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Abstract
Few epidemiological studies have examined the association between serum aminotransferase levels and hypertension, and have
yielded inconsistent results.
A cross-sectional study was performed in a Chinese rural elderly population. A total of 2174 participants with normal range of

aminotransferase levels and without excessive drinking were included in the present study. Alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) levels were measured on fasting morning serum samples using the Kinetic method. Hypertension
was defined as systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg and/or receiving treatment for
hypertension. Multiple logistic regression was used to estimate the association between gender-specific aminotransferase levels and
hypertension.
Increased serum ALT but not AST level was positively associated with hypertension. After adjusting for potential confounding

variables, the association of hypertension and ALT level was only significant in women: for each 1 IU/L elevation of ALT level, the
adjusted odds ratio (OR), and corresponding 95% confidence interval (CI) of hypertension was 1.04 (1.01, 1.07); the ORs of
hypertension increased across tertiles of ALT, and the ORs (95% CIs) were 1.00, 1.17 (0.85, 1.60), and 1.63 (1.15, 2.31 (P value for
trend= .021). Furthermore, the association was only significant in central obesity women or nondrinking women.
ALT level was significantly associated with hypertension only in women in a Chinese rural elderly population. Further studies are

warranted to explore the possible gender-related association and to extend them to different populations.

Abbreviations: ALT = alanine aminotransferase, AST = aspartate aminotransferase, BMI = body mass index, CI = confidence
interval, GGT = gamma- glutamyltransferase, NAFLD = nonalcoholic fatty liver disease, OR = odds ratio, WC =waist circumference.
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1. Introduction

Hypertension remains the biggest single contributor to the global
burden of disease and mortality.[1] Kearney et al[2] reported that
the number of people affected by hypertension was predicted to
increase by about 60% in 2025 in almost all parts of the world.
Hypertension is one of the most important treatable risk factors
for stroke, many forms of coronary heart disease, cognitive
decline, and dementia.[3–5] Thus, it is important to identify the
risk factors of hypertension and to prevent the progression of
hypertension and its subsequent-related diseases.
It has been suggested that nonalcoholic fatty liver disease

(NAFLD) is caused by accumulation of fat in the liver of the
individuals who are not excessive alcohol users.[6] Exercise habits
of patients with NAFLDmay benefit the parameters of metabolic
syndrome.[7] Serum markers of liver injury, such as gamma-
glutamyltransferase (GGT), aspartate aminotransferase (AST),
and alanine aminotransferase (ALT), are also increased in
NAFLD patients.[8] Apart from liver diseases, accumulating
evidence has shown that GGT is a risk indicator for hypertension
in different countries.[9–16] However, few epidemiological studies
have examined the association between serum aminotransferase
levels and hypertension, and have yielded inconsistent results.
Some researchers reported that ALT level was associated with an
increased risk of elevated blood pressure,[14–16] whereas other
studies did not observe a significant association.[9,10]
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Figure 1. Flow diagram of the study participants.
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The measurements of AST and ALT involve simple, inexpen-
sive, and routine liver function tests, and thus it is of interest to
establish the possible association between aminotransferase
levels and hypertension. If the association exists, it can help to
monitor the risk of hypertension in the routine test with low cost.
Therefore, we conducted a cross-sectional study to investigate the
association of aminotransferase (AST and ALT) levels with
hypertension and to explore its possible gender difference in
Chinese rural elderly participants.
2. Design and methods

2.1. Study design

Detailed study design has been published in our previous
study.[17] In brief, a cross-sectional study was conducted in
Jugezhuang and Fengjiayu towns of Miyun district from May to
September 2014. These places are representative of the
geographic and economic characteristics of Chinese rural.
Residents were eligible to select following the standards: aged
60 years and above; had lived in the local district for 1 year and
above. Of the selected 26 villages, a total of 2589 eligible
residents were invited to join in the study. Finally, 2397
participants completed the survey (response rate: 92.6%). Signed
informed consent was obtained from each participant. Informa-
tion on the project objectives (data were used only for scientific
research) measurement, and data collection methods were
2

reported on a form. We further excluded the participants with
unknown alcohol use (n=3) or missing ALT or AST information
(n=4). Participants with excess alcohol consumption (>20g/d
for females and >30g/d for males, n=78) or self-reported liver
diseases (n=7) were also excluded to avoid the presence of
alcoholic liver disease. To eliminate individuals with potential
liver pathology, an additional 131 participants with abnormal
ALT or AST level (>35.0 IU/L in females and >40.0 IU/L in
males) were excluded.[14] Finally, 2174 participants (846 males
and 1328 females) with normal range of aminotransferase levels
were included in the present study. Independent Ethics Commit-
tee of the Chinese People’s Liberation Army General Hospital
(EC0411-2001) approved the present project. Figure 1 shows the
detailed flow diagram of the study participants.

