structured interview was held with all the 
participants to complete validated questionnaires includ-
ing demographic data, socioeconomic status, alcohol 
consumption, smoking, opium use, disease history, 
nutrition, and physical activity. Anthropometric meas-
urements were done for all the subjects. Moreover, we 
measured blood pressure (BP) twice on each arm in mil-
limeter of mercury (mm Hg). Socio-economic condition 

was also determined using wealth score index (WSI), 
which was calculated by multiple correspondence analy-
sis (MCA) of economic and social variables [21]. Accord-
ing to WSI, the population under study was divided 
into four groups: low-class, low-middle class, middle-
high class, high class. To assess the intensity of physical 
activity, metabolic equivalent of task (MET) was used. 
Physical activity was evaluated according to 24-h physi-
cal activities as well as a 22-item questionnaire, which 
was categorized as low (≤ 35.29 MET-hours per week), 
moderate (35.30–40.32 MET-hours per week) and heavy 
(≥ 40.32 MET-hours per week) groups based on the 
25th and 75th percentile. Validity of the questionnaires 
was measured in the PERSIAN Cohort study [19]. The 
variables such as age, gender, body mass index, physical 
activity, education, wealth status index, cigarette smok-
ing, alcohol drinking, opium usage, family history of dia-
betes (yes/no), hypertension (yes/no), hepatitis (yes/no), 
triglycerides, LDL cholesterol, HDL cholesterol, use of 
hepatotoxic drugs (yes/no) and fatty liver (yes/no) were 
considered as covariates. ALT, AST, GGT and ALP were 
the independent variables. Diabetes was considered as 
the dependent variables.

Biochemical measurements
We took the blood samples from 7:00 to 9:00 AM fol-
lowing 12 to 14  h of fasting. We assayed fasting blood 
glucose (FBG), total cholesterol, low-density lipopro-
tein (LDL) cholesterol, high-density lipoprotein (HDL) 
cholesterol,, triglycerides (TG), S.G.O.T (AST), alkaline 
phosphatase (ALP) and S.G.P.T (ALT) by a biotecnica 
analyzer (BT 1500, Italy) at central laboratory of the 
cohort center. Accuracy and precision of all methods 
were performed in  accordance with the relevant guide-
lines and regulations.

Definition of terms
Diabetes was described as: FBG ≥ 126  mg/dL or receiv-
ing the antidiabetic drugs [22]. Elevated serum ALT, 
AST, GGT and ALP levels were defined according to the 
reference range of the laboratory. Elevated serum lev-
els of both ALT and AST were defined > 40 U/L in men 
and > 35 U/L in female. Elevated serum GGT levels were 
described as > 54 U/L among males and > 37 U/L among 
females. Elevated serum ALP levels were defined as > 306 
U/L in both genders. The subjects in the normal range 
were categorized into quartiles. In the normal range, 
ALT, AST, GGT and ALP levels were divided into the fol-
lowing quartiles: for ALT ≤ 14 U/L, 15–19 U/L, 20–25 
U/L, and 26–40 U/L in males; and ≤ 12 U/L, 13–15 U/L, 
16–20 U/L, and 21–35 U/L in females; for AST ≤ 16 U/L, 
17–19 U/L, 20–23 U/L, and 24–40 U/L in males and ≤ 14 
U/L, 15–16 U/L, 17–20 U/L and 21–35 U/L in women. 
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The quartiles for GGT were as follows: ≤ 18 U/L, 19–23 
U/L, 24–31 U/L, and 32–54 U/L in men; and ≤ 14 U/L, 
15–18 U/L, 19–23 U/L, and 24–37 U/L in women. The 
quartiles for ALP included ≤ 177 U/L, 178–209 U/L, 
210–244 U/L, and 245–306 U/L in both genders.

Statistical analyses
Frequency (%) for categorical variables and mean (SD: 
standard deviation) for the quantitative variables were 
used and baseline characteristics were compared across 
the groups of our study (non-diabetics, diabetics) and 
serum concentrations of liver enzymes (elevated, nor-
mal), using chi-square (χ2) and t-test for continuous and 
categorical variables, respectively.

In addition, we used dichotomous logistics regression 
analysis to determine the odds ratios (ORs) and the cor-
responding 95% confidence intervals (CI) for the rela-
tion of diabetes to the level of liver enzymes. All models 
were assessed for multicollinearity. Findings of the model 
indicated a prominent collinearity between cholesterol 
and LDL cholesterol, and accordingly, we selected LDL 
cholesterol in the regression model for further analyses. 
We used five models in the regression analysis and con-
founding variables were identified. Potential confounding 
variables were introduced sequentially into the models. 
Moreover, the base-line model (crude model) was strati-
fied on the condition of serum concentrations of liver 
enzymes. In addition, the adjusted model 1 included 
for gender, age, education years and wealth status index 
and model 2 had further adjustment to the variables that 
were related with the life style (cigarette smoking, alcohol 

drinking, opium consumption), BMI (continuous varia-
ble) and level of the physical activities (continuous varia-
ble). The adjusted model 3 had additional adjustment for 
hypertension (yes/no), family history of diabetes in first-
degree relatives (yes/no) and family  history  of diabetes 
in  second-degree relatives (yes/no). The adjusted model 
4 entails each variable in the adjusted model 3, as well 
as HDL (continuous variable), triglycerides (continuous 
variable), LDL (continuous variable), use of hepatotoxic 
drugs (yes/no) and fatty liver (yes/no).

Results
Figure  1 shows the flow chart of the study design of 
diabetes in Rafsanjan cohort study. A total of 9895 sub-
jects from the base-line phase of Rafsanjan adult Cohort 
Study were included in the present study. Of these, 4605 
(46.54%) were males and 5290 (53.46%) females. The 
prevalence of diabetes was 23.05%. Among diabetes 
population (n = 2283), about 81.25% (n = 1855) had his-
tory of diabetes used hypoglycemic agents and 18.75% 
(n = 428) were newly-diagnosed diabetes. The median 
(interquartile range) of diabetes duration was 4 (2–10) 
years. Table 1 gives sociodemographic features, personal 
habits, lifestyle, anthropometric measures, laboratory 
blood tests as well as clinical risk factors in non-diabetics 
and diabetics. Educational status was lower in diabetic 
participants. The frequency of characteristics of diabetic 
subjects were as follows: 6.36% for alcohol consump-
tion, 21.46% for cigarette smoking, 21.90% for opium 
consumption, 45.60% for hypertension, 15.46% for fatty 
liver, 48.53% for use of hepatotoxic drugs. Women were 

Fig. 1 Flowchart of the study design of diabetes in Rafsanjan cohort study 
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Table 1 Demographic, selected medical and laboratory characteristics of study participants (n = 9895)

