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Abstract

Background The association between liver enzymes and hypertension (HTN) has been reported in some studies and
the findings are inconsistent. This study was conducted to evaluate the association of liver enzymes with HTN among
the Iranian Kurdish population.

Methods This prospective cohort study was a part of the 5-years (2017-2021) follow-up phase of the Ravansar
Non-Communicable Disease (RaNCD) cohort study in Kermanshah province, western Iran.The association between
alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glut amyl transferase (GGT), and alkaline
phosphatase (ALP) and HTN was investigated by Cox proportional-hazard model (CPHM). We used one-to-one
Propensity score matching (PSM) analysis to minimize the effects of confounding factors on the relationship between
liver enzymes and HTN .

Results The full population included a total of 8267 participants. According to PSM, for liver enzyme GGT a total of
3664 participants were analyzed. The results of multivariate CPHM showed there is a relationship between participants
with high level of GGT and had a higher risk of HTN (HR 1.34; 95% Cl: 1.11-1.63). After PSM analysis, the effect of GGT
on HTN remained positive and significant (HR 1.48; 95% Cl: 1.22-1.78). The 5-years incidence rate of HTN in men and
women were 1.27 and 0.81 (person-year), respectively.GGT had the greatest accuracy, which demonstrated an AUROC
of 0.7837.

Conclusion Results of this study showed GGT could be a potential biomarker among liver enzymes for early
detection of HTN. Therefore, monitoring GGT levels is helpful in the early detection of HTN.
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Background

Hypertension (HTN) is one of the most important risk
factors for cardiovascular disease (CVDs) across the
world. Usually, HTN has no symptoms, and various
causes developing it, but it can be controlled with medi-
cations [1]. The prevalence of HTN in different countries
varies from 10% to more than 60% [2], and its average
global prevalence is reported about 22% in 2021 [3].
Based on the evidence, the prevalence of HTN will be
increased to 29.2% in 2025 [4].

Risk factors for HTN are divided into unmodifiable fac-
tors, such as gender, age, and family history, and modi-
fiable factors, such as obesity, sedentary lifestyle, stress,
poor diet, and etc. [2, 5-7]. According to previous stud-
ies, there is a significant association between age, smok-
ing, obesity, high-calorie diet, salt intake, sedentary
lifestyle, literacy, and alcohol with HTN [8-12]. How-
ever, the role of liver enzymes as a risk factor for HTN
has not been well known [13]. The serum levels of the
liver enzymes alanine aminotransferase (ALT), gamma-
glutamyl transferase (GGT), aspartate aminotransferase
(AST), and alkaline phosphatase (ALP) are markers of
liver function [14], and also elevated in liver dysfunctions
and other metabolic disorders [15, 16]. GGT is used to
assess alcohol abuse and oxidative stress [17]. Amino-
transferases (ALT and AST) play an important role in
liver gluconeogenesis and amino acid metabolism [18,
19]. ALP utilize for detection gallbladder and bile duct
disorders [20].

There are limited studies on the relationship between
liver function and HTN incident. Some study such as Tai-
wan cohort study and study on Bangladeshi population,
found that elevated GGT and ALT levels were associated
with the HTN [13, 21]. In Iranian population evidence
illustrated that HTN has become one of the leading
causes of mortality and Disability-adjusted life years
(DALYs), and prevalence rates of HTN are increasing
(overall rate 25% for HTN) [22]. Hence, determining new
factors that help timely diagnose can considerably reduce
the mortality and DALYs rate associated with HTN.

In the previous study, through a cross-sectional sur-
vey on the initial phase of the RaNCD cohort, we estab-
lished that elevated serum levels of GGT and ALP could
increase the incidence risk of HTN[23]. To confirm our
prior results, we conduct a five-year follow-up study on
the same population in the present study. In this study,
we used PSM analysis to overcome the effect of pos-
sible selection bias and to further control for potential
confounding factors. PSM is a tool to adjust a treatment
effect for measured confounders and is so an alternative
to common regression adjustment. PSM first was used
by Rosenbaum and Rubin in 1983, to reduce bias in an
observational study. PSM analysis tries to compare out-
comes between patients who have similar distributions of
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all covariates measured, therefore clarify variable’s effects
on outcome[24].

