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Abstract

This study sought to determine the prevalence of significant liver disease in those subjects

with serum alanine aminotransferase levels in the range between the current and the newly

suggested upper limit of normal (termed the delta range). The files of the previous study

subjects (who underwent at least one alanine aminotransferase measurement in 2002 and

followed to 2012) were reviewed for a diagnosis of chronic liver disease; aspartate amino-

transferase/platelet ratio index, FIB-4 and alanine aminotransferase/aspartate aminotrans-

ferase ratio were used to evaluate liver fibrosis. The prevalence of significant liver disease,

by diagnoses and fibrosis scores was compared between subjects with alanine aminotrans-

ferase levels in the delta range (men, 42–45 IU/L; women, 26–34 IU/L) and in the newly sug-

gested normal range (men, 15–42 IU/L; women, 10–26 IU/L). The cohort included 49,634

subjects (41% male, mean age 83±6 years) of whom 2022 were diagnosed with chronic

liver disease including 366 with cirrhosis. Compared to subjects with alanine aminotransfer-

ase levels in the newly suggested normal range, subjects with alanine aminotransferase lev-

els in the delta range had a significantly higher rate of chronic liver disease (men, 15.3% vs.

4.9%; women, 7.8% vs. 3.3%) and of cirrhosis specifically (men, 4.2% vs. 0.9%; women,

1.5% vs. 0.4%) and also had higher mean fibrosis scores (P <0.001 for all). Lowering the

current upper limit of normal of serum alanine aminotransferase may help to identify elderly

patients at risk of significant liver disease.

Introduction

Higher levels of serum hepatocellular enzymes, alanine aminotransferase (ALT) and aspartate

aminotransferase (AST), with or without higher levels of canalicular enzymes (alkaline
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phosphatase and gamma glutamyl transferase) and bilirubin, are a sign of significant liver dis-

ease. However, even an isolated mild elevation of serum ALT level above the normal range,

may serve as a marker of liver injury [1,2] due to nonalcoholic fatty liver disease (NAFLD) and

chronic hepatitis C infection (HCV) [3–6]. Furthermore, many studies have reported an asso-

ciation of elevated serum ALT level with increased liver-related morbidity and mortality [7,8]

and all-cause mortality [9]. Recently, clinical guidelines have suggested lowering the upper

limit of normal (ULN) of serum ALT for men and women [10–12]. This was supported by our

previous study [12] showing that in elderly subjects, levels at the currently accepted ULN for

ALT in Israel, were associated with significantly high mortality rates.

The aim of the present study was to investigate the prevalence of clinically significant liver

disease in a large population of elderly subjects (age�65 years) residing in the community

whose serum ALT levels fell within the range of the current ULN and the newly suggested

ULN.

Methods

Clalit Health Services (CHS) is the largest of the four health management organizations in

Israel. Its member base numbers more than 4 million and 1.4 million in the Dan-Petach Tikva

District Branch (in central Israel) alone. The comprehensive electronic data warehouse of

CHS, aggregates continuous real-time medical input from hospital and community physicians

and health service providers for each of its members.

The present study was performed on the same population as our previous one, which was

derived from a review of the database of the CHS Dan-Petach Tikva District Branch. The

study included community-dwelling subjects aged�65 years who had undergone at least one

serum ALT measurement in 2002 and were followed until December 31, 2012. In our previous

study, we queried the database for demographic data, co-morbidities, laboratory tests, and

mortality [12].

The data of our patient records used in this retrospective study were fully anonymized:

serial numbers were employed instead of patients’ names and ID# before we had any access

to them. The study was approved by the CHS Ethics Committee (approval no. 0007-12-

COM).

Serum ALT levels were measured with a Beckman Coulter AU analyzer using a quantitative

kinetic UV method, as recommended by the International Federation of Clinical Chemistry,

but with the substitution of pyridoxal-5’-phosphate with L-alanine and 2-oxoglutarate as sub-

strates [13]. The prevalence of liver disease in this study was evaluated according to the diagno-

ses in the medical records. Additionally, we applied three established surrogate methods that

measure the degree of liver fibrosis [14]: AST-to-platelet ratio index (APRI) [15], FIB-4 score

[16], and ALT/AST ratio (AAR) [17] The APRI is calculated using the formula: AST level (IU/

L)/AST (upper limit of normal) (IU/L)/ platelet count (109/L) x 100. The FIB-4 is calculated

using the formula: age (years) x AST level (IU/L)/platelet count (109/L) x
p

ALT (IU/L). The

AAR was estimated by dividing the AST level by the ALT level. Clinically significant liver dis-

ease is usually associated with advanced fibrosis (F3) [18–20]; liver cirrhosis is characterized

by the highest stage of fibrosis (F4) [21].

CHS defines the normal range of serum ALT as 0–34 IU/L for women and 0–45 IU/L for

men, based on the Clinical Guide to Laboratory Tests [22–24]. Our previous analysis of the

association of serum ALT level with mortality rates suggested that a new range of 15–42 IU/L

for men and 10–26 IU/L for women be established [12]. For the present study, we identified

the individuals within this population whose serum ALT levels fell between the accepted ULN

and the newly suggested ULN range, which we termed the delta range (42–45 IU/L for men,
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26–34 IU/L for women). The prevalence of CLD and liver cirrhosis was compared between

this group and the remaining subjects, overall and by sex.

