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Abstract

Background: Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) to ALT ratio (AST/ALT ratio) have
been shown to be related to non-alcoholic fatty liver disease or insulin resistance, which was associated with
chronic kidney disease (CKD). However, it is unclear whether ALT and AST/ALT ratio are associated with CKD. In this
study, we examined the relationship of ALT and AST/ALT ratio to CKD among middle-aged females in Japan.

Methods: The present study included 29,133 women aged 40 to 64 years who had an annual health checkup in
Japan during April 2013 to March 2014. Venous blood samples were collected to measure ALT, AST, gamma-
glutamyltransferase (GGT), and creatinine levels. In accordance with previous studies, ALT > 40 U/L and GGT > 50 U/L
were determined as elevated, AST/ALT ratio < 1 was regarded as low, and CKD was defined as estimated glomerular
filtration rate < 60 mL/min/1.73 m? and/or proteinuria. Logistic regression model was used to calculate the odds
ratio (OR) and 95% confidence interval (Cl) for CKD.

Results: “Elevated ALT and elevated GGT” and “elevated ALT and non-elevated GGT” significantly increased the OR
for CKD when compared with “non-elevated ALT and non-elevated GGT” (OR: 2.56, 95% Cl: 2.10-3.12 and OR: 2.24,
95% Cl: 1.81-2.77). Compared with “AST/ALT ratio 2 1 and non-elevated GGT", “AST/ALT ratio < 1 and elevated
GGT" and “AST/ALT ratio < 1 and non-elevated GGT" significantly increased the OR for CKD (OR: 2.73, 95% Cl: 2.36—
3.15 and OR: 1.68, 95% Cl: 1.52-1.87). These findings still remained after adjustment for confounders.

Conclusions: Elevated ALT was associated with CKD regardless of GGT elevation. Moreover, low AST/ALT ratio was
also associated with CKD independent of GGT elevation.

Keywords: Alanine aminotransferase, Aspartate aminotransferase/alanine aminotransferase ratio, Chronic kidney
disease

* Correspondence: h-ochiai@med.showa-u.acjp

'Department of Hygiene, Public Health and Preventive Medicine, Showa
University School of Medicine, 1-5-8 Hatanodai, Shinagawa-ku, Tokyo
142-8555, Japan

Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12882-020-02144-6&domain=pdf
http://orcid.org/0000-0003-0450-0718
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:h-ochiai@med.showa-u.ac.jp

Ochiai et al. BMIC Nephrology (2020) 21:471

Background

The mortality rate in patients with chronic kidney disease
(CKD) is reported to be much higher than that in non-
CKD patients [1]. In addition, CKD patients have a strong
risk of cardiovascular disease [2]. Moreover, health-related
quality of life is substantially lower in CKD patients than
in the general population [3] and CKD imposes substantial
economic burden on affected individuals [4]. Therefore,
CKD is a major public health problem.

The prevalence of CKD in Japan was reported to be
higher than that in other countries [5]. Imai et al. showed
that approximately 13% of Japanese adults were CKD [6].
Moreover, a previous study in Japan demonstrated that the
proportion of individuals who developed CKD over 10 years
was 19.2% in adults aged 40 years or over [7]. Thus, it is
very important to prevent CKD among adults in Japan.

A recent study showed that non-alcoholic fatty liver dis-
ease (NAFLD) was associated with CKD [8]. Elevated
levels of alanine aminotransferase (ALT), lower aspartate
aminotransferase (AST) to ALT ratio (AST/ALT ratio),
and elevated gamma-glutamyltransferase (GGT) are com-
monly used markers of liver injury and non-invasive indi-
cators of NAFLD [9]. Some studies reported that GGT
was associated with CKD [10-12]. However, there are no
studies reporting on the relationship of elevated ALT and
lower AST/ALT ratio to CKD. We hypothesized that ele-
vated ALT and low AST/ALT ratio were associated with
CKD and the associations differed by GGT elevation.

Accordingly, the present study investigated the rela-
tionship of elevated ALT and low AST/ALT ratio to
CKD by considering GGT among adults in Japan.

