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Abstract 24 

Objective: The aim of this study was to determine the correlation between elevated liver enzymes and 25 

fasting plasma glucose levels (FPG) among overweight and obese adults who were compared with a 26 

control group of adults with normal weight.  27 

Methods: In this cross-sectional study, 2915 individuals (≥18 years old) underwent real-time 28 

interviews and blood tests in 2014. Participants were divided into two groups, one was normal weight 29 

group, another one was overweight and obesity group..  30 

Results: In normal weight group, there was no association of liver enzymes levels with FPG levels 31 

(alanine transaminase [ALT], P =0.519; aspartate aminotransferase.[AST], P =0.097). However, 32 

adverse trends between liver enzymes levels and FPG levels were observed in overweight and obesity 33 

group (ALT, P =0.004; AST, P =0.023). After adjusting for confounding factors, the highest tertiles of 34 

ALT levels still remained significantly associated with FPG levels in 5.56 ≤ FPG < 7.00 mmol/L (odds 35 

ratio [OR] : 2.166, 95% confidence interval [CI]: 1.511~3.107) and FPG ≥ 7.00 mmol/L (OR: 2.779, 36 

95% CI: 1.359~5.685) among overweight and obese adults, while AST levels did not correlate with FPG 37 

levels  38 

Conclusions: The elevation of ALT levels was associated with the increased levels of FPG among 39 

overweight and obese adults in China, and ALT was a potential clinical bio-marker in diabetes risk 40 

assessment. 41 

 42 

Keywords: Liver enzymes; Fasting plasma glucose; Adults 43 
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 52 

 53 

Strengths and limitations of this study 54 

� The large sample of subjects was enrolled in our survey. 55 

� To the best of our knowledge, this is the first study to explore the correlation between elevated 56 

liver enzymes and FPG among overweight and obese adults who were compared with a control 57 

group of adults with normal weight. 58 

� The present study was designed as a cross-sectional study; therefore, direct causation cannot be 59 

concluded from the results. 60 

� Supplementary information about γ-glutamyltransferase (GGT) levels and imaging studies was 61 

not collected; therefore, these factors could not be determined whether was associated with FPG 62 

among overweight and obese adults. 63 

 64 
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 82 

 83 

Introduction 84 

Currently, diabetes is a major public health problem throughout the world. The International Diabetes 85 

Federation (IDF) estimated that approximately 382 million people suffered from diabetes around the 86 

world in 2013, and it was predicted to increase beyond 592 million in the next 25 years [1]. China, the 87 

largest developing country, has already been one of countries with a high incidence of diabetes. 88 

Recently a survey has revealed that more than one in ten of representative of the Chinese adults have 89 

diabetes [2]. Fasting plasma glucose (FPG) is the most commonly used indicator of diabetes. FPG 90 

monitoring is of significance in the prevention of diabetes. 91 

The liver is the site of glycogen synthesis and glyconeogenesis, which plays an important role in 92 

maintaining the stable level of blood glucose in conjunction with the pancreas, muscle, adipose tissue 93 

and other organs [3-4]. Beyond that, the liver also regulates peripheral insulin sensitivity and 94 

participates in insulin degradation by secreting some molecules, such as selenoprotein P, 95 

angiopoietin-related growth factor [5-6]. Recent contributions have sought to clarify the relationship of 96 

the liver with type 2 diabetes [7-8]. Liver aminotransferases tests, the most frequent liver tests for 97 

evaluating the hepatocellular injury in clinic, involve alanine transaminase (ALT) and aspartate 98 

aminotransferase. (AST) that are found in the liver, serum as well as other organ tissues [9-11]. Several 99 

studies reported that the elevation of liver aminotransferases was indicative of insulin sensitivity 100 

reduction, insulin resistance, and the development of type 2 diabetes [12-14]. Related studies observed 101 

a significant association of ALT levels with the risk of type 2 diabetes [9, 14-15]. 102 

Researchers reported that body mass index (BMI) was a risk factor for changes of FPG levels [16], 103 

and liver aminotransferases levels [17]. Previous study found the association of ALT and AST levels 104 

with FPG levels was significant [3,14,18], however, those studies investigating the association between 105 

liver enzymes and FPG levels were conducted in the general population by considering BMI as a 106 

confounding factor. Until now, few studies have been performed to investigate the whether the 107 

association of liver enzymes levels with FPG levels varies in normal weight adults compared to 108 

overweight and obese adults. 109 

On these grounds, the aim of this study was to determine the correlation between the FPG levels 110 

and liver enzymes elevation among overweight and obese adults who compared with a control group of 111 
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adults with normal weight in a cross-sectional study. 112 

 113 

Materials and Methods 114 

Study population 115 

This cross-sectional study was conducted in 2014, in Guangdong Province, China. Initially, 3726 116 

healthy inhabitants who underwent health examination (mean age: 60.32 years, ≥18 years old) were 117 

recruited in local Community Health Service Agencies At baseline examination, 574 participants with a 118 

history of diabetes, hepatitis B and all other liver diseases were excluded from the study; 141 119 

participants with a BMI of less than 18.5Kg/m
2 

were excluded. Further, participants with missing or 120 

invalid data on FPG levels and liver related indexes were also excluded, leaving a total of 2915 eligible 121 

participants (Figure 1). On the basis of data from this study, subjects were classified to two groups 122 

(normal weight, overweight and obesity) according to BMI (calculated as weight in kilograms divided 123 

by height meters squared). Individuals with a BMI between 18.5 and 23.9 Kg/m
2 

were grouped as 124 

normal weight (n=1788), and those with a BMI of 24 Kg/m
2 

or higher were grouped as overweight and 125 

obesity (n=1127). In the next step, we stratified overweight and obese adults into three groups 126 

according to their FPG levels: FPG < 5.56 mmol/L, 5.56 ≤ FPG <7.00 mmol/L and FPG ≥ 7.00 127 

mmol/L. Each individual received written information about the aim of the study. If he/she decided to 128 

participate, a written informed consent was obtained. 129 

 130 

Procedures 131 

Data were collected via face-to-face interviews performed by either a physician or a nurse (the healthcare 132 

staff from local Community Health Service Agencies). The interviewers received training to improve 133 

their interview skills and standardize the procedures of data collection. All interviews took place in local 134 

Community Health Service Agencies, and the data were collected by using structured study 135 

questionnaires. After this investigation, the data were checked by the staff who have already received 136 

the training. 137 

 138 

General examination 139 

Information on participants’ demographic characteristics (age, gender, marital status and education 140 

level), health-related characteristics (physical activity, smoking, drinking and BMI) and history of 141 
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diseases (diabetes, hepatitis B and all other liver diseases) was included by questionnaires. Marital 142 

status was categorized as “Single”, “married”, and “Divorce or Widowed”. Education level was divided 143 

into four categories (including no school, primary school, middle school and high school or above). 144 

Physical activity was categorized as “every day”, “more than once a week”, “seldom”, and “never”. 145 

Smoking was categorized as “non-smoker”, “smoker”, and “ex-smoker”. Drinking was divided into 146 

three categories, “regularly”, “seldom”, and “never”. Smokers were defined as those who smoked one or 147 

more cigarettes per day for at least 6 months. Regular drinkers were defined as those who drank alcohol 148 

on average more than once a week within the last year. 149 

Anthropometric parameters (height and weight) were collected in replicate and mean values were 150 

used in the study. FPG, albumin (ALB), direct bilirubin (DBIL), indirect bilirubin (IBIL), total bilirubin 151 

(TBIL), ALT and AST levels were measured in the local Community Health Service Agencies after an 152 

over 8 hours fasting. 153 

 154 

Statistics analyses 155 

All statistical analyses were performed with the Statistical Package for the Social Sciences (SPSS) 156 

version 21.0 (SPSS Inc., Chicago,IL, USA). Data were presented as mean ± SD and frequencies 157 

(percentage). Continuous variables were analyzed by using one-way ANOVA, and categorical variables 158 

were compared by using the X
2
 test. Partial correlation was performed to investigate the relationship 159 

between BMI and related indexes, to determine the correlation between FPG levels and liver tests among 160 

all participants. The levels of FPG in the baseline tertiles of AST and ALT levels were analyzed by using 161 

one-way ANOVA. The increasing risk of FPG levels on account of the elevation of liver enzymes was 162 

assessed by using multivariate logistic regression analysis. 163 

 164 

Results 165 

The present study included a total of 2915 adults comprising of 1788 (61.3%) individuals with normal 166 

weight and 1127 (38.7%) individuals with overweight and obesity. The Partial correlation coefficient 167 

between BMI and related indexes was shown in Table 1. All variables were significantly correlated with 168 

BMI, except for ALB, IBIL and TBIL. Furthermore, FPG and ALT levels correlated better with BMI 169 

than other indexes.  170 
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Notably, AST and ALT levels were not correlated with FPG levels among participants with normal 171 

weight, Surprisingly, except for DBIL, all liver tests were associated with FPG levels among participants 172 

with overweight and obesity (Table 2). Of the two liver enzymes, ALT levels had a higher correlation 173 

with FPG levels than AST levels. Changes of FPG levels depending on the baseline tertiles of AST and 174 

ALT levels among overweight and obese adults were shown in Figure 2. The significant difference 175 

between ALT levels and FPG levels was observed (P < 0.05), but this was not true for AST levels (P > 176 

0.05). 177 

Mean levels of age and BMI, and the frequency of gender, marital status, education level, physical 178 

activity, smoking and drinking among participants with overweight and obesity were presented in Table 179 

3 (Since there was no association between liver enzymes and FPG in Table 2, the analysis of the 180 

association between general characteristics with FPG levels among participants with normal weight 181 

wasn’t performed). Mean age was 60.01 ± 12.67, 63.34 ± 12.06, and 64.75 ± 13.88 in FPG < 5.56 182 

mmol/L, 5.56 ≤ FPG < 7.00 mmol/L and FPG ≥ 7.00 mmol/L groups, respectively. Compared with the 183 

FPG < 5.56 mmol/L group, the 5.56 ≤ FPG < 7/00 mmol/L and FPG ≥ 7.00 mmol/L groups displayed 184 

significantly higher age (P < 0.05). Mean BMI was 26.37 ± 2.18, 26.65 ± 2.21, and 26.92 ± 2.59 in FPG 185 

< 5.56 mmol/L, 5.56 ≤ FPG < 7/00 mmol/L and FPG ≥ 7.00 mmol/L groups, respectively. Compared 186 

with the FPG < 5.56 mmol/L group, the FPG ≥ 7.00 mmol/L group displayed significantly higher BMI 187 

(P < 0.05), but this was not true for the 5.56 ≤ FPG < 7.00 mmol/L group (P > 0.05). There was 188 

significant difference in terms of smoking between FPG ≥ 7.00 mmol/L and FPG < 5.56 mmol/L groups 189 

(P < 0.05), but there was no significant difference between 5.56 ≤ FPG < 7.00 mmol/L and FPG < 5.56 190 

mmol/L groups. In addition, compared with the FPG < 5.56 mmol/L group, the 5.56 ≤ FPG < 7.00 191 

mmol/L and FPG ≥ 7.00 mmol/L groups did not display any significant difference in term of gender, 192 

marital status, education level, physical activity and drinking. 193 

In a model adjusting for health-related factors and liver tests, multivariate logistic regression 194 

analysis confirmed a significant correlation between FPG levels and liver enzymes levels (Table 4). The 195 

highest tertiles of ALT levels remained significantly associated with FPG levels with an OR of 2.166 196 

(95% CI: 1.511~3.107) in 5.56 ≤ FPG < 7.00 mmol/L vs. FPG < 5.56 mmol/L, and with an OR of 2.779 197 

(95% CI: 1.359~5.685) in FPG ≥ 7.00 mmol/L vs. FPG < 5.56 mmol/L, while AST levels did not 198 

correlate with FPG levels in 5.56 ≤ FPG < 7.00 mmol/L vs. FPG < 5.56 mmol/L and FPG ≥ 7.00 mmol/L 199 

vs. FPG < 5.56 mmol/L. Age showed an OR of 1.025 (95% CI: 1.013~1.036) in 5.56 ≤ FPG < 7.00 200 
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mmol/L vs. FPG < 5.56 mmol/L, and 1.035 (95% CI: 1.014–1.056) in FPG ≥ 7.00 mmol/L vs. FPG < 201 

5.56 mmol/L. However, ALB and IBIL levels displayed an OR of 0.955 (95% CI: 0.928–0.982) and 202 

0.891 (95% CI: 0.806–0.985), respectively, in FPG ≥ 7.00 mmol/L vs. FPG < 5.56 mmol/L. BMI was not 203 

associated with FPG levels whether in 5.56 ≤ FPG < 7.00 mmol/L vs. FPG < 5.56 mmol/L, or FPG ≥ 204 

7.00 mmol/L vs. FPG < 5.56 mmol/L (P > 0.05). 205 

 206 

Discussion 207 

In the present study, AST and ALT levels were not related to FPG levels among adults with normal 208 

weight. Interestingly, ALT and AST were associated with FPG levels among overweight and obese 209 

participants (Table 2). The association of elevated liver enzymes concentrations with the increased risk 210 

of diabetes among overweight and obese adults may be partly explained by the obesity-related diabetes. 211 

Fall and his colleagues found that a causal effect of adiposity on ALT levels in a Mendelian 212 

randomization analysis study, and individuals with higher BMI had higher levels of ALT [17], which 213 

was consistent with findings of prior study [10]. A published meta-analysis study mentioned that 214 

elevated liver fat was a risk factor for the development of diabetes [9]. Mechanistically, increased 215 

intrahepatic fat content is bi-directionally associated with insulin resistance, which in its turn can lead to 216 

increased glucose output from the liver [9, 19-20]. 217 

In our study, changes of FPG levels were shown in Figure 2 depending on the baseline tertiles of 218 