Statistical analysis

Data are presented as mean and standard deviation for continuous variables and frequency

and percentage for categorical variables. Data were analyzed with the SPSS, version 23.0 (SPSS

Inc., Chicago, IL, USA). The level of significance was set at 0.05. Chi-square tests and indepen-

dent t-tests compared categorical and continuous variables, respectively, between groups

(CLD/no CLD, cirrhosis/no cirrhosis). CLD and cirrhosis prevalence rates were compared by

ALT categories using chi-square tests. Mean fibrosis test values were compared by ALT catego-

ries using analysis of variance followed by the Bonferroni post hoc test. Independent t-tests

compared mean laboratory and fibrosis test values between groups (CLD/no CLD, cirrhosis/

no cirrhosis). The receiver operating characteristic (ROC) curve ploted the 1-specificity against

the sensitivity of each possible cut-point on the continuum of the predictor variable. In the

present study, the ability of the model to predict cirrhosis was evaluated using the area under

the ROC curve (AUC).

Results

The study included 49,634 subjects, 41% male, median age 83±6 years (range: 65–115 years).

CLD was diagnosed in 2022 subjects of whom 366 had cirrhosis. CLDs included NAFLD,

chronic HCV, chronic hepatitis B infection (HBV), liver cirrhosis of any etiology and other

liver diseases of various etiologies (alcoholic cirrhosis, cryptogenic cirrhosis, sarcoidosis, amy-

loidosis). NAFLD was the most common etiology for CLD (77.8%) [12].

Men had a significantly higher prevalence than women of CLD (4.3% vs 3.9%, P = 0.047)

and of liver cirrhosis (0.9% vs 0.6%, P<0.001).

Compared to subjects without CLD, the subjects with CLD (all types) had significantly

higher prevalence rates of some diseases related to the metabolic syndrome (i.e., diabetes melli-

tus, hypertension and borderline higher prevalence of ischemic heart disease) and higher rates

of malignancies (Table 1). Other significant findings were a lower all-cause mortality rate,

higher mean hemoglobin concentration, higher mean serum albumin level, and lower mean

cholesterol level (Table 1). Subjects with liver cirrhosis had significantly higher malignancy

rates than subjects without liver cirrhosis in addition to a significantly higher all-cause mortal-

ity rate and lower mean values of hemoglobin concentration, serum albumin, and cholesterol

(Table 1).

ALT levels were evaluated separately for women and men. Among the women, those with

an ALT level within the delta range had a threefold higher prevalence of cirrhosis and a two-

fold higher prevalence of CLD than women with an ALT level within the lower, newly sug-

gested normal range (cirrhosis, 1.5% vs. 0.4%; CLD, 7.8% vs. 3.3%) (Table 2). The same

comparison in men yielded a fourfold higher prevalence of cirrhosis and a threefold higher

prevalence of CLD in those with delta-range ALT levels than in those with ALT levels within

the newly suggested range (cirrhosis, 4.2% vs. 0.9%; CLD, 15.3% vs. 4.9%) (Table 2).

The prevalence rates of cirrhosis by quartiles of the APRI, FIB-4, and AAR results are pre-

sented in Fig 1a, 1b and 1c (note that the highest frequencies of cirrhosis are associated with

the upper quartile of APRI and FIB-4 values).

Mean values on all three tests were significantly higher in the subjects (men and women)

with ALT levels within the delta range than in subjects with levels within the newly suggested

normal range (Table 3).
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Fig 2 shows the results of the ROC curve analysis of the power of the fibrosis scores to pre-

dict cirrhosis. The AUC was 0.821 for the APRI and 0.78 for the FIB-4. However, owing to

their low sensitivity and specificity, these tests cannot serve as screening tools for cirrhosis.

Subjects with CLD or cirrhosis had significantly higher ALT and AST levels and a signifi-

cantly lower platelet count than subjects without liver disease. The APRI and FIB-4 fibrosis

scores were significantly higher in the subjects with CLD, and specifically the cirrhotic

Table 1. Baseline characteristics, associated diseases and laboratory results by presence of CLD and cirrhosis (n = 49634).

