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Abstract

Background Body mass index (BMI) is an important risk factor for hypertension in diabetic patients. However,

the underlying mechanisms remain poorly understood. Although liver-derived biological intermediates may play irre-
placeable roles in the pathophysiology of diabetes, few studies have explored them in the association between BMI
and hypertension in diabetes.

Objective To investigate the role of liver enzymes in mediating the relationship between BIM exposure and hyper-
tension in type 2 diabetes mellitus (T2DM).

Methods We included a total of 1765 participants from the China National Diabetic Chronic Complications Study
Cohort. Associations between liver enzymes and hypertension were estimated using multivariable regression models.
The function of liver indicators in the relationship between BMI and hypertension was assessed using mediation
analysis. Mediation analysis was conducted, taking into account age, diabetes duration, current smoking, fasting
plasma glucose level, glycated hemoglobin, anti-diabetic therapy, and family history of diseases, including diabetes,
hypertension, obesity, and hyperlipidemia.

Results For men, the association of BMI with hypertension was partially mediated by alanine aminotrans-

ferase (ALT), with a proportion of mediation was 68.67%, by aspartate aminotransferase (AST) was 27.02%,

and by y-glutamyltransferase (GGT) was 38.58%, by AST/ALT was 63.35%; for women, the proportion mediated by ALT
was 36.93%, and by AST was 37.47%, and GGT was 44.60%, and AST/ALT was 43.73% for BMI (all P<0.05).

Conclusion The effect of BMI on hypertension is partly mediated by liver indicators (ALT, AST, GGT, and AST/ALT)
in diabetic patients. Our results may provide opportunities to identify new targets for hypertension interventions.
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by a chronic positive energy balance [2, 3]. Diabetes and
hypertension often occur in tandem, share common risk
factors, and lead to increased risks of disability, can-
cer, and premature death [2, 4-6]. In addition, elevated
blood pressure is associated with an increased risk of
incident diabetes mellitus [7]. In a longitudinal study,
patients with baseline hypertension or even prehyperten-
sion had an increased risk of developing diabetes mellitus
than normotensive subjects [8]. Furthermore, increasing
evidence demonstrates that severe macrovascular and
microvascular complications are more likely to occur
in diabetic patients with hypertension [9, 10]. However,
the risk factors for the development of hypertension and
their relative importance in T2DM are not well charac-
terized, limiting the effectiveness of efforts to identify
and treat at-risk individuals.

Serum levels of liver enzymes, such as alanine ami-
notransferase (ALT), aspartate aminotransferase (AST),
and to a lesser extent y-glutamyltransferase (GGT), are
routinely measured clinical markers that represent differ-
ent dimensions of liver dysfunction [11, 12]. ALT, located
in the cytosol, and AST, located in the mitochondria, are
released from damaged hepatic cells into the blood after
hepatocellular injury or death. Elevated liver enzymes
have been proposed to play a vital role in the pathophysi-
ology of obesity, hypertension, T2DM, and other meta-
bolic diseases [13, 14]. Increased serum ALT and GGT
activities are positively associated with increased risks of
developing diabetes and hypertension among adults [15,
16]. Another prospective cohort study showed that GGT
could be a potential biomarker among liver enzymes
for the early detection of hypertension [17]. Moreover,
the AST/ALT ratio (also referred to as the De Ritis ratio)
has been shown to be a marker for cardiovascular dis-
eases [18].

As the trajectory of hypertension and T2DM are often
closely interlinked, this study aims to provide insights
into the association between liver function and hyper-
tension among T2DM adults from the China National
Diabetic Chronic Complications Study (CDCS) data,
comparing them across sex, and body mass index stand-
ing. Early detection of the effects of hypertension on
diabesity would enable the optimal implementation of
effective therapies that prevent macro- and microvascu-
lar complications.

Methods

Data source and study population

CDCS was conducted by the Chinese Diabetes Society
(CDS) and the National Center for Chronic Noncom-
municable Disease Control and Prevention of the Chi-
nese Center for Disease Control and Prevention (China
CDCQ), is a large population-based program of multiple
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chronic complications and co-morbidities of diabetes in
China. This program covered all 31 provinces, autono-
mous regions, and municipalities of mainland China [19].
The current data analysis was based on the prospective
cohort study of 1765 Anhui adults with diabetes between
March of 2018 and January of 2020. The cohort details
have been described elsewhere [20]. Briefly, the partici-
pants joined a standard medical examination program
provided by the CDCS study. During the physical exami-
nations, blood pressure, and anthropometric measure-
ments (height, weight, and waist circumference) were
measured by medical staff according to a standard pro-
tocol. Life factors, family history, and medical history of
diseases were inquired, and a blood draw for each partici-
pant was taken. A more detailed description of the pro-
gram and examination procedures is reported elsewhere
[19].

