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Abstract

Background: Previous studies have shown an association between non-alcoholic fatty liver disease (NAFLD) and
chronic kidney disease (CKD), but it is unclear whether the association is independent of metabolic syndrome.

Methods: Data from 13,006 participants aged 18 to 74 years in the Hispanic Community Health Study/Study of
Latinos (HCHS/SOL) without viral hepatitis, excessive alcohol consumption, or high transferrin saturation levels were
analyzed. Suspected NAFLD was defined as presence of sex-specific elevations in serum aminotransferase levels
(aspartate aminotransferase (AST) > 37 U/L or alanine aminotransferase (ALT) > 40 U/L for men and AST or ALT > 31
U/L for women). Logistic regression was used to examine cross-sectional associations of elevated serum
aminotransferase levels with low estimated glomerular filtration rate (€GFR < 60 ml/min/1.73 m? based on cystatin
Q), and with high urinary albumin-to-creatinine ratio (UACR) (> 17 mg/g in men and > 25 mg/ g in women) in
separate models adjusting for demographic characteristics and metabolic syndrome.

Results: Mean (SD) age was 41 (0.27) years, and 45 % were male. Elevated serum aminotransferase levels were
noted in 18.8 % of the population and were associated with greater odds of high UACR (OR=1.31; 95% Cl=1.10,
1.56) after adjusting for demographic characteristics; this association became non-significant after adjustment for
metabolic syndrome (OR=1.11, 95 % Cl=0.92, 1.33). In contrast, elevated serum aminotransferase levels were not
associated with low eGFR (odds ratio (OR) =0.73; 95 % confidence interval (Cl) =045, 1.18) after adjusting for
covariates.

Conclusions: In this sample of diverse U.S. Hispanic Latino adults, elevated serum aminotransferase levels were not
independently associated with measures of CKD.
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Background

Non-alcoholic fatty liver disease (NAFLD), a heteroge-
neous disorder ranging from non- alcoholic steatosis to
non-alcoholic steatohepatitis, is rapidly becoming a lead-
ing cause of chronic liver disease [1]. Data from National
Health and Nutrition Examination (NHANES) surveys
showed that the contribution of NAFLD towards the
burden of chronic liver disease increased from 46.8 % in
1988-1994 to 75.1% in 2005-2008 [1]. During this
period, the prevalence of metabolic syndrome (e.g., obes-
ity and diabetes) also increased [1].

Prior studies have reported that Hispanics/Latinos
have a high burden of NAFLD as compared to other ra-
cial/ethnic groups [2, 3]. A meta-analysis of population-
based cohorts found that nearly 1 in 4 Hispanics/Latinos
have NAFLD, and the risk of NAFLD is 36 % higher
among Hispanics than non-Hispanic Whites [3]. In par-
allel to the high NAFLD burden, Hispanics/Latinos also
experience a substantial burden of chronic kidney dis-
ease (CKD) [4—6]. The population-based Hispanic Com-
munity Health Study/Study of Latinos (HCHS/SOL)
reported that prevalence of CKD among Hispanics/Lati-
nos was 13.7 % [6].

Evidence suggests an association between NAFLD and
CKD [7-10]; however, data for the association independ-
ent of metabolic syndrome are not consistent. While
some studies have reported an association between
NAFLD and CKD independent of metabolic syndrome
[7-9], others have not observed such an association [9,
10]. Understanding whether NAFLD and CKD share
metabolic syndrome as a common pathway is important
as this can have major implications. For example, inter-
ventions can be geared toward metabolic syndrome to
reduce the burden of both NAFLD and CKD if the asso-
ciation between these disorders is explained by meta-
bolic syndrome.

We used data from the HCHS/SOL to examine the as-
sociation between NAFLD (defined as elevated serum
aminotransferase levels) and prevalence of CKD. As an
exploratory analysis, we also tested whether this associ-
ation differs by sex and Hispanic/Latino background
given that elevated serum aminotransferase levels are
sex-specific, and that the Hispanic/Latino population is
a heterogenous group with a non-uniform distribution
of NAFLD and CKD.

Methods

Study population

The details of the design and implementation of HCHS/
SOL cohort have been previously published [11, 12].
Briefly, HCHS/SOL is a community-based cohort study
of 16, 415 self-identified Hispanic/Latino adults aged
18-74 years from randomly selected households in four
U.S. field centers (Chicago, Bronx, Miami and San
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Diego) who underwent a comprehensive baseline exam-
ination in 2008 to 2011. The HCHS/SOL cohort in-
cludes participants of Mexican, Puerto-Rican, Cuban,
Central American, Dominican, South American, and
other/mixed backgrounds. The study was approved by
the Institutional Review Board at each participating in-
stitution, and all participants provided written informed
consent.

For the present analyses, of the 16,415 HCHS/SOL
participants, we excluded 356 individuals seropositive
for hepatitis C virus (anti-HCV) or hepatitis B virus
(HBsAg), 807 individuals with excessive alcohol use (al-
cohol consumption = 7 drinks per week in women, or >
14 drinks per week in men). A questionnaire was admin-
istered to assess alcohol consumption. Current alcohol
drinkers were asked to provide the amount and fre-
quency of consumption of alcoholic beverages including
red wine, white wine, beer, liquor, spirits, or mixed
drinks in a week. Participants were classified into three
groups based on gender-specific cutoffs for weekly alco-
hol consumption established by the National Institute
for Alcohol Abuse and Alcoholism to assess the risk of
alcohol use disorder: no risk = never used alcohol, low
risk = current use <7 drinks/week (women), < 14 drinks
/week (men), and at-risk = >7 drinks/week (women), >
14 drinks /week (men) [13]. We also excluded 594 with
transferrin saturation > 50 % as evidence of iron overload
as described previously [14]. We further excluded indi-
viduals with missing information on liver enzymes (n =
164), CKD measures (n=759), and covariates (n =729).
This resulted in an analytical sample of 13,006 individ-
uals (Fig. 1).