Methods

Study design and participants

This prospective cohort study was a part of the 5-years
(2017-2021) follow-up phase of the Ravansar Non-Com-
municable Disease (RaNCD) cohort study in Kerman-
shah University of Medical Sciences (KUMS), western
Iran. The RaNCD cohort study, as a part of the PERSIAN
(Prospective Epidemiological Research Studies in Iran)
Cohort, focus on Ravansar constant inhabitants aged
35-65 years of old. All 21 PERSIAN cohort studies used
the same questionnaire and aim to follow up participants
for at least 15 years after enrollment. Ravansar, in west-
ern Iran, is a city in Kermanshah province close to Iraqi
borders. Its residents are mostly Kurdish. The design and
foundations of the PERSIAN cohort study were detailed
here [25].

Inclusion and exclusion criteria

Inclusion criteria of RaNCD cohort study were residency
more than one year in that city, people aged 35—65 years
who live at least 9 months of the year in the area, per-
sons who were willing to participate and complete the
study, people formally consent to participate and were
able to communicate with the research team. In this
study, people had liver disease and/ or used liver medica-
tions (n=210), who had high blood pressure and/ or used
antihypertensive drugs (n=1558), participants in special
health status such as cancer or pregnancy (n=30) and
those who were unwilling to participate in the follow-
up were excluded to eliminate confounding variables.
Finally, out of 10,065 participants in the cohort study,
8267 persons were enrolled in the present study.

Data collection and quality control

Data were collected by our research team at the Cohort
Center, who were well trained in study protocols for
patient entry and data gathering. Demographic data, life-
style risk factors, medical history, and medication use for
previous or current underlying diseases were obtained
with standardized questionnaires. All completed ques-
tionnaires were checked and verified for errors by the
quality control team before final analysis. The patients’
national identification numbers were used to avoid dupli-
cate follow up.

Definition and measurements

All participants were advised to fast for about 10-12 h.
About 5 ml of blood was drawn intravenously and
obtained with a venoject tube. The serum was centri-
fuged at 300 g for 10 min and stored at -20 °C until tested.
Liver enzymes (including ALT, AST, GGT, and ALP)
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The total studies found (n=10065)
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had high blood pressure (n=1558)
had liver disease (n=210)
participants in special health status such as cancer or pregnancy (n=30)

(Excluding:

[ study population (n=8267)

—
)

{ The 5-years (2017-2021) follow-up ]

( Full Population |

[ 3328people with high level of liver enzymes ] [ 4939 people with high level of liver enzymes ] [ 506 new case hypertension ]

[ Propensity Score Matchi

]
)

[ 1832 people with high level of liver enzymes ] [ 1832 people with high level of liver enzymes ]

Fig. 1 Flowchart of study design

were analyzed with an enzymatic colorimetric assay by
Mindray-BS-380 auto analyzer (Mindray, USA). In this
study, Youden’s index was used to determine the best cut
point of liver enzymes, this points had highest sensitiv-
ity and specificity for each liver enzymes. Best cut points
were AST>20.0 U/L, ALT>21.3 U/L, GGT>21.8U/L,
and ALP>194 U/L.

Bio impedance Analyzer (BIA) (In Body 770 Bio space,
Korea) was used to assess the anthropometric measure-
ments. Height was measured with 0.1 cm accuracy with
a stadiometer and weight was measured with 0.5 kg
accuracy. Body mass index (BMI) was computed as body
weight (kg) divided by height (m2). Waist circumference
(WC) was assessed according to cm around the middle of
the body at the upper part of the hip bones.