Inclusion and exclusion criteria

Enrollment criteria for the target survey population:
(1) Household registration location in Anhui Province,
diagnosed with diabetes and aged 18-74 years old (time
as of December 31, 2018); (2) Permanent residents with
an annual residence time of >6 months; (3) Those who
were able to sign an informed consent form, voluntar-
ily participated in the survey of the project, and agreed
to complete a blood examination. Individuals who were
pregnant or had a debilitating health condition or dis-
ease that prevented them from participating, such as
being bedridden or mentally disabled, were not eligible to
participate.

Data collection and ethics approval

After excluding forty-three respondents with type 1
diabetes mellitus and seven participants with missing
information on the blood draw, 1715 participants aged
18-74 years with complete and reliable information
(demographic and socioeconomic information, lifestyle
factors including smoking, alcohol intake, physical activ-
ity, weight measurements, family history of disease and
medical history) were included (Fig. 1).

All study procedures were performed by the declara-
tion of Helsinki and relevant guidelines. Institutional
review board approval for the study was obtained from
the Ethics Committee (Approval No: 2018-010), which
was registered in the Chinese Clinical Trial Registry
(ChiCTR1800014432). Written informed consent was
obtained from each participant before data collection.

Assessment of variables

Age, gender, life factors (smoking status, alcohol take,
physical activity), drug administration, and personal
medical history were collected at baseline by trained
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Fig. 1 Flow charts for participants’enroliment

using semi-structured questionnaires.
Height was measured on a permanently mounted verti-
cal board (TGZ height gauge), according to a standard-
ized protocol. Weight was measured on an electronic
scale (TANITA HD-390 body weight scale). The meas-
urement accuracy of height and weight was required
to be 0.1 cm and 0.1 kg, respectively. Body mass index
(BMI), is a simple calculation based on the ratio of a per-
son’s weight in kilograms divided by height in meters
squared. BMI was categorized into normal weight
(BMI<25.0 kg/m?), overweight (25.0<BMI<30.0 kg/
m?), and obese (BMI>30 kg/m?) [21]. Waist circumfer-
ence (WC) was measured in the horizontal plane midway
between the lower edge of the costal arch and the upper
edge of the iliac crest. The measurement accuracy of WC
was required to be 0.1 cm. At both examinations, blood
pressure (BP) was measured three times using an auto-
mated electronic device (Omron blood pressure moni-
tor) by trained and certified technicians. The onset of the
first phase (systolic) and fifth phase (diastolic) Korotkoff
sounds were recorded. The mean of the three BP meas-
ures was used in the analyses. At the baseline, a 15-mL
blood sample was obtained for the determination of rou-
tine chemistry between 7:30 and 9:30 AM after an over-
night fast for 8-12 h. Mean arterial pressure (MAP) is
calculated as diastolic BP+1/3 X (systolic BP —diastolic
BP). MAP combines information from both systolic and
diastolic BP into one variable, avoiding collinearity prob-
lems that would arise when using the two variables jointly
in the statistical model.

interviewers

Blood samples from all participants were delivered by
courier to the local laboratories and Guangzhou King-
Med Diagnostics Group Co., Ltd. (Guangzhou, China)
in a refrigerator with a temperature range of 2—8 °C for
clinical laboratory tests according to a standard pro-
tocol. The tests included routine blood examinations,
blood lipid examinations, fasting blood glucose meas-
urements, and liver function tests, which measured
the fasting plasma glucose level (FPG), glycated hemo-
globin (HbAlc), AST, ALT, and GGT levels. Hyperlipi-
demia was defined by the national guidelines for the
management of dyslipidaemias: without lipid-lowering
medications, total cholesterol (TC)>5.20 mmol/L,
or triglycerides (TG)>1.70 mmol/L, or high-density
lipoprotein cholesterol (HDL-c) < 1.0 mmol/L, or low-
density lipoprotein cholesterol (LDL) > 3.4 mmol/L, or
previously diagnosed as hyperlipidemia by a physician
[22].