Study variables

Elevated Serum Aminotransferase Levels

Blood samples were collected following standardized pro-
cedures after an eight-hour fast and were centrifuged and
frozen within 45 min of collection. Radiologic liver exams
were not available in HCHS/SOL. Consistent with a previ-
ous report from HCHS/SOL, we defined suspected NAFL
D using serum aspartate aminotransferase (AST) and ala-
nine aminotransferase (ALT) [14]. Thus, NAFLD was sus-
pected if AST was greater than 37 U/L or ALT greater
than 40 U/L in men, and if AST or ALT was greater than
31 U/L in women [14]. In sensitivity analyses, we also used
arbitrary higher ALT thresholds to define elevated ALT
levels as follows: mild if ALT > 50 U/L in men and ALT >
40 U/L in women; moderate if ALT > 60 U/L in men and
ALT > 50 U/L in women; severe if ALT >70 U/L in men
and ALT > 60 U/L in women.

Fatty liver index and liver fibrosis score
We also identified NAFLD by calculating Fatty Liver
Index (FLI) as follows: Fatty Liver Index (FLI)= ¢’/ (1 +
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HCHS/SOL (2008 — 2011)
N=16415

Eligible
N= 14658

Final analytical sample
N=13006
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With suspected NAFLD
N= 2468 (18.8 %*)

*%=weighted percentages

Fig. 1 Flowchart of analytical sample selection

1757 Ineligible

o 356 tested positive for viral hepatitis
o 807 with heavy alcohol use
o 594 with high transferrin saturation (>50%)

1652 Missing Data Excluded

o Liver enzymes: 164
o CKD measures (eGFR and UACR): 759
o Covariates: 729

Without suspected NAFLD
N= 10538 (81.2 %*)

J

€’) x 100; where y = 0.953 x In(triglycerides, mg/dL) +
0.139 x BMI, kg/m2 + 0.718 x In (GGT, U/L) + 0.053 x
waist circumference, cm — 15.745) [15]. A FLI value of
60 or greater is considered indicative of steatosis [15].
We further predicted advanced fibrosis by calculating
liver fibrosis score 4 (FIB-4) as follows: FIB4 = [Age x
AST] / [Platelets x VALT]) [16]. Consistent with prior
studies, we classified participants into low (FIB-4 < 1.3),
moderate (FIB-4: 1.3-2.67), and high (FIB-4 > 2.67) fi-
brosis score groups [17]. Fibrosis scores greater than
2.67 generally indicate advanced liver fibrosis [17].

Chronic Kidney Disease Measures

CKD measures included low estimated glomerular filtra-
tion rate (eGFR < 60 ml/min/1.73 m?), and the presence
of albuminuria defined as increased urine albumin-to-
creatinine ratio (UACR) measured in a spot urine speci-
men. For our main analysis, eGFR was calculated using a
formula based on cystatin C because creatinine-based
GFR estimating equations do not perform well in the
presence of liver disease [18]. In sensitivity analyses, we
also calculated eGFR using the CKD-EPI creatinine-
cystatin C equation [18]. HCHS/SOL measured serum
creatinine on a Roche Modular P Chemistry Analyzer
using a creatinase enzymatic method (Roche

Diagnostics, Indianapolis, IN 46,250), and serum cystatin
C was measured using a turbidimetric method on the
Roche Modular P Chemistry Analyzer (Gentian AS,
Moss, Norway). To account for differences in creatinine
excretion between men and women, sex-specific cut-
points for increased UACR were used, i.e., > 17 mg/g in
men and > 25 mg/ g in women [19, 20].

Covariates

Participants completed standardized interviews to ascer-
tain demographic data, health behaviors, and venous
blood and urine specimen collection. Physical exams in-
cluded height, weight, waist circumference, and 3 seated
brachial blood pressure measurements obtained after a
5-minute rest period. Hypertension was defined as sys-
tolic blood pressure > 140 mm Hg, diastolic blood pres-
sure>90 mm Hg, or use of antihypertensive
medications [21]. Diabetes was defined as fasting glu-
cose 2126 mg/dL, random glucose =200 mg/dL, post-
oral glucose tolerance test (OGTT)=>200 mg/dL,
hemoglobin A1C = 6.5 %, or use of insulin or other anti-
diabetic medication [22]. Low high-density lipoprotein
(HDL) cholesterol was defined as HDL cholesterol <
40 mg/dL in men and <50 mg/dL in women [23]. High
triglyceride level was defined as serum triglycerides >
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150 mg/dL [24]. The homeostasis model assessment of
insulin resistance (HOMA-IR) was calculated as the
product of fasting glucose (mg/dL) and fasting insulin
(mU/L) divided by 405 (HOMA-IR = fasting glucose
(mg/dL) X fasting insulin (mU/L)/405) [25]. Additional
covariates considered in this study were age, sex, self-
reported Hispanic/Latino background, educational at-
tainment (less than high school, high school or GED,
more than high school), health insurance coverage,
cigarette smoking status (never, former, current). Data
were also collected on medications including angiotensin
converting enzyme inhibitors /angiotensin receptor
blockers (ACEI/ARB) and corticosteroids. The HCHS/
SOL asked participants to bring in all prescribed or
over-the-counter medications and drug products were
assigned to their medication classes based on their gen-
eric ingredients. The use of steatogenic medications such
as tamoxifen, amiodarone, and valproic acid in our study
population was very low (<0.01%). Among U.S. His-
panic/Latinos, the three predominant sources of ancestry
correspond to European, Native American and African
founder populations, and ancestry/background was
grouped into two major arms representing Mainland
(Mexican, Central or South American) and Caribbean
heritage (Puerto Rican, Dominican or Cuban) [26].

Statistical Analysis

The analysis accounted for the complex survey design
and adjusted for sampling probability and nonresponse.
Survey-specific procedures were used to account for the
2-stage sampling design, stratification, and clustering
[11, 12]. Baseline characteristics and prevalence of CKD
measures were examined by presence of elevated amino-
transferase levels. Continuous variables were compared
using linear regression (proc surveyreg) and categorical
variables were compared using the Rao-Scott chi-
squared test.