2.2. Data collection and measurement

All participants completed a face-to-face interview with a
standardized questionnaire. Socio-demographic factors (age,
gender, educational level, marital status, etc.), medical history,
family history of hypertension, and lifestyle behaviors (physical
activity, use of tobacco and alcohol, etc.) were collected by
trained nurses.
Levels of education were collected based on self-reported years

of formal schooling. Education levels were categorized as �6
years (primary school and below, including 0–6 years of formal
schooling) and >7 years (primary school and above, including



Table 1

Baseline characteristics of study participants with aminotransfer-
ase levels at the normal range.

Characteristics Males (n=846) Females (n=1328) P

Mean±SD
Age, y 70.0±6.7 69.1±6.8 .003
Height, cm 164.7±6.5 155.7±6.2 <.001
Weight, kg 63.7±9.4 60.0±10.1 <.001
BMI, kg/m2 23.5±3.0 24.7±3.7 <.001
WC, cm 87.5±8.5 88.8±9.1 .001
Systolic BP, mm Hg 132.3±17.7 135.2±18.3 <.001
Diastolic BP, mm Hg 79.5±11.7 80.1±12.2 .279
TC, mmol/L 4.4±0.9 4.9±1.0 <.001
TG, mmol/L 1.1±0.7 1.6±1.0 <.001
FPG, mmol/L 5.7±1.5 6.1±1.9 <.001
ALT, IU/L 16.9±5.9 16.6±5.5 .311
AST, IU/L 22.9±4.7 21.6±4.0 <.001

N (%)
Educational (>7 y) 220 (26.0) 99 (7.5) <.001
Married 688 (81.3) 947 (71.2) <.001
Current drinker 560 (66.2) 333 (25.1) <.001
Current smoker 425 (50.2) 50 (3.8) <.001
Physical activity (≥1 h/d) 380 (44.9) 711 (53.5) <.001
Prevalence of hypertension 380 (44.9) 745 (56.1) <.001

Aminotransferase levels �35.0 U/L in females and �40.0 U/L in males.
ALT= alanine aminotransferase, AST= aspartate aminotransferase, BMI=body mass index, BP=
blood pressure, FPG= fasting blood glucose, SD= standard deviation, TC= total cholesterol, TG=
triglycerides, WC=waist circumference.
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more than 7 years of formal schooling). Physical activity was
measured based on the self-reported total minutes of physical
activity per day.
The height, weight, and blood pressure of each participant

were measured by trained nurses according to a standardized
protocol. Height and weight were measured after removing
shoes and heavy clothes. Waist circumference (WC) was
measured midway between the lower rib margin and iliac crest
while participants were in the standing position. Body mass
index (BMI) was calculated as weight (kilograms) divided by
the height (squared in meters). Cigarette smoking was defined
as having smoked ≥1 cigarette per day for ≥1 year.[18] Alcohol
consumption was defined as drinking alcohol ≥12 times during
the past year.[19] Central obesity was defined as WC ≥85cm for
males and ≥80cm for females.[20] Overnight fasting blood
specimens were obtained from measure of serum lipids and
glucose, and the samples were sent to the central certified
laboratory of Chinese People’s Liberation Army general
hospital within <30 minutes.
2.3. Measurement of aminotransferase levels and
definitions

AST and ALT levels were measured on fasting morning serum
samples using the Kinetic method. We analyzed the data
separately for male and female participants because of their
different baseline characteristics and prevalence of hypertension.
The gender-specific tertiles of ALT at the normal range were
�13.64, 13.65 to 18.00, and 18.01 to 40.00 IU/L in males, and
�13.57, 13.58 to 17.87, and 17.88 to 35.00 IU/L in females;
tertiles of AST were �20.43, 20.44 to 24.42, and 20.43 to 40.00
IU/L in males, and �19.51, 19.52 to 22.99, and 23.00 to 35.00
IU/L in females.
3