Methods

Subjects

Because the interest of women’s health is increasing
worldwide and measures against health problems in
middle-aged women are necessary for a healthy life ex-
pectancy in old age [13], our study group aimed at pre-
venting lifestyle-related diseases including CKD among
middle-aged women. Thus, the present study subjects
were women aged 40 to 64 years old who had an annual
health checkup performed by the All Japan Labor Wel-
fare Foundation, a health service center in Japan, during
April 2013 to March 2014. Of 105,218 subjects, 105,200
agreed with the use of their health checkup data for this
study. Of 105,200 participants, serum creatinine levels
were measured in 40,658. We excluded 11,525 partici-
pants from the analysis due to missing data. Thus, 29,
133 participants were analyzed in our study.

Weritten informed consent for the use of the data in this
study was obtained from all participants. The Medical
Ethics Committee of Showa University School of Medi-
cine (Approval No. 2133) and the Ethics Committee of
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the All Japan Labor Welfare Foundation (Approval No. 2-
1-0003) approved the study protocol.

Data collection

A self-administered questionnaire, which was recom-
mended for specific health examination by Ministry of
Health, Labour and Welfare, was used to collect the in-
formation regarding smoking status and alcohol intake.

Height and weight of each participant were measured
to the nearest 0.1 cm and 0.1 kg, respectively. Body mass
index (BMI) was calculated as weight (kg) divided by
squared height (m). Blood pressure was measured in the
sitting position using an automated machine (HEM-907,
Omron, Kyoto, Japan).

A venous blood sample was collected from each partici-
pant, and stored in a cooler at 4 °C for transportation to
an external laboratory (SRL, Tokyo, Japan). High-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol  (LDL-C), triglycerides, blood glucose,
hemoglobin Alc (HbAlc), ALT, AST, GGT, and creatin-
ine levels were measured within 24 h of the blood being
drawn. HDL-C and LDL-C were determined by a direct
method (AU5400, Beckman Coulter, CA, USA), and tri-
glyceride levels were measured by an enzyme method
(AU5400, Beckman Coulter). Blood glucose levels were
obtained using the hexokinase method (AU5400, Beck-
man Coulter), and HbA1lc was measured by a latex agglu-
tination method (JCA-BM9130, JEOL, Tokyo, Japan).
ALT, AST, and GGT were measured by Japan Society of
Clinical Chemistry transferable method (AU5400, Beck-
man Coulter). Serum creatinine levels were determined by
an enzyme method (AU5400, Beckman Coulter). The esti-
mated glomerular filtration rate (eGFR) was calculated
using the following formula: eGFR = 194 x (serum creatin-
ine %% x (age®?**”) x 0.739. Urinary analysis was per-
formed by dipstick testing. Urinary protein levels were
measured as -, £, 1+, 2+, or 3 +.

Definitions

Hypertension was defined as systolic blood pressure >
140 mmHg, diastolic blood pressure > 90 mmHg, or tak-
ing medication for hypertension [14]. Dyslipidemia was
defined as LDL-C =140 mg/dl, HDL-C <40 mg/dl, tri-
glycerides =150 mg/dl, or taking medication for dyslipid-
emia [15]. Diabetes was regarded as having a fasting
plasma glucose (= 8 h after the last caloric intake [16]) >
126 mg/dl, a random plasma glucose >200 mg/dl, an
HbA1lc (National Glycohemoglobin Standardization Pro-
gram) > 6.5%, or taking medication for diabetes [15].

In accordance with previous studies, elevated ALT was
defined as more than 40 U/L [17, 18]. Low AST/ALT ra-
tio was regarded as less than 1 [19]. Elevated GGT was
determined as more than 50 U/L [20, 21]. Based on the
criteria of Japan Society for the Study of Obesity [22],



Ochiai et al. BMIC Nephrology (2020) 21:471

obesity was defined as BMI 25 kg/m” According to
previous studies [10, 11, 23], CKD was defined as eGFR
<60 mL/min/1.73 m* and/or urinary protein of 1+ or
more (proteinuria). GFR stages G3a-G5 were determined
as follows; G3a (eGFR: 45-59), G3b (30-44), G4 (15-29)
and G5 (< 15) [24]. Proteinuria stages were classified into
the following three stages; A1l (- or t), A2 (1+ or 2+)
and A3 (= 3+) [25].