Characteristics All (n = 9895) Non-Diabetes (n = 7612) Diabetes (n = 2283) P-Value

Age- years. no. (%)  < 0.001

  35–45 3672(37.11) 3367(44.23) 305(13.36)

  46–55 3051(30.83) 2327(30.57) 724(31.71)

  ≥ 56 3172(32.06) 1918(25.20) 1254(54.93)

  Mean ± SD 49.92 ± 9.56 48.27 ± 9.24 55.61 ± 8.35  < 0.001

Gender- no. (%)  < 0.001

  Female 5290(53.46) 3899(51.22) 1391(60.93)

  Male 4605(46.54) 3713(48.78) 892(39.07)

Education-no. (%)  < 0.001

  ≤ 5 years 3476(35.15) 2344(30.81) 1132(49.58)

  6–12 years 4795(48.48) 3892(51.16) 903(39.55)

  ≥ 13 years 1619(16.37) 1371(18.02) 248(10.86)

Physical activity -no. (%)  < 0.001

  Low 3834(38.75) 2755(36.19) 1079(47.26)

  Moderate 5034(50.87) 3975(52.22) 1059(46.39)

  Heavy 1027(10.38) 882(11.59) 145(6.35)

  Mean ± SD 36.01 ± 10.00 39.16 ± 6.56 37.56 ± 5.23  < 0.001

BMI- no. (%)  < 0.001

  < 25 2850(28.81) 2416(31.76) 434(19.01)

  25–29.9 4055(41.00) 3112(40.90) 943(41.31)

  ≥ 30 2986(30.19) 2080(27.34) 906(39.68)

  Mean ± SD 27.81 ± 4.92 27.41 ± 4.82 29.19 ± 4.98  < 0.001

WSI- no. (%)  < 0.001

  Low 2317(23.44) 1720(22.62) 597(26.15)

  Low‑middle 2841(28.74) 2113(27.79) 728(31.89)

  Middle‑high 3966(40.12) 3122(41.06) 844(36.97)

  High 762(7.71) 648(8.52) 114(4.99)

Alcohol consumption- no. (%)  < 0.001

  Yes 986(9.98) 841(11.07) 145(6.36)

  No 8889(90.02) 6755(88.93) 2134(93.64)

Cigarette smoking-no. (%)  < 0.001

  Yes 2533(25.65) 2044(26.91) 489(21.46)

  No 7342(74.35) 5552(73.09) 1790(78.54)

Opium consumption- no. (%) 0.030

  Yes 2329(23.58) 1830(24.9) 499(21.90)

  No 7546(76.42) 5766(75.91) 1780(78.10)

Hypertension- no. (%)  < 0.001

  Yes 2235(22.59) 1194(15.69) 1041(45.60)

  No 7660(77.41) 6418(84.31) 1242(54.40)

Family history of diabetes in first-degree relatives—no. (%)  < 0.001

  Yes 4879(49.31) 3432(45.09) 1447(63.38)

  No 5016(50.69) 4180(54.91) 836(36.62)

Family history of diabetes in second-degree relatives—no. (%) 0.971

  Yes 2430(24.56) 1870(24.57) 560(24.53)

  No 7465(75.44) 5742(75.43) 1723(75.47)

Fatty liver  < 0.001

  Yes 1010(10.21) 657(8.63) 353(15.46)

  No 8885(89.79) 6955(91.37) 1930(84.54)

Hepatitis- no. (%) 0.269
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more frequent diabetics than men and the prevalence of 
diabetes was higher among subjects having lower levels 
of physical activity than those with higher levels of physi-
cal activity and among the subjects with higher levels 
of BMI. Diabetes prevalence was also higher in subjects 
with older age and first relative history of diabetes. Ele-
vated AST, ALT, GGT and ALP levels were higher in dia-
betic subjects compared to non-diabetic subjects (4.38% 
vs 2.55%, 11.40% vs 8.17%, 16.71% vs 8.26%, and 15.12% 
vs 8.16%, respectively) (Table 1).

Table 2 gives the associations of the liver enzymes with 
the base-line variables, which are usually related to dia-
betes. Serum ALT, GGT and ALP were associated to age, 
education and WSI. Serum ALT and GGT activity were 
also related to the sex. Additionally, serum AST, GGT 
and ALT activities were related to fatty liver. All liver 
enzymes showed a significant positive association with 
physical activity, BMI, FBS, cholesterol, triglycerides and 
LDL cholesterol levels. ALT, AST and ALP had a signifi-
cantly positive relationship with alcohol consumption. 

GGT and ALP had a significantly positive association 
with cigarette smoking, whereas ALT and ALP had a sig-
nificantly positive association with opium consumption.

Also, we calculated the predicted probabilities of diabe-
tes and graphed them against the observed values of liver 
enzymes using bivariate  logistic regression. There was a 
linear relation between elevated liver enzymes and prob-
ability of diabetes (Figure S1).

Table  3 gives the relation between the levels of liver 
enzymes with diabetes, using crude and four adjusted 
models. Elevated ALT, GGT, AST and ALP were related 
with diabetes in all crude and adjusted models (adjusted 
ORs: 1.81, 95%CI 1.51–2.17; 1.75, 95%CI 1.32–2.32; 1.77, 
95%CI 1.50–2.08; 1.60, 95%CI 1.35–1.90 respectively).

The relation between the levels of liver enzymes 
within normal range with diabetes, using crude and 
four adjusted models are shown in Table 4. In subjects 
with normal levels of ALT, in all crude and adjusted 
models, a dose–response increase was seen with the 
highest ORs in the fourth quartile for diabetes. In 

Abbreviations: BMI body mass index, WSI wealth score index, FBS Fasting blood sugar, AST aspartate aminotransferase, ALT alanine aminotransferase, ALP alkaline 
phosphatase, GGT  γ-glutamyl transferase

Table 1 (continued)

Characteristics All (n = 9895) Non-Diabetes (n = 7612) Diabetes (n = 2283) P-Value

  Yes 28(0.28) 24(0.32) 4(0.18)

  No 9867(99.72) 7588(99.68) 2279(99.82)

Use of hepatotoxic drugs  < 0.001

  Yes 2382(24.07) 1274(16.74) 1108(48.53)

  No 7513(75.93) 6338(83.26) 1175(51.47)

Cholesterol
  Mean ± SD 198.66 ± 38.07 198.83 ± 36.14 198.11 ± 43.80 0.476

Triglycerides
  Mean ± SD 160.84 ± 74.87 160.18 ± 96.02 199.14 ± 145.78  < 0.001

LDL cholesterol
  Mean ± SD 108.18 ± 30.31 109.59 ± 28.92 103.47 ± 34.04  < 0.001