AST and ALT levels among overweight and obese adults. An earlier study also reported that FPG 219 

levels increased with the elevation of AST and ALT levels among semiconductor workers who 220 

underwent three cycles of health check-ups [14]. A multicenter cross-sectional study reported that 221 

subjects in the highest ALT or AST group had higher FPG levels [21]. Qin et al reported that the 222 

cumulative incidence of impaired fasting glucose (defined as 5.6 mmol/L to 6.9 mmol/L) was 223 

significantly higher in the highest quartiles of liver enzymes than in the lowest quartiles [3]. Insulin 224 

resistance and insulin sensitivity reduction may be the key physiopathological mechanism of the 225 

elevation FPG levels [12-13]. An epidemiologic study conducted in 10800 middle-aged population 226 

noted that elevated liver enzymes levels were positively related to insulin resistance [22]. Evidence 227 

suggested that liver enzymes activities, even within the normal range, were strongly associated with 228 

both peripheral and hepatic insulin resistance, and can reduce hepatic insulin extraction among healthy 229 

men and women in a large cohort [13]. 230 
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A univariate analysis was performed between general characteristics and FPG levels among 231 

overweight and obese adults (Table 3). The results showed that age, smoking and BMI were associated 232 

with FPG levels. In addition, the proportion of subjects who drank alcohol regularly and smoked was 233 

slightly small in the study population. The explanation as followed: 1) Most subjects (731, 64.9%) were 234 

female in our study; 2) The study subjects were overweight and obese adults, most of them may have 235 

gotten rid of some bad habits, such as smoking and drinking. 236 

The present study, in agreement with previous reports [17, 23], demonstrated an association of 237 

elevated liver enzymes levels with FPG levels. The highest tertiles of ALT levels, but not AST levels, 238 

were significantly associated with FPG levels in this research (Table 4). In the identification of liver 239 

injury, the specificity of the ALT levels is better than the levels of AST [24]. Mainous et al analyzed a 240 

nationally representative sample of the noninstitutionalized US population, also confirming that ALT 241 

levels, but not AST levels, were independently linked with undiagnosed diabetes (FPG ≥ 126 mg/dl) as 242 

well as impaired fasting glucose.(100 ≤ FPG ≤ 125 mg/dl) [25]. Perera and his colleagues found that 243 

ALT and AST levels were associated with FPG levels in men, but only ALT levels were related to FPG 244 

levels in women [26]. Lu et al clarified that the effect of AST levels on higher diabetes risk might be due 245 

to ALT levels [27]. It may be because ALT is predominantly found in the liver, however, AST is not only 246 

found in the liver, but also in cardiac muscle, skeletal, brain and other organs.  247 

In a previous study, ALT levels were associated with FPG levels in FPG ≥ 126 mg/dL vs. FPG < 248 

100 mg /dL (OR: 1.16, 95% CI: 1.00~1.35) [28]. In current study, the highest tertiles of ALT levels were 249 

associated with more than a twofold increase of FPG levels (in 5.56 ≤ FPG < 7.00 mmol/L vs. FPG <5.56 250 

mmol/L), independently of conventional risk factors. In depth, the highest tertiles of ALT levels were 251 

more significantly correlated with FPG levels in FPG ≥ 7.00 mmol/L vs. FPG < 5.56 mmol/L (Table 4), 252 

similar to a recent study [29]. Gonzálezpérez et al demonstrated that compared to normal ALT levels, the 253 

relative risk (RR) to the incidence of impaired fasting glucose (100 ≤ FPG ≤ 125 mg/dl) and diabetes 254 

(FPG ≥ 126 mg/dl) depending on the levels of ALT was 3.09 in borderline elevated ALT levels and 1.59 255 

in elevated ALT levels [29]. The following mechanisms may be regarded as the causes of association 256 

between elevated liver enzymes levels and the increased risk of elevated FPG levels. 1) Elevated ALT 257 

levels reflected potential chronic inflammation and increased oxidative stress, which may impair insulin 258 

signaling in the liver and other organ tissues [13, 30]; 2) Elevated ALT levels could reflect life-long 259 

hepatitis virus infection, which can result in diabetes [31]; 3) The testosterone levels may be the mediator 260 
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between ALT levels and the risk of diabetes. Recent studies have revealed the role of low testosterone in 261 

diabetes [32], and that poor liver function may reduce testosterone production [33]. 262 

Our study was conducted in the Community Health Service Agencies, in Guangdong Province of 263 

China, and it may imply that the generalisability of our results is limited to this region. Additionally, 264 

participants with a history of diabetes, hepatitis B, all other liver diseases, and participants with a BMI 265 

of less than 18.5 Kg/m2 were excluded from the study, so our results are not applicable to these 266 

subjects. 267 

Limitations of the current study included the absence of γ-glutamyltransferase (GGT) levels and 268 

imaging studies. Recent literature reported that a moderate elevation of GGT levels within the normal 269 

range was a strong risk predictor for the onset of diabetes in a large non-obese population [34]. GGT 270 

may be a better predictor of diabetes than ALT [35]. However, in a meta-analysis of pooled population 271 

of 20 studies including 117020 patients followed-up for a median period of 5 years, NAFLD was 272 

associated with an increased risk of incident diabetes with a higher risk for ALT than GGT [36]. Recent 273 

studies noted that imaging studies will likely provide a new opportunity for investigating the association 274 

of the liver with diabetic disease [37-38]. In addition, our study design was cross-sectional and cannot 275 

provide insight into the development of diabetes over time. The strengths of this study include control of 276 

some important confounders such age, smoking and drinking. More importantly, this was the first time, 277 

to the best of our knowledge, to evaluate the correlation between FPG levels and the elevation of liver 278 

enzymes among overweight and obese adults who compared with a control group of adults with normal 279 

weight in China. 280 

 281 

Conclusions 282 

In summary, a strong association was observed between ALT levels and FPG levels among overweight 283 

and obese adults in China. The elevation of ALT levels should be considered as useful markers to 284 

identify individuals at the high risk of diabetes in China. 285 
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Figure Legends 405 

Fig 1  Flow chart in the selection of study population 406 

Fig 2  Changes of fasting plasma glucose (FPG) levels depending on the baseline tertiles of 407 

aspartate aminotransferase (AST) and alanine transaminase (ALT) levels among overweight and 408 

obese adults 409 
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 411 

 412 

 413 

 414 

 415 

 416 

 417 

 418 

 419 

Table 1 Partial correlation between BMI and related indexes (n=2915) 420 

Related indexes Partial correlation coefficient 

(Controlling age, gender) 

p 

FPG 0.078 <0.001*** 

ALB -0.023 0.214 

DBIL -0.047 0.010* 

IBIL -0.004 0.823 

TBIL -0.035 0.058 

ALT 0.169 <0.001*** 

AST 0.045 0.014* 

BMI: body mass index; FPG: fasting plasma glucose; ALB: albumin; DBIL: direct bilirubin; IBIL: 421 

indirect bilirubin ； TBIL: total bilirubin; ALT: alanine transaminase; AST: aspartate 422 

aminotransferase; * p <0.05; *** p <0.001. 423 

 424 

Table 2 Partial correlation between FPG levels and liver tests among all participants (n=2915) 425 

 
Normal weight group Overweight and obesity group 
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Liver tests 

 

Partial correlation coefficient 

 

p 

 

Partial correlation coefficient 

 

p 

ALB -0.057 0.015* -0.097 0.001** 

DBIL -0.024 0.310 0.033 0.275 

IBIL -0.010 0.682 -0.111 <0.001*** 

TBIL -0.035 0.137 -0.068 0.022* 

ALT 0.013 0.573 0.078 0.008** 

AST -0.039 0.097 0.070 0.019* 

Partial correlation coefficient: controlling age, gender and BMI; BMI: body mass index; FPG: fasting 426 

plasma glucose; ALB: albumin; DBIL: direct bilirubin; IBIL: indirect bilirubin；TBIL: total bilirubin; 427 

ALT: alanine transaminase; AST: aspartate aminotransferase; * p <0.05. 428 

 429 

Table 3  General characteristics associated with FPG levels among participants with overweight 430 

and obesity (n=1127) 431 

Variables 

FPG < 5.56 

( n=744 ) 

5.56 ≤ FPG < 7.00 

( n=310 ) 

FPG ≥ 7.00 

( n=73 ) 

Age, years (m, SD) 60.01 ± 12.67 63.34 ± 12.06* 64.75 ± 13.88** 

Gender (n, %)    

Male 255 (64.4 ) 106 ( 26.8 ) 35 ( 8.8 ) 

Female 489 ( 66.9 ) 204 (27.9 ) 38 ( 5.2 ) 

Marital status (n, %)    

Single 46 ( 73.0 ) 12 ( 19.0 ) 5 ( 7.9 ) 

Married 635 ( 65.6) 275 ( 28.4 ) 58 ( 6.0 ) 

Divorce or Widowed 36 ( 69.2 ) 11 ( 21.2 ) 5 ( 9.6 ) 

Education level (n, %)    

No school 35 ( 62.5 ) 17 ( 30.4 ) 4 ( 7.1 ) 

Primary school 126 ( 60.3 ) 69 ( 33.0 ) 14 ( 6.7 ) 

Middle school 221 ( 65.6 ) 91 ( 27.0 ) 25 ( 7.4 ) 
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High school or above 43 ( 61.4 ) 23 ( 32.9 ) 4 ( 5.7 ) 

Physical activity (n, %)    

Everyday 141 ( 60.0 ) 76 ( 32.3 ) 18 ( 7.7 ) 

More than once a week 61 ( 68.5 ) 25 ( 28.1 ) 3 ( 3.4 ) 

Seldom 30 ( 53.6 ) 19 ( 33.9 ) 7 ( 12.5 ) 

Never 512 ( 68.5 ) 190 ( 25.4 ) 45 ( 6.0 ) 

Smoking (n, %)   0.005** 

Non-smoker 703 ( 66.5 ) 293 ( 27.7 ) 61 ( 5.8 ) 

Smoker 33 ( 58.9 ) 15 ( 26.8 ) 8 ( 14.3 ) 

Ex-smoker 8 ( 57.1 ) 2 ( 14.3 ) 4 ( 28.6 ) 

Drinking (n, %)    

Regularly 5 ( 71.4 ) 1 ( 14.3 ) 1 ( 14.3 ) 

Seldom 8 ( 44.4 ) 8 ( 44.4 ) 2 ( 11.1 ) 

Never 731 ( 66.3 ) 301 ( 27.3 ) 70 ( 6.4 ) 

BMI, Kg/m
2
 (m, SD) 26.37 ± 2.18 26.65 ± 2.21 26.92 ± 2.59** 

Data were presented as mean (SD) or n (%); FPG: fasting plasma glucose; BMI: body mass index; 432 

*P < 0.05 5.56 ≤ FPG < 7.00 mmol/L vs FPG < 5.56 mmol/L; **P < 0.05 FPG ≥ 7.00 mmol/L vs 433 

FPG < 5.56 mmol/L 434 

 435 

Table 4. Odds ratios for FPG elevation by liver enzymes levels among participants with 436 

overweight and obesity (n=1127) 437 

Variables 5.56 ≤ FPG < 7.00 VS FPG< 5.56 FPG≥ 7.00 VS FPG<5.56 

OR ( 95% CI ) P OR ( 95% CI ) P 

Age 1.025 (1.013~1.036) <0.001*** 1.035 (1.014~1.056) 0.001** 

ALB — 0.955 (0.928~0.982) 0.001** 

IBIL — 0.891 (0.806~0.985) 0.025* 

ALT     

Q1 Reference 

Q2 1.358 (0.950~1.940) 0.093 1.893 (0.924~3.876) 0.81 

Q3 2.166 (1.511~3.107) <0.001*** 2.779 (1.359~5.685) 0.005** 
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Statistical analysis by multivariate logistic regression (adjusted for age, smoking, BMI 438 

( body mass index) and liver tests); OR: odds ratio; CI: confidence interval; FPG: fasting 439 

plasma glucose; ALB: albumin; IBIL: indirect bilirubin; ALT: alanine transaminase. 440 
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participants  (Page 5) 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 

modifiers. Give diagnostic criteria, if applicable (Page 5-6) 
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information on exposures and potential confounders (Page 6-7, Table 1-3) 

(b) Indicate number of participants with missing data for each variable of interest 

(Not applicable) 

Outcome data 15* Report numbers of outcome events or summary measures (Page 7-8, Table 3-4) 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 

their precision (eg, 95% confidence interval). Make clear which confounders were 

adjusted for and why they were included (Page 7-8, Table 4) 
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sensitivity analyses (Not applicable) 

Discussion 

Key results 18 Summarise key results with reference to study objectives (Page 8-9) 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias (Page 10) 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 

multiplicity of analyses, results from similar studies, and other relevant evidence 
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Other information 

Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based (Page 11) 
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23 Abstract

24 Objective: Several studies have reported that liver enzymes levels were associated with fasting plasma 

25 glucose (FPG) levels. However, the association, stratified by body mass index (BMI) among people 

26 without diagnosed diabetes, remains to be elucidated, especially in Southern China. Therefore, our aim 

27 was to investigate the correlation between liver enzymes levels and FPG levels stratified by BMI 

28 among people who had not been diagnosed with diabetes before this study, in Southern China.

29 Design: Cross-sectional study

30 Participants and setting: 3056 individuals underwent real-time interviews and blood tests in Southern 

31 China. Participants were divided into three groups (underweight, normal weight, overweight and 

32 obesity) along a BMI cut-off. 

33 Main outcome measured: Partial correlation was performed to investigate the relationship between 

34 FPG levels and liver tests. Multivariate logistic regression analyses were applied to calculate adjusted 

35 ORs for FPG levels associated with liver enzymes levels.  

36 Results: There was no association between liver enzymes levels and FPG levels whether in 

37 underweight group or in normal weight group, but the significant correlation was observed in 

38 overweight and obesity group (alanine transaminase﹝ALT﹞, P < 0.01, aspartate 

39 aminotransferase﹝AST﹞, P < 0.05). After adjusting for confounding factors, the highest tertiles of ALT 

40 still remained significantly positively related to FPG levels in overweight and obesity group, with an 

41 OR of 2.166 (95% CI: 1.511~3.107) in 5.56 ≤ FPG < 7.00 mmol/L vs. FPG < 5.56 mmol/L, and with 

42 an OR of 2.779 (95% CI: 1.359~5.685) in FPG ≥ 7.00 mmol/L vs. FPG < 5.56 mmol/L, but this was 

43 not the same for AST.

44 Conclusions: The association of liver enzymes levels with FPG levels differed along a BMI cut-off. 

45 ALT levels were significantly positively associated with FPG levels in overweight and obesity group, 

46 but not in other two groups; AST levels was not associated with FPG levels in all groups.

