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Abstract

Background Current literature lacks data on markers of non-alcoholic fatty
liver disease (NAFLD) in newly diagnosed type 2 diabetes mellitus (T2DM) pa-
tients. We therefore, conducted a cross-sectional study to examine modifiable
clinical and lifestyle factors associated with elevated alanine aminotransferase
(ALT) levels as a marker of NAFLD in new T2DM patients.

Methods Alanine aminotransferase levels were measured in 1026 incident
T2DM patients enrolled in the nationwide Danish Centre for Strategic Research
in Type 2 Diabetes (DD2) cohort. We examined prevalence of elevated ALT
(>38 IU/L for women and >50 IU/L for men) and calculated prevalence ratios
associated with clinical and lifestyle factors using Poisson regression. We
examined the association with other biomarkers by linear regression.

Results The median value of ALT was 24 IU/L (interquartile range:
18-32 IU/L) in women and 30 IU/L (interquartile range: 22-41 IU/L) in
men. Elevated ALT was found in 16% of incident T2DM patients. The risk of
elevated ALT was increased in patients who were <40 years old at diabetes
debut [adjusted prevalence ratio (aPR): 1.96, 95% confidence interval (CI):
1.15-3.33], in those with alcohol overuse (>14/>21 drinks per week for
women/men) (aPR: 1.60, 95% CI: 1.03-2.50), and in those with no regular
physical activity (aPR: 1.42, 95% CI: 1.04-1.93). Obesity and metabolic syndrome
per se showed no association with elevated ALT when adjusted for other markers,
whereas we found positive associations of ALT with increased C-peptide (5 = 0.14,
95% CI: 0.06-0.21) and fasting blood glucose (4 = 0.07, 95% CI: 0.03-0.11).

Conclusions Among newly diagnosed T2DM patients, several modifiable
clinical and lifestyle factors are independent markers of elevated ALT levels.
Copyright © 2014 John Wiley & Sons, Ltd.
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Introduction

Type 2 diabetes mellitus (T2DM) is associated with non-alcoholic fatty liver dis-
ease (NAFLD), and up to 50-60% of prevalent T2DM patients may either have
or develop NAFLD [1-3]. Metabolic syndrome is a possible link between T2DM
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and NAFLD, as several components of metabolic syndrome
that are closely related to T2DM [4], such as abdominal
obesity, insulin resistance, and dyslipidemia, are also com-
monly associated with NAFLD [5-8]. T2DM patients with
NAFLD may have increased morbidity and mortality.
Compared with T2DM patients without NAFLD, Adams
et al., reported a 2.2-fold [95% confidence interval (CI):
1.1-4.2] higher overall mortality in T2DM patients with
NAFLD, with a mean follow-up of 10.9 years [9]. Vice versa,
NAFLD patients with T2DM are at higher risk of progression
to non-alcoholic steatohepatitis [10], fibrosis, and cirrhosis
[11-13] compared with patients without T2DM. Mecha-
nisms behind the adverse outcome of NAFLD in T2DM
patients may relate to activation of inflammatory pathways,
increased oxidative stress, free fatty acid lipotoxicity, and
mitochondrial dysfunction [10,14].

In epidemiological studies of the general population,
elevated alanine aminotransferase (ALT) is a commonly
used marker of NAFLD, although its sensitivity and specific-
ity are suboptimal [15]. After excluding individuals with
chronic viral hepatitis and excessive alcohol consumption,
most of the remaining cases with elevated ALT indicate
NAFLD [15,16], and ALT remains an early, simple, and non-
invasive marker of liver injury in everyday clinical practice
[17]. Population-based data on ALT elevation and associ-
ated factors including other biomarkers in newly diagnosed
T2DM patients are very sparse. In a study from six diabetes
care hospitals in Italy, Forlani et al. found increased triglyc-
eride level and large waist circumference to be independent
predictors of elevated ALT in T2DM patients [odds ratio
(OR): 1.57, 95% CI: 1.43-1.84, and OR: 1.47, 95% CI:
1.17-1.85, respectively] [18].