Parameters CLD

n = 2022

No CLD

n = 47612

P Cirrhosis

n = 366

No cirrhosis

n = 49268

P

Age (yr), mean±SD 81±5.2 83±6.4 <0.001 81±6.1 83±6.3 <0.001

Male gender, n (%) 878 (43) 19615 (41) 0.47 179 (48) 20314 (41) 0.008

IHD, n (%) 889 (44) 19958 (42) 0.068 168 (45) 20679 (42) 0.233

CHF, n (%) 458 (23) 10364 (22) 0.346 103 (28) 10719 (22) 0.006

CRF, n (%) 463 (23) 9331 (20) <0.001 111 (30) 9683 (20) <0.001

Diabetes mellitus, n (%) 864 (43) 15574 (33) <0.001 147 (39) 16291 (33) 0.010

Hypertension, n (%) 1622 (80) 35751 (75) <0.001 283 (76) 37090 (75) 0.796

CVA/TIA, n (%) 459 (23) 11831 (25) 0.028 75 (20) 12215 (25) 0.037

Malignancy, n (%) 327 (16) 6182 (13) <0.001 91 (24) 6418 (13) <0.001

Death (all-cause), n (%) 687 (34) 21377 (45) <0.001 201 (54) 21863 (44) <0.001

Hemoglobin (gr/dL), mean±SD 14.0±1.4 13.7±1.4 <0.001 13.7±1.5 13.8±1.4 0.842

WBC (K/μL),mean±SD 7.87±3.2 8.28±3.9 <0.001 7.59±3.0 8.27±3.9 0.001

Albumin (gr/dL), mean±SD 4.05±0.38 4.01±0.38 <0.001 3.92±0.43 4.02±0.38 <0.001

Total cholesterol (mg/dL), mean±SD 200±42 208±41 <0.001 189±45 207±41 <0.001

Bilirubin (mg/dL), mean±SD 0.43±1.1 0.36±0.9 0.003 0.76±1.8 0.36±0.94 <0.001

CRP (mg/dL), mean±SD 2.22±7.9 2.95±11.0 0.003 2.29±5.1 2.98±10.9 0.439

TSH (mIU/L), mean±SD 2.60±2.35 2.66±4.6 0.579 2.64±2.4 2.66±4.5 0.932

CLD, chronic liver disease; IHD, ischemic heart disease; CHF, congestive heart failure; CRF, chronic renal failure; CVA, cerebrovascular accident; TIA, transient

ischemic attack; WBC, white blood count; CRP, C-reactive protein; TSH, thyroid-stimulating hormone

https://doi.org/10.1371/journal.pone.0212737.t001

Table 2. Prevalence of cirrhosis and CLD by ALT categories in women and men.

Liver disease ALT below normal ALT suggested normal ALT delta range� ALT above normal P†

Women

ALT range (IU/L) 0–10 10–25 26–34 34+

No. subjects 4708 21132 1887 1414

CLD, n(%) 70 (1.5) 689 (3.3) 147 (7.8) 238 (16.8) <0.001

Cirrhosis, n(%) 6 (0.1) 78 (0.4) 28 (1.5) 68 (4.8) <0.001

Men

ALT level (IU/L) 0–15 15–42 42–45 45+

No. subjects 8315 11401 118 659

CLD, n(%) 185 (2.2) 553 (4.9) 18 (15.3) 122 (18.5) <0.001

Cirrhosis, n(%) 35 (0.4) 105 (0.9) 5 (4.2) 41 (6.2) <0.001

ALT, alanine aminotransferase; CLD, chronic liver disease

�Delta range- range of ALT values between the current and suggested upper limit of normal
†Differences in the prevalence rates of CLD and cirrhosis between subjects with values in the delta range and subjects with values within the newly suggested range

(lower ULN) were statistically significant.

https://doi.org/10.1371/journal.pone.0212737.t002
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Fig 1. a—cirrhosis prevalence by quartiles of fibrosis test results by APRI; b- cirrhosis prevalence by quartiles of

fibrosis test results by FIB-4; c—cirrhosis prevalence by quartiles of fibrosis test results by AAR.

https://doi.org/10.1371/journal.pone.0212737.g001
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patients, whereas the AAR score was significantly higher only in the subjects with CLD

(Table 4).

Discussion

Our earlier study suggested that the accepted ULN for serum ALT level should be lowered in

the elderly population, to 10–26 IU/L for women and 15–42 IU/L for men [12]. In the present

study, we tested the value of lowering the ULN for ALT for the detection of liver disease. Using

the same large health management organization registry of community dwelling elderly sub-

jects, we found, on the basis of the clinical diagnoses and the estimated fibrosis scores, that sig-

nificant liver disease was more prevalent in individuals with ALT levels in the delta range

between the current and suggested ULN than in individuals with levels below the newly sug-

gested ULN. This finding indicates that elderly individuals who meet the currently accepted

normal range of ALT may in fact harbor clinically significant liver disease.

The higher mean hemoglobin concentration and serum albumin level observed in this

study in the subjects with CLD relative to the subjects without CLD might be attributed to

their higher prevalence of NAFLD; that is, they were probably well fed with a good nutritional

status. Their mean serum cholesterol level, however, was lower than that of the rest of the

cohort. It is possible that because of the greater frequency of cardiovascular risk factors in the

subjects with CLD, they received better health care than the subjects without CLD, including

cholesterol-lowering drugs. Notably, although the between-group differences (CLD/no CLD

and cirrhosis/no cirrhosis) in many laboratory parameters, mainly hemoglobin, albumin, and

cholesterol, were statistically significant, the actual differences were relatively small, apparently

because of the difference in group size.

NAFLD, chronic HCV, and chronic HBV are the main causes of hepatocellular carcinoma

[25–27]. HCV and HBV are also associated with other malignancies [28,29]. The higher malig-

nancy rates found in the whole CLD group and the cirrhotic subgroup in our study might be

attributed to these factors. In the advanced stages of CLD, serum ALT level loses its prime

Table 3. Mean scores on fibrosis tests by ALT categories in women and men.