47

48 Keywords: Liver enzymes; Fasting plasma glucose; Southern China; Cross-sectional study

49

50

51
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52

53 Strengths and limitations of this study

54  A large sample of subjects were enrolled in our survey.

55  To the best of our knowledge, this is the first study to explore the correlation between liver 

56 enzymes levels and FPG levels stratified by BMI among people who had not been diagnosed with 

57 diabetes before this survey, in Southern China.

58  The present study was designed as a cross-sectional study; therefore, direct causation cannot be 

59 concluded from the results.

60  Supplementary information about γ-glutamyltransferase (GGT) levels, imaging studies, 

61 cholesterol, triglycerides was not collected; therefore, these factors could not be determined 

62 whether was associated with FPG, some factors such as cholesterol, triglycerides levels, could not 

63 be included in the adjustments of our multivariate logistic regression analyses.

64

65

66

67

68

69

70

71
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82

83 Introduction

84 Diabetes, one of prevalent chronic diseases, has emerged as a major public health issue owing to its 

85 increased prevalence in many countries, affecting approximately 382 million people throughout the 

86 world [1]. China, the largest developing country, is also no exception to suffering from the high 

87 incidence of diabetes. Recently, a survey has revealed that more than one in ten of Chinese adults were 

88 exposed to diabetes [2]. Therefore, early identification of individuals at high risk of diabetes is essential 

89 for decreasing the prevalence of diabetes. 

90 The liver is the site of glycogen synthesis and glyconeogenesis, which plays an important role in 

91 maintaining the stable level of blood glucose in conjunction with the pancreas, muscle, adipose tissue 

92 and other organs [3-4]. Liver enzymes, the most frequent liver tests for evaluating the liver function in 

93 clinic, involve alanine transaminase (ALT) and aspartate aminotransferase. (AST) [5-7]. Related 

94 studies suggested that the elevation of liver enzymes levels was indicative of insulin sensitivity 

95 reduction, insulin resistance, and the development of type 2 diabetes [8-10]. Fasting plasma glucose 

96 (FPG) level is the most commonly used index to monitor the occurrence of early type 2 diabetes. which 

97 is of great significance in the prevention of diabetes. Although previous study have reported that liver 

98 enzymes levels were significantly associated with FPG levels [3,10-11], the evidence was still 

99 insufficient, because the results reported are inconsistent according to the populations studied, such as 

100 the population in different regions, the population with different body mass index (BMI). In addition, 

101 as we know, almost all related studies simply regarded BMI as an adjustment variable to investigate the 

102 relationship between liver enzymes levels and FPG levels in general population. Therefore, the aim of 

103 this study was to determine the association of liver enzymes levels with FPG levels, stratified by BMI, 

104 among people who had not been diagnosed with diabetes before this survey, in Southern China. If the 

105 elevated liver enzymes levels were significantly associated with the elevation of FPG levels, it 

106 may have implication in considering liver enzymes as effective molecular markers for the early 

107 detection of diabetes high-risk individuals with different BMI cut-points, and health policy makers 

108 can develop targeted interventions to prevent the early occurrence of type 2 diabetes among people 

109 with different BMI cut-points.

110

111 Materials and Methods
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112 Study population

113 This cross-sectional study was conducted in Guangdong Province of China in 2014. Initially, 3726 

114 healthy inhabitants who underwent a general health examination (mean age: 60.32 years, ≥18 years old) 

115 were recruited in local Community Health Service Agencies. The health examination included 

116 recording of general characteristics, medical history, anthropometric parameters and laboratory tests. 

117 574 participants with a history of diabetes, hepatitis B and all other liver diseases were excluded from 

118 the study. Further, participants with missing or invalid data on FPG levels or liver related indexes were 

119 also excluded, leaving a total of 3056 eligible participants (Figure 1). On the basis of data from this 

120 study, subjects were classified to three groups (underweight, normal weight, overweight and obesity) 

121 along a BMI cut-off (BMI was calculated as weight in kilograms divided by height meters squared). 

122 Individuals with a BMI <18.5, 18.5 ~23.9 Kg/m2 ,≥24 Kg/m2 were divided into underweight group 

123 (n=141), normal weight group (n=1788), and overweight and obesity group (n=1127), respectively. 

124 Then, we stratified overweight and obese adults into three groups according to FPG levels: FPG < 5.56 

125 mmol/L, 5.56 ≤ FPG <7.00 mmol/L and FPG ≥ 7.00 mmol/L. Each individual received written 

126 information about the aim of the study. If he/she decided to participate, a written informed consent was 

127 obtained.

128

129 General characteristics

130 Information on participants’ demographic characteristics (age, gender, marital status and education 

131 level), health-related characteristics (physical activity, smoking, drinking and BMI) and medical 

132 history (diabetes, hepatitis B and all other liver diseases) was included in questionnaires. Marital status 

133 was categorized as “Single”, “married”, and “Divorce or Widowed”. Education level was divided into 

134 four categories (no school, primary school, middle school and high school or above). Physical activity 

135 was categorized as “every day”, “more than once a week”, “seldom”, and “never”. Smoking was 

136 grouped as “non-smoker”, “smoker”, and “ex-smoker”. Drinking was divided into three categories, 

137 “regularly”, “seldom”, and “never”. Smokers were defined as those who smoked one or more cigarettes 

138 per day for at least 6 months. Regular drinkers were defined as those who drank alcohol on average 

139 more than once a week within the last year.

140

141 Anthropometric parameters and laboratory tests
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142 Anthropometric parameters (height and weight) were measured by trained staff, following a 

143 standardized protocol. The data were collected in replicate and mean values were calculated in the 

144 study. After an overnight fast (at least 8 hours), venous blood samples from participants were obtained 

145 and analysed  by PPI automatic biochemical analyzer (Roche Company, Germany) for FPG, albumin 

146 (ALB), direct bilirubin (DBIL), indirect bilirubin (IBIL), total bilirubin (TBIL), ALT and AST levels.

147

148 Tertiles of erythrocyte parameters levels 

149 Liver enzymes levels were categorized into tertiles on the basis of individual distributions in overweigh 

150 and obesity group. ALT: Q1 <17 U/L, Q2=17~25 U/L, Q3 ≥25 U/L; AST: Q1 <20 U/L, Q2=20~24 

151 U/L, Q3 ≥24 U/L.ProceduresAll data were collected on the same day via face-to-face interviews and 

152 blood tests performed by either a physician or a nurse (the healthcare staff from local Community 

153 Health Service Agencies). The interviewers received training to improve their interview skills and 

154 standardize the procedures of data collection. Besides, several supervisors were arranged to verify the 

155 authenticity of the data.

156

157 Patient and public involvement 

158 The role of study subjects in our survey was participants. They were not involved in the development 

159 of the research question and outcome measures, the recruitment of subjects and the conduct of the 

160 study. After completing this survey, we sent each participant a letter describing detailed results of this 

161 study.

162

163 Statistics analyses

164 All statistical analyses were performed with the Statistical Package for the Social Sciences (SPSS) 

165 version 21.0 (SPSS Inc., Chicago,IL, USA). Data were presented as mean ± SD and frequencies 

166 (percentage). A one-way ANOVA was conducted to evaluate differences in age and BMI according to 

167 FPG levels, to test mean levels of FPG dependent on the tertiles for ALT and AST in overweight and 

168 obesity group. The X2 test was used to compare the frequency of general characteristics (categorical 

169 variables) according to FPG levels in overweight and obesity group. Partial correlation was performed 

170 to investigate the relationship between BMI and related indexes among all participants shown in Table 

171 1, to determine the correlation between FPG levels and liver tests stratified by BMI.. Multivariate 
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172 logistic regression analyses were applied to calculate the adjusted ORs for FPG levels associated with 

173 liver enzymes levels in overweight and obesity group. (Since there was no association between liver 

174 enzymes and FPG in underweight group and normal group, respectively shown in Table 2, the one-way 

175 ANOVA, X2 test and m ultivariate logistic regression were not performed in these two groups.).

176

177 Results

178 The Partial Correlation and One-Way ANOVA

179 A total of 3056 adults were included in this study, comprising of 141 (4.6%) individuals with 

180 underweight, 1788 (58.5%) individuals with normal weight and 1127 (36.9%) individuals with 

181 overweight and obesity. The partial correlation coefficient between BMI and related indexes was 

182 shown in Table 1. Every index was significantly correlated with BMI, except for ALB and IBIL. 

183 Compared with other indexes, FPG and ALT were more correlated with BMI.

184 Further, the partial correlation was conducted to explore the relationship between FPG levels and 

185 liver tests stratified by BMI (shown in Table 2). Notably, AST and ALT levels were not associated 

186 with FPG levels in underweight group and normal weight group, respectively, but the significant 

187 association of AST and ALT levels with FPG levels was observed in overweight and obesity group. Of 

188 the two liver enzymes, ALT (r =0.097, P < 0.05) levels had a stronger correlation with FPG levels than 

189 AST levels (r =0.070, P < 0.05). Mean levels of FPG depending on the baseline tertiles of AST and 

190 ALT levels among overweight and obese adults were shown in Figure 2. FPG levels were positively 

191 related to  ALT levels (P < 0.05), but not to AST levels (P > 0.05).

192

193 Association of general characteristics with FPG 

194 Mean levels of age and BMI, and the frequency of gender, marital status, education level, physical 

195 activity, smoking and drinking according to FPG levels, in overweight and obesity group were 

196 presented in Table 3 Mean age was 60.01 ± 12.67, 63.34 ± 12.06, and 64.75 ± 13.88 in FPG < 5.56 

197 mmol/L, 5.56 ≤ FPG < 7.00 mmol/L and FPG ≥ 7.00 mmol/L groups, respectively. Compared with the 

198 FPG < 5.56 mmol/L group, the 5.56 ≤ FPG < 7/00 mmol/L and FPG ≥ 7.00 mmol/L groups displayed 

199 significantly higher age (P < 0.05). Mean BMI was 26.37 ± 2.18, 26.65 ± 2.21, and 26.92 ± 2.59 in 

200 FPG < 5.56 mmol/L, 5.56 ≤ FPG < 7/00 mmol/L and FPG ≥ 7.00 mmol/L groups, respectively. 

201 Compared with the FPG < 5.56 mmol/L group, the FPG ≥ 7.00 mmol/L group displayed significantly 

Page 7 of 21

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025524 on 18 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

8

202 higher BMI (P < 0.05), but this was not true for the 5.56 ≤ FPG < 7.00 mmol/L group (P > 0.05). In 

203 terms of smoking, there was a significant difference between FPG ≥ 7.00 mmol/L and FPG < 5.56 

204 mmol/L groups (P < 0.05), but not between 5.56 ≤ FPG < 7.00 mmol/L and FPG < 5.56 mmol/L 

205 groups.

206

207 Multivariate logistic regression analysis model

208 Adjusted ORs for FPG levels associated with liver enzymes levels in overweight and obesity group 

209 were listed in Table 4. Additionally, only those variables that were significantly correlated with FPG 

210 levels were presented in Table 4. After adjusting for potential confounders (age, smoking, BMI and 

211 liver tests), the highest tertiles of ALT levels remained significantly positively correlated with FPG 

212 levels with an OR of 2.166 (95% CI: 1.511~3.107) in 5.56 ≤ FPG < 7.00 mmol/L vs. FPG < 5.56 

213 mmol/L, and with an OR of 2.779 (95% CI: 1.359~5.685) in FPG ≥ 7.00 mmol/L vs. FPG < 5.56 

214 mmol/L, but this was not the same for AST. 

215 Age showed an OR of 1.025 (95% CI: 1.013~1.036) in 5.56 ≤ FPG < 7.00 mmol/L vs. FPG < 

216 5.56 mmol/L, and 1.035 (95% CI: 1.014–1.056) in FPG ≥ 7.00 mmol/L vs. FPG < 5.56 mmol/L. 

217 However, ALB and IBIL levels displayed an OR of 0.955 (95% CI: 0.928–0.982) and 0.891 (95% CI: 

218 0.806–0.985), respectively, in FPG ≥ 7.00 mmol/L vs. FPG < 5.56 mmol/L.

219

220 Discussion

221 Partial correlation showed that AST and ALT levels were not associated with FPG levels in 

222 underweight group and normal weight group, but the significantly positive association of AST and 

223 ALT levels with FPG levels was observed in overweight and obesity group (Table 2). This positive 

224 association among overweight and obese adults may be partly explained by the obesity-related diabetes. 

225 For example, Fall and his colleagues found that a causal effect of adiposity on ALT levels in a 

226 Mendelian randomization analysis study, and individuals with higher BMI had higher ALT levels [12], 

227 which was consistent with findings of prior study [6]; a published meta-analysis study mentioned that 

228 elevated liver fat was a risk factor for the development of diabetes [5]. Mechanistically, increased 

229 intrahepatic fat content is bi-directionally associated with insulin resistance, which in its turn can lead 

230 to increased glucose output from the liver [5, 13-14].
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231 An earlier study has demonstrated that FPG levels increased with the elevation of AST and ALT 

232 levels among semiconductor workers who underwent three cycles of health check-ups, indicating that 

233 liver enzymes are potential markers for early detection of diabetes [10]. In our study, mean levels of 

234 FPG were shown in Figure 2 depending on the baseline tertiles of AST and ALT levels in overweight 

235 and obesity group. Our results revealed that the elevated FPG levels were related to the increased levels 

236 of liver enzymes, similar to a recent study [15]. Additionally, Qin et al reported that the cumulative 

237 incidence of impaired fasting glucose (defined as 5.6 mmol/L to 6.9 mmol/L) was significantly higher 

238 in the highest quartiles of liver enzymes than that in the lowest quartiles [3]. Insulin resistance and 

239 insulin sensitivity reduction may be the key physiopathological mechanism of this positive association 

240 between liver enzymes levels and FPG levels [8-9]. An epidemiologic study conducted in 10800 

241 middle-aged populations noted that elevated liver enzymes levels were closely related to insulin 

242 resistance [16]. Evidence of a large cohort suggested that liver enzymes activities, even within the 

243 normal range, were strongly associated with both peripheral and hepatic insulin resistance, and can 

244 reduce hepatic insulin extraction among healthy men and women [9]. It has been found that insulin 

245 resistance and insulin sensitivity reduction can lead to increased glucose output [5, 13-14].