2.4. Blood pressure measurement and definitions

All participants were informed to avoid the use of cigarette,
alcohol, coffee, or tea prior to the survey. Two blood pressure
measurements were obtained from the right arm of each
participant using a standardized mercury sphygmomanometer.
If the difference between the 2 recordings was more than 5 mm
Hg, the third measurement was recorded. The final measurement
was recorded as the average value of the last 2 measurements.
Hypertension was defined as systolic blood pressure ≥140 mm
Hg and/or diastolic blood pressure ≥90 mm Hg and/or receiving
hypertension treatment in the previous 2 weeks.[21]
2.5. Statistical analysis

Data were entered using Epidata software (3.1). All analyses were
performed using SPSS software (SPSS Inc., Chicago, IL) for
Windows (19.0). A 2-sided P value of <.05 was considered
statistically significant.
Descriptive data were described as mean± standard deviation

or percentage for continuous or categorical variables. T and Chi-
squared tests were used to assess the significance of difference
between means and proportions. Multiple logistic regression
analysis was used to estimate the association between gender-
specific aminotransferase levels and the prevalence of hyperten-
sion. We calculated the unadjusted and adjusted odds ratios
(ORs) and corresponding 95% confidence intervals (CIs) of
continuous and tertiles for aminotransferase levels in the
prevalence of hypertension.
3. Results

Baseline characteristics of study participants with normal range
of aminotransferase levels are presented in Table 1. The mean age
of the 2174 participants were 69.5±6.8 years, ranged between
60 and 95 years. The female participants had a significantly
higher prevalence of hypertension (56.1%) compared with the
males (44.9%). The average values of ALT and AST were 16.9±
5.9 and 22.9±4.7 IU/L in males and 16.6±5.5 and 21.6±4.0 IU/
L in females. Male participants had a significantly higher level of
AST than the females.
3.1. Association between aminotransferase levels and
hypertension

Table 2 presents the OR (95% CI) of hypertension per 1 IU/L
elevation of aminotransferase levels at the normal range. AST
was not significantly associated with hypertension both in men
and women. ALT was significantly associated with hypertension:
for each 1IU/L elevation of ALT level, the adjusted OR (95% CI)
of hypertension was 1.05 (1.03, 1.07) in women and 1.03 (1.00,
1.05) in men, after adjusting for age. However, the association
was no longer significant in men after adjusting for age,
educational level, marital status, alcohol and cigarette use,
physical activity, and family history of hypertension (model 2), or
adjusted as described above plus BMI, total cholesterol, and
fasting plasma glucose (model 3); but the associations remained
significantly in women, and the adjusted ORs (95% CIs) of
models 2 and 3 were 1.06 (1.03, 1.08) and 1.04 (1.01, 1.07),
respectively.
Table 3 presents the OR (95%CI) of hypertension by tertiles of

aminotransferase levels at the normal range. Similar to Table 2,
tertiles of AST were not significantly associated with hyperten-
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Table 2

OR (95% CI) of hypertension per 1 IU/L elevation of aminotrans-
ferase levels at the normal range.

OR (95% CI) P

Males (n=846)
ALT, IU/L
Model 1 1.03 (1.00, 1.05) .024
Model 2 1.03 (1.00, 1.06) .064
Model 3 1.01 (0.98, 1.04) .759

AST, IU/L
Model 1 1.01 (0.98, 1.04) .395
Model 2 1.03 (0.99, 1.07) .110
Model 3 1.03 (0.99, 1.07) .173

Females (n=1328)
ALT, IU/L
Model 1 1.05 (1.03, 1.07) <.001
Model 2 1.06 (1.03, 1.08) <.001
Model 3 1.04 (1.01, 1.07) .007

AST, IU/L
Model 1 1.02 (1.00, 1.05) .118
Model 2 1.02 (0.99, 1.06) .154
Model 3 1.03 (1.00, 1.07) .093