Outcome and mediator ascertainment

The level of liver indicators (AST, ALT, GGT, and AST/
ALT) measured in the baseline survey were estimated
as mediators for this study. Hypertension status was
assessed using criteria from the national guidelines
for primary hypertension prevention and manage-
ment [23], and the diagnoses included self-reported
physician-diagnosed hypertension, blood pressure
level >140/90 mmHg, and use of antihypertensive
medication.
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Statistical analysis

Differences in baseline characteristics of the CDCS
cohort, overall and stratified by sex and BMI catego-
ries were evaluated using one-way analysis of variance
(ANOVA) for continuous variables and x* test for cate-
gorical variables. Continuous variables were presented as
mean (standard deviation) or mean + standard deviation
and categorical variables were summarized as number
(%).

BMI was considered as exposure, liver indicators
including ALT, AST, GGT, and AST/ALT as potential
mediators, and hypertension as the study outcome. To
assess the causal mediation effects, we used the poten-
tial outcome framework. Causal mediation analysis [24]
based on linear regression with a nonparametric boot-
strap was conducted using the R package to obtain the
adjusted associations of BMI with liver indicators and
the adjusted association of liver indicators with hyper-
tension. We also assessed if the association of BMI with
hypertension varied with liver indicators. To facilitate
comparison between liver indicators, the z-score of BMI
and liver indicators were used for data analysis. All analy-
ses were adjusted for age, sex, diabetes duration, current
smoking, FPG, HbAlc, anti-diabetic therapy, and fam-
ily history of diseases, including diabetes, hypertension,
obesity, and hyperlipidemia. Given the association of
BMI with liver indicators might vary by sex, we assessed
whether the association varied by sex from the hetero-
geneity across strata and the significance of interaction
terms in a model.

The value of liver indicators (ALT, AST, GGT, and
AST/ALT) were divided into quartiles (Q1:<25%;
Q2:~25%; Q3:~50%; and Q4:~75%), and using the Q1
as the cut-off value. Binary logistic regression analysis
was performed to assess the relationship between liver
indicators, as either categorical (quartiles) or continuous
variable (each absolute 1 SD increase), and the presence
of hypertension (yes vs. no). The lowest liver indicator
quartiles group was set as the reference, with confound-
ing variables adjusted as mentioned above. All analyses
were conducted using the SPSS version 25.0 and R soft-
ware version 4.2.2. Two-tailed P values <0.05 was consid-
ered to indicate significance.

Results

Clinical characteristics

Baseline characteristics of the subjects stratified by sex
and BMI categories are given in Table 1. A total of 1715
participants (871 females and 844 males) were enrolled
in this study, with a mean age of mean+SD (53.19+9.84)
years. The prevalence of hypertension was 50.1% (48.1%
among males and 52.0% among females). The mean
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BMI (kg/m?) at baseline was 26.06+3.64 (26.04+3.58
among males and 26.09+3.70 among females); 45.4% of
the participants were overweight, and 13.7% obese. The
distribution of laboratory parameters and other covari-
ates differed across BMI categories as expected. For all
but FPG, HbAlc, LDL, current smoking, family history
of hypertension, and physical activity, a significant linear
trend was found across BMI categories among overall
and different gender (both P<0.05). There was no lin-
ear correlation between the age of females with different
BMI categories (both P>0.05).

Associations of liver indicators with hypertension

Overall, the multivariable-adjusted (age, sex, diabetes
duration, current smoking, FPG, HbAlc, anti-diabetic
therapy, family history of diseases, including diabetes,
hypertension, obesity, hyperlipidemia) odd ratios (ORs)
for hypertension across ascending quartiles of ALT were
1.00 (reference), 1.267 (95% confidence interval [CI]
0.956-1.677), 1.505 (95% CI 1.114-2.032), and 1.790
(95% CI 1.341-2.388), respectively. The multivariable-
adjusted OR for hypertension in the lowest AST quar-
tile were 1.00 (reference), 1.178 (95% CI 0.886-1.565),
1.233 (95% CI 0.908-1.676), and 1.667 (95% CI 1.256—
2.213), respectively. The multivariable-adjusted OR for
hypertension in the lowest AST/ALT quartile were 1.00
(reference), 1.128 (95% CI 0.843-1.511), 0.930 (95% CI
0.688-1.258), and 0.647 (95% CI 0.476-0.878), respec-
tively. The multivariable-adjusted OR for hypertension
in the lowest GGT quartile were 1.00 (reference), 1.541
(95% CI 1.154-2.057), 1.715 (95% CI 1.262-2.330), and
3.064 (95% CI 2.239-4.194), respectively.