Fibrosis tests ALT below normal ALT suggested normal ALT delta range� ALT above normal P†

Women

ALT level (IU/L) 0–10 10–25 26–34 34+

No. subjects 4708 21132 1887 1414

FIB-4, mean±SD 1.7±0.9 1.55±1.2 1.66±1.0 2.46±2.5 <0.001

APRI, mean±SD 0.20± 0.1 0.26±0.2 0.38±0.2 0.89±1.3 <0.001

AAR, mean±SD 0.61±0.2 0.88±0.2 1.15±0.3 1.40±1.2 <0.001

Men

ALT level (IU/L) 0–15 15–42 42–45 45+

No. subjects 8315 11401 118 659

FIB-4 1.8±1.0 1.8±1.2 2.2±2.2 3.5±4.8 <0.001

APRI 0.23±0.1 0.31±0.2 0.57±0.6 1.26 ±0.6 <0.001

AAR 0.76±0.2 1.05±0.3 1.34±0.5 1.60±2.4 <0.001

AAR, aspartate aminotransferase-to-alanine aminotransferase ratio; ALT, alanine aminotransferase; FIB-4, fibrosis 4; APRI, aspartate aminotransferase (AST)-to-

platelet ratio index; AAR, ALT/AST ratio

�Delta range—range of ALT values between the current and suggested upper limit of normal
†Differences in mean fibrosis scores between subjects with values in the delta range and subjects with values within the newly suggested range (lower ULN) were

statistically significant.

https://doi.org/10.1371/journal.pone.0212737.t003
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Fig 2. Area under the curve for results of the three fibrosis tests.

https://doi.org/10.1371/journal.pone.0212737.g002

Table 4. Laboratory and fibrosis test results for CLD and cirrhosis.

Diagnostic tests CLD

N = 2022

No CLD

N = 47612

P Cirrhosis

N = 366

No cirrhosis

N = 49268

P

ALT 29.4±31.8 19.0±45.3 <0.001 40.4±55.7 19.3±44.8 <0.001

AST 30.0±29.3 21.2±20.1 <0.001 41.4±41.1 21.4±20.4 <0.001

PLT 229±77 248±78 <0.001 202±89 248±77 <0.001

FIB-4 2.22±2.9 1.69±1.2 <0.001 3.4±3.8 1.7±1.3 <0.001

APRI 0.54±1.07 0.29±0.33 <0.001 1.00±1.8 0.29±0.36 <0.001

AAR 1.00±0.47 0.91±0.46 <0.001 0.95±0.47 0.91±0.46 0.107

All values are mean±SD.

ALT, alanine aminotransaminase; AST, aspartate aminotransaminase; PLT, platelet count; FIB-4, fibrosis 4 test; APRI, AST-to-platelet ratio index; AAR, ALT/AST ratio

https://doi.org/10.1371/journal.pone.0212737.t004
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diagnostic importance to other clinical and laboratory findings. However, in the early stages

of the disease, abnormal ALT levels may raise the index of suspicion of CLD among clini-

cians, leading to earlier diagnosis and treatment [30,31]. Thus, lowering the ULN of serum

ALT may help to identify a greater proportion of patients with significant liver disease. Early

diagnosis and work-up is particularly important today, given the new medical technologies

and medications directed at safely eradicating HCV [32] and halting the progression of

chronic severe HBV (nucleoside/nucleotide analogues) [33] and possibly NAFLD [34,35].

Additionally, liver cirrhosis is associated with a high risk of morbidity and mortality from

liver insufficiency or hepatocellular carcinoma [36,37], and its early detection can lead to

curative treatment [38].

The most prevalent occult CLD in the elderly is probably NAFLD [39]. NAFLD represents

the expression of the metabolic syndrome in the liver [40]. The associated co-morbidities of

the metabolic syndrome, namely arterial hypertension, diabetes mellitus, hyperlipidemia,

ischemic heart disease, and stroke, are much more prevalent in the elderly [41]. Thus, follow-

ing a primary diagnosis of NAFLD, patients must be made aware of the necessity for life-style

changes and regular monitoring of serum glucose, lipid levels, and blood pressure. In patients

considered to have a normal ALT level, the significance of an imaging (ultrasound, computed

tomography) finding of fatty infiltration of the liver would probably be underestimated, and

management measures would not be instituted. Under these circumstances using a lower ULN

for ALT may aid clinicians in the earlier diagnosis of NAFLD.

Hepatic encephalopathy is a common complication of cirrhosis which results in poor brain

functioning. It ranges from clinically minimal to clinically overt brain dysfunction [42]. In the

elderly, minimal encephalopathy may be mistaken for dementia. Therefore, its early diagnosis

is important to avoid erroneous and unnecessary work-up and treatments [43]. Drug-induced

liver injury (DILI) is common in the elderly owing to their high rates of polypharmacy [44].

DILI usually presents as a high serum ALT level (~500 IU/L) [45], although in some patients,

such as those using acetaminophen in the therapeutic range, liver enzymes are just mildly ele-

vated [46]. Clinicians must be made aware that even a slight deviation in serum ALT above the

ULN may indicate liver injury and that elimination of the offending agent might prevent

ongoing injury [47].

Our findings are in accordance with the recent American College of Gastroenterology

(ACG) guidelines [6] which recommend clinical evaluation for liver disease in healthy

men with a serum ALT level above 33 IU/L and in women with a serum ALT level above 25

IU/L. The slight differences between the ULN values used here, which were derived from

our earlier study [12] and the ACG recommendations may be at least partly explained by

age differences in the populations evaluated. The ACG guidelines are based on a meta-

analysis of studies of adults of various ages whereas we focused exclusively on the over-

65-year age group. Older adults are more prone to hepatic injury due to age-associated

reductions in hepatic regenerative capacity, functional hepatocyte volume, and hepatic

blood flow [48].

The APRI, FIB-4, and AAR scores have been found to have a good correlation with signifi-

cant liver fibrosis. Indeed, this was also found in our study mainly for the FIB-4 and APRI

scores but not for AAR scores (Fig 2). These fibrosis scores have an inherent drawback: the

higher the sensitivity in detecting liver fibrosis, the lower the specificity and vice versa [14–17].