Aminotransferase levels �35.0 U/L in females and �40.0 U/L in males.
Model 1: adjusted for age; Model 2: adjusted for age, educational level, marital status, alcohol and
cigarette use, physical activity, and family history of hypertension; Model 3: adjusted as described for
model 2 plus body mass index, total cholesterol, and fasting plasma glucose.
ALT= alanine aminotransferase, AST= aspartate aminotransferase, CI= confidence interval, OR=
odds ratio.
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sion both in men and women. There were some evidence of
significant association between the highest tertile of ALT and
hypertension in men, and the adjusted ORs (95% CIs) of models
1 and 2were 1.45 (1.03, 2.04) and 1.57 (1.05, 2.33), respectively.
The ORs of hypertension increased across tertiles of ALT in
women, and the ORs (95%CIs) were 1.00, 1.17 (0.85, 1.60), and
1.63 (1.15, 2.31) (P value for trend= .021), after adjusting for
confounding factors (model 3).
3.2. Impact of other risk factors on the association

To examine the possible confounding effects, we evaluated the
association between hypertension and tertiles of ALT levels by
the presence of other risk factors. Table 4 shows that the
association was only significant in the women with central
obesity, and the ORs (95% CIs) of hypertension increased across
tertiles of ALT from 1.00, 1.40 (1.04, 1.89) to 1.87 (1.38, 2.54)
(P value for trend= .021) after adjusting for confounding factors
(model 3). Table 5 shows that the association was remain
significant in the nondrinking women, and the ORs (95% CIs) of
hypertension increased across tertiles of ALT from 1.00, 1.31
(0.90, 1.91) to 1.71 (1.15, 2.56) (P value for trend= .032) (model
3). In female drinkers, the association was borderline significant
in the highest tertile of ALT, and the adjusted OR (95% CI) of
model 3 was 1.77 (0.99, 3.15).
4. Discussion

In a Chinese rural elderly population, increased serum ALT but
not AST level was independently associated with hypertension,
but this association was only significant in women. Previous
epidemiological studies examined the association have yielded
inconsistent findings. Our study supported several previous
studies which reported the positive association of increased ALT
4

but not AST level. In addition, we provided evidence for the
association in the normal range of ALT level among the Chinese
elderly people, which indicated that even mild ALT elevation as a
sensitive indicator for hypertension. ALT is a specific marker of
liver pathology and a strong biomarker for hepatic insulin
sensitivity and liver fat accumulation; however, AST is less liver-
specific, and it is released by damage to the liver, and also tissues
and organs.[22] Significant associations between ALT level and
the development of diabetes, stroke, and vascular disease have
been previously reported.[23–25] Considering the highly comor-
bidity between hypertension and those chronic diseases, the
above findings may partly support our finding.[23–25] The
mechanism of the association is not fully understood and still
required to be studied in the future.
We observed a gender difference in the relationship of ALT

level and hypertension. One possible explanation of the gender
difference is that the causes of ALT elevation may differ by sex.
For example, if other factor is a main cause of elevated ALT in
men but not in women, the relationship may be different by sex.
In addition, the negative finding might be due to low statistical
power. The proportion of men with excessive alcohol consump-
tion was large, and excessive drinkers were excluded from the
analysis sample; as a result, the total number of male participants
was relatively small. In fact, we observed an evidence of
significant association in men, but the association was nonsignif-
icant after adjusting for confounding factors. The association of
ALT level and hypertension may be dependent of other
confounding factors in men. Additional studies are needed to
explore the potential gender difference of the association.
Further analysis revealed that the effect of elevated ALT on

hypertension was only significant in women with increased
central fat distribution. This indicates that obesity enhances the
effect of ALT, and fatty liver may represent an important
underlying mechanism for this association. Moreover, the
association between hepatic insulin sensitivity and fatty liver
has been shown in several clinical studies.[26] As a stronger
biomarker of hepatic insulin sensitivity, it is mechanically
supported the association between ALT level and hypertension.
Furthermore, we found that the association was existed in
nondrinkers, which indicated that the association was not solely
caused by alcohol consumption. The above finding is in
accordance with previous study which reported that ALT is an
epidemiological marker of NAFLD.[8] Borderline significant
association was observed in the relationship of ALT level with
hypertension in women drinkers, we conjectured that the small
number of female drinkers (about 100 participants in each
subgroup) limited us to observe the potential association.
Limitations of the present study should be illustrated. First,