Compared with the lowest liver enzymes quartile, the
multivariable-adjusted OR for hypertension in the high-
est ALT quartile (OR=1.877, 95% CI 1.224—2.877), high-
est AST quartile (OR=1.800, 95% CI 1.189-2.723), and
highest AST/ALT quartile (OR=0.608 95% CI 0.392—
0.944), and highest GGT quartile (OR=3.452, 95%CI
2.129-5.596) remained statistically significant in the sub-
group with males. While in the subgroup with females,
the multivariable-adjusted OR for hypertension in the
highest liver enzymes quartile was slightly and not sig-
nificant except for GGT.

Although lower levels of AST/ALT were significantly
associated with a higher risk of hypertension in the
overall group (OR=0.851, 95% CI 0.763-0.949), and in
the subgroup with females (OR=0.850, 95% CI 0.730—
0.990), the association disappeared in males. In addition,
despite higher levels of GGT were significantly associated
with a higher risk of hypertension in the overall group
(OR=1.234, 95% CI 1.093-1.393), and in the subgroup
with male (OR=1.248, 95% CI 1.048-1.486), the associa-
tion disappeared in female (Table 2).
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Table 2 Odd ratios for hypertension by different liver function indicators
Overall Female Male
(n=1715) (n=871) (n=844)
ALT
Q1 (<15U/L) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Q2 (15-21 U/L) 1.267 (0.956-1.677) 1.117 (0.766-1.627) 1462 (0.944-2.263)
Q3 (21-30 U/L) 1.505 (1.114-2.032) 1.239(0.817-1.879) 1.839(1.171-2.888)
Q4 (=30 U/L) 1.790 (1.341-2.388) 1.659 (1.097-2.508) 1.877 (1.224-2.877)
P for trend 0.001 0.110 0.020

Per SD increase
AST

1.222 (1.098-1.359)

Q1 (<16 U/L) 1.00 (ref.)

Q2 (16-20 U/L) 1.178 (0.886-1.565)
Q3 (20-26 U/L) 1.233(0.908-1.676)
Q4 (=26 U/L) 1.667 (1.256-2.213)
P for trend 0.004

Per SD increase 1.207 (1.085-1.342)

AST/ALT

Q1(<0.78) 1.00 (ref)

Q2 (0.78-0.95) 1.128 (0.843-1.511)
Q3 (0.95-1.21) 0.930 (0.688-1.258)
Q4 (=1.21) 0.647 (0.476-0.878)
P for trend 0.002

Per SD increase
GGT

0.851 (0.763-0.949)

1.240 (1.067-1.441)

1.00 (ref.)

1.146 (0.776-1.694)
1.210 (0.784-1.868)
1.464 (0.983-2.180)
0.309

1.203 (1.037-1.395)

1.00 (ref)

0.972 (0.614-1.539)
0.811(0.517-1.274)
0.679 (0.433-1.064)
0.251

0.850 (0.730-0.990)

1.00 (ref)

1.546 (1.067-2.239)
1.591 (1.040-2.434)
2.330(1.489-3.648)

1.168 (1.004-1.358)

1.00 (ref.)

1.202 (0.786-1.839)
1.225(0.786-1.911)
1.800 (1.189-2.723)
0.032
1.185(1.012-1.387)

1.00 (ref)

1.290 (0.881-1.890)
1.145(0.753-1.742)
0.608 (0.392-0.944)
0.007
0.871(0.748-1.015)

1.00 (ref)

1497 (0.921-2.433)
1.723 (1.062-2.796)
3452 (2.129-5.596)

Q1 (<18 U/L) 1.00 (ref)

Q2 (18-27 U/L) 1.541 (1.154-2.057)
Q3 (27-46 U/L) 1.715(1.262-2.330)
Q4 (=46 U/L) 3.064 (2.239-4.194)
P for trend <0.001

Per SD increase 1.234 (1.093-1.393)

0.002 <0.001
1.150 (0.989-1.336) 1.248 (1.048-1.486)

Models were adjusted for age, sex, diabetes duration, current smoking, FPG, HbA1c, anti-diabetic therapy, family history of diseases, including diabetes, hypertension,

obesity, hyperlipidemia
Data in the parentheses are 95% uncertainty intervals; OR indicates odds ratio
Q1-Q4 indicate 25th-75th percentile