246 In the identification of liver injury, ALT is more specific than AST [17]. For instance, Perera and 

247 his colleagues found that both ALT and AST levels were associated with FPG levels in men, but only 

248 ALT levels were related to FPG levels in women [18]; Mainous et al, analyzing a nationally 

249 representative sample of the noninstitutionalized US population, found that ALT levels, but not AST 

250 levels, were independently linked with undiagnosed diabetes (defined as FPG ≥ 126 mg/dl) as well as 

251 impaired fasting glucose.( defined as 100 ≤ FPG ≤ 125 mg/dl) [19], consistent with our results in 

252 general. In our study, after adjusting for potential confounders (age, smoking, BMI and liver tests), 

253 ALT levels remained significantly positively correlated with FPG levels both in 5.56 ≤ FPG < 7.00 

254 mmol/L vs. FPG < 5.56 mmol/Land FPG ≥ 7.00 mmol/L vs. FPG < 5.56 mmol/L, but this was not the 

255 same for AST. It may be that ALT predominantly exists in liver, however, not only is AST found in the 

256 liver, but in cardiac muscle, skeletal, brain and other organs. Lu et al clarified that the effect of AST 

257 levels on diabetes risk was partly due to ALT levels 20].

258 In a previous research, ALT levels were associated with FPG levels in FPG ≥ 126 mg/dL vs. FPG 

259 < 100 mg /dL (OR: 1.16, 95% CI: 1.00~1.35) [21]. In the present study, the highest tertiles of ALT 

260 levels were associated with more than a twofold increase of FPG levels (in 5.56 ≤ FPG < 7.00 mmol/L 
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261 vs. FPG <5.56 mmol/L), independently of conventional risk factors. In depth, the highest tertiles of 

262 ALT levels were more significantly correlated with FPG levels in FPG ≥ 7.00 mmol/L vs. FPG < 5.56 

263 mmol/L (Table 4), similar to an early study [22]. Gonzálezpérez et al reported that compared to normal 

264 ALT levels, the relative risk (RR) for the incidence of impaired fasting glucose (100 ≤ FPG ≤ 125 

265 mg/dl) and diabetes (FPG ≥ 126 mg/dl) depending on the levels of ALT was 3.09 in borderline 

266 elevated ALT levels and 1.59 in elevated ALT levels [22]. The following mechanisms may be regarded 

267 as the causes of the association between elevated liver enzymes levels and the increased risk of 

268 elevated FPG levels. 1) Elevated ALT levels reflected potential chronic inflammation and increased 

269 oxidative stress, which may impair insulin signaling in the liver and other organ tissues [9, 23]; 2) 

270 Elevated ALT levels could reflect life-long hepatitis virus infection, which can result in diabetes [24]; 3) 

271 The testosterone levels may be the mediator between ALT levels and the risk of diabetes. researchers 

272 have revealed the role of low testosterone in diabetes [25], and that poor liver function may reduce 

273 testosterone production [26].

274 Our study was conducted in the Community Health Service Agencies, in Guangdong Province of 

275 China, and it may imply that the generalisability of our results is limited to this region. Additionally, 

276 participants with a history of diabetes, hepatitis B, all other liver diseases were excluded from the 

277 study, so our results are not applicable to these subjects.

278 Limitations of the current study included the absence of γ-glutamyltransferase (GGT) levels and 

279 imaging studies. Recent literature reported that a moderate elevation of GGT levels within the normal 

280 range was a strong risk predictor for the onset of diabetes in a large non-obese population [27]. GGT 

281 may be a better predictor of diabetes than ALT [28]. Recent studies noted that imaging studies will 

282 likely provide a new opportunity for investigating the association of the liver with diabetic disease 

283 [29-30]. Then, supplementary information about the blood lipid, diseases types and medication history 

284 of subjects was not collected. Hence, some factors such as cholesterol, triglycerides levels, could not be 

285 included in the adjustments of our multivariate logistic regression analyses. In addition, our study 

286 design was cross-sectional, and direct causation cannot be concluded from the results. 

287

288 Conclusions

289 The association of liver enzymes levels with FPG levels differed along a BMI cut-off. ALT levels were 

290 significantly positively associated with FPG levels in overweight and obesity group, but not in 
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291 underweight group and normal weight group; AST levels was not associated with FPG levels in all 

292 groups. This has important clinical implications for health makers. Liver enzymes may serve as 

293 effective indices for the early detection of diabetes high-risk individuals on a BMI dependent basis.
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411

412

413

414

415

416 Table 1 Partial correlation between BMI and related indexes (n=3056)

Related indexes
Partial correlation coefficient

(Controlling age, gender)
p

FPG 0.077 <0.001***

ALB -0.010 0.573

DBIL -0.049 0.008**

IBIL -0.004 0.833

TBIL -0.038 0.035*

ALT 0.165 <0.001***

AST 0.037 0.040*

417 BMI: body mass index; FPG: fasting plasma glucose; ALB: albumin; DBIL: direct bilirubin; IBIL: 

418 indirect bilirubin ； TBIL: total bilirubin; ALT: alanine transaminase; AST: aspartate 

419 aminotransferase; * p <0.05, **p <0.01,*** p <0.001.

420

421 Table 2 Partial correlation between FPG levels and liver tests stratified by BMI (n=3056)

Liver tests
Underweight group

(correlation coefficient, n=141)

Normal weight group

 (correlation coefficient, 

n=1788)

Overweight and obesity group 

(correlation coefficient, n=1127)

ALB -0.042 -0.057* -0.097**

DBIL 0.021 -0.024 0.033

IBIL -0.005 -0.010 -0.111***

TBIL -0.025 -0.035 -0.068*
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ALT 0.011 0.013 0.078**

AST -0.034 -0.039 0.070*

422 Partial correlation coefficient: controlling age, gender and BMI; BMI: body mass index; FPG: 

423 fasting plasma glucose; ALB: albumin; DBIL: direct bilirubin; IBIL: indirect bilirubin；TBIL: 

424 total bilirubin; ALT: alanine transaminase; AST: aspartate aminotransferase; * p <0.05, **p 

425 <0.01,*** p <0.001.

426

427 Table 3 General characteristics associated with FPG levels in overweight and obesity group 

428 (n=1127)

Variables
FPG < 5.56

( n=744 )

5.56 ≤ FPG < 7.00

( n=310 )

FPG ≥ 7.00

( n=73 )

Age, years (m, SD) 60.01 ± 12.67 63.34 ± 12.06* 64.75 ± 13.88**

Gender (n, %)

Male 255 (34.4 ) 106 ( 34.2 ) 35 ( 47.9 )

Female 489 ( 65.7 ) 204 (65.8) 38 ( 52.1)

Marital status (n, %)

Single 46 ( 6.4) 12 ( 4.0 ) 5 ( 7.4 )

Married 635 ( 88.6) 275 ( 92.3 ) 58 ( 85.3 )

Divorce or Widowed 36 ( 5.0) 11 ( 3.7 ) 5 ( 7.4 )

Education level (n, %)

No school 35 ( 8.2 ) 17 ( 8.5 ) 4 ( 8.5 )

Primary school 126 ( 29.6) 69 ( 34.5 ) 14 (29.8 )

Middle school 221 ( 52.0) 91 ( 45.5) 25 ( 53.2 )

High school or above 43 ( 10.1 ) 23 ( 11.5) 4 ( 8.5)

Physical activity (n, %)

Everyday 141 ( 19.0 ) 76 ( 24.5 ) 18 ( 24.7 )

More than once a week 61 ( 8.2 ) 25 ( 8.1 ) 3 ( 4.1 )

Seldom 30 ( 4.0 ) 19 ( 6.1 ) 7 ( 9.6 )
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Never 512 ( 68.8 ) 190 ( 61.3 ) 45 (61.6)

Smoking (n, %) 0.005**

Non-smoker 703 (94.5 ) 293 ( 94.5 ) 61 ( 83.6 )

Smoker 33 ( 4.4 ) 15 ( 4.8 ) 8 ( 11.0)

Ex-smoker 8 ( 1.1 ) 2 ( 0.6 ) 4 ( 5.5 )

Drinking (n, %)

Regularly 5 ( 0.7 ) 1 ( 0.3 ) 1 ( 1.4 )

Seldom 8 ( 1.1) 8 ( 2.6) 2 ( 2.7 )

Never 731 ( 98.3 ) 301 ( 97.1 ) 70 ( 95.9 )

BMI, Kg/m2 (m, SD) 26.37 ± 2.18 26.65 ± 2.21 26.92 ± 2.59**

429 Data were presented as mean (SD) or n (%); FPG: fasting plasma glucose; BMI: body mass index; 

430 *P < 0.05 5.56 ≤ FPG < 7.00 mmol/L vs FPG < 5.56 mmol/L; **P < 0.05 FPG ≥ 7.00 mmol/L vs 

431 FPG < 5.56 mmol/L

432

433 Table 4. Odds ratios for FPG elevation by liver enzymes levels in overweight and obesity group 

434 (n=1127)

5.56 ≤ FPG < 7.00 VS FPG< 5.56 FPG≥ 7.00 VS FPG<5.56
Variables

OR ( 95% CI ) P OR ( 95% CI ) P

Age 1.025 (1.013~1.036) <0.001*** 1.035 (1.014~1.056) 0.001**

ALB — 0.955 (0.928~0.982) 0.001**

IBIL — 0.891 (0.806~0.985) 0.025*

ALT

Q1 Reference

Q2 1.358 (0.950~1.940) 0.093 1.893 (0.924~3.876) 0.81

Q3 2.166 (1.511~3.107) <0.001*** 2.779 (1.359~5.685) 0.005**

435 Statistical analysis by multivariate logistic regression (adjusted for age, smoking, BMI 

436 ( body mass index) and liver tests); OR: odds ratio; CI: confidence interval; FPG: fasting 

437 plasma glucose; ALB: albumin; IBIL: indirect bilirubin; ALT: alanine transaminase.
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23 Abstract

24 Objective: According to several studies, liver enzymes levels were associated with fasting plasma 

25 glucose (FPG) levels. However, the association remains to be elucidated stratified by body mass index 

26 (BMI), especially in Southern China. Therefore, the aim of this study was to investigate the correlation 

27 between liver enzymes levels and FPG levels stratified by BMI in Southern China.

28 Design: Cross-sectional study

29 Participants and setting: 3056 individuals were involved in real-time interviews and blood tests in 

30 Southern China. Participants were divided into three groups (underweight, normal weight, overweight 

31 and obesity) along a BMI cut-off. 

32 Main outcome measured: Partial correlation was performed to investigate the relationship between 

33 FPG levels and liver tests. Multivariate logistic regression analyses were applied to calculate adjusted 

34 ORs for FPG levels associated with liver enzymes levels.  

35 Results: There was no association between liver enzymes levels and FPG levels either in underweight 

36 group or in normal weight group, however, the significant correlation was observed in overweight and 

37 obesity group (alanine transaminase﹝ALT﹞, P < 0.01, aspartate aminotransferase﹝AST﹞, P < 0.05). After 

38 adjusting for confounding factors, the highest tertiles of ALT still remained significantly positively 

39 related to FPG levels in overweight and obesity group, with an OR of 2.205 (95% CI: 1.442~3.371) in 

40 5.56 ≤ FPG < 7.00 mmol/L vs. FPG < 5.56 mmol/L, and with an OR of 2.297 (95% CI: 1.017~5.187) 

41 in FPG ≥ 7.00 mmol/L vs. FPG < 5.56 mmol/L, but this was not ture for AST.

42 Conclusions: The association of liver enzymes levels with FPG levels differed along a BMI cut-off. 

43 ALT levels were significantly positively associated with FPG levels in overweight and obesity group, 

44 but not in other two groups; AST levels was not associated with FPG levels in all groups.

45

46 Keywords: Liver enzymes; Fasting plasma glucose; Southern China; Cross-sectional study

47

48

49

50

51
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52 Strengths and limitations of this study

53  A large sample of subjects was enrolled in this survey.

54  To the best of our knowledge, this is the first study to explore the correlation between liver 

55 enzymes levels and FPG levels stratified by BMI among people who had not been diagnosed with 

56 diabetes before this survey, in Southern China.

57  The present study was designed as a cross-sectional study; therefore, direct causation cannot be 

58 concluded from the results.

59  Supplementary information about γ-glutamyltransferase (GGT) levels, imaging studies, 

60 cholesterol, triglycerides, was not collected; therefore, these factors could not be determined 

61 whether was associated with FPG, some factors such as cholesterol, triglycerides levels, could not 

62 be included in the adjustments of the multivariate logistic regression analyses.

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

Page 3 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025524 on 18 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

4

82 Introduction

83 Diabetes, one of prevalent chronic diseases, has emerged as a major public health issue owing to its 

84 increased prevalence in many countries, affecting approximately 382 million people throughout the 

85 world [1]. China, the largest developing country, is also no exception to suffering from the high 

86 incidence of diabetes. Recently, a survey has revealed that more than one in ten of Chinese adults were 

87 exposed to diabetes [2]. Therefore, early identification of individuals at high risk of diabetes is essential 

88 for decreasing the prevalence of diabetes. 

89 The liver is the site of glycogen synthesis and glyconeogenesis, which plays an important role in 

90 maintaining the stable level of blood glucose in conjunction with the pancreas, muscle, adipose tissue 

91 and other organs [3-4]. Liver enzymes, the most frequent liver tests for evaluating the liver function in 

92 clinic, include alanine transaminase (ALT) and aspartate aminotransferase. (AST) [5-7]. Related 

93 studies suggested that the elevation of liver enzymes levels was indicative of insulin sensitivity 

94 reduction, insulin resistance, and type 2 diabetes development [8-10]. Fasting plasma glucose (FPG) is 

95 the most commonly used index to monitor the occurrence of early type 2 diabetes. which is of great 

96 significance in the prevention of diabetes. Although previous studies have reported that liver enzymes 

97 levels were significantly associated with FPG levels [3,10-11], the evidence was still insufficient, 

98 because the results reported are inconsistent according to the population studied, such as the population 

99 in different regions, the population with different body mass index (BMI). In addition, as we know, 

100 almost all related studies simply regarded BMI as an adjustment variable to investigate the relationship 

101 between liver enzymes levels and FPG levels in general population, and few studies were conducted in 

102 Southern China. Therefore, the aim of this study was to determine the association of liver enzymes 

103 levels with FPG levels, stratified by BMI, among people who had not been diagnosed with diabetes 

104 before this survey, in Southern China. If the elevated liver enzymes levels were significantly 

105 associated with the elevation of FPG levels, it may have implication in considering liver enzymes 

106 as effective molecular markers for the early detection of diabetes high-risk individuals with 

107 different BMI cut-points, and health policy makers can develop targeted interventions to prevent 

108 the early occurrence of type 2 diabetes according to different BMI cut-points.