Survey-weighted logistic regression models were used
to investigate associations of elevated serum aminotrans-
ferase levels with each of the two CKD measures separ-
ately. We adjusted for covariates in a progressive
fashion: (Model 1) age, sex, Hispanic/Latino background,
and study site; (Model 2) additional adjustment for
metabolic syndrome; (Model 3) further adjusted for edu-
cation attainment, cigarette smoking, alcohol consump-
tion, having health insurance, and use of corticosteroids
and angiotensin converting enzyme inhibitors/angioten-
sin receptor blockers). An interaction between elevated
serum aminotransferase levels and sex and Hispanic/La-
tino background, respectively, was explored in the final
model. In sensitivity analyses, we re-analyzed the data
using serum aminotransferase as continuous variables.
All statistical analyses were conducted using SAS version
9.4 (SAS Institute, Cary, NC).
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Results

Characteristics of study population

All estimates are weighted for the complex HCHS/SOL
survey design and sampling. The study population had a
mean (SD) age of 41 (0.27) years, and 45 % were male.
Elevated serum aminotransferase levels were present in
18.8 % of the study population, 22.8 % in men and 15.5 %
in women. The prevalence of low eGFR was 2.7 % and
that of increased UACR was 12.4 % in men and women.
Characteristics of the study population by presence/ab-
sence of elevated aminotransferase levels are presented
in Table 1. Individuals with elevated serum aminotrans-
ferase levels were more likely to be male, of Mexican
background, obese, and less likely to have health in-
surance. In addition, they were more likely to have
metabolic syndrome, diabetes, hypertension, low HDL
cholesterol, and high triglycerides. This group also
had significantly higher waist circumference and
HOMA-IR scores than those without elevated amino-
transferase levels. Individuals with and without ele-
vated aminotransferase levels had similar distribution
of age, education attainment, cigarette smoking status,
and ACEI/ARB use.

Association of elevated aminotransferase levels with low
eGFR and increased UACR

Compared to individuals without elevated aminotransferase
levels, those with elevated aminotransferase levels had sig-
nificantly lower prevalence of low eGFR (1.7 % vs. 3.0 %,
p =0.013) in unadjusted analysis. Table 2 shows association
between elevated aminotransferase levels and prevalence of
low eGFR. In unadjusted survey logistic regression, elevated
aminotransferase levels were significantly associated with
lower odds of low eGFR (OR =0.55; 95% CI =0.34, 0.88,
p=0.014). The association became nonsignificant after
adjusting for demographic characteristics including age,
sex, Hispanic/Latino background, and study site (OR =
0.73, 95 %CI = 0.45, 1.19). We found no gender differences
in elevated aminotransferase levels’ relationship to low
eGFR (p-value for interaction = 0.69), and no evidence of
an interaction between elevated aminotransferase levels and
Hispanic/Latino background (p = 0.53).

In contrast to low eGEFR, individuals with elevated ami-
notransferase levels had significantly higher prevalence of
increased UACR than those without elevated aminotrans-
ferase levels (14.6 % vs.11.9 %, p = 0.007). The unadjusted
odds ratio for the presence of increased UACR among in-
dividuals with (vs. without) elevated aminotransferase
levels was 1.27 (95% CI: 1.07-1.51, p =0.007) (Table 2).
After adjusting for age, sex, Hispanic/Latino background,
and study site, individuals with elevated aminotransferase
levels remained at increased odds of increased UACR
(OR=1.31, 95% CIL 1.10-1.56, p =0.003). However, the
association was attenuated after further adjustment for
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Table 1 Characteristics of HCHS/SOL Population (2008-2011) by Presence of Elevated Serum Aminotransferase Levels (n = 13,006)

Variables Elevated serum No elevated Serum P-value
Aminotransferase Levels Aminotransferase Levels
(n=2,468) (n=10,538)
% or mean (SD) % or mean (SD)
N= 13,006 2468 10,538
Age, years 40.8 (0.45) 415 (0.29) 0.098
Male, % 54.7 428 < 0.0001
Hispanic/Latino background, %
Dominican 7.1 10.3 0.0002
Central American 87 74 0.057
Cuban 186 212 0.039
Mexican 438 364 < 0.0001
Puerto Rican 13.1 15.7 0.048
South American 5.1 52 0910
More than one/Other heritage 36 38 0.754
Less than high school diploma, % 317 322 0.697
Having health Insurance, % 43.7 524 < 0.0001
Current smoker, % 178 188 0.136
Body mass index, kg/m?2 31.7 (0.17) 29.0 (0.10) <0.0001
Obesity (BMI 2 30 kg/m?2), % 56.2 37.1 <0.0001
ACE inhibitor or ARB use, % 85 89 0674
Metabolic syndrome 490 30.1 <0.0001
Metabolic syndrome components
Waist circumference, cm 102.9 (043) 96.4 (0.24) <0.0001
HOMA-IR 52(0.12) 3.1 (0.05) < 0.0001
Diabetes, % 20.1 14.3 <0.0001
Hypertension, % 242 219 0.068
Low HDL cholesterol, % 533 40.0 <0.0001
High triglyceride level, % 44.7 258 < 0.0001
eGFR (mL/min/1.73 m2) 97.5 (0.60) 95.2 (0.38) 0.002
eGFR < 60 ml/min, % 1.7 30 0.013
UACR (mg/q) 28.1(38) 313 (26) 0.497
Increased UACR, % 146 119 0.007

All data shown as weighted % or mean (SD)

Elevated aminotransferase levels defined as aspartate aminotransferase (AST) > 37 U/L or alanine aminotransferase (ALT) > 40 U/L in men and AST or ALT > 31 U/L

in women

ACEI/ARB angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; HOMA-IR homeostasis model assessment of insulin resistance; eGFR estimated
glomerular filtration rate (eGFR calculated from CKD-EPI cystatin C equation); UACR urine albumin-to-creatinine ratio; Increased UACR defined as UACR> 17 mg/g

in men and > 25 mg/ g in women

metabolic syndrome (OR=1.11, 95% CIL: 0.92-1.33, p =
0.27). Of note, this reduction in the magnitude of the asso-
ciation was mostly explained by hypertension, diabetes,
and insulin resistance (Table 3). We noted no gender dif-
ferences in elevated aminotransferase levels’ relationship
to increased UACR (p-value for interaction = 0.75). Simi-
larly, there was no evidence of interaction between ele-
vated aminotransferase levels and Hispanic/Latino
background (p = 0.73).