The higher fibrosis scores in the subjects with ALT levels in the delta range in our study group

compared to those with lower levels further support the need to apply the newly suggested

ULN to the elderly, in Israel and possibly worldwide.
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Study limitations

Our study is limited by the biases inherent in a retrospective design. This study was based on a

large registry of community dwelling subjects attending the largest health management organi-

zation in Israel (CHS), and the results are in accordance with the global literature. However,

the catchment area of the Dan-Petach Tikva District Branch of CHS consists almost entirely of

a Jewish population, which may limit the generalizability of our findings.

To the best of our knowledge, there are no previous studies of the significance of the ALT

delta range to the diagnosis of significant liver disease in the elderly.

Conclusions

Lowering the ULN of serum ALT in the elderly may help to identify patients with significant

liver disease. A global standardization of this simple, low cost, and highly available laboratory

test is needed and may upgrade the standard of care for these individuals worldwide.

Supporting information

S1 Dataset. Basic characteristics of the study cohort.

(XLSX)

Author Contributions

Conceptualization: Hemda Schmilovitz-Weiss, Joseph Meyerovitch.

Formal analysis: Nira Morag Koren.

Methodology: Rachel Gingold-Belfer, Alon Grossman, Nidal Issa, Doron Boltin, Yichayaou

Beloosesky, Joseph Meyerovitch, Avraham Weiss.

Supervision: Hemda Schmilovitz-Weiss.

Validation: Rachel Gingold-Belfer, Alon Grossman, Nidal Issa, Doron Boltin, Yichayaou

Beloosesky, Joseph Meyerovitch, Avraham Weiss.

Writing – original draft: Hemda Schmilovitz-Weiss.

Writing – review & editing: Hemda Schmilovitz-Weiss.

References
1. Kim WR, Flamm SL, Di Bisceglie AM, Bodenheimer HC; Public Policy Committee of the American

Association for the Study of Liver Disease. Serum activity of alanine aminotransferase (ALT) as an indi-

cator of health and disease. Hepatology, 2008; 47: 1363–1370. https://doi.org/10.1002/hep.22109

PMID: 18366115

2. Dufour DR, Lott JA, Nolte FS, Gretch DR, Koff RS, Seeff LB. Diagnosis and monitoring of hepatic injury.

II. Recommendations for use of laboratory tests in screening, diagnosis, and monitoring. Clin Chem.

2000; 46: 2050–2068. PMID: 11106350

3. Wejstål R, Hansson G, Lindholm A, Norkrans G. Persistent alanine aminotransferase elevation in

healthy Swedish blood donors-mainly caused by obesity. Vox Sang. 1988; 55: 152–156. PMID:

3238949

4. Dutta A, Saha C, Johnson CS, Chalasani N. Variability in the upper limit of normal for serum alanine

aminotransferase levels: a statewide study. Hepatology. 2009; 50: 1957–1962. https://doi.org/10.1002/

hep.23200 PMID: 19787805

5. Zeuzem S, Diago M, Gane E, Reddy KR, Pockros P, Prati D, et al. Peginterferon alfa-2a (40 kilodaltons)

and ribavirin in patients with chronic hepatitis C and normal aminotransferase levels. Gastroenterology.

2004; 127: 1724–1732. PMID: 15578510

Lowering ALT level reveals liver disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0212737 April 11, 2019 9 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0212737.s001
https://doi.org/10.1002/hep.22109
http://www.ncbi.nlm.nih.gov/pubmed/18366115
http://www.ncbi.nlm.nih.gov/pubmed/11106350
http://www.ncbi.nlm.nih.gov/pubmed/3238949
https://doi.org/10.1002/hep.23200
https://doi.org/10.1002/hep.23200
http://www.ncbi.nlm.nih.gov/pubmed/19787805
http://www.ncbi.nlm.nih.gov/pubmed/15578510
https://doi.org/10.1371/journal.pone.0212737


6. Nutt AK, Hassan HA, Lindsey J, Lamps LW, Raufman JP. Liver biopsy in the evaluation of patients with

chronic hepatitis C who have repeatedly normal or near-normal serum alanine aminotransferase levels.

Am J Med. 2000; 109: 62–64. PMID: 10936480

7. Ruhl CE, Everhart JE. Elevated serum alanine aminotransferase and gamma-glutamyltransferase and

mortality in the United States population. Gastroenterology. 2009; 136: 477–485. https://doi.org/10.

1053/j.gastro.2008.10.052 PMID: 19100265

8. Kim HC, Nam CM, Jee SH, Han KH, Oh DK, Suh I. Normal serum aminotransferase concentration and

risk of mortality from liver diseases: prospective cohort study. BMJ. 2004; 328: 983. https://doi.org/10.

1136/bmj.38050.593634.63 PMID: 15028636

9. Arndt V, Brenner H, Rothenbacher D, Zschenderlein B, Fraisse E, Fliedner TM. Elevated liver enzyme

activity in construction workers: prevalence and impact on early retirement and all-cause mortality. Int

Arch Occup Environ Health. 1998; 71: 405–412. PMID: 9766914

10. Kwo PY, Cohen SM, Lim JK. ACG Clinical Guideline: Evaluation of Abnormal Liver Chemistries. Am J

Gastroenterol. 2017; 112: 18–35. https://doi.org/10.1038/ajg.2016.517 PMID: 27995906

11. Umashanker R. Continuing medical education questions: January 2017: ACG Clinical Guideline: Evalu-

ation of Abnormal Liver Chemistrie. Am J Gastroenterol. 2017; 112: 36.