109

110 Materials and Methods

111 Study population
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112 This cross-sectional study was conducted in Guangdong Province of China in 2014. Initially, 3726 

113 healthy inhabitants who underwent a general health examination (mean age: 60.32 years, ≥18 years old) 

114 were recruited in local Community Health Service Agencies. All participants completed the survey, 

115 and the overall response rate was 100%.The health examination included recording of general 

116 characteristics, medical history, anthropometric parameters and laboratory tests. After excluded 

117 subjects (n=574) with a history of diabetes, hepatitis B and all other liver diseases, subjects (n=96) with 

118 missing or invalid data on FPG levels or liver related indexes, 3056 eligible participants were included 

119 in the final analysis (Figure 1). In addition, age and gender were compared between excluded and 

120 final analysis subjects, respectively, and there were no significant differences (table not shown). 

121 On the basis of data from this study, subjects were classified to three groups (underweight, normal 

122 weight, overweight and obesity) along a BMI cut-off (BMI was calculated as weight in kilograms 

123 divided by height meters squared). Individuals with a BMI <18.5, 18.5 ~23.9 Kg/m2 ,≥24 Kg/m2 were 

124 divided into underweight group (n=141), normal weight group (n=1788), and overweight and obesity 

125 group (n=1127), respectively. Then, we stratified overweight and obese adults into three groups 

126 according to FPG levels: FPG < 5.56 mmol/L, 5.56 ≤ FPG <7.00 mmol/L and FPG ≥ 7.00 mmol/L. 

127 Each individual received written information about the aim of the study. If he/she decided to participate, 

128 a written informed consent was obtained.

129

130 General characteristics

131 Information on participants’ demographic characteristics (age, gender, marital status and education 

132 level), health-related characteristics (physical activity, current smoking, current drinking and BMI) and 

133 medical history (diabetes, hepatitis B and all other liver diseases) was included in the questionnaire. 

134 Marital status was categorized as “Single”, “married”, and “Divorce or Widowed”. Education level was 

135 divided into four categories (no school, primary school, middle school and high school or above). 

136 Physical activity was categorized as “every day”, “more than once a week”, “seldom”, and “never”. 

137 Smoking was grouped as “non-smoker”, “smoker”, and “ex-smoker”. Drinking was divided into three 

138 categories, “regularly”, “seldom”, and “never”. Smokers were defined as those who smoked one or 

139 more cigarettes per day for at least 6 months. Regular drinkers were defined as those who drank 

140 alcohol on average more than once a week within the last year. Additionally, because subjects were 

141 very few in some dummy variables of marital status, education level, physical activity, current smoking 
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142 and current drinking, unmarried and divorced or widowed were considered as single; no school and 

143 primary school were merged as primary school or below; Physical activity (yes) included exercise 

144 every day and more than once a week; Physical activity (no) included seldom and never exercise; 

145 non-smoker and ex-smoker were combined into current smoking (no); current drinking (yes) included 

146 those who regularly and seldom drinking.

147

148 Anthropometric parameters and laboratory tests

149 Anthropometric parameters (height and weight) were measured by trained staffs, following a 

150 standardized protocol. The data were collected in replicate, and mean values were calculated in the 

151 study. After an overnight fasting (at least 8 hours), venous blood samples from participants were 

152 obtained and analyzed  by PPI automatic biochemical analyzer (Roche Company, Germany) for FPG, 

153 albumin (ALB), direct bilirubin (DBIL), indirect bilirubin (IBIL), total bilirubin (TBIL), ALT and AST 

154 levels.

155

156 Tertiles of erythrocyte parameters levels 

157 Liver enzymes levels were categorized into tertiles [12] on the basis of individual distributions in 

158 overweigh and obesity group. ALT: Q1 <17 U/L, Q2=17~25 U/L, Q3 ≥25 U/L; AST: Q1 <20 U/L, 

159 Q2=20~24 U/L, Q3 ≥24 U/L.

160

161 Procedures 

162 All data were collected on the same day via face-to-face interviews, and blood tests were performed by 

163 either a physician or a nurse (the healthcare staff from local Community Health Service Agencies). The 

164 interviewers received training to improve their interview skills and standardize the procedures of data 

165 collection. Besides, several supervisors were arranged to verify the authenticity of the data.

166

167 Patient and public involvement 

168 The role of study subjects in our survey was participants. They were not involved in the development 

169 of the research question and outcome measures, the recruitment of subjects and the conduct of the 

170 study. After completing this survey, we sent each participant a letter describing detailed results of this 

171 study.

Page 6 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025524 on 18 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

7

172

173 Statistics analyses

174 All statistical analyses were performed with the Statistical Package for the Social Sciences (SPSS) 

175 version 21.0 (SPSS Inc., Chicago,IL, USA). Data were presented as mean ± SD and frequencies 

176 (percentage). A one-way ANOVA was conducted to evaluate differences in age and BMI according to 

177 FPG levels, to test mean levels of FPG dependent on the tertiles for ALT and AST in overweight and 

178 obesity group. The χ2 test was used to compare the frequency of general characteristics (categorical 

179 variables) according to FPG levels in overweight and obesity group. Partial correlation was performed 

180 to investigate the relationship between BMI and related indexes among all participants shown in Table 

181 1, to determine the correlation between FPG levels and liver tests stratified by BMI shown in Table 2.. 

182 Multivariate logistic regression analyses were applied to calculate the adjusted ORs for FPG levels 

183 associated with liver enzymes levels in overweight and obesity group. (Since there was no association 

184 between liver enzymes levels and FPG levels in underweight group and normal group, respectively 

185 shown in Table 2, the one-way ANOVA, χ2 test and multivariate logistic regression were not 

186 performed in these two groups.).

187

188 Results

189 Of 3056 subjects, 50.3% (1537/3056) were found to have abnormal FPG, 22.9% (699/3056) have 5.56 

190 ≤ FPG <7.00 mmol/L, and 5.5% (167/3056) have FPG ≥ 7.00 mmol/L. Of 1127 overweight and obese 

191 adults, 34.0% (383/1127) were found to have abnormal FPG, 27.5% (310/1156) have 5.56 ≤ FPG 

192 <7.00 mmol/L, and 6.5% (73/1127) have FPG ≥ 7.00 mmol/L.

193

194 The Partial Correlation and One-Way ANOVA

195 A total of 3056 adults were included in this study, comprising of 141 (4.6%) individuals with 

196 underweight, 1788 (58.5%) individuals with normal weight and 1127 (36.9%) individuals with 

197 overweight and obesity. The partial correlation coefficient between BMI and related indexes was 

198 shown in Table 1. Every index was significantly correlated with BMI, except for ALB and IBIL. 

199 Compared with other indexes, FPG and ALT were more correlated with BMI.

200 Further, the partial correlation was conducted to explore the relationship between FPG levels and 

201 liver tests stratified by BMI (shown in Table 2). Notably, AST and ALT levels were all not associated 
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202 with FPG levels in underweight group and normal weight group, respectively, but the significant 

203 association was observed in overweight and obesity group. Of the two liver enzymes, ALT (r =0.097, P 

204 < 0.05) levels had a stronger correlation with FPG levels than AST levels (r =0.070, P < 0.05). Mean 

205 levels of FPG depending on the baseline tertiles of AST and ALT levels among overweight and obese 

206 adults were shown in Figure 2. FPG levels were positively related to ALT levels (P < 0.05), but not to 

207 AST levels (P > 0.05).

208

209 Association of general characteristics with FPG 

210 Mean levels of age and BMI, and the frequency of gender, marital status, education level, physical 

211 activity, current smoking and current drinking according to FPG levels, in overweight and obesity 

212 group were presented in Table 3 Mean age was 60.01 ± 12.67, 63.34 ± 12.06, and 64.75 ± 13.88 in 

213 FPG < 5.56 mmol/L, 5.56 ≤ FPG < 7.00 mmol/L and FPG ≥ 7.00 mmol/L groups, respectively. 

214 Compared with the FPG < 5.56 mmol/L group, the 5.56 ≤ FPG < 7/00 mmol/L and FPG ≥ 7.00 

215 mmol/L groups displayed significantly higher age (P < 0.05). Mean BMI was 26.37 ± 2.18, 26.65 ± 

216 2.21, and 26.92 ± 2.59 in FPG < 5.56 mmol/L, 5.56 ≤ FPG < 7/00 mmol/L and FPG ≥ 7.00 mmol/L 

217 groups, respectively. Compared with the FPG < 5.56 mmol/L group, the FPG ≥ 7.00 mmol/L group 

218 displayed significantly higher BMI (P < 0.05), but this was not true for the 5.56 ≤ FPG < 7.00 mmol/L 

219 group (P > 0.05). 

220

221 Multivariate logistic regression analysis model

222 Adjusted ORs for FPG levels associated with liver enzymes levels in overweight and obesity group 

223 were listed in Table 4. Additionally, only those variables that were significantly correlated with FPG 

224 levels were presented in Table 4. After adjusting for potential confounders (age, BMI and liver tests), 

225 the highest tertiles of ALT levels remained significantly positively correlated with FPG levels with an 

226 OR of 2.205 (95% CI: 1.442~3.371) in 5.56 ≤ FPG < 7.00 mmol/L vs. FPG < 5.56 mmol/L, and with 

227 an OR of 2.297 (95% CI: 1.017~5.187) in FPG ≥ 7.00 mmol/L vs. FPG < 5.56 mmol/L, but this was 

228 not the same for AST. 

229 Age showed an OR of 1.024 (95% CI: 1.013~1.036) in 5.56 ≤ FPG < 7.00 mmol/L vs. FPG < 

230 5.56 mmol/L, and 1.033 (95% CI: 1.012–1.054) in FPG ≥ 7.00 mmol/L vs. FPG < 5.56 mmol/L. 
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231 However, ALB levels displayed an OR of 0.954 (95% CI: 0.928–0.982) in FPG ≥ 7.00 mmol/L vs. 

232 FPG < 5.56 mmol/L.

233

234 Discussion

235 Partial correlation showed that AST and ALT levels were not associated with FPG levels in 

236 underweight group and normal weight group, but the significantly positive association of AST and 

237 ALT levels with FPG levels was observed in overweight and obesity group (Table 2). This positive 

238 association among overweight and obese adults may be partly explained by the obesity-related diabetes. 

239 Fall and his colleagues found a causal effect of adiposity on ALT levels in a Mendelian randomization 

240 analysis study, Mechanistically, increased intrahepatic fat content is bi-directionally associated with 

241 insulin resistance, which in its turn can lead to increased glucose output from the liver [5, 13-14].

242 In current study, mean levels of FPG were shown in Figure 2 depending on the baseline tertiles of 

243 AST and ALT levels in overweight and obesity group. Our results revealed that the elevated FPG 

244 levels were related to the increased levels of liver enzymes, similar to a recent study [15]. Insulin 

245 resistance and insulin sensitivity reduction may be the key pathophysiological mechanism of this 

246 positive association between liver enzymes levels and FPG levels [8-9]. An epidemiologic study 

247 conducted in 10800 middle-aged populations noted that elevated liver enzymes levels were closely 

248 related to insulin resistance [16]. Bonnet et al found that liver enzymes activities, even within the 

249 normal range, can reduce hepatic insulin extraction among healthy men and women [9]. 

250 In the identification of liver injury, ALT is more specific than AST [17]. For instance, Mainous et 

251 al, analyzing a nationally representative sample of the noninstitutionalized US population, found that 

252 ALT levels, but not AST levels, were independently linked with undiagnosed diabetes (defined as FPG 

253 ≥ 126 mg/dl) as well as impaired fasting glucose.( defined as 100 ≤ FPG ≤ 125 mg/dl) [18], consistent 

254 with our results in general. In our study, after adjusting for potential confounders (age, BMI and liver 

255 tests), ALT levels remained significantly positively correlated with FPG levels both in 5.56 ≤ FPG < 

256 7.00 mmol/L vs. FPG < 5.56 mmol/Land FPG ≥ 7.00 mmol/L vs. FPG < 5.56 mmol/L, but this was not 

257 the same for AST. It may be that ALT predominantly exists in liver, however, not only is AST found in 

258 the liver, but also in cardiac muscle, skeletal, brain and other organs. ALT is the most closely related to 

259 liver fat content [19]. Liver fat content, except under certain conditions [20], has been reported to be 

260 linked with insulin resistance. Besides, Lu et al clarified that the effect of AST levels on diabetes risk 
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261 was partly due to ALT levels [21]. Except for ALT and AST, GGT is also one of liver enzymes. 

262 Currently, the association between GGT levels and FPG levels remains controversial. Recent literature 

263 reported that a moderate elevation of GGT levels within the normal range was a strong risk predictor 

264 for the onset of diabetes [22]，and GGT may be a better predictor of diabetes than ALT [23]. However, 

265 Oka et al found that GGT was not associated with the progression to impaired glucose tolerance after 

266 adjustment for ALT [24], and a cohort study showed that NAFLD was associated with an increased 

267 risk of type 2 diabetes with a higher risk for ALT than GGT [25], Unfortunately, our study did not 

268 collect GGT data, and in the future, we will improve this limitation.

269 In a previous research, ALT levels were associated with FPG levels in FPG ≥ 126 mg/dL vs. FPG 

270 < 100 mg /dL (OR: 1.16, 95% CI: 1.00~1.35) [26]. In the present study, the highest tertiles of ALT 

271 levels were associated with more than a twofold increase of FPG levels (in 5.56 ≤ FPG < 7.00 mmol/L 

272 vs. FPG <5.56 mmol/L) among overweight and obesity populations, independently of conventional risk 

273 factors. In depth, the highest tertiles of ALT levels were more significantly correlated with FPG levels 

274 in FPG ≥ 7.00 mmol/L vs. FPG < 5.56 mmol/L (Table 4), similar to an early study [27]. Gonzálezpérez 

275 et al reported that compared to normal ALT levels, the relative risk (RR) for the incidence of impaired 

276 fasting glucose (100 ≤ FPG ≤ 125 mg/dl) and diabetes (FPG ≥ 126 mg/dl) depending on the levels of 

277 ALT was 3.09 in borderline elevated ALT levels and 1.59 in elevated ALT levels [27]. NAFLD may 

278 play an important role in the relationship between ALT levels and FPG levels among overweight and 

279 obesity populations. It has been found that patients with NAFLD are at increased risk for 

280 developing type 2 diabetes. Liver fat content was inversely associated with hepatic, adipose tissue 

281 and muscle insulin sensitivity and this might contribute to the increased risk of type 2 diabetes 

282 [28]. Additonally, NAFLD can result in an elevated ALT levels [25]. The following mechanisms may 

283 be also regarded as the causes of the association between elevated ALT levels and the increased risk of 

284 elevated FPG levels. 1) Elevated ALT levels reflected potential chronic inflammation and increased 

285 oxidative stress, while chronic inflammation and oxidative stress appeared to be involved in the 

286 pathogenesis of NAFLD [28], which may impair insulin signaling in the liver and other organ tissues [9, 

287 29]; 2) Elevated ALT levels could reflect life-long hepatitis virus infection, which can result in diabetes 

288 [30]; 3) The testosterone levels may be the mediator between ALT levels and the risk of diabetes. 