Statistical analyses

Data were presented as mean (standard deviation) for con-
tinuous variables and n (%) for categorical variables. Be-
cause the distributions of data for creatinine, ALT, and
GGT levels were highly skewed, the data were shown as
medians (25 percentile, 75 percentile). Unpaired t-test,
Wilcoxon’s rank sum test, or chi-squared test was used to
compare characteristics between the group with CKD and
the group without CKD. Logistic regression model was
used to calculate the odds ratio (OR) and 95% confidence
interval (CI) for CKD. First, a crude OR was calculated in
the model. Next, we controlled for age, smoking status, al-
cohol intake, obesity, hypertension, dyslipidemia, and dia-
betes as confounders [23, 26, 27].

A P value < 0.05 was considered statistically significant.
Statistical analyses were performed using Statistical Ana-
lysis System (SAS) software (version 9.4; SAS Institute
Inc., Cary, NC, USA).

Results

Table 1 shows the characteristics of the study partici-
pants. The CKD group (n =2677) was older and was
more likely to be obese than the non-CKD group (n =
26,456); the mean age and the proportion of obesity
were 53.4 years and 29.3% in the CKD group and 50.4
years and 18.5% in the non-CKD group. There were sta-
tistically significant differences in smoking status (P
value < 0.001) and alcohol intake (P value <0.001). The
proportions of hypertension, dyslipidemia, and diabetes
in the CKD group (36.8, 50.7 and 7.2%) were signifi-
cantly higher than those in the non-CKD group (28.9,
40.8 and 3.4%). ALT and GGT levels were significantly
higher in the CKD group (the median ALT: 18 U/L and
the median GGT: 23 U/L) than in the non-CKD group
(15U/L and 18 U/L). In contrast, AST/ALT ratio in the
CKD group was significantly lower than that in the non-
CKD group (the mean AST/ALT ratio: 1.21 vs. 1.30, P
value < 0.001).

In the CKD group, proportions of women were 82.0, 6.2,
0.7 and 0.3% for G3a, G3b, G4 and G5. In addition, those
of women for A1, A2 and A3 were 86.0, 12.5 and 1.5%.

Table 2 shows the ORs and 95% ClIs of elevated ALT,
low AST/ALT ratio, and elevated GGT for CKD. Ele-
vated ALT (OR: 2.23, 95% CI: 1.92-2.58) and low AST/
ALT ratio (1.82, 1.66—1.99) significantly increased the
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Table 1 Characteristics of study participants

CKD Non-CKD P value®

(n =2677) (n =26,456)
Age (years) 534 (6.6) 504 (6.9) <0.001
Height (cm) 161.6 (8.3) 157.3 (5.9 <0.001
Weight (kg) 614 (124) 549 (9.7) < 0.001
Body mass index (kg/m?) 234 (4.0) 22.1(3.7) <0.001
Obesity 784 (29.3) 4885 (18.5) <0.001
Smoking status

Current 592 (22.1) 4810 (18.2) <0.001

Former 324 (12.1) 1776 (6.7)

None 1761 (65.8) 19,870 (75.1)

Alcohol intake

Everyday 601 (22.5) 4164 (15.7) <0.001

Sometimes 778 (29.1) 7932 (30.0)

None 1298 (48.5) 14,360 (54.3)
Hypertension 984 (36.8) 7649 (28.9) <0.001
Dyslipidemia 1357 (50.7) 10,803 (40.8) < 0.001
Diabetes 193 (7.2) 888 (34) < 0.001
Creatinine (mg/dl) 0.82 (0.80,0.90) 060 (0.56, 069) < 0.001
eGFR (ml/min/1.73 m?) 56.5 (114) 814 (13.0) < 0.001
Proteinuria stage

Al 2302 (86.0) 26,456 (100.0) <0.001

A2 334 (12.5) 0(0.0)

A3 41 (1.5) 0(0.0)

ALT (U/L) 18 (14, 25) 15 (12, 20) <0.001
AST/ALT ratio 1.21 (0.39) 1.30 (0.40) < 0.001
GGT (U/L) 23 (16, 39) 18 (14, 27) <0.001

CKD Chronic kidney disease, eGFR Estimated glomerular filtration rate

ALT Alanine aminotransferase, AST Aspartate aminotransferase,
GGT Gamma-glutamyltransferase
Values were mean (standard deviation), median (25th percentile, 75th

percentile) or n (%)

®Unpaired t -test, wilcoxon’s rank-sum test or chi-squared test

OR for CKD. Elevated GGT was also significantly associ-
ated with CKD (OR: 2.31, 95% CI: 2.06-2.58). These
findings persisted even after adjusting for confounding
factors (age, smoking status, alcohol intake, obesity,
hypertension, dyslipidemia, and diabetes). Even when we
adjusted for GGT in addition to the confounding factors,
elevated ALT (OR: 1.35, 95% CI: 1.14-1.60) and low
AST/ALT ratio (1.37, 1.24—1.52) were significantly asso-
ciated with CKD.