HTN was measured through a standardized procedure
after 5 min of rest with two measurements of the right
arm and two measurements of the left arm with cuff size
adjusted to arm circumference. The cuff was placed on
the arm at the heart level using a Riester duplex blood
pressure device. There was at least a one-minute interval
between two separate measurements. The average of two
measurements for each arm was calculated. The higher
measurement of two arms was considered the mean of
systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP) [26]. participants with SBP>140 mm Hg and/
or DBP <90 mm Hg and/or taking medicine according to
the doctor’s prescription as hypertensive persons.

Follow up

During follow-up phase, telephone-based question-
naires including the occurrence of death or the incidence
of any medical events, hospitalizations, or diagnostic/

therapeutic care will be annually completed for all par-
ticipants. Also, disease registration centers reports will
be collected if a participant or his/her family does not
answer six phone calls in two weeks, research team will
follow the phone call with a house visit to perform a
face-to-face interview. If a participant has been detected
with a main NCD, research team obtains copies of medi-
cal documents for further assessment and recording. If
needed, medical/physical examinations are applied to
determine a diagnosis. Likewise, medical events forms
will be completed. In the event of death, a verbal autopsy
specialized from for the Iranian population is also com-
pleted Fig. 1.

Statistical analysis
Based on the review of the literature in this field, 21 pos-
sible variables that may affect the relationship between
liver enzymes and the incidence of hypertension were
identified, these variables are a group of confound-
ing variables that include: age; gender; education years;
physical activity; alcohol consumption; body mass index;
smoking status; diabetes melitus; cardiovascular disease;
salt use; family medical history; cholesterol; triglycer-
ide; high-density lipoprotein; low-density lipoprotein;
residence type; socio-economic status; healthy nutrition
index; depression; job; used oil type. Which was used for
adjusted in the full population and PSM, for more infor-
mation on how to segment and measure these variables,
you can refer to RaNCD Cohort protocol [25, 27]. Inci-
dence rate was calculated by dividing the number of new
cases of HTN by the population at risk (person - year).

In this study, PSM was performed using a 1:1 match-
ing protocol without replacement (greedy-matching
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algorithm/nearest neighbor matching), thus participants
with high levels of liver enzymes as the exposure group
were matched with participants with low levels of liver
enzyme as the non-exposure group. We also investigated
the relationship between liver enzymes and the hyperten-
sion in the full population using a Cox proportional-haz-
ard model (CPHM), and P-value<0.05 were considered
significant.

The Akaike information criterion (AIC) and Bayesian
information criterion (BIC) were used to compare the
goodness of model fit for hypertension prediction. The
Nagelkerke pseudo-R2 and the area under the receiver-
operating characteristic curve (AUROC) were calculated
to compare the regular differences in the distribution of
variables between two groups of the study. Decreasing
the level of all mentioned indices is indicated the good-
ness of choosing a model with low regular differences.
We analyzed all data using STATA software version 14.2.

Ethical approval The Research Ethics Committee at
KUMS approved the study protocol (Ethics No. IR. KUMS.
REC.1399.1168). Also, patients were informed about
participating in the study and signed the consent form.
Patient data were kept confidential with the access limited
to two of researchers and the quality control physician.

Results

The full population included a total of 8267 participants
(before excluding participants with missing covariate
data): 4939 in the unexposed group (people with low
level of liver enzymes) and 3328 in the exposed group
(people with high level of liver enzymes). According to
PSM, a total of 1832 unexposed people were matched to
1832 exposed people. The baseline characteristics (demo-
graphic and biochemical markers) and adjusted variables
of the matched and unmatched sample are displayed in
Table 1, and in Supplementary Table 1 (S1) Basic demo-
graphic data of the study population, based on liver
enzymes and variables also Basic biochemical variables of
the study population are showen in Table 2. After 5-years
follow-up, 506 participants developed hypertension. The
5-years incidence rate of HTN in men and women were
1.27 and 0.81 (person-year), respectively.