289 Researchers have revealed the role of low testosterone in diabetes [31], and that poor liver function 

290 may reduce testosterone production [32].s
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291 Our study was conducted in the Community Health Service Agencies, in Guangdong Province of 

292 China, and it may imply that the generalisability of our results is limited to this region. Additionally, 

293 participants with a history of diabetes, hepatitis B, all other liver diseases were excluded from the 

294 study, so our results are not applicable to these subjects.

295 Except GGT was not included in this study, limitation of the current study included the absence of 

296 imaging studies. Recent studies noted that imaging studies will likely provide a new opportunity for 

297 investigating the association of the liver with diabetic disease [33-34]. Then, supplementary 

298 information about the blood lipid, diseases types and medication history of subjects was not collected. 

299 Hence, some factors such as cholesterol, triglycerides levels, could not be included in the adjustments 

300 of our multivariate logistic regression analyses. In addition, our study design was cross-sectional, and 

301 direct causation cannot be concluded from the results. 

302

303 Conclusions

304 The association of liver enzymes levels with FPG levels differed along a BMI cut-off. ALT levels were 

305 significantly positively associated with FPG levels in overweight and obesity group, but not in 

306 underweight group and normal weight group; AST levels were not associated with FPG levels in all 

307 groups. These findings have important clinical implications for health makers. Liver enzymes may 

308 serve as effective indices for the early detection of diabetes high-risk individuals on a BMI 

309 dependent basis.
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444

445

446 Figure Legends

447 Fig 1  Flow chart in the selection of study population

448 Fig 2  Mean levels of fasting plasma glucose (FPG) levels depending on the baseline tertiles of 

449 aspartate aminotransferase (AST) and alanine transaminase (ALT) levels in overweight and 

450 obesity group

451

452 Table 1 Partial correlation between BMI and related indexes (n=3056)

Related indexes
Partial correlation coefficient

(Controlling age, gender)
p

FPG 0.077 <0.001***

ALB -0.010 0.573

DBIL -0.049 0.008**

IBIL -0.004 0.833

TBIL -0.038 0.035*

ALT 0.165 <0.001***

AST 0.037 0.040*

453 BMI: body mass index; FPG: fasting plasma glucose; ALB: albumin; DBIL: direct bilirubin; IBIL: 

454 indirect bilirubin; TBIL: total bilirubin; ALT: alanine transaminase; AST: aspartate 

455 aminotransferase; Except for gender, all the variables (age BMI, FPG, ALB, DBIL, IBIL, TBIL, ALT and 

456 AST) in the partial correlation coefficient were continuous variables; * p <0.05, **p <0.01,*** p <0.001.

457

458 Table 2 Partial correlation between FPG levels and liver tests stratified by BMI (n=3056)
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Liver tests
Underweight group

(correlation coefficient, n=141)

Normal weight group

 (correlation coefficient, 

n=1788)

Overweight and obesity group 

(correlation coefficient, n=1127)

ALB -0.042 -0.057* -0.097**

DBIL 0.021 -0.024 0.033

IBIL -0.005 -0.010 -0.111***

TBIL -0.025 -0.035 -0.068*

ALT 0.011 0.013 0.078**

AST -0.034 -0.039 0.070*

459 Partial correlation coefficient: controlling age, gender and BMI; BMI: body mass index; FPG: 

460 fasting plasma glucose; ALB: albumin; DBIL: direct bilirubin; IBIL: indirect bilirubin；TBIL: 

461 total bilirubin; ALT: alanine transaminase; AST: aspartate aminotransferase; Except for gender, all 

462 the variables (age BMI, FPG, ALB, DBIL, IBIL, TBIL, ALT and AST) in the partial correlation coefficient 

463 were continuous variables; * p <0.05, **p <0.01,*** p <0.001.

464

465 Table 3 General characteristics associated with FPG levels in overweight and obesity group 

466 (n=1127)

Variables
FPG < 5.56

( n=744 )

5.56 ≤ FPG < 7.00

( n=310 )

FPG ≥ 7.00

( n=73 )

Age, years (m, SD) 60.01 ± 12.67 63.34 ± 12.06* 64.75 ± 13.88**

Gender (n, %)

Male 255 (34.4 ) 106 ( 34.2 ) 35 ( 47.9 )

Female 489 ( 65.7 ) 204 (65.8) 38 ( 52.1)

Marital status (n, %)

Single 82 (11.4) 23 ( 7.7 ) 10 (14.7 )

Married 635 ( 88.6) 275 ( 92.3 ) 58 ( 85.3 )
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Education level (n, %)

Primary school or below 161 ( 37.9) 86 ( 43,0) 18 (38.3 )

Middle school 221 ( 52.0) 91 ( 45.5) 25 ( 53.2 )

High school or above 43 ( 10.1 ) 23 ( 11.5) 4 ( 8.5)

Physical activity (n, %)

Yes 202 ( 27.2 ) 101 ( 32.6 ) 21 ( 28.8)

No 542 ( 72.8) 209 ( 67.4) 52 ( 71.2 )

Current smoking (n, %)

Yes 33 ( 4.4 ) 15 ( 4.8 ) 8 ( 11.0)

No 711 (95.6) 295 ( 95.2 ) 65 ( 89.0 )

Current drinking (n, %)

Yes 13 ( 1.7) 9 ( 2.9) 3 (4.1)

No 731 ( 98.3 ) 301 ( 97.1 ) 70 ( 95.9 )

BMI, Kg/m2 (m, SD) 26.37 ± 2.18 26.65 ± 2.21 26.92 ± 2.59**

467 Data were presented as mean (SD) or n (%); FPG: fasting plasma glucose; BMI: body mass index; 

468 Single included Single: unmarried, divorced or widowed; Primary school or below: no school, 

469 primary school; Physical activity (yes): every day, More than once a week; Physical activity (no): 

470 seldom, never; Current smoking (no): non-smoker, ex-smoker; Current drinking (yes): regularly, 

471 seldom; *P < 0.05 5.56 ≤ FPG < 7.00 mmol/L vs FPG < 5.56 mmol/L; **P < 0.05 FPG ≥ 7.00 

472 mmol/L vs FPG < 5.56 mmol/L

473

474 Table 4. Odds ratios for FPG elevation by liver enzymes levels in overweight and obesity group 

475 (n=1127)

5.56 ≤ FPG < 7.00 VS FPG< 5.56 FPG≥ 7.00 VS FPG<5.56
Variables

OR ( 95% CI ) P OR ( 95% CI ) P

Age 1.024 (1.013~1.036) <0.001*** 1.033 (1.012~1.054) 0.002**

ALB — 0.954 (0.928~0.982) 0.001**

ALT

Q1 Reference

Q2 1.357 (0.936~1.967) 0.108 1.677 (0.799~3516) 0.171
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Q3 2.205 (1.442~3.371) <0.001*** 2.297 (1.017~5.187) 0.045*

476 Statistical analysis by multivariate logistic regression (adjusted for age, BMI ( body mass 

477 index) and liver tests); OR: odds ratio; CI: confidence interval; FPG: fasting plasma glucose; 

478 ALB: albumin; IBIL: indirect bilirubin; ALT: alanine transaminase.

479 Goodness-of-fit results: Pearson χ2 test, P=0.465; Devianceχ2 test, P=1.000.

Page 19 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025524 on 18 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

 

220x315mm (300 x 300 DPI) 

Page 20 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025524 on 18 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

 

192x139mm (300 x 300 DPI) 

Page 21 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025524 on 18 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

1

STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies 

Item 
No Recommendation

(a) Indicate the study’s design with a commonly used term in the title or the abstract 
(Page 1)

Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was done 
and what was found (Page 2)

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 

(Page 4)
Objectives 3 State specific objectives, including any prespecified hypotheses (Page 4)

Methods
Study design 4 Present key elements of study design early in the paper  (Page 5)
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 

exposure, follow-up, and data collection  (Page 5)
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 

participants  (Page 5)
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 

modifiers. Give diagnostic criteria, if applicable (Page 5-6)
Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if there is 
more than one group (Page 5-6)

Bias 9 Describe any efforts to address potential sources of bias  (Page 6, 8)
Study size 10 Explain how the study size was arrived at (Page 5)
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why (Page 5, 6)
(a) Describe all statistical methods, including those used to control for confounding  
(Page 7)
(b) Describe any methods used to examine subgroups and interactions  (Page 7)
(c) Explain how missing data were addressed (Page 5)
(d) If applicable, describe analytical methods taking account of sampling strategy 
(not applicable)

Statistical methods 12

(e) Describe any sensitivity analyses  (Page 7)

Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, 
completing follow-up, and analysed  (Page 7, Table 1-3)
(b) Give reasons for non-participation at each stage (not applicable)

Participants 13*

(c) Consider use of a flow diagram (Figure 1)
(a) Give characteristics of study participants (eg demographic, clinical, social) and 
information on exposures and potential confounders (Page 7-8, Table 1-3)

Descriptive data 14*

(b) Indicate number of participants with missing data for each variable of interest 
(Not applicable)

Outcome data 15* Report numbers of outcome events or summary measures (Page 7-8, Table 3-4)
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 

their precision (eg, 95% confidence interval). Make clear which confounders were 
adjusted for and why they were included (Page 7-8, Table 4)

Page 22 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025524 on 18 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

2

(b) Report category boundaries when continuous variables were categorized (Page 5-
6)
(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period (Not applicable)

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 
sensitivity analyses (Not applicable)

Discussion
Key results 18 Summarise key results with reference to study objectives (Page 8-10)
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias (Page 9-11)
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 

multiplicity of analyses, results from similar studies, and other relevant evidence 
(Page 9-10)

Generalisability 21 Discuss the generalisability (external validity) of the study results (Page 10)

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based (Page 11)

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.

Page 23 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025524 on 18 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only
Association of liver enzymes levels with fasting plasma 

glucose levels in Southern China: a cross-sectional study

Journal: BMJ Open

Manuscript ID bmjopen-2018-025524.R3

Article Type: Original research

Date Submitted by the 
Author: 28-Aug-2019

Complete List of Authors: Huang, LingLing; Chronic Disease Risks Assessment, School of Nursing 
and Health, Henan University; School of Nursing and Health, Lida 
University
Guo, Dong-Hui; People’s Hospital of Longhua new district 
Xu, Hui-Yan; Community Health Services Center of Liwan, Guangzhou
Tang, Song-Tao; Community Health Services Center of Liaobu
Wang, XiaoXiao; Chronic Disease Risks Assessment,, School of Nursing 
and Health, Henan University
Jin, Yong-Ping; Laboratory, School of Nursing and Health, Henan 
University
wang, peixi; General Practice Center, Nanhai Hospital, Southern Medical 
University; Chronic Disease Risks Assessment,, School of Nursing and 
Health, Henan University, 

<b>Primary Subject 
Heading</b>: Diabetes and endocrinology

Secondary Subject Heading: Epidemiology

Keywords: Liver enzymes, Fasting plasma glucose, Southern China, Cross-sectional 
study

 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open
 on A

pril 9, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2018-025524 on 18 O
ctober 2019. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

1

1 Association of liver enzymes levels with fasting plasma glucose levels in Southern China: a 

2 cross-sectional study

3 Ling-Ling Huang1,2＋, Dong-Hui Guo3＋, Hui-Yan Xu4, Song-Tao Tang5, Xiao-Xiao Wang1, Yong-Ping 

4 Jin6*, Pei-Xi Wang1, 7*

5

6 1Institute of Chronic Disease Risks Assessment, School of Nursing and Health, Henan University, 

7 475004, Kaifeng, China; 

8 2 School of Nursing and Health, Lida University, 201609, Shanghai, China; 

9 3People’s Hospital of longhua New District, 518109, Shenzhen, China; 

10 4 Community Health Services Center of Liwan, 510130, Guangzhou, China

11 5 Community Health Services Center of Liaobu, 523400, Dongguan, China.

12 6Institute of Laboratory, School of Nursing and Health, Henan University, 475004, Kaifeng, China;

13 7 General Practice Center, Nanhai Hospital, Southern Medical University, 528000, Foshan, China;

14

15 E-mail addresses: HuangLingLing0703@163.com (L-L.H.); gdh666@163.com (D-H.G);

16 xuhuiyan369@126.com (H-Y. X); tst666@139.com; xiaoxiao52625@163.com (X.-X.W.); 

17 13937855755@163.com (Y-P. J); peixi001@163.com (P-X. W) 

18

19 ＋These authors contributed equally to this work.

20 * Author to whom correspondence should be addressed; e-mail: 13937855755@163.com, 

21 peixi001@163.com

22

Page 1 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025524 on 18 O

ctober 2019. D
ow

nloaded from
 

mailto:1336212618@qq.com
mailto:xuhuiyan369@126.com
mailto:tst666@139.com;
mailto:peixi001@163.com
mailto:13937855755@163.com,
mailto:peixi001@163.com
http://bmjopen.bmj.com/


For peer review only

2

23 Abstract

24 Objective: According to several studies, liver enzymes levels are associated with fasting plasma 

25 glucose (FPG) levels. However, the association stratified by body mass index (BMI) remains to be 

26 elucidated, especially in Southern China. Therefore, the aim of this study was to investigate the 

27 correlation between liver enzymes levels and FPG levels stratified by BMI in Southern China.