Sensitivity analyses

Association between degree of elevated ALT levels and
CKD measures. Figure 2 shows the association between
different degrees of elevated ALT levels and low eGEFR.
Regardless of the ALT threshold used, elevated ALT levels
were not associated with low eGFR both in the unadjusted
and adjusted models. However, with moderate and severe
ALT thresholds (Fig. 3), elevated ALT levels were associ-
ated with higher odds of increased UACR after adjusting
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Table 2 Odds Ratio and 95 % confidence intervals of the association of elevated aminotransferase levels and fatty liver index (FLI)
with low eGFR (eGFR calculated from CKD-EPI cystatin C equation) and increased urine albumin-to-creatinine ratio (UACR)

Regression Low eGFR increased UACR
models OR and 95 %ClI P-value OR and 95 %Cl P-value
Elevated aminotransferase levels
Unadjusted model 0.55 (0.34, 0.88) 0.014 1.27 (1.07, 1.51) 0.007
Model 1 0.73 (045, 1.19) 0.208 1.31 (1.10, 1.56) 0.003
Model 2 0.77 (047, 1.25) 0.287 11092, 1.33) 0.272
Model 3 0.73 (045, 1.18) 0.201 1.13 (0.94, 1.35) 0.189
Elevated FLI
Unadjusted model 1.08 (0.80, 1.46) 0.607 1.85 (158, 2.16) <0.0001
Model 1 0.76 (0.56, 1.02) 0.069 1.60 (1.37, 1.87) < 0.0001
Model 2 0.82 (0.60, 1.13) 0231 13 (096, 1.33) 0.1348
Model 3 0.77 (0.56, 1.05) 0.094 13 (096, 1.33) 0.1462

Elevated aminotransferase levels defined as aspartate aminotransferase (AST) > 37 U/L or alanine aminotransferase (ALT) > 40 U/L in men and AST or ALT > 31 U/L

in women

Elevated Fatty Liver Index (FLI) defined as FLI > 60

Low eGFR defined as eGFR < 60 ml/min/1.73 m?

Increased UACR defined as UACR > 17 mg/g in men and >25 mg/ g in women
Model 1 adjusted for age, sex, Hispanic/Latino background, and study site

Model 2 adjusted for age, sex, Hispanic/Latino background, study site, and metabolic syndrome

Model 3 adjusted for age, sex, Hispanic/Latino background, study site, metabolic syndrome, education attainment, alcohol consumption, cigarette smoking,
having health insurance, use of angiotensin converting enzyme inhibitors/angiotensin receptor blockers, and corticosteroids

Low eGFR outcome: interaction sex*aminotransferase p = 0.69 (Model 3); interaction background*aminotransferase p = 0.53 (Model 3)

Increased UACR outcome: interaction sex*aminotransferase: p = 0.75 (Model 3); interaction background*aminotransferase: p = 0.73 (Model 3)

for demographic characteristics (OR = 1.40, 95 % CI: 1.06—
1.86 and OR=1.63, 95% CI. 1.18-2.25, respectively).
However, accounting for metabolic syndrome again atten-
uated these associations (OR=1.12, 95% CIL: 0.83-1.51
and OR =1.30, 95% CI: 0.92-1.82 for moderate and se-
vere ALT thresholds, respectively).

We further examined the association between elevated
ALT levels and low eGFR, where eGFR was calculated

from the CKD-EPI creatinine-cystatin C equations, and
the results were similar (Supplemental Table 1).

We also investigated the associations between
serum aminotransferase and CKD measures, where
aminotransferase levels were analyzed as continuous
variables. The patterns of the associations remained
identical to those reported above (Supplemental
Table 2).

Table 3 Odds Ratio and 95 % confidence intervals of the association between metabolic syndrome and chronic kidney disease

measures

OR and 95 %Cl

eGFR < 60 ml/min/1.73 m?

UACR > 17 mg/g in men and > 25 mg/ g in women

Metabolic syndrome

No 1.00
Yes 0.77 (0.55, 1.06)
Metabolic syndrome components

Diabetes 0.99 (0.67, 1.44)
Hypertension 1.13(0.78, 1.62)
HOMA-IR 1.02 (1.00, 1.03)
Low HDL cholesterol 0.93 (0,67, 1.30)
High triglyceride 0.73 (052, 1.04)
Waist circumference 0.98 (0.97, 0.99)

1.00
220 (1.88, 2.59)

2.53(2.10, 3.04)
3.04 (244, 378)
4 (1.02, 1.06)
1.17 (099, 1.37)
12 (095, 1.32)
0 (0.99, 1.01)

Model adjusted for age, sex, Hispanic/Latino background, study site, education attainment, alcohol consumption, cigarette smoking, having health insurance, use
of angiotensin converting enzyme inhibitors/angiotensin receptor blockers, and corticosteroids. In addition, metabolic syndrome components adjusted for

each other
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Model 1 adjusted for age, sex, Hispanic/Latino background, and study site.

Model 2 adjusted for age, sex, Hispanic/Latino background, study site, and metabolic syndrome.
Model 3 adjusted for age, sex, Hispanic/Latino background, study site, metabolic syndrome, education
attainment, alcohol consumption, cigarette smoking, having health insurance, use of angiotensin
converting enzyme inhibitors/angiotensin receptor blockers, and corticosteroids.

Fig. 2 Odds Ratio and 95 % confidence intervals of the association between different degrees of elevated aminotransferase levels and low eGFR

Association of fatty liver index and liver fibrosis score
with low eGFR and increased UACR

The prevalence of elevated fatty liver index (FLI > 60)
was 47.2% (SD=0.72). The association between fatty
liver index and CKD measures corroborates the results
obtained from the analysis of aminotransferase levels
and CKD measures (Table 2). Specifically, elevated FLI
was associated with increased UACR after adjusting for
demographic factors, however, the association became
nonsignificant after adjusting for metabolic syndrome.
There was no association between elevated FLI and low
eGFR (Table 2).