HDL cholesterol
  Mean ± SD 57.75 ± 10.88 57.95 ± 10.83 57.07 ± 10.98 0.001

FBS
  Mean ± SD 113.28 ± 39.09 99.24 ± 9.13 160.25 ± 59.21  < 0.001

AST—no. (%)
  Elevated 294(2.97) 194(2.55) 100(4.38) 0.001

  Mean ± SD 21.37 ± 9.44 19.55 ± 8.29 20.07 ± 13.43 0.003

ALT—no. (%)
  Elevated 882(8.92) 622(8.17) 260(11.40)  < 0.001

  Mean ± SD 25.82 ± 20.15 20.91 ± 14.50 23.51 ± 17.20  < 0.001

GGT- no. (%)
  Elevated 1010(10.21) 629(8.26) 381(16.71)  < 0.001

  Mean ± SD 35.20 ± 44.93 25.93 ± 23.84 32.88 ± 33.68  < 0.001

ALP- no. (%)
  Elevated 966(9.76) 621(8.16) 345(15.12)  < 0.001

  Mean ± SD 235.02 ± 79.65 220.92 ± 64.96 241.27 ± 69.34  < 0.001
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Table 2 Prevalence of elevated serum liver enzymes in study participants (n = 9895)

Characteristic Elevated ALT P -value Elevated AST P -value Elevated GGT P -value Elevated ALP P -value

Age cat- no. (%) < 0.001 0.905 < 0.001 < 0.001

 35–45 438(49.27) 112(37.58) 310(30.45) 215(22.10)

 46–55 268(30.15) 94(31.54) 335(32.91) 344(35.35)

 ≥ 56 183(20.58) 92(30.87) 373(36.64) 414(42.55)

Gender- no. (%) < 0.001 0.621 0.001 0.827

 Female 348(39.15) 155(52.01) 595(58.45) 523(53.75)

 Male 541(60.85) 143(47.99) 423(41.55) 450(46.25)

Education-no. (%) < 0.001 0.090 < 0.001 < 0.001

 ≤ 5 years 255(28.72) 122(40.94) 422(41.49) 463(47.63)

 6–12 years 444(50.00) 129(43.29) 443(43.56) 403(41.46)

 ≥ 13 years 189(21.28) 47(15.77) 152(14.95) 106(10.91)

Physical activity- no. (%) 0.009 0.042 < 0.001 0.006

 Low 381(42.86) 135(45.30) 450(44.20) 423(43.47)

 Moderate 409(46.01) 140(46.98) 493(48.43) 460(47.28)

 Heavy 99(11.14) 23(7.72) 75(7.37) 90(9.25)

BMI- no. (%) < 0.001 < 0.001 < 0.001 0.038

 < 25 120(13.53) 53(17.79) 167(16.42) 249(25.62)

 25–29.9 429(48.37) 123(41.28) 464(45.62) 403(41.46)

 ≥ 30 338(38.11) 122(40.94) 386(37.95) 320(32.92)

WSI-no. (%) < 0.001 0.137 < 0.001 < 0.001

 Low 213(23.99) 79(26.51) 274(26.94) 306(31.48)

 Low‑middle 247(27.82) 90(30.20) 316(31.07) 276(28.40)

 Middle‑high 328(36.94) 101(33.89) 372(36.58) 352(36.21)

 High 100(11.26) 28(9.40) 55(5.41) 38(3.91)

Alcohol consumption- no. (%) < 0.001 0.006 0.945 0.045

 Yes 142(16.15) 43(14.78) 101(10.05) 114(11.83)

 No 737(83.85) 248(85.22) 904(89.95) 850(88.17)

Cigarette smoking -no. (%) 0.311 0.441 0.049 < 0.001

 Yes 213(24.23) 69(23.71) 232(23.08) 318(32.99)

 No 666(75.77) 222(76.29) 773(76.92) 646(67.01)

Opium consumption- no. (%) 0.001 0.227 0.583 < 0.001

 Yes 168(19.11) 60(20.62) 230(22.89) 307(31.85)

 No 711(80.89) 231(79.38) 775(77.11) 657(68.15)

Hypertension- no. (%) 0.391 0.019 < 0.001 < 0.001

 Yes 189(21.43) 83(28.23) 297(29.41) 317(32.82)

 No 693(78.57) 211(71.77) 713(70.59) 649(67.18)

Family history of diabetes in first-degree rela-
tives- no (%)

0.134 0.402 0.053 0.102

 Yes 456(51.70) 152(51.70) 527(52.18) 452(46.79)

 No 426(48.30) 142(48.30) 483(47.82) 514(53.21)

Family history of diabetes in second-degree rela-
tives- no (%)

0.767 0.322 0.940 0.021

 Yes 213(24.15) 65(22.11) 247(24.46) 208(21.53)

 No 669(75.85) 229(77.89) 763(75.54) 758(78.47)

Fatty liver- no. (%) < 0.001 < 0.001 < 0.001 0.409

 Yes 167(18.93) 53(18.03) 165(16.34) 106(10.97)

 No 715(81.07) 241(81.97) 845(83.66) 860(89.03)

Hepatitis- no. (%) 0.318 0.016 0.930 0.865

 Yes 4(0.45) 3(1.02) 3(0.30) 3(0.31)

 No 878(99.55) 291(98.98) 1007(99.70) 963(99. 69)
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Abbreviations: BMI body mass index, FBS Fasting blood sugar, AST aspartate aminotransferase, ALT, alanine aminotransferase, ALP alkaline phosphatase, GGT  
γ-glutamyl transferase, WSI Wealth score index

Table 2 (continued)

Characteristic Elevated ALT P -value Elevated AST P -value Elevated GGT P -value Elevated ALP P -value

Use of hepatotoxic drugs- no. (%) 0.207 0.254 < 0.001 < 0.001

 Yes 197(22.34) 79(26.87) 315(31.19) 304(31.47)

 No 685(77.66) 215(73.13) 695(68.81) 662(68.53)

Cholesterol- no. (%) < 0.001 0.003 < 0.001 < 0.001

 Normal 394(44.32) 141(47.32) 433(42.53) 487(50.05)

 Elevated 495(55.68) 157(52.68) 585(57.47) 486(49.95)

Triglycerides- no. (%) < 0.001 0.005 < 0.001 < 0.001

 Normal 557(62.65) 203(68.12) 596(58.55) 662(68.04)

 Elevated 332(37.35) 95(31.88) 422(41.45) 311(31.96)

LDL cholesterol- no. (%) < 0.001 < 0.001 < 0.001 0.001

 Normal 633(71.28) 201(67.68) 699(68.73) 712(73.25)

 Elevated 255(28.72) 96(32.32) 318(31.27) 260(26.75)

