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Abstract

Background
High and low levels of serum alanine aminotransferase (ALT) are associated with cardiovascular
diseases (CVD) especially in elderly but the roles of sex and age are unexplained. This study investigated
sex- and age-related variation of serum ALT and associations between ALT and CVD risk factors in men
and women in a Caucasian population.

Methods
This study used cross-sectional data from Tromsø 6 in 2555 men (mean age 60.4 years) and 2858
women (mean age 60.0 years). Associations were assessed by variance analysis and multivariable
logistic regression of odds to have abnormal ALT.

Results
Abnormal ALT was detected in 113 (4.4%) men and 188 (6.6%) women. ALT correlated negatively with
age in men (r = -0.231, p < 0.001) and positively in women (r = 0.124, p < 0.001). A linear inversed
association between age and ALT in men and a non-linear inversed U-trend in women with maximum
level between 60–64 years were found. Age was independently associated with ALT in men only [OR 1.05
(95% CI 1.04, 1.07), p < 0.001] and body mass index (BMI) was independently associated with ALT in both
sexes.

Conclusion
The relationship between age and ALT was opposite directed in men compared to women, and linearly
and independently in men only. Neither BMI as the strongest associated CVD risk factor in both sexes nor
other risk components could explain this. Separate sex-analyses should be used in studies investigating
the role of ALT as a disease marker.

Background
Elevated levels of alanine aminotransferase (ALT) is associated with higher risk to develop
cardiovascular disease (CVD) [1, 2], obesity [3, 4], insulin resistance[5], the metabolic syndrome and type 2
diabetes [6, 7]. The full spectre of underlying mechanisms is unresolved, but ALT-related non-alcoholic
fatty liver disease (NAFLD) is an important condition involved, at least in men [8, 9]. Higher prevalence of
metabolic abnormalities in men may explain sex-differences in associations between ALT and metabolic
syndrome [10]. Low levels have also been reported to be unfavourable and may be explained by higher
age, sarcopenia and hepatic ageing [11]. Accordingly, a J-shaped ALT-mortality curve is demonstrated
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[12–14]. An American survey with measurement of body composition in 15028 inhabitants reported
higher mortality risk in subgroups with ALT deciles 1–3 and an insigni�cant mortality increase in those
with highest ALT levels (decile 10) [14]. The risk excess associated with lower ALT levels was probably
due to decreased appendicular lean mass found in the same study fraction [14]. Furthermore, ALT-related
coronary disease may be unrelated to presence of risk factors [15, 16]. Whether this may be explained in
part by age and sex variations is unknown.

An inversed relationship between age and ALT is reported [17], which has been associated with male sex
in particular [4]. An inverse U-shaped relationship between age and ALT is demonstrated in Israeli and
Italian cohorts of men and women recruited from general practice populations [18, 19]. The purpose of
the present study was to investigate the relationship between age and ALT by sex in a Scandinavian
predominantly Caucasian general population and to identify CVD-related risk factor(s) most strongly
associated with ALT.

Methods

Patients and ethics
The participants of this cross-sectional community study were recruited from the 6th Tromsø Study [20].
ALT was measured in 5413 participants (2555 men and 2858 women), aged 30–87 years, representing
42% of those attended. The ethnic origin included 87.3% Norwegians, 1.6% Sami and 1.3% of Finnish
origin, 2.2% of other ethnicities, and 7.6% with unknown ethnicity. Written consent was obtained from all
participants, and the Norwegian Committee for Medical and Health Research Ethics (REC) approved the
study.

Measurements
Clinical examinations are performed standardized in the Tromsø study. Accordingly, height and weight
were measured with light clothing without shoes, and body mass index (BMI) calculated as weight
divided by height squared (kg/m2) to the nearest 0.1 cm and 0.1 kg using an automatic device. Also,
blood pressure was recorded automatically by Dinamap Vital Signs Monitor 1846; Critikon Inc, Tampa,
FL. Three readings were taken from the upper right arm at 1-minute intervals after an initial 2-minute rest
in a sitting position. The average of the 2 last readings was then used in the analyses. Hypertension was
de�ned as systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg or use of
antihypertensive medication. Coronary heart disease (reported previous heart attack) was registered via
standard questionnaires in the Tromsø study and diabetes de�ned as HbA1c ≥ 6.5%.