12. Schmilovitz-Weiss H, Gingold-Belfer R, Boltin D, Beloosesky Y, Meyerovitch J, Tor R, et al. Risk of mor-

tality and level of serum alanine aminotransferase among community-dwelling elderly in Israel. Eur J

Gastroenterol Hepatol. 2018; Jul 25. [Epub ahead of print].

13. Bergmeyer HU, Hørder M, Rej R. International Federation of Clinical Chemistry (IFCC) Scientific Com-

mittee, Analytical Section: approved recommendation (1985) on IFCC methods for the measurement of

catalytic concentration of enzymes. Part 3. IFCC method for alanine aminotransferase (L-alanine: 2-

oxoglutarate aminotransferase, EC 2.6.1.2). J Clin Chem Clin Biochem. 1986; 24: 497–510. PMID:

3734712

14. Chou R, Wasson N. Blood tests to diagnose fibrosis or cirrhosis in patients with chronic hepatitis C virus

infection: a systematic review. Ann Intern Med. 2013; 158: 807–820. https://doi.org/10.7326/0003-

4819-158-11-201306040-00005 PMID: 23732714

15. Lin ZH, Xin YN, Dong QJ, Want Q, Jiang XJ, Zhan SH, et al. Performance of the aspartate aminotrans-

ferase-to-platelet ratio index for the staging of hepatitis C-related fibrosis: an updated meta-analysis.

Hepatology. 2011; 53: 726–736. https://doi.org/10.1002/hep.24105 PMID: 21319189

16. Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner J, et al. Development of a simple non-

invasive index to predict significant fibrosis patients with HIV/HCV co-infection. Hepatology. 2006; 43:

1317–1325. https://doi.org/10.1002/hep.21178 PMID: 16729309

17. Persico M, Perrotta S, Persico L, Terracciano L, Folgori A, Ruggeri L, et al. Hepatitis C virus carriers

with persistently normal ALT levels: biological peculiarities and update of the natural history of liver dis-

ease at 10 years. J Viral Hepatitis. 2006; 13: 290–296.

18. Sebastiani G, Gkouvatsos K, Pantopoulos K. Chronic hepatitis C and liver fibrosis. World J Gastroen-

terol. 2014; 20: 11033–11053. https://doi.org/10.3748/wjg.v20.i32.11033 PMID: 25170193

19. Bataller R, Gao B. Liver fibrosis in alcoholic liver disease. Semin Liver Dis. 2015; 35: 146–156. https://

doi.org/10.1055/s-0035-1550054 PMID: 25974900

20. Atta HM. Reversibility and heritability of liver fibrosis: implications for research and therapy. World J

Gastroenterol. 2015; 21: 5138–5148 https://doi.org/10.3748/wjg.v21.i17.5138 PMID: 25954087

21. Asselah T, Bourgeois S, Pianko S, Zeuzem S, Sulkowski M, Foster GR, et al. Sofosbuvir/velpatasvir in

patients with hepatitis C virus genotypes 1–6 and compensated cirrhosis or advanced fibrosis. Liver Int.

2017; Jul 30. [Epub ahead of print].

22. Wu AHB. Tietz Clinical Guide to Laboratory Tests [e-book]. St. Louis, MO: Saunders Elsevier; 2006.

https://evolve.elsevier.com.

23. Ryden I, Lind L, Larsson A. Reference values of thirty-one frequently used laboratory markers for 75-

year-old males and females. Ups J Med Sci. 2012; 117: 264–272. https://doi.org/10.3109/03009734.

2011.644873 PMID: 22300333

24. Bock BJ, Dolan CT, Miller GC, Fitter WF, Hartsell BD, Crowson AN, et al. The data warehouse as a

foundation for population-based reference intervals. Am J Clin Pathol. 2003; 120:662–670. https://doi.

org/10.1309/W8J8-5AG4-WDG6-JGJ9 PMID: 14608890

25. Kim GA, Lee HC, Choe J, Kim MJ, Lee MJ, Chang HS, et al. Association between non-alcoholic fatty

liver disease and cancer incidence rate. J Hepatol 2017; Nov 2. [Epub ahead of print].

26. Hallager S, Ladelund S, Christensen PB, Kjaer M, Thorup Roege B, Gronbaek KE, et al. Liver-related

morbidity and mortality in patients with chronic hepatitis C and cirrhosis with and without sustained viro-

logic response. Clin Epidemiol. 2017; 9: 501–516. https://doi.org/10.2147/CLEP.S132072 PMID:

29123424

Lowering ALT level reveals liver disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0212737 April 11, 2019 10 / 12

http://www.ncbi.nlm.nih.gov/pubmed/10936480
https://doi.org/10.1053/j.gastro.2008.10.052
https://doi.org/10.1053/j.gastro.2008.10.052
http://www.ncbi.nlm.nih.gov/pubmed/19100265
https://doi.org/10.1136/bmj.38050.593634.63
https://doi.org/10.1136/bmj.38050.593634.63
http://www.ncbi.nlm.nih.gov/pubmed/15028636
http://www.ncbi.nlm.nih.gov/pubmed/9766914
https://doi.org/10.1038/ajg.2016.517
http://www.ncbi.nlm.nih.gov/pubmed/27995906
http://www.ncbi.nlm.nih.gov/pubmed/3734712
https://doi.org/10.7326/0003-4819-158-11-201306040-00005
https://doi.org/10.7326/0003-4819-158-11-201306040-00005
http://www.ncbi.nlm.nih.gov/pubmed/23732714
https://doi.org/10.1002/hep.24105
http://www.ncbi.nlm.nih.gov/pubmed/21319189
https://doi.org/10.1002/hep.21178
http://www.ncbi.nlm.nih.gov/pubmed/16729309
https://doi.org/10.3748/wjg.v20.i32.11033
http://www.ncbi.nlm.nih.gov/pubmed/25170193
https://doi.org/10.1055/s-0035-1550054
https://doi.org/10.1055/s-0035-1550054
http://www.ncbi.nlm.nih.gov/pubmed/25974900
https://doi.org/10.3748/wjg.v21.i17.5138
http://www.ncbi.nlm.nih.gov/pubmed/25954087
https://evolve.elsevier.com
https://doi.org/10.3109/03009734.2011.644873
https://doi.org/10.3109/03009734.2011.644873
http://www.ncbi.nlm.nih.gov/pubmed/22300333
https://doi.org/10.1309/W8J8-5AG4-WDG6-JGJ9
https://doi.org/10.1309/W8J8-5AG4-WDG6-JGJ9
http://www.ncbi.nlm.nih.gov/pubmed/14608890
https://doi.org/10.2147/CLEP.S132072
http://www.ncbi.nlm.nih.gov/pubmed/29123424
https://doi.org/10.1371/journal.pone.0212737


27. Qiu L, Wang T, Xu X, Wu Y, Tang Q, Chen K. Long non-coding RNAs in hepatitis B virus-related hepa-

tocellular carcinoma: regulation, functions, and underlying mechanisms. Int J Mol Sci. 2017; 18.

28. Mahale P, Torres HA, Kramer JR, Hwang LY, Li R, Brown EL, et al. Hepatitis C virus infection and the

risk of cancer among elderly US adults: A registry-based case-control study. Cancer. 2017; 123: 1202–

1211. https://doi.org/10.1002/cncr.30559 PMID: 28117886

29. Matsumoto K, Onoyama T, Kawata S, Takeda Y, Harada K, Ikebuchi Y, et al. Hepatitis B and C virus

infection is a risk factor for the development of cholangiocarcinoma. Intern Med. 2014; 53: 651–654.

PMID: 24694471

30. Gong X, Yang J, Tang J, Gu C, Huang L, Zheng Y, et al. A mechanistic assessment of the discor-

dance between normal serum alanine aminotransferase levels and altered liver histology in chronic

hepatitis B. PLoS One. 2015; 10: e0134532. https://doi.org/10.1371/journal.pone.0134532 PMID:

26230094

31. Wu CK, Chang KC, Tseng PL, Lu SN, Chen Ch, Wang JH, et al. Comparison of therapeutic response

and clinical outcome between HCV patients with normal and abnormal alanine transaminase levels.

PLoS One. 2016; 11: e0142378. https://doi.org/10.1371/journal.pone.0142378 PMID: 26968010

32. Nahon P, Bourcier V, Layese R, Audureau E, Cagnot C, Marcellin P, et al. Eradication of hepatitis C

virus infection in patients with cirrhosis reduces risk of liver and non-liver complications. Gastroenterol-

ogy. 2017; 152: 142–156. https://doi.org/10.1053/j.gastro.2016.09.009 PMID: 27641509

33. Chen CH, Chiu YC, Lu SN, Lee CM, Wang JH, Hu TH, et al. Serum hepatitis B surface antigen levels

predict treatment response to nucleos(t)ide analogues. World J Gastroenterol. 2014; 20: 7686–7695.

https://doi.org/10.3748/wjg.v20.i24.7686 PMID: 24976706

34. Sunny NE, Bril F, Cusi K. Mitochondrial adaptation in nonalcoholic fatty liver disease: novel mecha-

nisms and treatment strategies. Trends Endocrinol Metab. 2017; 28: 250–260. https://doi.org/10.1016/

j.tem.2016.11.006 PMID: 27986466

35. Goossens N, Jornayvaz FR. Translational aspects of diet and non-alcoholic fatty liver disease. Nutri-

ents. 2017; 9.

36. Niravath P, Hayes T, Hilsenbeck S. Utility of screening for hepatocellular carcinoma among cirrhotics.

Frontline Gastroenterol. 2011; 2: 182–187. https://doi.org/10.1136/fg.2010.003244 PMID: 28839606

37. OprițăR, Diaconescu IB, Lupu G, Lupu A, Cristea B, Bratu MR. Hepatocellular carcinoma among cir-

rhotics—utility of screening and surveillance programs—review article. J Med Life. 2014; 7: 477–480.

PMID: 25713606

38. Tang ZY, Zhou XD, Ma ZC, Wu ZQ, Fan J, Lin ZY, et al. Multimodality treatment of hepatocellular carci-

noma. J Gastroenterol Hepatol. 1998; 13: S315–S319. https://doi.org/10.1111/j.1440-1746.1998.

tb01901.x PMID: 28976647

39. Fukui N, Golabi P, Otgonsuren M, Mishra A, Venkatesan C, Younossi ZM. Demographics, resource uti-

lization, and outcomes of elderly patients with chronic liver disease receiving hospice care in the United

States. Am J Gastroenterol. 2017; 112: 1700–1708. https://doi.org/10.1038/ajg.2017.290 PMID:

29016566

40. Clark JM. The epidemiology of nonalcoholic fatty liver disease in adults. J Clin Gastroenterol. 2006; 40

Suppl 1: S5–S10.