HDL cholesterol- no. (%) 0.855 0.479 0.679 0.594

 Normal 885(99.55) 296(99.33) 1013(99.51) 970(99.69)

 Reduced 4(0.45) 2(0.67) 5(0.49) 3(0.31)

FBS- no. (%) < 0.001 < 0.001 < 0.001 < 0.001

 Normal 677(76.15) 217(72.82) 696(68.37) 682(70.09)

 Elevated 212(23.85) 81(27.18) 322(31.63) 291(29.91)

Table 3 Odds ratios (95% confidence interval) for diabetes by the level of liver enzymes

a  The baseline model is stratified on the levels of liver enzymes
b  The adjusted model 1 is adjusted for confounding variables including age (continuous variable), gender (male/ female), education years (continuous variable) and 
wealth status index
C  The adjusted model 2 has additional adjustment for confounding variables related to lifestyle (cigarette smoking, alcohol drinking and opium consumption), body 
mass index (continuous variable) and physical activity level (continuous variable)
d  The adjusted model 3 has additional adjustment for hypertension (yes/no), family history of diabetes (first-degree relatives) (yes/no) and family history of diabetes 
(second-degree relatives) (yes/no)
e  The adjusted model 4 has additional adjustment for cholesterol (continuous variable), triglycerides (continuous variable), LDL cholesterol (continuous variable), HDL 
cholesterol (continuous variable), use of hepatotoxic drugs (yes/no) and fatty liver (yes/no)

Characteristics Crude model Adjusted model 1 Adjusted model 2 Adjusted model 3 Adjusted model 4
OR (95%CI)a OR(95%CI)b OR (95%CI)c OR(95%CI)d OR(95%CI)e

ALT
 Normal ALT 1 1 1 1 1

 Elevated ALT 1.45(1.24–1.68) 2.19(1.85–2.60) 1.97(1.66–2.33) 1.96(1.64–2.33) 1.81(1.51–2.17)

AST
 Normal AST 1 1 1 1 1

 Elevated AST 1.75(1.37–2.42) 1.92(1.47–2.51) 1.79(1.37–2.34) 1.78(1.35–2.35) 1.75(1.32–2.32)

GGT 
 Normal GGT 1 1 1 1 1

 Elevated GGT 2.22(1.94–2.56) 2.13(1.84–2.48) 1.98(1.71–2.31) 1.99(1.70–2.32) 1.77(1.50–2.08)

ALP
 Normal ALP 1 1 1 1 1

 Elevated ALP 2.00(1.74–2.30) 1.65(1.42–1.92) 1.66(1.42–1.94) 1.67(1.42–1.96) 1.60(1.35–1.90)
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model 4, in the subjects having the greater ALT, OR 
of diabetes in normal quartile 4 was 1.61(1.37–1.90). 
Within the normal range, the AST level was not posi-
tively associated with odds of diabetes. In subjects with 
normal levels of GGT, in all models, a dose–response 
increase was seen with the greatest ORs in the fourth 
quartile for diabetes. In adjusted model 4, in subjects 
having increased levels of GGT, the OR of diabetes in 
normal quartile 4 was 2.60 (2.17–3.11). In subjects with 
normal levels of ALP, in all models, the OR of diabetes 
in normal quartile 4 was significantly greater than the 
subjects in the first quartile (Table 4).

In addition to adjustment for fatty liver, since some of 
the increased odds of diabetes probably are driven from 
residual confounding from fatty liver or its interaction 

effects with liver enzymes, we performed a sensitivity 
analysis in fatty liver and non-fatty liver subjects. How-
ever, adjusted model showed that elevated ALT, elevated 
AST, elevated GGT and elevated ALP in non-fatty liver 
subjects increased odds of diabetes (adjusted ORs: 1.80, 
95%CI 1.46–2.20; 1.75, 95%CI 1.27–2.40; 1.76, 95%CI 
1.47–2.10 and 1.62, 95%CI 1.36–1.94 respectively), and 
also elevated ALT and elevated GGT in fatty liver sub-
jects increased the odds of diabetes (ORs: 1.78, 95%CI 
1.19–2.67 and 1.96, 95%CI 1.32–2.92 respectively)( 
Table S1).

Table 4 Odds ratios (95% confidence interval) for diabetes by the level of liver enzymes within normal range

a  The baseline model is stratified on the levels of liver enzymes
b  The adjusted model 1 is adjusted for confounding variables including age (continuous variable), gender (male/ female), education years (continuous variable) and 
wealth status index
C  The adjusted model 2 has additional adjustment for confounding variables related to lifestyle (cigarette smoking, alcohol drinking and opium consumption), body 
mass index (continuous variable) and physical activity level (continuous variable)
d  The adjusted model 3 has additional adjustment for hypertension (yes/no), family history of diabetes (first-degree relatives) (yes/no) and family history of diabetes 
(second-degree relatives) (yes/no)
e  The adjusted model 4 has additional adjustment for cholesterol (continuous variable), triglycerides (continuous variable), LDL cholesterol (continuous variable), HDL 
cholesterol (continuous variable), use of hepatotoxic drugs (yes/no) and fatty liver (yes/no)

Characteristics Crude model Adjusted model 1 Adjusted model 2 Adjusted model 3 Adjusted model 4
OR (95%CI)a OR(95%CI)b OR (95%CI)c OR(95%CI)d OR(95%CI)e

ALT
 Normal Quartile 1 1 1 1 1 1

 Normal Quartile 2 1.36(1.17–1.58) 1.36(1.16–1.60) 1.25(1.07–1.48) 1.26(1.06–1.49) 1.19(1.01–1.42)

 Normal Quartile 3 1.90(1.65–2.18) 1.83(1.58–2.13) 1.64(1.40–1.91) 1.61(1.37–1.89) 1.42(1.20–1.67)

 Normal Quartile 4 2.04(1.78–2.35) 2.25(1.93–2.61) 1.94(1.66–2.26) 1.88(1.60–2.21) 1.61(1.37–1.90)

 Elevated ALT 2.19(1.83–2.62) 3.37(2.78–4.09) 2.86(2.34–3.50) 2.82(2.29–3.46) 2.40(1.94–2.97)

AST
 Normal Quartile 1 1 1 1 1 1

 Normal Quartile 2 0.68(0.59–0.78) 0.62(0.54–0.72) 0.61(0.52–0.71) 0.61(0.52–0.71) 0.59(0.50–0.70)

 Normal Quartile 3 0.81(0.71–0.91) 0.68(0.59–0.78) 0.66(0.57–0.76) 0.67(0.58–0.77) 0.63(0.54–0.73)

 Normal Quartile 4 0.88(0.77–1.00) 0.82(0.71–0.94) 0.56(0.66–0.87) 0.75(0.65–0.87) 0.69(0.59–0.80)