ALT was analysed photometrically using an enzymatic method (CK-NAC, Roche Diagnostics, Mannheim,
Germany) and by an automated clinical chemistry analyzer (Modular P, Roche) by photometry. Serum ALT
reference limits were 10–70 U/L for men and 10–45 U/L in women. The lower detected limit of ALT assay
was 5.0 U/L and the analytical variation (Vka) 4.9%. The standard cut-off limits for ALT, aspartate
aminotransferase (AST) and gamma glutamyl transferase (GGT) used in the Hospital are those
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developed by the Nordic Reference Interval Project (NORIP) [21]. HbA1c was measured in EDTA whole
blood based on an immunoturbidometric assay (UNIMATES, F. Hoffmann-La Roche AG) and HbA1c (%)
was calculated from the HbA1c /Hb ratio. Serum-glucose was obtained by a non-fasting procedure. An
enzymatic colorimetric method using a commercially available kit (CHOD-PAP, Boehringer-Mannheim,
Mannheim, Germany) was used to measure serum total cholesterol. High-density lipoprotein (HDL)
cholesterol was obtained after precipitation of lower-density lipoproteins (LDL) with heparin and
manganese chloride. Total cholesterol/HDL cholesterol ratio was used in the statistical analyses. High-
sensitive C-reactive protein (hs-CRP) was analyzed with a particle-enhanced immunoturbidimetric assay
on a Modular P (Roche Hitachi, Mannheim, Germany) in thawed aliquots after storage at − 20 °C. The
lower detection limit of the hs-CRP assay was 0.03 mg /L and measurements of hs-CRP lower than
0.03 mg /L were set at this value. The analytical coe�cient of hs-CRP variation between 0.1 mg /L and
20 mg /L was < 4%. Department of Clinical Biochemistry, University Hospital of North Norway, Tromsø
performed all analyses.

Statistical analysis
ALT values showed left-sided skewness by histograms and therefore log-transformed in the analyses.
Additionally, AST, GGT, hs-CRP, HbA1c and glucose-values were log-transformed due to right-sided
skewness. Descriptive data are presented as mean and standard deviations (SD) for continuous variables
or numbers and frequencies for dichotomous data. Pearson´s correlation coe�cient was calculated for
associations between continuous variables. Two-sided student´s t-test was used to compare means
respectively χ2- test between frequencies of data. ANOVA was used to test differences between means of
ALT vs. age quartiles and independent variables (social, demographic and metabolic) vs. ALT quartiles
while associations between age and ALT adjusted for covariates was done by ANCOVA. By multiple
logistic regression analysis, possible confounders were tested and adjusted for with abnormal ALT as
dependent variable and age, BMI, waist-to-hip-ratio, diastolic blood pressure, total/HDL cholesterol ratio,
triglycerides and log CRP as independent variables; i.e. those variables found statistically signi�cantly
associated with ALT in the variance analyses. Systolic blood pressure is not included in the female model
due to high correlation with diastolic blood pressure (r = 0.651, p < 0.001). P < 0.05 was considered
statistically signi�cant and SPSS software (Statistical Package for Social Science INC, Chicago, Illinois,
USA), version 26) was used in the statistical analyses.

Results

Alanine aminotransferase, supplementary blood samples
and clinical characteristics in men and women
Table 1 shows characteristics of the subjects in the population. Men had higher levels of liver markers
and CVD risk markers including BMI and waist-to-hip-ratio but lower total cholesterol, LDL and HDL levels
than women (Table 1). Accordingly, 580 (20.3%) women used lipid lowering drugs compared to 185
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(7.2%) in the mail group, p < 0.001. The rate of hypertension was high in the total group, but relatively
higher in men (Table 1).

Alanine aminotransferase is associated with cardiovascular
risk factors
Tables 2 and 3 show positive and signi�cant relationships between ALT and BMI, waist-to-hip-ratio and
most CVD-related variables when comparing lowest and highest quartiles of variables. Exceptions are
insigni�cant associations with diastolic blood pressure and CRP in men (Table 2). Thus, CRP-levels were
elevated in 1st ALT-quartiles in both sexes and thereby slightly J-shaped. Consequently, the difference
between means of ALT in 2. and 4. quartiles in men was signi�cant (p = 0.03).

Age- and sex are differently associated with serum alanine aminotransferase levels Age correlated
positively with ALT values in women and negatively in men (Fig. 1). A negative linear association between
age quintiles and log ALT was found for men and a non-linear inversed U-shaped relationship was
observed in women in a variance analysis adjusted for covariates (Tables 4 and 5). Mean log ALT
changed from 1.51 U/L from the youngest group to 1.37 U/L in the oldest (9.3% decline). Age and log ALT
were positively associated until a maximum level was reached at age group 60–63 years in women,
whereupon it declined (Table 5). Thus, age correlated positively with ALT in females < 60 years (r = 0.129,
p = 0.001) and negatively in those ≥ 60 years (r = -0.161, p < 0.001). A similar pattern is seen in Table 3
where mean age in women increased through quartiles 1 to 3 of log ALT until it decreased. Also, age
correlated contradictive with BMI in men and women (men: r = -0.045, p = 0.024; women: r = 0.095, p < 
0.001). Except alcohol use, none of the CVD risk parameters showed an inversed U-form in comparison
with ALT quartiles (Tables 4 and 5).