Next, we evaluated the association of the combination
of elevated ALT and elevated GGT with CKD (Table 3).
“Elevated ALT and elevated GGT” (OR: 2.56, 95% CI:
2.10-3.12) and “non-elevated ALT and elevated GGT”
(2.30, 2.02-2.62) significantly increased OR for CKD,
compared with “non-elevated ALT and non-elevated
GGT”. Significantly increased OR for CKD was also
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Table 2 Odds ratios and 95% confidence intervals for CKD
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Total CKD Crude Adjusted

N n (%) OR (95% CI) OR (95% Cl)
Elevated ALT
Yes (40 U/L < ALT) 1307 231 (17.7) 2.23 (1.92-2.58) 1.53 (1.31-1.79)
No (ALT <40 U/L) 27,826 2446 (8.8) 1.00 1.00
Low AST/ALT ratio
Yes (AST/ALT ratio < 1) 5533 765 (13.8) 1.82 (1.66-1.99) 143 (1.30-1.58)
No (AST/ALT ratio = 1) 23,600 1912 (8.1) 1.00 1.00
Elevated GGT
Yes (GGT > 50 U/L) 2537 443 (17.5) 231 (206-2.58) 1.60 (1.42-1.80)
No (GGT <50 U/L) 26,596 2234 (84) 1.00 1.00

ALT Alanine aminotransferase, AST Aspartate aminotransferase, GGT Gamma-glutamyltransferase

OR Odds ratio, Cl Confidence interval, CKD Chronic kidney disease

Adjusted for age, smoking status (none, former or current), alcohol intake (none, sometimes or everyday), obesity, hypertension, dyslipidemia, and diabetes

found in “elevated ALT and non-elevated GGT” (OR:
2.24, 95% CI: 1.81-2.77).

Table 4 shows the association of the combination of low
AST/ALT ratio and elevated GGT with CKD. Compared
to “AST/ALT ratio > 1 and non-elevated GGT”, “AST/
ALT ratio < 1 and elevated GGT” (OR: 2.73, 95% CI:
2.36-3.15) and “AST/ALT ratio > 1 and elevated GGT”
(2.33, 1.98-2.75) were significantly associated with CKD.
“AST/ALT ratio < 1 and non-elevated GGT” significantly
increased the OR for CKD (OR: 1.68, 95% CI: 1.52-1.87).

The results in Tables 3 and 4 remained after adjust-
ment for the confounders. Even when we adjusted for
liver disease and heart disease (myocardial infarction
and angina), significantly increased ORs for CKD in Ta-
bles 3 and 4 persisted.

Discussion

In the present study, the associations of elevated ALT
and low AST/ALT ratio with CKD were examined
among women in Japan. As a result, elevated ALT and
low AST/ALT ratio were significantly associated with
CKD regardless of GGT elevation. This is the first study
regarding the relationship of elevated ALT and low
AST/ALT ratio to CKD among women in Japan as far as

we know. However, these findings should be carefully
discussed.

Elevated ALT and low AST/ALT ratio significantly as-
sociated with CKD in this study. Alkerwi et al. showed
that ALT was significantly higher in participants with
CKD than in those without CKD [28], which was con-
sistent with our study result. Elevated ALT and low
AST/ALT ratio have been reported to be associated with
insulin resistance [17, 19, 29]. A recent study showed
that insulin resistance was associated with the occur-
rence of CKD [30]. These findings support that the
present study result was reasonable and elevated ALT.

In our study, elevated GGT was significantly associated
with CKD. Previously reported cross-sectional studies
showed that GGT elevation significantly increased OR
for CKD [12, 31], which was consistent with our study
finding. Serum GGT is a biological marker of oxidative
stress [32]. Oxidative stress can cause the inflammatory
process and accelerate renal injury progression [33].
Thus, elevated GGT might contribute to renal injury,
which results in CKD.