 Elevated AST 1.49(1.15–1.92) 1.51(1.14–2.00) 1.36(1.03–1.81) 1.36(1.02–1.82) 1.28(0.95–1.71)

GGT 
 Normal Quartile 1 1 1 1 1 1

 Normal Quartile 2 1.92(1.63–2.26) 1.79(1.51–2.12) 1.63(1.37–1.94) 1.61(1.35–1.93) 1.50(1.25–1.80)

 Normal Quartile 3 2.40(2.04–2.81) 2.27(1.92–2.69) 1.98(1.67–2.35) 1.96(1.64–2.33) 1.75(1.46–2.10)

 Normal Quartile 4 3.57(3.07–4.17) 3.63(3.08–4.27) 3.11(2.63–3.67) 2.99(2.52–3.55) 2.60(2.17–3.11)

 Elevated GGT 4.63(3.89–5.53) 4.34(3.60–5.25) 3.72(3.06–4.50) 3.68(3.01–4.48) 3.10(2.51–3.82)

ALP
 Normal Quartile 1 1 1 1 1 1

 Normal Quartile 2 1.17(1.01–1.37) 1.03(0.88–1.22) 0.99(0.85–1.17) 1.01(0.85–1.19) 0.98(0.83–1.17)

 Normal Quartile 3 1.49(1.28–1.73) 1.20(1.02–1.41) 1.11(0.94–1.30) 1.13(0.96–1.33) 1.09(0.92–1.29)

 Normal Quartile 4 1.97(1.71–2.28) 1.50(1.28–1.74) 1.40(1.20–1.64) 1.39(1.19–1.63) 1.30(1.10–1.54)

 Elevated ALP 2.78(2.34–3.30) 1.96(1.63–2.36) 1.88(1.56–2.27) 1.90(1.56–2.31) 1.76(1.44–2.16)
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Discussion
In the present cross-sectional study, we assessed the rela-
tion between serum liver enzymes and diabetes among 
participants of Rafsanjan Cohort Study. The frequency of 
elevated liver enzymes (ALP, AST, ALT and GGT) was 
significantly higher in diabetic subjects compared to non-
diabetic subjects. Serum ALT, ALP and GGT levels had 
significantly positive relationship with age. In this inves-
tigation, the frequency of increased liver enzymes (ALP, 
AST & GGT) in the diabetic group has been greater in 
females relative to the males in accordance with a previous 
investigation [7]. Individual differences of body fat distri-
bution and metabolism can account for gender differences.

Our findings showed a positive relation of higher serum 
concentrations of AST, ALT, GGT, and ALP with an 
increased odds of diabetes. Previous studies on relation 
of liver enzymes with the risk of diabetes were conducted 
in South Korea [23], Japan [24], Iran [11, 25], Western [2], 
China [26], Thailand [27] and India [13] with inconsistent 
findings. Some studies reported that liver enzymes improve 
diabetes prediction [28, 29], while others did not [25, 30]. 
One of the previous studies in the White and African-Amer-
ican populations revealed that ALT ≥ 26  IU/L substantially 
improved diabetes anticipation [28] and one of the Japanese 
studies detected the declined cut-off value for ALT (13 IU/L) 
[29]. Differences in reference values, age groups, individual 
habits as well as demography can partly or largely explain 
the differences. Ethnicity may also have an important role 
because in the separate analysis of Black and Hispanic par-
ticipants, there was no considerable relation between hepatic 
markers and diabetes [31]. Moreover, a meta-analysis of 24 
prospective investigations reported ORs of 1.34 (95% CI, 
1.27 to 1.42) and 1.66 (95% CI, 1.31 to 2.09; 17 studies) in 
the highest quartile of GGT and ALT, respectively [32, 33]. 
Investigations with relatively small sample size that ranged 
between 36 and 208 diabetic subjects showed no relationship 
[34, 35], possibly due to lack of power.

A Mendelian randomization study presented underlying 
evidence of the relation of GGT to insulin resistance [36]. 
The majority of these investigations indicated the inde-
pendent association between GGT and diabetes [24, 26, 
37]. Another follow-up study from Korea revealed a strong 
dose–response association between the serum concen-
tration of GGT and prevalence of diabetes [38]. Based on 
a number of studies, elevation of GGT is superior to ALT 
for the early detection of diabetes [39, 40]. Also, a cross-
sectional research in Bangladeshi adults showed that the 
frequency of elevated ALP, AST, ALT and GGT was higher 
in diabetic individuals, but only elevated GGT showed inde-
pendent relation with diabetes in that population [17]. A 
possible mechanism for the association between GGT level 
and risk of diabetes is the role of GGT in intracellular anti-
oxidant defense systems in relation to the main function 

of modulating intracellular glutathione level [41]. Increas-
ing oxidative stress would play a role in diabetes progres-
sion [42], and chronic oxidative stress results in reduced 
responsiveness to insulin and ultimately causes diabetes 
[43]. While the relevant mechanism has remained largely 
uncertain, the modifications of inflammation occurring due 
to oxidative stress are considered as one of the common 
steps in the pathogenesis of diabetes. In a number of stud-
ies, GGT and ALT have been both considerably related to 
the risk of diabetes [23, 25, 26, 37]. In contrast, a few studies 
reported the absence of remarkable relation between ALT 
and diabetes after adjusting a minimal or full array of risk 
factors for diabetes in the statistical models [39, 44].

Most previous studies analyzed AST, ALT and GGT 
levels in diabetic subjects, and only some investigations 
included ALP [7, 11, 17, 26]. The increased level of ALP 
in diabetic individuals in our study is in agreement with 
the earlier investigations in which ALP increased in dia-
betic people [11, 45, 46]. The Tehran Lipid and Glucose 
Study reported that increasing levels of GGT, ALP and 
ALT showed a positive association with diabetes. In that 
study, the only confounders included in models were gen-
der, age, and BMI. In our study, more confounders were 
considered. The mechanism for relation of increased 
serum level of ALP with risk of diabetes remains unclear. 
A possible mechanism is that ALP showed a negative rela-
tion with adiponectin, a secreted hormone from adipose 
tissues [47]. Decreasing serum levels of adiponectin has 
known as a risk factor for progression to diabetes [48].

Although the precise mechanism of the relationship 
between increased serum levels of liver enzymes with the 
risk of diabetes remains unclear, the most likely explana-
tion is NAFLD. Higher levels of the liver enzymes indi-
cate the presence of NAFLD [49]. Many investigations 
indicated that NAFLD is strongly related to diabetes 
[50]. On the other hand, high free fatty acids in the liver 
may cause fasting hyperglycemia, hyperinsulinemia, and 
decreased insulin signaling, which eventually leads to 
diabetes [51, 52]. One of the other probable mechanisms 
linking liver enzymes to diabetes is liver inflammation 
[53] through increasing proinflammatory adipocytokines 
as well as decreasing anti-inflammatory adiponectin [54].