because of the cross-sectional design, causal relationship cannot
be established. Second, elevations of serum aminotransferase
levels are not specific, other diseases, such as hepatitis, chronic
disease, and biliary diseases can also involved elevated
aminotransferase levels. Third, blood pressure and aminotrans-
ferase levels were measured only in a single day, and thus possible
misclassification might have been given. Fourth, some important
risk factors were relied on self-report, measurement bias cannot
be avoided. For instance, alcohol consumption was linked with
both aminotransferase levels and elevated blood pressure, a
measurement error in alcohol use might lead to residual
confounding. Finally, we cannot control other unmeasured
confounding variables in the analysis, and the absence of
potential confounders may have contributed to our findings.
Prospective studies are required to evaluate the role of elevated



Table 3

OR (95% CI) of hypertension by tertile of aminotransferase levels at the normal range.

No.

OR (95% CI) P
Model 1 Model 2 Model 3

Males 846
ALT, IU/L
T1 (�13.64) 280 1.00 1.00 1.00
T2 (13.65–18.00) 284 1.20 (0.86, 1.68) .288 1.33 (0.89, 1.98) .162 1.14 (0.75, 1.72) .537
T3 (18.01–40.00) 282 1.45 (1.03, 2.04) .032 1.57 (1.05, 2.33) .026 1.19 (0.78, 1.81) .420
P value for trend .101 .079 .431

AST, IU/L
T1 (�20.43) 282 1.00 1.00 1.00
T2 (20.44–24.42) 282 1.08 (0.78, 1.51) .643 1.17 (0.80, 1.72) .423 1.21 (0.82, 1.81) .341
T3 (20.43–40.00) 282 1.28 (0.92, 1.79) .147 1.43 (0.95, 2.15) .086 1.45 (0.95, 2.21) .085
P value for trend .333 .228 .223

Females 1328
ALT, IU/L
T1 (�13.57) 442 1.00 1.00 1.00
T2 (13.58–17.87) 444 1.32 (1.01, 1.74) .042 1.30 (0.95, 1.77) .104 1.17 (0.85, 1.60) .345
T3 (17.88–35.00) 442 1.88 (1.42, 2.49) <.001 2.06 (1.47, 2.87) <.001 1.63 (1.15, 2.31) .006
P value for trend <.001 <.001 .021

AST, IU/L
T1 (�19.51) 442 1.00 1.00 1.00
T2 (19.52–22.99) 438 0.85 (0.65, 1.11) .223 0.81 (0.60, 1.09) .165 0.84 (0.61, 1.14) .261
T3 (23.00–35.00) 448 1.11 (0.85, 1.45) .453 1.14 (0.83, 1.58) .417 1.18 (0.85, 1.65) .332
P value for trend .138 .098 .120

Model 1: adjusted for age; Model 2: adjusted for age, educational level, marital status, alcohol and cigarette use, physical activity, and family history of hypertension; Model 3: adjusted as described for model 2
plus body mass index, total cholesterol, and fasting plasma glucose.
ALT= alanine aminotransferase, AST= aspartate aminotransferase, CI= confidence interval, OR= odds ratio.

Table 4

Odds ratio (95% CI) of hypertension by tertile of ALT levels at the normal range by central obesity.

No.

Odds ratio (95% CI) P
Model 1 Model 2 Model 3

ALT of males, IU/L
Normal WC (<85 cm) 293
T1 (�13.64) 116 1.00 1.00 1.00
T2 (13.65–18.00) 100 1.12 (0.64, 1.96) .698 0.86 (0.42, 1.74) .665 0.84 (0.41, 1.73) .637
T3 (18.01–40.00) 77 0.92 (0.49, 1.70) .781 1.08 (0.49, 2.38) .850 0.97 (0.43, 2.17) .934
P value for trend .820 .852 .890

Central obesity (≥85 cm) 553
T1 (�13.64) 164 1.00 1.00 1.00
T2 (13.65–18.00) 184 1.18 (0.77, 1.81) .437 1.40 (0.84, 2.33) .194 1.30 (0.77, 2.19) .321
T3 (18.01–40.00) 205 1.57 (1.03, 2.39) .038 1.55 (0.95, 2.55) .082 1.36 (0.82, 2.25) .238
P value for trend .106 .197 .452