Elevated ALT or low AST/ALT ratio was associated
with CKD in women with and without elevated GGT,
which suggested that elevated ALT or low AST/ALT

Table 3 Association of combination of elevated ALT (ALT > 40 U/L) and elevated GGT (GGT > 50 U/L) with CKD

Total CKD Crude Adjusted

N n (%) OR (95% Cl) OR (95% Cl)
ALT > 40 U/L and GGT > 50 U/L 677 126 (186) 256 (210-3.12) 170 (138-2.10)
ALT > 40 U/L and GGT < 50 U/L 630 105 (16.7) 224 (181-277) 157 (125-1.96)
ALT <40 U/L and GGT > 50 U/L 1860 317 (17.0) 230 (202-262) 161 (141-1.85)
ALT <40 U/L and GGT < 50 U/L 25966 2129 (82) 1.00 1.00

ALT Alanine aminotransferase, GGT Gamma-glutamyltransferase, CKD Chronic kidney disease

OR Odds ratio, CI Confidence interval

Adjusted for age, smoking status (none, former or current), alcohol intake (none, sometimes or everyday), obesity, hypertension, dyslipidemia, and diabetes
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Table 4 Association of combination of low AST/ALT ratio (AST/ALT ratio < 1) and elevated GGT (GGT > 50 U/L) with CKD

Total CKD Crude Adjusted

N n (%) OR (95% Cl) OR (95% Cl)
AST/ALT ratio < 1 and GGT > 50 U/L 1380 255 (18.5) 273 (236-3.15) 1.87 (1.60-2.18)
AST/ALT ratio < 1 and GGT <50 U/L 4153 510 (12.3) 1.68 (1.52-1.87) 136 (1.21-1.52)
AST/ALT ratio = 1 and GGT > 50 U/L 1157 188 (16.3) 2.33(1.98-2.75) 1.57 (1.32-1.86)
AST/ALT ratio 2 1 and GGT <50 U/L 22,443 1724 (7.7) 1.00 1.00

ALT Alanine aminotransferase, AST Aspartate aminotransferase, GGT Gamma-glutamyltransferase

CKD Chronic kidney disease, OR Odds ratio, C/ Confidence interval

Adjusted for age, smoking status (none, former or current), alcohol intake (none, sometimes or everyday), obesity, hypertension, dyslipidemia, and diabetes

ratio plays a role in CKD regardless of elevated GGT.
The finding suggested that women with elevated ALT
or low AST/ALT ratio were more likely to be CKD
even when there was no GGT elevation. In addition,
the increase of OR for CKD was more pronounced in
“low AST/ALT ratio and elevated GGT” women com-
pared to “low AST/ALT ratio and non-elevated GGT”
women. The result indicated that the impact of “low
AST/ALT ratio and elevated GGT” on CKD was
stronger than that of “low AST/ALT ratio and non-
elevated GGT” on CKD. In fact, the interaction of
low AST/ALT ratio and elevated GGT on CKD was
statistically significant. Therefore, it might be effective
to consider elevated ALT and low AST/ALT ratio for
the early detection of CKD among middle-aged
women, especially those with GGT elevation. Because
the biological mechanism of the interaction was be-
yond our study scope, future studies will be required
to elucidate the mechanism.

The strength of our study was the large-scale data
(approximately 30,000 participants). In contrast, there
are some limitations in this study. First, the present
study was cross-sectional study, which did not establish
the causal relationship of elevated ALT and low AST/
ALT ratio with CKD. Second, our study subjects were
women in Japan. Thus, the present study findings might
not generalize to men or to people of other national-
ities. Additionally, we excluded 64,542 women from
105,200 participants in this study because serum creat-
ine levels were not measured, likely due to the fact that
the measurement of serum creatine levels was not com-
pulsory in Japan. This could limit the generalizability of
our study results to other women. Finally, the informa-
tion on socioeconomic status such as lower income and
lower education [34], serum albumin, creatine kinase
and inflammatory markers such as C-reactive protein
was not considered in this study. Moreover, there were
no imaging data supporting the diagnosis of NAFLD
and no data on insulin resistance and oxidative stress.
Because these potential confounding factors could
affect our study results, it is necessary to consider these
factors in future researches.

Conclusions

Elevated ALT was associated with CKD regardless of
GGT elevation. In addition, low AST/ALT ratio was also
associated with CKD independent of GGT elevation.
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