We also investigated the relationship between AST, 
ALT, GGT and ALP levels within their normal ranges 
with diabetes. Not only elevated AST, GGT, ALT and 
ALP levels were positively associated to diabetes, but 
also in individuals with normal serum levels of ALP, GGT 
and ALT, with raising enzyme concentration, the odds 
of diabetes increased with a dose–response relationship 
even after adjustment for all mentioned confounders. In 
agreement with the results of our study, some studies also 
showed that higher levels of ALT [11], GGT [55] and ALP 
[46] within normal range were associated with the risk of 
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diabetes. Webber et al. showed that ALP was significantly 
associated with hypertension, cardiovascular disease, 
hypercholesterolemia, and diabetes after adjusting for 
gender, age, ethnicity and BMI. In comparison to the low-
est quartile of ALP, the highest quartile had higher odds 
of heart disease, hypertension, hypercholesterolemia and 
diabetes [46]. In the Tehran Lipid and Glucose Study, 
increased levels of ALT within normal ranges were posi-
tively associated with risk of diabetes [11].

As far as we know, our study is the first study to inves-
tigate the association between GGT and ALP within 
normal ranges and diabetes in Iran. The association of 
elevated AST with the odds of diabetes was weaker than 
that of other enzymes, confirming previous studies [17, 
55]. The stronger association for higher ALT than elevated 
AST is due to more prolonged plasma half-life of ALT or 
the greater specificity of ALT for liver injuries [56, 57].

The large sample size with extensive information about 
potential confounders was one of the main strengths of our 
research. Another major strength of our investigation was 
the adjustment for recognized diabetes risk factors such as 
demographic and lifestyle information, history of hyperten-
sion, family history of diabetes and BMI. Second, according to 
some of the former investigations, diabetes has been detected 
according to self-reports while in the present research, diabe-
tes was diagnosed based on both self-reporting documents 
and measurement of FBS concentration. Nonetheless, there 
were a number of limitations in our research. First, the cross-
sectional design of the study did not allow deriving any causal 
inferences. Accordingly, this relationship will be reconsidered 
in the follow-up phase of this prospective study. Secondly, 
hepatitis C and B infections were not screened. Diagnostic 
criteria with FBS alone (not in combination with 2hBG and 
HbA1c) that might lead to miscalculation of diabetes preva-
lence is another limitation of our study.

Conclusions
Elevated levels of ALT, AST, GGT and ALP are related to 
a higher odds of diabetes. Also, increased serum levels of 
ALT, GGT and ALP even within normal range were inde-
pendently related with the increased odds of diabetes. These 
results indicated the potential of elevated liver enzymes as 
biomarkers for the possible presence of diabetes.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12902‑ 022‑ 01042‑2.

Additional file 1: Figure S1. Relationbetweenelevated liver enzymes and 
probability of diabetesusing bivariate logistic regression

Additional file 2: Table S1.Odds ratios (95% confidence interval) for 
diabetes by the level of liverenzymes in participants with and without 
fatty liver

Acknowledgements
We thank the people who participated in the study, the study‑site personnel, 
and members of the Rafsanjan cohort center in Rafsanjan, Iran.

Authors’ contributions
ZJ and AEN designed the study and supervised the project. FA prepared 
tables. PKh performed the statistical analysis. MNK, ZJ and CLV wrote and 
revised the main manuscript text. All the authors read and approved the final 
manuscript.

Funding
The Iranian Ministry of Health and Medical Education has contributed to the 
funding used in the PERSIAN Cohort through Grant no 700/534. This study 
has also been supported by the Vice Chancellery for Research & Technology 
of Rafsanjan University of Medical Sciences. The context of this article are the 
views of the authors and the funder had no role in design of the study and 
collection, analysis, and interpretation of data, decision to publish and writing 
the manuscript.

Availability of data and materials
The datasets used during the current study are available on the Persian Adult 
Cohort Study Center, Rafsanjan University of Medical Sciences, Iran. The data 
is not available publicly. However, upon a reasonable request, the data can be 
obtained from the corresponding author.

Declarations

Ethics approval and consent to participate
The ethics committee of Rafsanjan University of Medical Sciences approved 
this study (Ethical codes: ID: IR.RUMS.REC.1399.243). Written informed consent 
was obtained from the participants. The data of Participants kept confidential 
and was only accessible to the study investigators. All methods were carried 
out in accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Molecular Medicuine Research Center, Research Institute of Basic Medical 
Sciences, Rafsanjan University of Medical Sciences, Rafsanjan, Iran. 2 Depart‑
ment of Epidemiology, School of Public Health, Social Determinants of Health 
Research Centre, Rafsanjan University of Medical Sciences, Rafsanjan University 
of Medical Sciences, Rafsanjan, Iran. 3 Occupational Safety and Health Research 
Center, NICICO, World Safety Organization and Rafsanjan University of Medical 
Sciences, Rafsanjan, Iran. 4 Non‑Communicable Diseases Research Center, 
Rafsanjan University of Medical Sciences, Rafsanjan, Iran. 5 Department 
of Clinical Sciences and Community Health, Università Degli Study Di Milano, 
20133 Milan, Italy. 

Received: 17 August 2021   Accepted: 4 May 2022

References
 1. Levinthal GN, Tavill AS. Liver disease and diabetes mellitus. Clin Diabetes. 

1999;17(2):73–93.
 2. Hanley AJ, Williams K, Festa A, Wagenknecht LE, D’Agostino RB, Kempf J, 

et al. Elevations in markers of liver injury and risk of type 2 diabetes: the 
insulin resistance atherosclerosis study. Diabetes. 2004;53(10):2623–32.

 3. Ballestri S, Zona S, Targher G, Romagnoli D, Baldelli E, Nascimbeni F, et al. 
Nonalcoholic fatty liver disease is associated with an almost twofold 
increased risk of incident type 2 diabetes and metabolic syndrome. Evi‑
dence from a systematic review and meta‐analysis. Journal of gastroen‑
terology and hepatology. 2016;31(5):936–44.

https://doi.org/10.1186/s12902-022-01042-2
https://doi.org/10.1186/s12902-022-01042-2


Page 11 of 12Noroozi Karimabad et al. BMC Endocrine Disorders          (2022) 22:127  

 4. Akter S, Rahman MM, Abe SK, Sultana P. Prevalence of diabetes and pre‑
diabetes and their risk factors among Bangladeshi adults: a nationwide 
survey. Bull World Health Organ. 2014;92:204–13.