ALT of females, IU/L
Normal WC (<80 cm) 187
T1 (�13.57) 88 1.00 1.00 1.00
T2 (13.58–17.87) 66 0.87 (0.45, 1.70) .688 0.87 (0.39, 1.93) .725 0.88 (0.38, 1.99) .749
T3 (17.88–35.00) 33 0.99 (0.43, 2.29) .985 1.62 (0.60, 4.39) .347 1.55 (0.55, 4.35) .405
P value for trend .914 .507 .580

Central obesity (≥80 cm) 1141
T1 (�13.57) 354 1.00 1.00 1.00
T2 (13.58–17.87) 378 1.41 (1.05, 1.91) .023 1.34 (0.95, 1.89) .094 1.40 (1.04, 1.89) .028
T3 (17.88–35.00) 409 1.94 (1.43, 2.63) <.001 2.00 (1.39, 2.87) <.001 1.87 (1.38, 2.54) <.001
P value for trend <.001 .001 <.001

Model 1: adjusted for age; Model 2: adjusted for age, educational level, marital status, alcohol and cigarette use, physical activity, and family history of hypertension; Model 3: adjusted as described for model 2
plus body mass index, total cholesterol, and fasting plasma glucose.
ALT= alanine aminotransferase, CI = confidence interval, WC=waist circumference.
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aminotransferase levels in the development of hypertension.
Experimental studies are needed to support the epidemiological
5

evidence and to explore the biological mechanisms underlying the
possible gender-related association.
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Table 5

Odds ratios of hypertension by tertile of ALT levels at the normal range by current alcohol use.

No.

Odds ratio (95% CI) P
Model 1 Model 2 Model 3

ALT of males, IU/L
Nondrinkers 286
T1 (�13.64) 89 1.00 1.00 1.00
T2 (13.65–18.00) 106 1.07 (0.60, 1.88) .828 1.39 (0.69, 2.78) .355 1.21 (0.57, 2.59) .624
T3 (18.01–40.00) 91 1.19 (0.65, 2.15) .574 1.41 (0.69, 2.85) .346 1.15 (0.54, 2.46) .719
P value for trend .850 .564 .881

Drinkers 560
T1 (�13.64) 191 1.00 1.00 1.00
T2 (13.65–18.00) 178 1.29 (0.85, 1.96) .235 1.33 (0.81, 2.18) .265 1.18 (0.71, 1.96) .521
T3 (18.01–40.00) 191 1.62 (1.07, 2.47) .023 1.67 (1.03, 2.72) .038 1.30 (0.78, 2.17) .321
P value for trend .075 .115 .599

ALT of females, IU/L
Nondrinkers 995
T1 (�13.57) 316 1.00 1.00 1.00
T2 (13.58–17.87) 331 1.42 (1.03, 1.95) .031 1.43 (0.99, 2.06) .057 1.31 (0.90, 1.91) .156
T3 (17.88–35.00) 348 1.88 (1.36, 2.59) <.001 2.17 (1.47, 3.19) <.001 1.71 (1.15, 2.56) .009
P value for trend .001 <.001 .032

Drinkers 333
T1 (�13.57) 126 1.00 1.00 1.00
T2 (13.58–17.87) 113 1.09 (0.64, 1.85) .750 1.00 (0.54, 1.82) .990 1.03 (0.61, 1.76) .908
T3 (17.88–35.00) 94 1.87 (1.06, 3.29) .032 1.96 (0.99, 3.89) .053 1.77 (0.99, 3.15) .053
P value for trend .073 .098 .100

Model 1: adjusted for age; Model 2: adjusted for age, educational level, marital status, cigarette use, physical activity, and family history of hypertension; Model 3: adjusted as described for model 2 plus body
mass index, total cholesterol, and fasting plasma glucose.
ALT= alanine aminotransferase, CI = confidence interval.
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5. Conclusions

In conclusion, ALT level was significantly associated with
hypertension only inwomen in a Chinese rural elderly population.
Further studies are warranted to explore the possible gender-
related association and to extend them to different populations.
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