Table 4 shows the association of liver fibrosis score
(FIB-4) with low eGFR and increased UACR. The
prevalence of moderate FIB-4 score and high FIB-
score was 12.5 and 1%, respectively. Only advanced
liver fibrosis (high FIB-4) was significantly associated
with increased UACR (OR 2.54, 95% CI 1.56-4.13)
after adjustment for metabolic syndrome and other
risk factors (Model 3). No significant association was
found with low eGFR.

Discussion
In this large diverse sample of Hispanic/Latino adults, el-
evated serum aminotransferase levels (a biomarker of
NAFLD) were associated with prevalent albuminuria,
and this association was explained by metabolic syn-
drome. In contrast, we found no association between el-
evated aminotransferase levels and prevalent low eGFR.
The study also showed that advanced liver fibrosis was
associated with prevalent albuminuria independent of
metabolic syndrome and other traditional risk factors.
NAFLD may be a feature of metabolic syndrome; how-
ever, it is not defined by the National Cholesterol Educa-
tion Program-Adult Treatment Panel (NCEP-ATP) as a
metabolic syndrome trait [27]. This perspective is sup-
ported by a study reporting that 90 % of NAFLD is a dir-
ect result of insulin resistance as a consequence of
abdominal adiposity and diet [28]. This seems consistent
with the findings from this study showing higher values
of waist circumference and HOMA-IR among individ-
uals with elevated aminotransferase levels than those
without elevated aminotransferase levels. In the setting
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Model 3 adjusted for age, sex, Hispanic/Latino background, study site, metabolic syndrome, education
attainment, alcohol consumption, cigarette smoking, having health insurance, use of angiotensin
converting enzyme inhibitors/angiotensin receptor blockers, and corticosteroids.

Fig. 3 Odds Ratio and 95% confidence intervals of the association between different degrees of elevated aminotransferase levels and

of insulin resistance, there is an increase in peripheral
lipolysis, which leads to influx of free fatty acids into the
liver [29]. In addition, insulin resistance induces intrahe-
patic triglyceride production [30]. The result is an in-
crease in triglyceride content, which can progress to
nonalcoholic steatohepatitis [31].

Consistent with our study, an analysis of NHANES
data found an association between ultrasonography-
diagnosed NAFLD and CKD after adjusting for age,
sex, and race but not after adjusting for features of
metabolic syndrome [10]. Similarly, a meta-analysis
reported a null association between ultrasonography-
diagnosed NAFLD and CKD after adjusting for meta-
bolic syndrome in a European population [9]. Our re-
sults are also consistent with a recent study reporting
no association between elastography-diagnosed NAFL
D and CKD measures in the US population, but a
significant association with advanced liver fibrosis
[32]. Similar findings were also noted in the Chinese
population, where albuminuria was significantly asso-
ciated with advanced fibrosis, but not with steatosis
[33]. The fact that the association between elevated
aminotransferase levels and prevalent albuminuria was

explained by metabolic syndrome in this study sup-
ports the hypothesis that both conditions share meta-
bolic syndrome as a risk factor. As such, public
health interventions that target metabolic syndrome
in the Hispanic/Latino population would likely reduce
the burden of both NAFLD and CKD. This perspec-
tive is reinforced by a post-hoc analysis of a random-
ized controlled trial showing an improvement in both
NAFLD histology and kidney function following 1-
year lifestyle modification [34].

This study found that the prevalence of elevated amino-
transferase levels varied by Hispanic/Latino background
with individuals of Mexican background accounting for
nearly half of the prevalence. Previous studies have also re-
ported that hepatic steatosis and NAFLD are more fre-
quent among Mexican compared to all other racial/ethnic
groups [2, 3]. While elevated aminotransferase levels may
reflect NAFLD caused by obesity and insulin resistance,
some elevated aminotransferase levels can also occur in
genetic disease processes. In particular, prior research has
demonstrated that patatin-like phospholipase domain
containing 3 gene (PNPLA3 at Chr22q13.3) variants are
associated with elevated serum aminotransferase levels
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Table 4 Odds Ratio and 95 % confidence intervals of the
association between liver fibrosis score (FIB-4) and low eGFR
(eGFR calculated from CKD-EPI cystatin C equation) and
increased urine albumin-to-creatinine ratio (UACR)

Regression Weighted Low eGFR Increased UACR
models % (5D) ORand 95 %Cl  OR and 95 %l
Unadjusted model

Low FIB-4 86.5 (0.45) 1.00 1.00

Moderate FIB-4 12.5(043) 7.90 (5.73, 10.89) 1.87 (1.58,2.23)

High FIB-4 1.0 (0.13) 5.38(1.99, 14.53) 446 (2.82,7.05)
Model 1

Low FIB-4 86.5 (0.45) 1.00 1.00

Moderate FIB-4 12.5 (043) 1.37 (0.98, 1.93) 1.12 (092, 1.36)

High FIB-4 10(0.13) 067 (0.24, 1.90) 247 (154, 3.96)
Model 2

Low FIB-4 86.5 (045  1.00 1.00

Moderate FIB-4 125 (043) 135 (0.96, 1.90) 1.18 (0.97, 143)

High FIB-4 1.0 (0.13) 0.65 (0.23, 1.83) 262 (1.63,4.20)
Model 3

Low FIB-4 86.5 (0.45) 1.00 1.00

Moderate FIB-4 12.5(043) 1.31 (093, 1.83) 1.15 (0.94, 1.41)

High FIB-4 1.0 (0.13) 0.60 (0.21, 1.75) 2.54 (1,56, 4.13)

Liver fibrosis score (FIB-4): low (FIB-4 < 1.3), moderate (FIB-4: 1.3-2.67), and
high (FIB-4 > 2.67)

Low eGFR defined as eGFR < 60 ml/min/1.73 m?

Increased UACR defined as UACR > 17 mg/g in men and >25 mg/ g in women
Model 1 adjusted for age, sex, Hispanic/Latino background, and study site
Model 2 adjusted for age, sex, Hispanic/Latino background, study site, and
metabolic syndrome

Model 3 adjusted for age, sex, Hispanic/Latino background, study site,
metabolic syndrome, education attainment, alcohol consumption, cigarette
smoking, having health insurance, use of angiotensin converting enzyme
inhibitors/angiotensin receptor blockers, and corticosteroids

[35-37] and heightened risk for NAFLD [26, 38]. It has
been reported that PNPLA3 variants are more frequent
among individuals with Mexican ancestry [39] and may
contribute to the higher prevalence of elevated amino-
transferase levels observed in Mexican population.