BMI independently predicts ALT in men and women
Variables included in the multivariate analysis are those signi�cantly associated with log ALT by ANOVA
(Tables 2 and 3) except systolic blood pressure in women. BMI was the only predictor independently
associated with log ALT in both sexes after adjusting for age, lipids, glucose, HbA1C (%) (men and
women) and additionally, log CRP in women (Table 6). Age was signi�cantly and independently
associated with log ALT in men, but not in women.

Discussion
The relationship between age and ALT as an inversed linearly trend or formed as an inverted U-wave
along quantiles of age-groups is usually reported as representative for the entire study population but is
recognized in the present study as con�ned to either sex group, respectively men and women.
Furthermore, ALT is associated with metabolic components and clinical CVD risk factors, but BMI was the
only one independently associated with ALT in both sexes in a multivariate analysis.
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A linear and inversed relationship between age and ALT in both sexes is reported in cross-sectional and
longitudinal studies [17, 22]. Although the present study participants were younger in comparison, it
con�rmed a linear age-ALT trend that persisted after adjusting for covariates, but in men only. An
Australian community study in 1673 elderly men (≥ 70 years) designed as a survival analyses, showed
an inversed relationship between age and ALT like the �ndings in the male group here [23]. That study
found low ALT to be associated with reduced survival partly due to high age, but the mechanisms is
otherwise largely unknown [23]. However, obesity without accompanied CVD has been related to
increased survival (the obesity paradox) [24]. Like here, age and BMI were negatively correlated in men
contrasting the positive relationship in women. Accordingly, the third U.S. National Health and Nutrition
Examination Survey (n = 5724) found positive associations between age and male sex in relation to ALT
which abolished in a multivariate analysis. Also, BMI remained signi�cantly associated with ALT [4]. Age,
sex and BMI also in�uenced transaminase levels in children and adolescents. In girls, ALT declined from
infancy until 4 years of age, then increased to peak at 16 years. The same U-form was found for boys
although a little delayed [25]. Boys had higher ALT levels than girls, and BMI correlated stronger with ALT
in boys [25].

Despite different age-ALT curves between men and women in the present study, the relationships between
ALT and CVD risk factors including glucose were approximately the same. In women, an inversed U-form
with signi�cant and opposite directed age-ALT correlations on both sides of the 60-year cut-off is
demonstrated. A similar pattern with ALT-maximum at 65-year of age was found equal for both sexes in a
recent cross-sectional study in 10,000 non-diabetic subjects [11]. By showing a similar trend for age vs.
fasting glucose levels, glucose was suggested to entail a joint effect on the ALT levels across ages [11].
The same phenomenon is demonstrated in a study that included subjects living in aged home and
participants recruited from three general practices (n = 335). ALT values was distributed along an inversed
U-shaped curve with a peak level between 40–55 years [19]. In parallel, ALT increased until the third
decade in men and the �fth decade in women in a large Italian study where ALT additionally associated
positively with BMI, glucose and lipids [18].

The sex-difference in ALT vs. age in the present study is not shown in previous studies, and the data
otherwise do not point to any certain mechanism. A study in an obese cohort from the same area,
showed an association between ALT and the muscular component of body composition in both sexes,
but ALT was associated with fat mass in men only [26]. Furthermore, ALT was positively correlated with
glucose, glycated haemoglobin and cholesterol in obese women [26]. ALT is higher in men than women
but whether this is due to different body composition, sex hormones or diverging effect of confounders is
unknown [27, 28]. Thus, ALT predicted prevalent coronary heart disease in men in an European-American
study [29]. Although the Tromsø study provides robust data, the evidence of the present cross-sectional
study con�nes to associations between data, which itself might contribute to differences in comparisons
with others.

Perspectives and signi�cance



Page 7/12

These data con�rms an independent and equal association between ALT and BMI in both sexes [30]. The
sex-speci�c variations in ALT levels seem to be unrelated to CVD-related risk factors and is largely
unexplained. Data from studies on ALT should be analysed sex-strati�ed.

Conclusion
Biological mechanisms explaining how age and sex in�uence ALT levels differently should be further
investigated.
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section.
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Figure 1

Correlations between age and serum alanine aminotransferase (ALT) in men and women. Spearman´s
rank correlation coe�cient was inversed in the group of 2555 men (r = -0.231, p < 0.001) and positive in
2858 women (r = 0.124, p < 0.001)
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