 5. Zheng Y, Ley SH, Hu FB. Global aetiology and epidemiology of type 2 dia‑
betes mellitus and its complications. Nat Rev Endocrinol. 2018;14(2):88.

 6. Federation I. IDF diabetes atlas 8th edition. International Diabetes Federa‑
tion. 2017:905–11.

 7. 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(1):S147–50.

 8. La Vecchia C, Negri E, Decarli A, Franceschi S. Diabetes mellitus and the 
risk of primary liver cancer. Int J Cancer. 1997;73(2):204–7.

 9. Tolman KG, Fonseca V, Dalpiaz A, Tan MH. Spectrum of liver disease in 
type 2 diabetes and management of patients with diabetes and liver 
disease. Diabetes Care. 2007;30(3):734–43.

 10. Adibi A, Maleki S, Adibi P, Etminani R, Hovsepian S. Prevalence of nonal‑
coholic fatty liver disease and its related metabolic risk factors in Isfahan, 
Iran. Advanced biomedical research. 2017;6.

 11. Gaeini Z, Bahadoran Z, Mirmiran P, Azizi F. The Association Between Liver 
Function Tests and Some Metabolic Outcomes: Tehran Lipid and Glucose 
Study. Hepatitis Monthly. 2020;20(5).

 12. Sunitha S, Gandham R, Wilma D, Rao S. Evaluation of significance of liver 
enzymes as screening tests for the early detection of clinically asympto‑
matic non alcoholic fatty liver disease in type 2 diabetes mellitus patients. 
Int J Biomed Adv Res. 2015;6(12):860–3.

 13. Philip R, Mathias M, Kumari SN, Gowda DK, Shetty JK. Evalation of 
relationship between markers of liver function and the onset of type 2 
diabetes. Nitte University Journal of Health Science. 2014;4(2):90.

 14. Idris AS, Mekky KFH, Abdalla BEE, Ali KA. Liver function tests in type 
2 Sudanese diabetic patients. International Journal of Nutrition and 
Metabolism. 2011;3(2):17–21.

 15. Ni H, Soe HHK, Htet A. Determinants of abnormal liver function tests in 
diabetes patients in Myanmar. Int J Diabetes Res. 2012;1(3):36–41.

 16. Shibabaw T, Dessie G, Molla MD, Zerihun MF, Ayelign B. Assessment of 
liver marker enzymes and its association with type 2 diabetes mellitus in 
Northwest Ethiopia. BMC Res Notes. 2019;12(1):707.

 17. Islam S, Rahman S, Haque T, Sumon AH, Ahmed AM, Ali N. Prevalence 
of elevated liver enzymes and its association with type 2 diabetes: A 
cross‑sectional study in Bangladeshi adults. Endocrinology, Diabetes & 
Metabolism. 2020;3(2): e00116.

 18. Esteghamati A, Larijani B, Aghajani MH, Ghaemi F, Kermanchi J, Shahrami 
A, et al. Diabetes in Iran: prospective analysis from first nationwide dia‑
betes report of National Program for Prevention and Control of Diabetes 
(NPPCD‑2016). Sci Rep. 2017;7(1):1–10.

 19. Poustchi H, Eghtesad S, Kamangar F, Etemadi A, Keshtkar A‑A, Hekmat‑
doost A, et al. Prospective epidemiological research studies in Iran (the 
PERSIAN Cohort Study): rationale, objectives, and design. Am J Epidemiol. 
2018;187(4):647–55.

 20. Hakimi H, Ahmadi J, Vakilian A, Jamalizadeh A, Kamyab Z, Mehran M, et al. 
The profile of Rafsanjan Cohort Study. Eur J Epidemiol. 2021;36(2):243–52.

 21. Rezaei M, Fakhri N, Pasdar Y, Moradinazar M, Najafi F. Modeling the risk 
factors for dyslipidemia and blood lipid indices: Ravansar cohort study. 
Lipids Health Dis. 2020;19(1):1–8.

 22. Association AD. Standards of medical care in diabetes—2019 abridged 
for primary care providers. Clinical diabetes: a publication of the Ameri‑
can Diabetes Association. 2019;37(1):11.

 23. Kim CH, Park JY, Lee KU, Kim JH, Kim HK. Association of serum 
γ‑glutamyltransferase and alanine aminotransferase activities with risk 
of type 2 diabetes mellitus independent of fatty liver. Diabetes Metab 
Res Rev. 2009;25(1):64–9.

 24. Nakanishi N, Suzuki K, Tatara K. Serum γ‑glutamyltransferase and risk 
of metabolic syndrome and type 2 diabetes in middle‑aged Japanese 
men. Diabetes Care. 2004;27(6):1427–32.

 25. Tohidi M, Harati H, Hadaegh F, Mehrabi Y, Azizi F. Association of liver 
enzymes with incident type 2 diabetes: A nested case control study in 
an Iranian population. BMC Endocr Disord. 2008;8(1):1–6.

 26. Wang Y‑L, Koh W‑P, Yuan J‑M, Pan A. Association between liver 
enzymes and incident type 2 diabetes in Singapore Chinese men and 
women. BMJ Open diabetes research and care. 2016;4(1).

 27. Jiamjarasrangsi W, Sangwatanaroj S, Lohsoonthorn V, Lertmaharit 
S. Increased alanine aminotransferase level and future risk of type 2 

diabetes and impaired fasting glucose among the employees in a 
university hospital in Thailand. Diabetes Metab. 2008;34(3):283–9.

 28. Lorenzo C, Hanley A, Rewers M, Haffner S. Discriminatory value of 
alanine aminotransferase for diabetes prediction: the Insulin Resistance 
Atherosclerosis Study. Diabet Med. 2016;33(3):348–55.

 29. Doi Y, Kubo M, Yonemoto K, Ninomiya T, Iwase M, Tanizaki Y, et al. Liver 
enzymes as a predictor for incident diabetes in a Japanese population: 
the Hisayama study. Obesity. 2007;15(7):1841–50.

 30. Abbasi A, Bakker SJ, Corpeleijn E, Gansevoort RT, Gans RO, Peelen LM, 
et al. Liver function tests and risk prediction of incident type 2 dia‑
betes: evaluation in two independent cohorts. PLoS ONE. 2012;7(12): 
e51496.

 31. Hanley A, Williams K, Festa A, Wagenknecht L, D’Agostino Jr R, Kempf J, 
et al. insulin resistance atherosclerosis study. Elevations in markers of 
liver injury and risk of type 2 diabetes: the insulin resistance atheroscle‑
rosis study. Diabetes. 2004;53(10):2623–32.