The strengths of this study include the representation of
diverse Hispanic/Latino backgrounds and the systematic
measurement of participant characteristics and co-
morbidities. In addition, low GFR was defined using a
cystatin C-based equation (i.e., not dependent on muscle
mass) [40], and findings were consistent when we re-
analyzed the data using creatinine-based GFR estimating
equations. This study also has limitations. First, the amino-
transferase thresholds used to define NAFLD may have led
to misclassification. No aminotransferase thresholds exist
for predicting NAFLD [41] and NAFLD may be present in
the setting of normal serum aminotransferase levels [42],
but higher serum aminotransferase levels generally indicate
liver inflammation or damage. The thresholds used to de-
fine elevated serum aminotransferase levels have been
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utilized in previous studies [14, 43]. However, when we ex-
amined the association between elevated aminotransferase
levels and CKD measures using different aminotransferase
thresholds, we found similar results. Further, the patterns
of the associations between aminotransferase levels and
CKD measures persisted when we re-analyzed the data
using serum aminotransferase as continuous variables. Sec-
ond, laboratory testing for viral hepatitis was not performed
for all HCHS/SOL participants, thus this study cannot be
said to accurately exclude all cases of viral hepatitis. How-
ever, possible incomplete exclusion of individuals with viral
hepatitis would not have biased the results of this study
given that the prevalence of hepatitis B virus infection and
hepatitis C virus in the United States is less than 1 and 2 %,
respectively [1]. Third, the use of a cross-sectional design
precluded us from assessing the temporal relationship be-
tween suspected NAFLD and CKD measures because it is
possible that participants with elevated liver enzymes have
a higher propensity for developing CKD.

Conclusions

This study found that elevated serum aminotransferase
levels were not independently associated with low GFR, but
were significantly associated with higher odds of prevalent
albuminuria after adjusting for demographic characteristics
only. The later association was attenuated after adjusting
for metabolic syndrome, thus suggesting that the two con-
ditions may share metabolic syndrome as a mechanism.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512882-021-02483-y.

Additional file 1:
Additional file 2:

Acknowledgements

The authors thank the staff and participants of HCHS/SOL for their important
contributions. Investigators website - http://www.csccunc.edu/hchs/. Celestin
Missikpode was supported by the National Heart, Lung, and Blood Institute
(NHLBI)(T32-HL125294) and diversity supplement. The Hispanic Community
Health Study/Study of Latinos was carried out as a collaborative study
supported by contracts from the National Heart, Lung, and Blood Institute
(NHLBI) to the University of North Carolina (NO1-HC65233), University of
Miami (NO1-HC65234), Albert Einstein College of Medicine (N0O1-HC65235),
Northwestern University (NO1-HC65236), and San Diego State University
(NO1-HC65237). The following Institutes/Centers/Offices contribute to the
HCHS/SOL through a transfer of funds to the NHLBI: National Institute on
Minority Health and Health Disparities, National Institute on Deafness and
Other Communication Disorders, National Institute of Dental and Craniofacial
Research, National Institute of Diabetes and Digestive and Kidney Diseases,
National Institute of Neurological Disorders and Stroke, NIH Institution-Office
of Dietary Supplements.

Authors’ contributions

Conceptualization: CM and HK; Formal analysis: CM; Investigation: CM, HK,
RD, MD, and JL; Methodology: CM, HK, RD, AP, and MD; Supervision: RD, MD,
and JL; Writing—original draft: CM and HK; Writing—review & editing: HK,
SC, RD, EK, JC, MK, SR, AR, GT, LR, AP, JL, and MD. All authors read and
approved the final manuscript.


https://doi.org/10.1186/s12882-021-02483-y
https://doi.org/10.1186/s12882-021-02483-y
http://www.cscc.unc.edu/hchs/

Missikpode et al. BMC Nephrology (2021) 22:302

Funding
None.

Availability of data and materials

The data analyzed during the current study are not publicly available due
confidentiality but are available from the corresponding author on
reasonable request.

Declarations

Ethics approval and consent to participate

The Hispanic Community Health Study/Study of Latinos was a multicenter
study carried out by the University of North Carolina, University of Miami,
Albert Einstein College of Medicine, Northwestern University, and San Diego
State University. The institutional review board of each participating center
approved the study, and written informed consent was obtained from all
participants. All methods were carried out in accordance with relevant
guidelines and regulations.

Consent for publication
Yes.

Competing interests
None.

Author details

'Institute for Minority Health Research, University of lllinois at Chicago, 1819
W Polk St, Ste 246, IL 60612 Chicago, USA. 2Department of Medicine, Division
of Nephrology and Hypertension, Loyola University Chicago Health Sciences
Campus, IL, Maywood, USA. 3Department of Public Health Sciences, Loyola
University Chicago Health Sciences Campus, IL, Maywood, USA. “Department
of Medicine, Division of Hepatology, Loyola University Chicago Health
Sciences Campus, lllinois, Maywood, USA. *Department of Medicine,
University of lllinois at Chicago, Illinois, Chicago, USA. SCollaborative Studies
Coordinating Center, Department of Biostatistics, University of North Carolina
at Chapel Hill, North Carolina, Chapel Hill, USA. ’Department of Epidemiology
and Biostatistics, University at Albany, NY, Rensselaer, USA. ®Kidney and
Hypertension Unit, Joslin Diabetes Center, Harvard Medical School, MA,
Boston, USA. “South Bay Latino Research Center, Graduate School of Public
Health, San Diego State University, San Diego, USA. '°Department of
Medicine, Division of Nephrology and Hypertension, University of Miami
Miller School of Medicine, Miami, USA.