Cut off point, accuracy, sensitivity, specificity, positive
likelihood ratio, and negative likelihood ratio for liver
enzymes are shown in Table 3. In ROC analysis, GGT
with a cut-off value 21.8 U/L, a sensitivity of 50.0%, a
specificity of 61.0%, LR+of 1.28, LR — of 0.81 an AUROC
of 0.7837 had it has the highest quality of diagnostic value
(accuracy) among liver enzymes Fig. 2.

Also multivariate CPHM showed there is a relation-
ship between participants with high level of GGT and
had a higher risk of HTN (hazard ratio (HR) 1.34; 95%
CI: 1.11-1.63) compared to those with low level of GGT.
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After PSM analysis, the effect of GGT on HTN remained
positive and significant. The results showed probably
that participants with high level of GGT had significantly
higher risk of HTN (HR 1.48; 95% CI: 1.22—-1.78) Table 4.

After PSM analysis, Pseudo-R2 decreased for all liver
enzymes especially GGT, therefore, PSM produced bet-
ter quality models for predicting HTN. GGT had greater
predictive power relative to other liver enzymes in pre-
dicting HTN as measured by the AIC and BIC Table 4.

The standardized mean difference for confounding
variables between the two comparison groups (interven-
tion) was higher than 10% after PSM. The balance in the
distribution of confounding variables is equal between
the two comparison groups Table 5.

After adjusting for 21 variables, gender, age, and body
mass index (BMI) were significant (PV<0.05). Figure 3
show forest plot of HR (95% Cls) before and after PSM
analysis for age, BMI, and sex. After PSM analysis, HR
for men and women were 1.15 and 1.35, HR for normal,
overweight, and obese were 1.7, 1.23, and 1.39, and HR
for 34—-45, 46-55, and 56—65 age groups were 1.18, 1.59,
and 1.91, respectively decreased. Therefore, by properly
propensity score matching, the effect of important con-
founding variables on the outcome can be prevented.

Discussion

In the present study, we investigated the associations
between liver enzymes and the risk of HTN, in Kurd-
ish adults. First of all, The results of multivariate CPHM
showed There is a relationship between participants with
high level of GGT and had a higher risk of HTN com-
pared to those with low level of GGT. However, this asso-
ciation may be greatly influenced by various confounding
factors such as age, gender, marital status, BMI, educa-
tion and etc. Therefore, one-to-one PSM analysis per-
formed to minimize the effects of confounding factors.
After PSM analysis, impose of GGT on HTN risk signifi-
cantly elevated. PMS effect was not observed for other
enzymes. ALT and AST could increase the risk of HTN;
however, these associations were not significant. Also,
after PSM analysis, the effect of ALT and AST on HTN
was decreased. Lastly, there was no relationship between
ALP and HTN.

Our present findings of a positive association between
HTN and GGT activities are confirmed previous results
that showed the GGT activity had effect on elevated
HTN risk significantly[21, 28]. Furthermore, the cur-
rent results accordance with other studies reports. It has
been showed that GGT level is positively associated with
increases in Odd Ratio for HTN [29]. Rahman et al. [13]
and Park et al. [30] showed that the serum GGT activity
had an independent correlation with HTN and they are
elevated in hypertensive persons. Two longitudinal stud-
ies showed that baseline serum GGT was an independent
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Table 3 Cut off point, accuracy, sensitivity, specificity, positive likelihood ratio, and negative likelihood ratio for liver enzymes

Liver enzymes Cut off Aucracy Sensetivity Specificity LR+ LR-
GGT 218 0.78 050 061 1.28 0.81
ALT 213 0.53 0.51 0.52 1.02 0.98
AST 20.0 0.66 0.52 0.53 1.02 0.98
ALP 194 0.68 050 055 1.12 091