28 Design: Cross-sectional study

29 Participants and setting: 3056 individuals participated in real-time interviews and blood tests in 

30 Southern China. Participants were divided into three groups (underweight, normal weight, and 

31 overweight or obesity) based on BMI cut-offs. 

32 Main outcome measured: Partial correlation analysis was performed to investigate the relationship 

33 between FPG levels and liver tests. Multivariate logistic regression analyses were applied to calculate 

34 the adjusted ORs for FPG levels based on liver enzymes levels.  

35 Results: There was no association between liver enzymes and FPG either in the underweight group or 

36 in the normal weight group, however, a significant correlation was observed in the overweight or 

37 obesity group (alanine transaminase (ALT), P < 0.01; aspartate aminotransferase (AST), P < 0.05). 

38 After adjusting for confounding factors, the highest tertiles of ALT still remained significantly 

39 positively related to FPG levels in the overweight or obesity group, with an OR of 2.205 (95% CI: 

40 1.442~3.371) for the 5.56 ≤ FPG < 7.00 mmol/L vs. the FPG < 5.56 mmol/L group, and with an OR of 

41 2.297 (95% CI: 1.017~5.187) for the FPG ≥ 7.00 mmol/L vs. the FPG < 5.56 mmol/L group, but this 

42 correlation was not found for AST.

43 Conclusions: The association of liver enzymes levels with FPG levels differed based on different BMI 

44 cut-offs. ALT levels were significantly positively associated with FPG levels in the overweight or 

45 obesity group, but not in the other two groups; AST levels were not associated with FPG levels in any 

46 group.

47

48 Keywords: Liver enzymes; Fasting plasma glucose; Southern China; Cross-sectional study

49

50

51
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52 Strengths and limitations of this study

53  A large sample of subjects was enrolled in this survey.

54  To the best of our knowledge, this is the first study to explore the correlation between liver 

55 enzymes levels and FPG levels stratified by BMI among people who had not been diagnosed with 

56 diabetes before this survey in Southern China.

57  The present study was designed as a cross-sectional study; therefore, direct causation cannot be 

58 concluded from the results.

59  Supplementary information about γ-glutamyltransferase (GGT) levels, imaging studies, 

60 cholesterol, and triglycerides was not collected; therefore, it could not be determined whether 

61 these factors were associated with FPG. Addtionally, some factors such as cholesterol and 

62 triglycerides levels could not be adjusted in the a multivariate logistic regression analyses.

63

64
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82 Introduction

83 Diabetes, a prevalent chronic disease, has emerged as a major public health concern due its increased 

84 prevalence in many countries, affecting approximately 382 million people worldwide [1]. China, the 

85 largest developing country, also has a high incidence of diabetes. Recently, a survey revealed that more 

86 than one in ten Chinese adults was affected by diabetes [2]. Therefore, the early identification of 

87 individuals at high risk of diabetes is essential for decreasing the prevalence of diabetes. 

88 The liver is the site of glycogen synthesis and gluconeogenesis, which together with the pancreas, 

89 muscle, adipose tissue and other organs, plays an important role in maintaining the stable level of blood 

90 glucose[3-4]. Liver enzymes, the most common markers of liver function in the clinic, include alanine 

91 transaminase (ALT) and aspartate aminotransferase. (AST) [5-7]. Related studies suggested that the 

92 elevation of liver enzymes levels was indicative of insulin sensitivity reduction, insulin resistance, and 

93 type 2 diabetes development [8-10]. Fasting plasma glucose (FPG) is the most commonly used index to 

94 monitor the occurrence of early type 2 diabetes, which is of great significance in the prevention of 

95 diabetes. Although previous studies have reported that liver enzymes levels were significantly 

96 associated with FPG levels [3,10-11], the evidence remained insufficient, because the reported results 

97 were inconsistent in terms of the population studied, such as populations from different regions, and 

98 populations with different body mass indexes (BMIs). In addition, as we know, almost all related 

99 studies regarded BMI as only a covariate in the investigation of the relationship between liver enzymes 

100 levels and FPG levels in the general population, and few studies were conducted in Southern China. 

101 Therefore, the aim of this study was to determine the association of liver enzymes levels with FPG 

102 levels, stratified by BMI, among people who had not been diagnosed with diabetes before this survey, 

103 in Southern China. If elevated liver enzymes levels are significantly associated with an increase in 

104 FPG levels, there might be implications in terms of considering liver enzymes as effective 

105 molecular markers for the early detection of individuals at high risk of diabetes with different BMI 

106 cut-off points, and health policy makers can develop targeted interventions to prevent the early 

107 occurrence of type 2 diabetes according to different BMI cut-off points.

108

109 Materials and Methods

110 Study population
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111 This cross-sectional study was conducted in the Guangdong Province of China in 2014. Initially, 3726 

112 healthy inhabitants who underwent a general health examination (mean age: 60.32 years, ≥18 years old) 

113 were recruited from local Community Health Service Agencies. All participants completed the survey, 

114 and the overall response rate was 100%.The health examination included recording of general 

115 characteristics, medical history, anthropometric parameters and laboratory tests. After excluding 

116 subjects (n=574) with a history of diabetes, hepatitis B and all other liver diseases, and subjects (n=96) 

117 with missing or invalid data on FPG levels or liver related indexes, 3056 eligible participants were 

118 included in the final analysis (Figure 1). In addition, age and sex were compared between the 

119 excluded participants and those included in the final analysis, respectively, and there were no 

120 significant differences (table was presented in supplementary file). Based on the basis of data from 

121 this study, subjects were classified into three groups (underweight, normal weight, and overweight or 

122 obesity) based on BMI cut-offs (BMI was calculated as weight in kilograms divided by height meters 

123 squared). Individuals with a BMI <18.5 kg/m2, 18.5 ~23.9 kg/m2 or ≥24 kg/m2 were categorized into 

124 the underweight group (n=141), the normal weight group (n=1788), and the overweight or obesity 

125 group (n=1127), respectively. Then, we stratified overweight and obese adults into three groups 

126 according to FPG levels: FPG < 5.56 mmol/L, 5.56 ≤ FPG <7.00 mmol/L and FPG ≥ 7.00 mmol/L. 

127 Each individual received written information about the aim of the study. If he/she decided to participate, 

128 a written informed consent was obtained.

129

130 General characteristics

131 Information on participants’ demographic characteristics (age, sex, marital status and education level), 

132 health-related characteristics (physical activity, current smoking, alcohol consumption and BMI) and 

133 medical history (diabetes, hepatitis B and all other liver diseases) was included in the questionnaire. 

134 Marital status was categorized as “single”, “married”, and “divorce or widowed”. Education level was 

135 divided into four categories (no school, primary school, middle school and high school or above). 

136 Physical activity was categorized as “every day”, “more than once a week”, “seldom”, and “never”. 

137 Smoking status was categorized as “non-smoker”, “smoker”, and “ex-smoker”. Alcohol consumption 

138 was divided into three categories, “regularly”, “seldom”, and “never”. Smokers were defined as those 

139 who smoked one or more cigarettes per day for at least 6 months. Regular alcohol consumers were 

140 defined as those who consumed alcohol on average more than once a week within the last year. 

Page 5 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025524 on 18 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

6

141 Additionally, because very few subjects were included in some dummy variables categories of marital 

142 status, education level, physical activity, current smoking and alcohol consumption, unmarried and 

143 divorced or widowed were considered single; no school and primary school were merged as primary 

144 school or below; physical activity (yes) included those who exercised every day or more than once a 

145 week; physical activity (no) included those who seldomly or never exercised; non-smokers and 

146 ex-smokers were combined into current smoking (no); and alcohol consumption (yes) included those 

147 who regularly and seldomly consumed alcohol.

148

149 Anthropometric parameters and laboratory tests

150 Anthropometric parameters (height and weight) were measured by trained staffs, following a 

151 standardized protocol. The data were collected in replicate, and mean values were calculated in the 

152 study. After overnight fasting (at least 8 hours), venous blood samples from participants were obtained 

153 and analyzed by a PPI automatic biochemical analyzer (Roche Company, Germany) for FPG, albumin 

154 (ALB), direct bilirubin (DBIL), indirect bilirubin (IBIL), total bilirubin (TBIL), ALT and AST levels.

155

156 Tertiles of liver enzymes levels 

157 Liver enzymes levels were categorized into tertiles [12] based on individual distributions in the 

158 overweight or obesity group. ALT: Q1 <17 U/L, Q2=17~25 U/L, Q3 ≥25 U/L; AST: Q1 <20 U/L, 

159 Q2=20~24 U/L, Q3 ≥24 U/L.

160

161 Procedures 

162 All data were collected on the same day via face-to-face interviews, and blood tests were performed by 

163 either a physician or a nurse (the healthcare staff from the local Community Health Service Agencies). 

164 The interviewers received training to improve their interview skills and standardize the procedures of 

165 data collection. In addition, several supervisors were selected to verify the authenticity of the data.

166

167 Patient and public involvement 

168 The role of study subjects in our survey was participants. They were not involved in the development 

169 of the research question and outcome measures, the recruitment of subjects and the conduct of the 
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170 study. After completing this survey, we sent each participant a letter describing detailed results of this 

171 study.

172

173 Statistics analyses

174 All statistical analyses were performed with the Statistical Package for the Social Sciences (SPSS) 

175 version 21.0 (SPSS Inc., Chicago,IL, USA). Data are presented as the mean ± SD and frequencies 

176 (percentage). A one-way ANOVA was conducted to evaluate differences in age and BMI according to 

177 FPG levels, and to test mean levels of FPG based on the tertiles of ALT and AST in the overweight or 

178 obesity group. The χ2 test was used to compare the frequency of general characteristics (categorical 

179 variables) according to FPG levels in the overweight or obesity group. Partial correlation analysis was 

180 performed to investigate the relationship between BMI and related indexes among all participants, as 

181 shown in Table 1, to determine the correlation between FPG levels and liver tests stratified by BMI, as 

182 shown in Table 2.. Multivariate logistic regression analyses were applied to calculate the adjusted ORs 

183 for FPG levels associated with liver enzymes levels in the overweight or obesity group. (since there 

184 was no association between liver enzymes levels and FPG levels in underweight group and normal 

185 group, respectively, as shown in Table 2, one-way ANOVA, χ2 test and multivariate logistic regression 

186 were not performed for these two groups.).

187

188 Results

189 Of 3056 subjects, 50.3% (1537/3056) were found to have abnormal FPG levels, 22.9% (699/3056) had 

190 5.56 ≤ FPG <7.00 mmol/L, and 5.5% (167/3056) had FPG ≥ 7.00 mmol/L. Of 1127 overweight and 

191 obese adults, 34.0% (383/1127) were found to have abnormal FPG levels, 27.5% (310/1156) had 5.56 

192 ≤ FPG <7.00 mmol/L, and 6.5% (73/1127) had FPG ≥ 7.00 mmol/L.

193

194 The Partial Correlation and One-Way ANOVA

195 A total of 3056 adults were included in this study, comprising 141 (4.6%) individuals who were 

196 underweight, 1788 (58.5%) individuals with normal weight and 1127 (36.9%) individuals with 

197 overweight or obesity. The partial correlation coefficients between BMI and related indexes were 

198 shown in Table 1. Every index was significantly correlated with BMI, except for ALB and IBIL. 

199 Compared with other indexes, FPG and ALT were more strongly correlated with BMI.
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200 Further, a partial correlation analysis was conducted to explore the relationship between FPG 

201 levels and liver tests stratified by BMI (shown in Table 2). Notably, AST and ALT levels were not 

202 associated with FPG levels in the underweight group and normal weight group, respectively, but a 

203 significant association was observed in the overweight or obesity group. Of the two liver enzymes, 

204 ALT (r =0.097, P < 0.05) was more strongly correlated with FPG levels than AST (r =0.070, P < 0.05). 

205 The mean FPG levels by baseline tertiles of AST and ALT levels among overweight and obese adults 

206 were shown in Figure 2. The FPG levels were positively related to ALT levels (P < 0.05), but not to 

207 AST levels (P > 0.05).

208

209 Association of general characteristics with FPG 

210 Mean age and BMI, and the frequency of sex, marital status, education level, physical activity, current 

211 smoking and alcohol consumption according to FPG levels in the overweight or obesity group are 

212 presented in Table 3 The mean ages were 60.01 ± 12.67, 63.34 ± 12.06, and 64.75 ± 13.88 in the FPG 

213 < 5.56 mmol/L, 5.56 ≤ FPG < 7.00 mmol/L and FPG ≥ 7.00 mmol/L groups, respectively. Compared 

214 with the FPG < 5.56 mmol/L group, the 5.56 ≤ FPG < 7/00 mmol/L and FPG ≥ 7.00 mmol/L groups 

215 displayed significantly higher ages (P < 0.05). The mean BMIs were 26.37 ± 2.18, 26.65 ± 2.21, and 

216 26.92 ± 2.59 in the FPG < 5.56 mmol/L, 5.56 ≤ FPG < 7/00 mmol/L and FPG ≥ 7.00 mmol/L groups, 

217 respectively. Compared with the FPG < 5.56 mmol/L group, the FPG ≥ 7.00 mmol/L group displayed a 

218 significantly higher BMI (P < 0.05), but this was not true for the 5.56 ≤ FPG < 7.00 mmol/L group (P > 

219 0.05). 

220

221 Multivariate logistic regression analysis model

222 The adjusted ORs for FPG levels associated with liver enzymes levels in the overweight or obesity 

223 group are listed in Table 4. Additionally, only those variables that were significantly correlated with 

224 FPG levels are presented in Table 4. After adjusting for potential confounders (age, BMI and liver 

225 tests), the highest tertiles of ALT levels remained significantly positively correlated with FPG levels 

226 with an OR of 2.205 (95% CI: 1.442~3.371) for 5.56 ≤ FPG < 7.00 mmol/L vs. FPG < 5.56 mmol/L, 

227 and with an OR of 2.297 (95% CI: 1.017~5.187) for FPG ≥ 7.00 mmol/L vs. FPG < 5.56 mmol/L, but 

228 this correlation was not found for AST. 
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229 Age had an OR of 1.024 (95% CI: 1.013~1.036) for 5.56 ≤ FPG < 7.00 mmol/L vs. FPG < 5.56 

230 mmol/L, and of 1.033 (95% CI: 1.012–1.054) for FPG ≥ 7.00 mmol/L vs. FPG < 5.56 mmol/L. 