Received: 13 February 2021 Accepted: 23 June 2021
Published online: 07 September 2021

References

1. Younossi, Z. M, Stepanova, M., Afendy, M, Fang, Y., Younossi, Y., Mir, H, &
Srishord, M. (2011). Changes in the prevalence of the most common causes
of chronic liver diseases in the United States from 1988 to 2008. Clinical
Gastroenterology and Hepatology, 9(6), 524-530.

2. Browning, J. D, Szczepaniak, L. S, Dobbins, R, Nuremberg, P., Horton, J. D,
Cohen, J. C, ... Hobbs, H. H. (2004). Prevalence of hepatic steatosis in an
urban population in the United States: impact of ethnicity. Hepatology,
40(6), 1387-1395.

3. Rich, N. E, Oji, S, Mufti, A. R, Browning, J. D, Parikh, N. D., Odewole, M, ...
Singal, A. G. (2018). Racial and ethnic disparities in nonalcoholic fatty liver
disease prevalence, severity, and outcomes in the United States: a
systematic review and meta-analysis. Clinical Gastroenterology and
Hepatology, 16(2), 198-210.

4. Lora, C. M, Daviglus, M. L, Kusek, J. W,, Porter, A, Ricardo, A. C, Go, A. S, &
Lash, J. P. (2009). Chronic kidney disease in United States Hispanics: a
growing public health problem. Ethnicity & disease, 19(4), 466.

5. Fischer MJ, Hsu JY, Lora CM, et al. CKD Progression and Mortality among
Hispanics and Non-Hispanics. J Am Soc Nephrol. 2016,27(11):3488-3497. doi:
https.//doi.org/10.1681/ASN.2015050570.

6.  Ricardo, A. C, Flessner, M. F., Eckfeldt, J. H, Eggers, P. W,, Franceschini, N,,
Go, A. S, ... Melamed, M. L. (2015). Prevalence and correlates of CKD in
Hispanics/Latinos in the United States. Clinical Journal of the American
Society of Nephrology, 10(10), 1757-1766.

20.

21,

22.

23.

24,

25.

26.

Page 10 of 11

Targher, G, Bertolini, L, Chonchol, M., Rodella, S., Zoppini, G, Lippi, G, ...
Bonora, E. (2010). Non-alcoholic fatty liver disease is independently
associated with an increased prevalence of chronic kidney disease and
retinopathy in type 1 diabetic patients. Diabetologia, 53(7), 1341-1348.
Chang, Y, Ryu, S, Sung, E, Woo, H. Y, Oh, E, Cha, K, ... Kim, W. S. (2008).
Nonalcoholic fatty liver disease predicts chronic kidney disease in
nonhypertensive and nondiabetic Korean men. Metabolism, 57(4), 569-576.
Mantovani, A, Zaza, G, Byrne, C. D, Lonardo, A, Zoppini, G, Bonora, E, &
Targher, G. (2018). Nonalcoholic fatty liver disease increases risk of incident
chronic kidney disease: a systematic review and meta-analysis. Metabolism,
79, 64-76.

Sirota, J. C, McFann, K, Targher, G, Chonchol, M, & Jalal, D. I. (2012).
Association between nonalcoholic liver disease and chronic kidney disease:
an ultrasound analysis from NHANES 1988-1994. American journal of
nephrology, 36(5), 466-471.

Sorlie, P. D,, Avilés-Santa, L. M., Wassertheil-Smoller, S., Kaplan, R. C, Daviglus,
M. L, Giachello, A. L, ... LaVange, L. (2010). Design and implementation of
the Hispanic community health study/study of Latinos. Annals of
epidemiology, 20(8), 629-641.

LaVange, L. M, Kalsbeek, W. D, Sorlie, P. D., Avilés-Santa, L. M, Kaplan, R. C,
Barnhart, J, ... Criqui, M. H. (2010). Sample design and cohort selection in
the Hispanic Community Health Study/Study of Latinos. Annals of
epidemiology, 20(8), 642-649.

National Institute for Alcohol Abuse and Alcoholism. Accessed on April 12,
2020 (www.niaaa.nih.gov).

Kallwitz ER, Daviglus ML, Allison MA, Emory KT, Zhao L, Kuniholm MH,
Youngblood ME. Prevalence of suspected nonalcoholic fatty liver disease in
Hispanic/Latino individuals differs by heritage. Clinical Gastroenterology and
Hepatology. 2015;13(3):569-76.

Bedogni, G, Bellentani, S, Miglioli, L, Masutti, ., Passalacqua, M., Castiglione,
A, & Tiribelli, C. (2006). The Fatty Liver Index: a simple and accurate
predictor of hepatic steatosis in the general population. BMC
gastroenterology, 6(1), 1-7.

Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner J, Nelson
M. Development of a simple noninvasive index to predict significant
fibrosis in patients with HIV/HCV coinfection. Hepatology. 2006;43(6):
1317-25.

Ciardullo, S, Sala, I, & Perseghin, G. (2020). Screening strategies for
nonalcoholic fatty liver disease in type 2 diabetes: Insights from NHANES
2005-2016. Diabetes Research and Clinical Practice, 167, 108358.

Inker LA, Schmid CH, Tighiouart H, Eckfeldt JH, Feldman HI, Greene T,
Coresh J. Estimating glomerular filtration rate from serum creatinine and
cystatin C. New England Journal of Medicine. 2012;367(1):20-9.

Jacobs Jr, D. R, Murtaugh, M. A, Steffes, M,, Yu, X, Roseman, J,, & Goetz, F. C.
(2002). Gender-and race-specific determination of albumin excretion rate
using albumin-to-creatinine ratio in single, untimed urine specimens: the
Coronary Artery Risk Development in Young Adults Study. American journal
of epidemiology, 155(12), 1114-1119.

Mattix, H. J, Hsu, C. Y., Shaykevich, S, & Curhan, G. (2002). Use of the
albumin/creatinine ratio to detect microalbuminuria: implications of sex and
race. Journal of the American Society of Nephrology, 13(4), 1034-1039.
Chobanian, A. V. (2003). National heart, lung, and blood institute joint
national committee on prevention, detection, evaluation, and treatment of
high blood pressure; national high blood pressure education program
coordinating committee: the seventh report of the joint national committee
on prevention, detection, evaluation, and treatment of high blood pressure:
the JNC 7 report. Jama, 289, 2560-2572.