41. Bechtold M, Palmer J, Valtos J, Iasiello C, Sowers J. Metabolic syndrome in the elderly. Curr Diab Rep.

2006; 6:64–71. PMID: 16522283

42. Prakash RK, Kanna S, Mullen KD. Evolving concepts: the negative effect of minimal hepatic encepha-

lopathy and role for prophylaxis in patients with cirrhosis. Clin Ther. 2013; 35: 1458–1473. https://doi.

org/10.1016/j.clinthera.2013.07.421 PMID: 23972578

43. Galvin JE. Mental status and neurologic examination. In: Halter JB, Ouslander JG, Studenski S, High

KP, Asthana S, Supiano MA, et al, editors. Hazzard’s Geriatric Medicine & Gerontology, 7th ed. New

York: McGraw-Hill Education; 2017. pp. 171–188.

44. Komiya H, Umegaki H, Asai A, Kanda S, Maeda K, Shimojima T, et al. Factors associated with poly-

pharmacy in elderly home-care patients. Geriatr Gerontol Int. 2018; 18: 33–41. https://doi.org/10.1111/

ggi.13132 PMID: 28786554

45. Björnsson HK, Olafsson S, Bergmann OM, Bjornsson ES. A prospective study on the causes of notably

raised alanine aminotransferase (ALT). Scand J Gastroenterol. 2016; 51: 594–600. https://doi.org/10.

3109/00365521.2015.1121516 PMID: 26653080

46. Grieco A, Miele L, Forgione A, Ragazzoni E, VEcchio FM, Gasbarrini G. Mild hepatitis at recommended

doses of acetaminophen in patients with evidence of constitutionally enhanced cytochrome P450 sys-

tem activity. J Clin Pharm Ther. 2008; 33: 315–320. https://doi.org/10.1111/j.1365-2710.2008.00918.x

PMID: 18452419

Lowering ALT level reveals liver disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0212737 April 11, 2019 11 / 12

https://doi.org/10.1002/cncr.30559
http://www.ncbi.nlm.nih.gov/pubmed/28117886
http://www.ncbi.nlm.nih.gov/pubmed/24694471
https://doi.org/10.1371/journal.pone.0134532
http://www.ncbi.nlm.nih.gov/pubmed/26230094
https://doi.org/10.1371/journal.pone.0142378
http://www.ncbi.nlm.nih.gov/pubmed/26968010
https://doi.org/10.1053/j.gastro.2016.09.009
http://www.ncbi.nlm.nih.gov/pubmed/27641509
https://doi.org/10.3748/wjg.v20.i24.7686
http://www.ncbi.nlm.nih.gov/pubmed/24976706
https://doi.org/10.1016/j.tem.2016.11.006
https://doi.org/10.1016/j.tem.2016.11.006
http://www.ncbi.nlm.nih.gov/pubmed/27986466
https://doi.org/10.1136/fg.2010.003244
http://www.ncbi.nlm.nih.gov/pubmed/28839606
http://www.ncbi.nlm.nih.gov/pubmed/25713606
https://doi.org/10.1111/j.1440-1746.1998.tb01901.x
https://doi.org/10.1111/j.1440-1746.1998.tb01901.x
http://www.ncbi.nlm.nih.gov/pubmed/28976647
https://doi.org/10.1038/ajg.2017.290
http://www.ncbi.nlm.nih.gov/pubmed/29016566
http://www.ncbi.nlm.nih.gov/pubmed/16522283
https://doi.org/10.1016/j.clinthera.2013.07.421
https://doi.org/10.1016/j.clinthera.2013.07.421
http://www.ncbi.nlm.nih.gov/pubmed/23972578
https://doi.org/10.1111/ggi.13132
https://doi.org/10.1111/ggi.13132
http://www.ncbi.nlm.nih.gov/pubmed/28786554
https://doi.org/10.3109/00365521.2015.1121516
https://doi.org/10.3109/00365521.2015.1121516
http://www.ncbi.nlm.nih.gov/pubmed/26653080
https://doi.org/10.1111/j.1365-2710.2008.00918.x
http://www.ncbi.nlm.nih.gov/pubmed/18452419
https://doi.org/10.1371/journal.pone.0212737


47. Tajiri K, Shimizu Y. Practical guidelines for diagnosis and early management of drug-induced liver

injury. World J Gastroenterol. 2008; 14: 6774–6785. https://doi.org/10.3748/wjg.14.6774 PMID:

19058303

48. Kelly SG, Barancin C, Lucey MR. Hepatic disease. In: Halter JB, Ouslander JG, Studenski S, High KP,

Asthana S, Supiano MA, et al, editors. Hazzard’s Geriatric Medicine & Gerontology, 7th ed. New York:

McGraw-Hill Education; 2017. pp. 1343–1349.

Lowering ALT level reveals liver disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0212737 April 11, 2019 12 / 12

https://doi.org/10.3748/wjg.14.6774
http://www.ncbi.nlm.nih.gov/pubmed/19058303
https://doi.org/10.1371/journal.pone.0212737