Associations of liver indicators with hypertension

As the association of hypertension with liver enzymes
varied by sex and BMI (P values for interaction <0.001),
mediation analysis was conducted in females and males
separately. In males, after adjustment for age, diabe-
tes duration, current smoking, FPG, HbAlc, anti-dia-
betic therapy, and family history of diseases, including
diabetes, hypertension, obesity, and hyperlipidemia,
the associations of BMI with hypertension were sig-
nificantly mediated by ALT, AST, GGT and AST/ALT
(Fig. 2). In males, the proportion of the associations of
BMI with hypertension mediated by ALT was 68.67%
(P<0.001) (Fig. 2A). The proportion of the associations
of BMI with hypertension mediated by AST was 27.02%
(P<0.001) (Fig. 2B). The proportion of the associa-
tions of BMI with hypertension mediated by GGT was

38.58% (P=0.02) (Fig. 2C). The proportion of the asso-
ciations of BMI with hypertension mediated by AST/
ALT was 63.35% (P<0.001) (Fig. 2D).

In female, the proportion of the associations of BMI
with hypertension mediated by ALT was lower than
for male after similar adjustment (36.93%, P<0.001)
(Fig. 2E). The proportion of the associations of BMI with
hypertension mediated by AST was higher than for male
after similar adjustment (37.47%, P<0.001) (Fig. 2F). The
proportion of the associations of BMI with hypertension
mediated by GGT was higher than for males after similar
adjustment (44.60%, P<0.001) (Fig. 2G). The proportion
of the associations of BMI with hypertension medi-
ated by AST/ALT was lower than for males after similar
adjustment (43.73%, P<0.001) (Fig. 2H).



Yao et al. Diabetology & Metabolic Syndrome (2024) 16:19

A IE = 0.02252 B
(95% CI: 0.01315 to 0.03, P <0.001)

Proportion of
mediation = 68.67%
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(95% CI: 0.00417 to 0.02, P <0.001)

Proportion of
mediation = 27.02%

I Hypertension |

[BMII

Hypertension

DE = 0.01086
(95% CI: 0.01996 to 0.04, P = 0.64)
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C IE = 0.01407 D
(95% ClI: 0.00244 to 0.03, P = 0.02)

Proportion of
mediation = 38.58%

Hypertension

DE = 0.02054
(95% ClI: -0.1009 to 0.05, P = 0.24)
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(95% CI: 0.00822 to 0.03, P <0.001)
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mediation = 36.93%

Hypertension

DE = 0.02685
(95% CI: 0.00733 to 0.06, P = 0.14)

IE =-0.01930
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Proportion of
mediation = 63.35%

—) Hypertension
DE =-0.00700
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IE =0.01314
(95% CI: 0.00721 to 0.02, P <0.001)

Proportion of
mediation = 37.47%

Hypertension

DE = 0.02602 DE = 0.02122
(95% Cl: 0.00361 to 0.06, P = 0.1) (95% CI: 0.00437 to 0.05, P = 0.01)
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G IE = 0.02043 H IE = -0.0163

(95% CI: 0.01021 to 0.03, P < 0.001)

Proportion of
mediation = 44.60%

Hypertension

DE = 0.02174
(95% ClI: -0.02130 to 0.07, P = 0.46)
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Proportion of
mediation = 43.73%

Hypertension

DE = -0.0217

(95% CI: 0.0536 to 0.02, P = 0.14)
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Fig. 2 The mediating effect of liver indicators on the BMI associated-hypertension among T2DM adults. The upper (blue) box indicated male
patients with T2DM, while the lower (red) box indicated female. A-D illustrated how liver indicators, specifically ALT, AST, GGT, and AST/ALT, mediate
the link between BMI and hypertension. E-H showed the mediating effect of the relationship between BMI and hypertension mediated by liver

indicators, including ALT, AST, GGT, AST/ALT, respectively
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Discussion

The present study aimed to determine the degree to
which liver indicators, such as ALT, AST, GGT, and AST/
ALT, mediate the known effect of BMI on hypertension in
adults with T2DM. We found that ALT most significantly
mediated the effects of BMI on hypertension, followed
by AST/ALT. The regulatory effect of ALT and AST/
ALT was greater in males than females. Recent studies
have confirmed the impact of BMI on hypertension or
liver enzymes on hypertension [17]. However, here we
first assessed the extent to which these effects of BMI on
hypertension are mediated by liver indicators based on a
large diabetes cohort study and proposed a further target
for hypertension prevention or intervention.