American Diabetes Association. (2016). 2. Classification and diagnosis of
diabetes. Diabetes care, 39(Supplement 1), S13-522.

Ashen, M. D., & Blumenthal, R. S. (2005). Low HDL cholesterol levels. New
England Journal of Medicine, 353(12), 1252-1260.

Kopin, L, & Lowenstein, C. J. (2017). Dyslipidemia. Annals of internal
medicine, 167(11), ITC81-ITCY6.

Bonora E, Targher G, Alberiche M, Bonadonna RC, Saggiani F, Zenere MB,
Muggeo M. Homeostasis model assessment closely mirrors the glucose
clamp technique in the assessment of insulin sensitivity: studies in subjects
with various degrees of glucose tolerance and insulin sensitivity. Diabetes
care. 2000;23(1):57-63.

Romeo S, Kozlitina J, Xing C, Pertsemlidis A, Cox D, Pennacchio LA, Hobbs
HH. Genetic variation in PNPLA3 confers susceptibility to nonalcoholic fatty
liver disease. Nature genetics. 2008;40(12):1461-5.


https://doi.org/10.1681/ASN.2015050570
http://www.niaaa.nih.gov

Missikpode et al. BMC Nephrology

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

(2021) 22:302

National Cholesterol Education Program (NCEP). (2002). Expert Panel on
Detection, Evaluation, and treatment of high blood cholesterol in Adults
(Adult treatment Panel Ill). Third report of the National cholesterol
Education Program (NCEP) Expert Panel on Detection, Evaluation, and
treatment of high blood cholesterol in Adults (Adult treatment Panel Ill)
final report. Circulation, 106(25), 3143-3421.

Caldwell, S. H, Ikura, Y., lezzoni, J. C, & Liu, Z. (2007). Has natural selection in
human populations produced two types of metabolic syndrome (with and
without fatty liver)?. Journal of gastroenterology and hepatology, 22, S11-
S19.

Stefan, N, Kantartzis, K, & Haring, H. U. (2008). Causes and metabolic
consequences of fatty liver. Endocrine reviews, 29(7), 939-960.

Edmison, J, & McCullough, A. J. (2007). Pathogenesis of non-alcoholic
steatohepatitis: human data. Clinics in liver disease, 11(1), 75-104.
Neuschwander-Tetri, B. A, & Caldwell, S. H. (2003). Nonalcoholic
steatohepatitis: summary of an AASLD Single Topic Conference. Hepatology,
37(5), 1202-1219.

Ciardullo S, Ballabeni C, Trevisan R, Perseghin G. Liver fibrosis assessed by
transient elastography is independently associated with albuminuria in the
general United States population. Dig Liver Dis. 2021;53:866-72.

Yeung MW, Wong GLH, Choi KC, Luk AQY, Kwok R, Shu SST, Kong APS.
Advanced liver fibrosis but not steatosis is independently associated with
albuminuria in Chinese patients with type 2 diabetes. Journal of
hepatology. 2018,68(1):147-56.

Vilar-Gomez E, Calzadilla-Bertot L, Friedman SL, Gra-Oramas B, Gonzalez-
Fabian L, Villa-Jimenez O, Chalasani N. Improvement in liver histology due
to lifestyle modification is independently associated with improved kidney
function in patients with non-alcoholic steatohepatitis. Alimentary
pharmacology & therapeutics. 2017;45(2):332-44.

Huang, Y., Cohen, J. C, & Hobbs, H. H. (2011). Expression and
characterization of a PNPLA3 protein isoform (1148M) associated with
nonalcoholic fatty liver disease. Journal of Biological Chemistry, 286(43),
37085-37093.

Kollerits B, Coassin S, Kiechl S, Hunt SC, Paulweber B, Willeit J, Kronenberg F.
A common variant in the adiponutrin gene influences liver enzyme values. J
Med Genetics. 2010;47(2):116-9.

Yuan X, Waterworth D, Perry JR, Lim N, Song K, Chambers JC, Bergmann S.
Population-based genome-wide association studies reveal six loci
influencing plasma levels of liver enzymes. The American Journal of Human
Genetics. 2008;83(4):520-8.

Sookoian, S, & Pirola, C. J. (2011). Meta-analysis of the influence of 1148M
variant of patatin-like phospholipase domain containing 3 gene (PNPLA3)
on the susceptibility and histological severity of nonalcoholic fatty liver
disease. Hepatology, 53(6), 1883-1894.

Li Q, Qu HQ, Rentfro AR, Grove ML, Mirza S, Lu Y, ... & McCormick JB. PNPL
A3 polymorphisms and liver aminotransferase levels in a Mexican American
population. Clin Invest Med. Medecine clinique et experimentale. 2012;35(4):
E237.

Hong HC, Hwang SY, Choi HY, Yoo HJ, Seo JA, Kim SG, Choi KM.
Relationship between sarcopenia and nonalcoholic fatty liver disease: the
Korean Sarcopenic Obesity Study. Hepatology. 2014;59(5):1772-8.

Adams, L. A, & Lindor, K. D. (2007). Nonalcoholic fatty liver disease. Annals
of epidemiology, 17(11), 863-869.

Maximos M, Bril F, Portillo Sanchez P, Lomonaco R, Orsak B, Biernacki D,
Cusi K. The role of liver fat and insulin resistance as determinants of plasma
aminotransferase elevation in nonalcoholic fatty liver disease. Hepatology.
2015;61(1):153-60.

Clark, J. M., Brancati, F. L, & Diehl, A. M. (2003). The prevalence and etiology
of elevated aminotransferase levels in the United States. The American
journal of gastroenterology, 98(5), 960-967.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Study variables
	Elevated Serum Aminotransferase Levels
	Fatty liver index and liver fibrosis score
	Chronic Kidney Disease Measures

	Covariates
	Statistical Analysis

	Results
	Characteristics of study population
	Association of elevated aminotransferase levels with low eGFR and increased UACR
	Sensitivity analyses
	Association of fatty liver index and liver fibrosis score with low eGFR and increased UACR

	Discussion
	Conclusions
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