GGT: gamma-glutamyl transferase; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase
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Fig. 2 Receiver Operating Characteristic (ROC) for liver enzymes
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Table 4 Adjusted Hazard ratio (aHR) and 95% Cl of the HTN
according to the liver enzymes using CPHM and PSM analysis

Variables

GGT

Goodness of fit
index

ALT

Goodness of fit
index

AST

Goodness of fit
index

ALP

Goodness of fit
index

NO
Yes
p-value
R? peso
AlC
BIC
NO
Yes
p-value
R’ peso
AIC
BIC
NO
Yes
p-value
R’ peso
AIC
BIC
NO
Yes
p-value
R? peso
AlC
BIC

Full population

aHR

(95% Cl)

1
1.34(1.11-1.63)
0.004

0.138
3515.909
3711.570

1
1.12(0.92-1.35)
0.236

0.145

8781.022
9153.064

1
1.07(0.89-1.29)
0.860

0.071

8777.768
9142.791

1
0.98(0.82-1.17)
0.860

0.040

8780.724
9152.766

Propensity score
matching

aHR

(95% Cl)

1
1.48(1.22-1.78)
0.002

0.001

1497.967
1533.68

1
1.07(0.98-1.17)
0.136

0.004

6497.967
7533.68

1
1.03(0.95-1.12)
0474

0.006

687.967
5433.68

1

0.99 (0.91-1.08)
0.898

0.002

457.967
6544.68

Abbreviation: aHR: Adjusted Hazard ratio ;ALT: alanine aminotransferase; AST:
aspartate aminotransferase; GGT: gamma-glutamyl transferase; ALP: alkaline

phosphatase

*Adjusted for variables: Age group; Gender; Residence Type; Education Years;
Socio-economic status; Physical Activity ; Alcohol Consumption; cholesterol;
triglyceride; high-density lipoprotein; low-density lipoprotein; body mass
index; Smoking status; Healthy Nutrition Index; Depression; diabetes mellitus;

cardiovascular disease; Has Job; Salt Use; Oil Type; Family medical history.
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Table 5 The standardized mean difference after propensity

score matching

Variable name The stan-
dardized
mean
difference

Age group 0.28

Gender 0.26

Residence type 0.17

Education Years 0.16

Socio-economic status 0.13

Physical activity 0.11

Alcohol consumption 0.18

Cholesterol 0.14

Triglyceride 0.14

High-density lipoprotein 0.14

Low-density lipoprotein 0.15

Body mass index 0.15

Smoking status 0.19

Healthy Eating Index 0.25

Depression 0.25

Diabetes mellitus 0.13

Cardiovascular disease 0.25

Job 0.12

Salt use 0.11

Used oil type 0.34

Family hypertension 0.11

Factors

Hazard Ratio [95% CI]

Male I
Female

34-45

Ave 2655
56-65

Normal

BMT Over e

Obese !

1251.09-1.80
115[0/92 - 171]
—e sgir7s-809
1.35[1.06 - 1.67]
30123
118[0.25 - 1.41]
g1
1591137 - 1.67]
4.34[3.19 - 4.42]
1.91[157 - 2.01]
312219
117[099 - 171]

173303209
1.23[0/69 - 1.49]

s1ges- 0
1.39[0.68 - 1.55]

Hazard Ratio full population ~ ————

Hazard Ratio propensity score matching——g—

025 050 100
Forest plot of HRs (95% Cls)

Fig. 3 Forest plot of HR (95% Cls) before and after PSM for Age, BMI, and

sex
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including age, BMI, lipids, smoking, physical activities
and etc. to examine the relationship between HTN and
liver enzymes.

Conclusion

In conclusion, the higher serum GGT level was posi-
tively associated with the prevalence of HTN in Kurd-
ish adults. This study showed that GGT has a potential
diagnostic value for HTN. Therefore, monitoring GGT
levels is helpful in the early detection of HTN. Further
studies are needed to confirm the mechanisms between
increased liver enzymes and develop HTN in the general
population.
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