 32. Kunutsor SK, Abbasi A, Adler AI. Gamma‑glutamyl transferase and risk 
of type II diabetes: an updated systematic review and dose‑response 
meta‑analysis. Ann Epidemiol. 2014;24(11):809–16.

 33. Kunutsor SK, Apekey TA, Walley J. Liver aminotransferases and risk of 
incident type 2 diabetes: a systematic review and meta‑analysis. Am J 
Epidemiol. 2013;178(2):159–71.

 34. Marques‑Vidal P, Schmid R, Bochud M, Bastardot F, Von Känel R, 
Paccaud F, et al. Adipocytokines, hepatic and inflammatory biomark‑
ers and incidence of type 2 diabetes the CoLaus study. PloS one. 
2012;7(12):e51768.

 35. Monami M, Cresci B, Colombini A, Pala L, Balzi D, Gori F, et al. Bone 
fractures and hypoglycemic treatment in type 2 diabetic patients: a case‑
control study. Diabetes Care. 2008;31(2):199–203.

 36. Conen D, Vollenweider P, Rousson V, Marques‑Vidal P, Paccaud F, Waeber 
G, et al. Use of a Mendelian randomization approach to assess the causal 
relation of γ‑glutamyltransferase with blood pressure and serum insulin 
levels. Am J Epidemiol. 2010;172(12):1431–41.

 37. Ahn H‑R, Shin M‑H, Nam H‑S, Park K‑S, Lee Y‑H, Jeong S‑K, et al. The asso‑
ciation between liver enzymes and risk of type 2 diabetes: the Namwon 
study. Diabetol Metab Syndr. 2014;6(1):1–8.

 38. Lee D‑H, Ha M‑H, Kim J‑H, Christiani D, Gross M, Steffes M, et al. Gamma‑
glutamyltransferase and diabetes—a 4 year follow‑up study. Diabetolo‑
gia. 2003;46(3):359–64.

 39. Nannipieri M, Gonzales C, Baldi S, Posadas R, Williams K, Haffner SM, 
et al. Liver enzymes, the metabolic syndrome, and incident diabetes: the 
Mexico City diabetes study. Diabetes Care. 2005;28(7):1757–62.

 40. Wannamethee SG, Shaper AG, Lennon L, Whincup PH. Hepatic enzymes, 
the metabolic syndrome, and the risk of type 2 diabetes in older men. 
Diabetes Care. 2005;28(12):2913–8.

 41. Karp DR, Shimooku K, Lipsky PE. Expression of γ‑glutamyl transpeptidase 
protects ramos B cells from oxidation‑induced cell death. J Biol Chem. 
2001;276(6):3798–804.

 42. Ceriello A. Oxidative stress and glycemic regulation. Metabolism. 
2000;49(2):27–9.

 43. Tarantino G, Caputi A. JNKs, insulin resistance and inflammation: A possi‑
ble link between NAFLD and coronary artery disease. World J Gastroen‑
terol: WJG. 2011;17(33):3785.

 44. Schindhelm RK, Dekker JM, Nijpels G, Heine RJ, Diamant M. No independ‑
ent association of alanine aminotransferase with risk of future type 2 
diabetes in the Hoorn study. Diabetes care. 2005;28(11):2812.

 45. Khattak S, Khattak AM, Kamal A, Jaffari S, Sher A. Serum alkaline phos‑
phatase level in type‑2 diabetes mellitus and its relation with periodonti‑
tis. Khyber Med Univ J. 2009;1(2):51–4.

 46. Webber M, Krishnan A, Thomas NG, Cheung BM. Association between 
serum alkaline phosphatase and C‑reactive protein in the United States 
National Health and Nutrition Examination Survey 2005–2006. Clinical 
Chemistry and Laboratory Medicine (CCLM). 2010;48(2):167–73.

 47. Kerner A, Avizohar O, Sella R, Bartha P, Zinder O, Markiewicz W, et al. 
Association between elevated liver enzymes and C‑reactive protein: 
possible hepatic contribution to systemic inflammation in the metabolic 
syndrome. Arterioscler Thromb Vasc Biol. 2005;25(1):193–7.

 48. Daimon M, Oizumi T, Saitoh T, Kameda W, Hirata A, Yamaguchi H, et al. 
Decreased serum levels of adiponectin are a risk factor for the progres‑
sion to type 2 diabetes in the Japanese Population: the Funagata study. 
Diabetes Care. 2003;26(7):2015–20.



Page 12 of 12Noroozi Karimabad et al. BMC Endocrine Disorders          (2022) 22:127 

•
 
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 •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

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

 49. Jonathan T, Paul C, Jiawei L. A guide to non‑alcoholic fatty liver disease in 
childhood and adolescence. Int J Mol Sci. 2016;17(6):947–1020.

 50. Paschos P, Paletas K. Non alcoholic fatty liver disease and metabolic 
syndrome. Hippokratia. 2009;13(1):9–19.

 51. Byrne CD. Dorothy Hodgkin Lecture 2012: non‑alcoholic fatty liver dis‑
ease, insulin resistance and ectopic fat: a new problem in diabetes man‑
agement. Diabetic medicine : a journal of the British Diabetic Association. 
2012;29(9):1098–107.

 52. Yki‑Järvinen H. Non‑alcoholic fatty liver disease as a cause and a 
consequence of metabolic syndrome. Lancet Diabetes Endocrinol. 
2014;2(11):901–10.

 53. Nakanishi N, Suzuki K, Tatara K. Serum gamma‑glutamyltransferase and 
risk of metabolic syndrome and type 2 diabetes in middle‑aged Japanese 
men. Diabetes Care. 2004;27(6):1427–32.

 54. Ouchi N, Ohashi K, Shibata R, Murohara T. Adipocytokines and obesity‑
linked disorders. Nagoya J Med Sci. 2012;74(1–2):19–30.

 55. Monami M, Bardini G, Lamanna C, Pala L, Cresci B, Francesconi P, et al. 
Liver enzymes and risk of diabetes and cardiovascular disease: results of 
the Firenze Bagno a Ripoli (FIBAR) study. Metabolism. 2008;57(3):387–92.

 56. Chen S, Guo X, Yu S, Zhou Y, Li Z, Sun Y. Metabolic syndrome and serum 
liver enzymes in the general chinese population. Int J Environ Res Public 
Health. 2016;13(2):223.

 57. Hall P, Cash J. What is the real function of the liver ‘function’tests? Ulst 
Med J. 2012;81(1):30.

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


	Serum liver enzymes and diabetes from the Rafsanjan cohort study
	Abstract 
	Background: 
	Materials and methods: 
	Findings: 
	Conclusion: 

	Introduction
	Materials and methods
	Research design and selection of patients
	Data collection
	Biochemical measurements
	Definition of terms
	Statistical analyses

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