Data from previous studies have reported that high
BMI relates to increased DNA methylation age in a tis-
sue-specific manner [25]. The authors report an unex-
pectedly strong correlation between high BMI and the
epigenetic age of liver tissue and also suggest that the
increased age of liver tissue in obese individuals may
provide insights into liver-related comorbidities of obe-
sity, such as insulin resistance, diabetes, and hepatocel-
lular carcinoma [25]. Recent epidemiologic studies also
showed an association between BMI and liver function
with hypertension in type 2 diabetic outpatients but did
not formally test mediation [26, 27]. We found that liver
indicators (including ALT, AST, GGT, and AST/ALT)
partially mediated the impact of BMI on hypertension,
which may be more relevant in the population than at the
individual level. Given that this mediating effect is par-
tial, BMI may also have a direct impact on hypertension
or an effect through other possible mediators.

In our study, males had stronger BMI-ALT and
BMI-AST/ALT associations than females (all P<0.01).
Females had a stronger BMI-AST and BMI-GGT asso-
ciation than males (all P<0.01). The possible explana-
tion for this finding is the complex interplay of female
and male sex hormones, such as estrogens. The effect of
estrogens on liver enzymes and hypertension received
recently more attention, and it was shown that genetic
mechanisms contribute to body fat distribution in
women and men [28, 29]. Women store fat preferen-
tially in subcutaneous adipose tissue, men store fat
preferentially in the visceral and white adipose tissue.
Aromatase activity in the white adipose tissue increases
estrogen levels in elderly or obese men above those in
women [30]. These estrogens are important to hyper-
tension and liver function disorders in men. Further-
more, at the same BMI, visceral adipose percentage may
be higher in men than in women, which may lead to a
higher risk for poor liver function [31]. Therefore, due
to pronounced differences in the regulation of fatty acid
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metabolism between males and females, statistical anal-
ysis needs to be conducted separately by gender. On the
other hand, Asian women carry greater abdominal and
visceral fat than their Caucasian counterparts with sim-
ilar total adiposity, which may result in a higher meta-
bolic risk for obesity-related diseases, such as diabetes
and hypertension [32, 33]. As with any causal inference
method, mediation analysis requires assumptions to be
made about the causality of the effects in the media-
tion model. Specifically, it is assumed that changes in
BMI cause changes in liver enzymes and that changes
in liver enzymes cause changes in hypertension. In
addition, statistically, liver enzymes were considered as
mediators rather than confounders because the causal
association of BMI with liver enzymes including ALT,
AST, and GGT [34], and the causal association of ALT
and GGT activities with hypertension is supported by
a recent study [15]. The statistical method used in our
study thus enabled us to provide a more straightfor-
ward and robust estimate of the mediation effect.

To date, several studies have examined relationships
between liver dysfunction and the risk of hyperten-
sion [16, 17, 35], however, the results regarding AST/
ALT remain inconclusive. Increasing evidence has sug-
gested that AST/ALT is associated with an increased
risk of cardiovascular diseases, DM, peripheral arterial
disease, and nonalcoholic fatty liver disease. Yet current
information regarding the association between AST/
ALT and hypertension is relatively scarce. A cross-sec-
tional study of 14,220 Chinese hypertensive patients,
and indicated that increased AST/ALT ratio levels were
predictive of all-cause and cardiovascular mortality
among Chinese hypertensive patients [36].

There are several limitations of the current study that
should be clarified. First, although the novelty analytic
methodological framework employed in the present
study has been used previously [14, 37], it has not been
applied to BMI and liver indicators among diabetic
patients. Second, our models were based on measures
of BMI and liver indicators from a single point in time
which might not reflect the risk associated with lifetime
exposure to higher BMI or changes in liver enzymes
over time. Measurement errors could attenuate the
estimates of the mediation. Third, this study adopted a
single mediator model. Multiple mediators may affect
one another, and these mediators may act as confound-
ers of the effects of other mediators [38]. Finally, since
liver diseases such as fatty liver and cirrhosis are of con-
cern, we intend to conduct more advanced professional
surveys at a later date, which would provide extensive
theoretical support for our findings.
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Conclusions

The effect of BMI on hypertension was partly mediated
by liver indicators. This study re-emphasizes the impor-
tance of liver function for hypertension prevention and
intervention and offers opportunities to identify new
targets for hypertension interventions among diabetic
patients.
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