With the increasing worldwide prevalence of diabetes,
the burden of NAFLD is expected to increase [19,20].
Knowledge about modifiable clinical and lifestyle factors
that are markers of asymptomatic NAFLD in T2DM is crucial
for early detection and intervention and thus to improve
future prognosis of T2DM patients with NAFLD. Investi-
gation of phenotypes and biomarkers associated with
NAFLD may foster our understanding of disease processes
leading to NAFLD in T2DM and ultimately form the basis
for preventing NAFLD. In the present nationwide study,
we aimed to examine the prevalence of elevated ALT in
newly diagnosed T2DM patients and the clinical and life-
style factors associated with such elevation.

Materials and methods
Study design

We conducted this study using information from the Danish
Centre for Strategic Research in Type 2 Diabetes (DD2), a
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nationwide cohort that began enrolling newly diagnosed
T2DM patients from general practitioners and hospital spe-
cialist outpatient clinics throughout Denmark in November
2010 [21]. The implementation and logistics of the DD2
project have been described in detail recently [22]. In brief,
data recorded in the DD2 database include each patient’s
civil registration number (CPR number), and detailed inter-
view and clinical examination data provided by general prac-
titioners or hospital physicians for each DD2 patient at time
of enrolment. Blood samples (fasting) are obtained from
each patient, either on the day of the interview or later [23].

We extracted additional clinical data from the Danish Di-
abetes Database for Adults (DDDA) for a subcohort of DD2
patients included in the DDDA at present [21]. Additionally,
a complete hospital contact history of each DD2 participant
was obtained by linkage with the Danish National Patient
Register (DNPR), covering all Danish hospitals [24]. The
DNPR contains information on discharges from all hospital-
izations in Danish non-psychiatric hospitals since 1977 and
all hospital outpatient and emergency department visits
since 1995. It includes data on dates of admission and
discharge and up to 20 discharge diagnoses coded by
physicians according to the International Classification of
Diseases, 8th revision (ICD-8) until 31 December 1993
and the 10th revision (ICD-10) thereafter [25]. Moreover,
complete data on filled medication prescriptions for each
DD2 participant were obtained from the Danish National
Database of Reimbursed Prescriptions [23,26]. The unique
CPR number, provided to each Danish resident at birth or
upon immigration, made it possible to link data between
various health registers [27].

Data on ALT elevation

From the DD2 biobank, we extracted information on ALT
levels, measured by the photometric method using the
COBAS-6000 analyser produced by Roche Diagnostics
GmbH, Mannheim, Germany. The technique to measure
ALT was in accordance with the recommendation from Eu-
ropean Committee for Clinical Laboratory Standards [28].
The gender-specific upper reference interval (>38 IU/L for
women and >50 IU/L for men) corresponded to elevated
ALT levels [29].

Data on other biomarkers

From the DD2 biobank, we also extracted information on
the following biomarkers: C-reactive protein levels, mea-
sured using the particle-enhanced immunoturbidimetric
method (Tina-quant C-reactive Protein Gen.3, Roche
Diagnostics); amylase levels, measured using an enzymatic
colorimetric method (Pancreas o-amylase); C-peptide
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levels, measured using the ADVIA Centaur C-Peptide assay
(Siemens Healthcare Diagnostics Ltd, Frimley, Camberley,
UK); and fasting blood glucose levels, analysed using a
enzymatic hexokinase method (Gluco-quant Glucose/HK,
Roche Diagnostics).

Data on demographic, lifestyle, and
clinical factors

From the DD2 database, we extracted data on age, gender,
waist circumference, and self-reported lifestyle factors
including alcohol intake, physical activity, and weight gain
since the age of 20 years [22]. We obtained complete data
on antihypertensive and insulin treatment from the Danish
National Database for Reimbursed Prescriptions. For a
subcohort of DD2 patients, we could link additional data
from the DDDA on tobacco smoking, body mass index
(BMI), blood pressure, glycosylated haemoglobin A,
plasma lipids, including total cholesterol, high-density
lipoprotein (HDL) cholesterol, and triglyceride levels, as
described in detail by Thomsen et al. [21]. We identified
patients with metabolic syndrome using the International
Diabetes Federation criteria for clinical diagnosis of meta-
bolic syndrome, defined as fulfilling three or more of the
following criteria: raised fasting glucose (>7 mmol/L);
HDL cholesterol <1.0 mmol/L for men and <1.3 mmol/L
for women; triglycerides >1.7 mmol/L or treatment with
fibrates (C10AB) or nicotinic acid (C10AD); central obesity
(waist circumference >94 c¢cm for men and >80 cm for
women); and hypertension at enrolment (anti-hypertensive
treatment or systolic blood pressure >130 mmHg or dia-
stolic blood pressure >85 mmHg) [30].