231 However, ALB levels displayed an OR of 0.954 (95% CI: 0.928–0.982) for FPG ≥ 7.00 mmol/L vs. 

232 FPG < 5.56 mmol/L.

233

234 Discussion

235 Partial correlation analysis showed that AST and ALT levels were not associated with FPG levels in 

236 the underweight group and the normal weight group, but a significantly positive association of AST 

237 and ALT levels with FPG levels was observed in the overweight or obesity group (Table 2). This 

238 positive association in the group of overweight or obese adults may be partly explained by the 

239 obesity-related diabetes. Fall and his colleagues found a causal effect of adiposity on ALT levels in a 

240 Mendelian randomization analysis study[13], Mechanistically, increased intrahepatic fat content is 

241 bi-directionally associated with insulin resistance, which in turn can lead to increased glucose output 

242 from the liver [5, 14-15].

243 In current study, mean levels of FPG are shown in Figure 2 based on the baseline tertiles of AST 

244 and ALT levels in the overweight or obesity group. Our results revealed that the elevated FPG levels 

245 were related to the increased levels of liver enzymes, which is similar to the result of a recent study 

246 [16]. Insulin resistance and  reduced insulin sensitivity may be the key pathophysiological mechanism 

247 underlying this positive association between liver enzymes levels and FPG levels [8-9]. An 

248 epidemiologic study conducted with 10800 middle-aged participants noted that elevated liver enzymes 

249 levels were closely related to insulin resistance [17]. Bonnet et al found that liver enzymes activities, 

250 even within the normal range, can reduce hepatic insulin extraction among healthy men and women 

251 [9]. 

252 In regard to the identification of liver injury, ALT is more specific than AST [18]. For instance, 

253 Mainous et al, in the analysis of a nationally representative sample of the noninstitutionalized US 

254 population, found that ALT levels, but not AST levels, were independently linked with undiagnosed 

255 diabetes (defined as FPG ≥ 126 mg/dl) as well as impaired fasting glucose.( defined as 100 ≤ FPG ≤ 

256 125 mg/dl) [19], which is consistent with our results in general. In our study, after adjusting for 

257 potential confounders (age, BMI and liver tests), ALT levels remained significantly positively 

258 correlated with FPG levels both for 5.56 ≤ FPG < 7.00 mmol/L vs. FPG < 5.56 mmol/Land FPG ≥ 7.00 
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259 mmol/L vs. FPG < 5.56 mmol/L, but this correlation was not found for AST. An explanation may be 

260 that ALT predominantly exists in liver, whereas AST is found in the liver and also in cardiac and 

261 skeletal muscle, the brain and other organs. ALT is the most closely related to liver fat content [20]. 

262 Liver fat content, except under certain conditions [21], has been reported to be linked with insulin 

263 resistance. In addition, Lu et al clarified that the effect of AST levels on diabetes risk was partly due to 

264 ALT levels [22]. In addition to ALT and AST, GGT is also a liver enzyme. Currently, the association 

265 between GGT levels and FPG levels remains controversial. Recent literature has reported that a 

266 moderate elevation in GGT levels within the normal range was a strong risk predictor for the onset of 

267 diabetes [23], and GGT may be a better predictor of diabetes than ALT [24]. However, Oka et al found 

268 that GGT was not associated with the progression to impaired glucose tolerance after adjustment for 

269 ALT [25], and a cohort study showed that NAFLD was associated with an increased risk of type 2 

270 diabetes with a higher risk associated with ALT than with GGT [26]. Unfortunately, our study did not 

271 collect GGT data, and in the future, we will address this limitation.

272 In a previous study, ALT levels were associated with FPG levels for FPG ≥ 126 mg/dL vs. FPG < 

273 100 mg /dL (OR: 1.16, 95% CI: 1.00~1.35) [27]. In the present study, the highest tertiles of ALT levels 

274 were associated with a more than twofold increase in FPG levels (for 5.56 ≤ FPG < 7.00 mmol/L vs. 

275 FPG <5.56 mmol/L) among overweight or obese individuals, independent of conventional risk factors. 

276 In depth, the highest tertiles of ALT levels were more significantly correlated with FPG levels for FPG 

277 ≥ 7.00 mmol/L vs. FPG < 5.56 mmol/L (Table 4), which was similar to the result of an early study [28]. 

278 Gonzálezpérez et al reported that compared to normal ALT levels, the relative risk (RR) for the 

279 incidence of impaired fasting glucose (100 ≤ FPG ≤ 125 mg/dl) and diabetes (FPG ≥ 126 mg/dl) based  

280 on the level of ALT was 3.09 for borderline elevated ALT levels and 1.59 for elevated ALT levels [28]. 

281 NAFLD may play an important role in the relationship between ALT levels and FPG levels among 

282 overweight or obese individuals. It has been found that patients with NAFLD are at increased risk 

283 for developing type 2 diabetes. Liver fat content was inversely associated with hepatic, adipose 

284 tissue and muscle insulin sensitivity, which might contribute to the increased risk of type 2 

285 diabetes [29]. Additionally, NAFLD can result in an elevated ALT levels [26]. The following 

286 mechanisms may also be regarded as the underlying causes of the association between elevated ALT 

287 levels and the increased risk of elevated FPG levels. 1) Elevated ALT levels reflected potential chronic 

288 inflammation and increased oxidative stress, and chronic inflammation and oxidative stress appeared to 
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289 be involved in the pathogenesis of NAFLD [29], which may impair insulin signaling in the liver and 

290 other organ tissues [9, 30]; 2) Elevated ALT levels could reflect life-long hepatitis virus infection, 

291 which can result in diabetes [31]; 3) Testosterone levels may be the mediator between ALT levels and 

292 the risk of diabetes. Researchers have revealed the role of low testosterone in diabetes [32], and that 

293 poor liver function may reduce testosterone production [33].s

294 Our study was conducted in Community Health Service Agencies, in Guangdong Province of 

295 China, which may imply that the generalizability of our results is limited to this region. Additionally, 

296 participants with a history of diabetes, hepatitis B, or other liver diseases were excluded from the study, 

297 so our results are not applicable to these subjects.

298 In addition to GGT not being included in this study, the limitations of the current study included 

299 the absence of imaging studies. Recent studies have noted that imaging studies will likely provide a 

300 new opportunity for investigating the association of the liver function with diabetic disease [34-35]. 

301 Then, supplementary information about the blood lipids, disease types and medication history of 

302 subjects was not collected. Hence, some factors such as cholesterol and triglyceride levels, could not be 

303 included as covariates in our multivariate logistic regression analyses. In addition, our study design was 

304 cross-sectional, and direct causation cannot be concluded from the results. 

305

306 Conclusions

307 The association of liver enzymes levels with FPG levels differed based on a BMI cut-off. ALT levels 

308 were significantly positively associated with FPG levels in the overweight or obesity group, but not in 

309 the underweight group and normal weight groups; AST levels were not associated with FPG levels in 

310 any group. These findings have important clinical implications for health policy makers. Liver enzymes 

311 may serve as effective indexes for the early detection of individuals at high risk of diabetes on a 

312 BMI-dependent basis.
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440 Figure Legends

441 Fig 1  Flow chart in the selection of study population

442 Fig 2  Mean levels of fasting plasma glucose (FPG) levels based on tertiles of aspartate 

443 aminotransferase (AST) and alanine transaminase (ALT) levels in the overweight or obesity 

444 group

445

446 Table 1 Partial correlation analysis between BMI and related indexes (n=3056)

Related indexes
Partial correlation coefficient

(Controlling age, gender)
p

FPG 0.077 <0.001***

ALB -0.010 0.573

DBIL -0.049 0.008**

IBIL -0.004 0.833

TBIL -0.038 0.035*

ALT 0.165 <0.001***

AST 0.037 0.040*

447 BMI: body mass index; FPG: fasting plasma glucose; ALB: albumin; DBIL: direct bilirubin; IBIL: 

448 indirect bilirubin; TBIL: total bilirubin; ALT: alanine transaminase; AST: aspartate 

449 aminotransferase; Except for gender, all the variables (age BMI, FPG, ALB, DBIL, IBIL, TBIL, ALT and 

450 AST) in the partial correlation coefficient were continuous variables; * p <0.05, **p <0.01,*** p <0.001.

451

452 Table 2 Partial correlation analysis between FPG levels and liver tests stratified by BMI (n=3056)

Liver tests
Underweight group

(correlation coefficient, n=141)

Normal weight group

 (correlation coefficient, 

n=1788)

Overweight or obesity group 

(correlation coefficient, n=1127)

ALB -0.042 -0.057* -0.097**

Page 16 of 23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-025524 on 18 O

ctober 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

17

DBIL 0.021 -0.024 0.033

IBIL -0.005 -0.010 -0.111***

TBIL -0.025 -0.035 -0.068*

ALT 0.011 0.013 0.078**

AST -0.034 -0.039 0.070*

453 Partial correlation coefficient: controlling age, gender and BMI; BMI: body mass index; FPG: 

454 fasting plasma glucose; ALB: albumin; DBIL: direct bilirubin; IBIL: indirect bilirubin；TBIL: 

455 total bilirubin; ALT: alanine transaminase; AST: aspartate aminotransferase; Except for sex, all the 

456 variables (age BMI, FPG, ALB, DBIL, IBIL, TBIL, ALT and AST) in the partial correlation anaysis were 

457 continuous variables; * p <0.05, **p <0.01,*** p <0.001.

458

459 Table 3 General characteristics associated with FPG levels in the overweight or obesity group 

460 (n=1127)

Variables
FPG < 5.56

( n=744 )

5.56 ≤ FPG < 7.00

( n=310 )

FPG ≥ 7.00

( n=73 )

Age, years (m, SD) 60.01 ± 12.67 63.34 ± 12.06* 64.75 ± 13.88**

sex (n, %)

Male 255 (34.4 ) 106 ( 34.2 ) 35 ( 47.9 )

Female 489 ( 65.7 ) 204 (65.8) 38 ( 52.1)

Marital status (n, %)

Single 82 (11.4) 23 ( 7.7 ) 10 (14.7 )

Married 635 ( 88.6) 275 ( 92.3 ) 58 ( 85.3 )

Education level (n, %)

Primary school or below 161 ( 37.9) 86 ( 43,0) 18 (38.3 )

Middle school 221 ( 52.0) 91 ( 45.5) 25 ( 53.2 )

High school or above 43 ( 10.1 ) 23 ( 11.5) 4 ( 8.5)

Physical activity (n, %)
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Yes 202 ( 27.2 ) 101 ( 32.6 ) 21 ( 28.8)

No 542 ( 72.8) 209 ( 67.4) 52 ( 71.2 )

Current smoking (n, %)

Yes 33 ( 4.4 ) 15 ( 4.8 ) 8 ( 11.0)

No 711 (95.6) 295 ( 95.2 ) 65 ( 89.0 )

Alcohol consumption (n, %)

Yes 13 ( 1.7) 9 ( 2.9) 3 (4.1)

No 731 ( 98.3 ) 301 ( 97.1 ) 70 ( 95.9 )

BMI, Kg/m2 (m, SD) 26.37 ± 2.18 26.65 ± 2.21 26.92 ± 2.59**

461 Data are presented as the mean (SD) or n (%); FPG: fasting plasma glucose; BMI: body mass 

462 index. Single: unmarried, divorced or widowed; primary school or below: no school, primary 

463 school; physical activity (yes): every day, more than once a week; physical activity (no): seldom, 

464 never; current smoking (no): non-smoker, ex-smoker; alcohol consumption (yes): regularly, 

465 seldom; *P < 0.05 5.56 ≤ FPG < 7.00 mmol/L vs FPG < 5.56 mmol/L; **P < 0.05 FPG ≥ 7.00 

466 mmol/L vs FPG < 5.56 mmol/L

467

468 Table 4. Odds ratios for FPG elevation by liver enzymes levels in the overweight or obesity 

469 group (n=1127)

5.56 ≤ FPG < 7.00 VS FPG< 5.56 FPG≥ 7.00 VS FPG<5.56
Variables

OR ( 95% CI ) P OR ( 95% CI ) P

Age 1.024 (1.013~1.036) <0.001*** 1.033 (1.012~1.054) 0.002**

ALB — 0.954 (0.928~0.982) 0.001**

ALT

Q1 Reference

Q2 1.357 (0.936~1.967) 0.108 1.677 (0.799~3516) 0.171

Q3 2.205 (1.442~3.371) <0.001*** 2.297 (1.017~5.187) 0.045*

470 Statistical analysis by multivariate logistic regression (adjusted for age, BMI (body mass 

471 index) and liver tests); OR: odds ratio; CI: confidence interval; FPG: fasting plasma glucose; 

472 ALB: albumin; IBIL: indirect bilirubin; ALT: alanine transaminase.

473 Goodness-of-fit results: Pearson χ2 test, P=0.465; Devianceχ2 test, P=1.000.
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Comparison of age and gender between excluded and final analysis subjects. 

Variables Excluded subjects 

( n=670 ) 

Final analysis subjects 

( n=3056 ) 

P value 

Age, years (m, SD) 60.45 ± 14.13 60.44 ± 14.11 0.988 

Gender (n, %) 
  0.103 

Male 
254 (37.9) 1057 (34.6)  

Female 
416 (62.1) 1999 (65.4)  

Data were presented as mean (SD) or n (%); 
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Data sources/ 
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completing follow-up, and analysed  (Page 7, Table 1-3)
(b) Give reasons for non-participation at each stage (not applicable)

Participants 13*

(c) Consider use of a flow diagram (Figure 1)
(a) Give characteristics of study participants (eg demographic, clinical, social) and 
information on exposures and potential confounders (Page 7-8, Table 1-3)

Descriptive data 14*

(b) Indicate number of participants with missing data for each variable of interest 
(Not applicable)

Outcome data 15* Report numbers of outcome events or summary measures (Page 7-8, Table 3-4)
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 

their precision (eg, 95% confidence interval). Make clear which confounders were 
adjusted for and why they were included (Page 7-8, Table 4)
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6)
(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period (Not applicable)

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 
sensitivity analyses (Not applicable)

Discussion
Key results 18 Summarise key results with reference to study objectives (Page 8-10)
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias (Page 9-11)
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 

multiplicity of analyses, results from similar studies, and other relevant evidence 
(Page 9-10)

Generalisability 21 Discuss the generalisability (external validity) of the study results (Page 10)

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based (Page 11)

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
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