We obtained a complete hospital contact history for all
participants’ major coexisting diseases as included in the
Charlson comorbidity index (CCI) since 1977 using DNPR
[31]. The CCI includes 19 different disease categories and
takes into account the number and the seriousness of
comorbid diseases. The CCI includes the categories mild
liver disease (including chronic viral hepatitis, alcoholic or
toxic liver disease, NAFLD, fibrosis, and cirrhosis) and mod-
erate to severe liver disease (including acute hepatitis with
hepatic coma, hepatic failure, portal hypertension, and
oesophageal varices). On the basis of hospital diagnosis
codes [32], we computed a CCI score for each person
[33], defining three comorbidity levels: low (score of 0),
medium (score of 1-2), and high (score of 3+). Diabetes
was excluded from the CCI because it constituted the index
disease of our study cohort. We separately ascertained any
previous diagnoses of acute or chronic viral hepatitis, any
mild or severe liver disease in the CCI, cancer, and cardio-
vascular diseases.

Patient registration and sample collection for the DD2
cohort have been approved by the National Committee

Copyright © 2014 John Wiley & Sons, Ltd.
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on Health Research Ethics (Denmark) (record number
S$-20100082) and the Danish Data Protection Agency
(record number 2008-58-0035). After receiving detailed
oral and written information approved by the National
Committee on Health Research Ethics (Denmark), patients
volunteer to participate in the DD2 study. Participants sign a
written informed consent document.

Statistical analysis

We calculated the median ALT value and prevalence of
elevated ALT level (>38 IU/L for women and >50 IU/L
for men) according to the demographic, clinical, and life-
style characteristics defined earlier. We then calculated
crude and adjusted prevalence ratios (aPRs) with 95% Cls
of ALT elevation associated with presence of each factor,
using Poisson regression analysis with robust error vari-
ance. Three sequential cumulative adjustment models were
used to calculate aPRs: in model 1, we adjusted for age and
gender; in model 2 we adjusted for age, gender, and central
obesity; and in model 3, we adjusted for age, gender, central
obesity, comorbidity level, physical activity, and alcohol
consumption. Similarly, for the patient subgroup with
available DDDA data (n = 520), we used three models to
calculate aPRs for elevated ALT: model 1 was adjusted for
age and gender; model 2 was adjusted for age, gender,
and BMI; and model 3 was adjusted for age, gender, BMI,
smoking, blood pressure, physical activity, lipid levels, and
alcohol consumption.

To examine if there was a linear relation between
increasing ALT levels and increasing levels of specific bio-
markers, rather than using cut points, we performed linear
regression analysis. In all linear regression analyses, normal
distribution was approximated by log transforming the
variables. We used multiple linear regression analysis to
examine the association of each explanatory variable (dif-
ferent biomarkers) with the response variable (ALT level).
To examine the effect of different confounders, we used
sequential cumulative adjustment models in introducing
the confounders. In the first step, we only adjusted for age
and gender (model 1); in the second step, we adjusted for
age, gender, and waist circumference (model 2); and in
the third step, we adjusted for age, gender, waist circum-
ference, C-reactive protein, C-peptide, HDL cholesterol,
total cholesterol, triglycerides, and fasting blood glucose
(model 3). All analyses were performed using SAS version
9.2 (SAS Institute, Inc., Cary, North Carolina).

Results

Serum ALT levels were measured in 1026 newly diag-
nosed T2DM patients. Of these, 166 (16%) had elevated
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ALT levels (>38 IU/L for women and >50 IU/L for men).
The median value of ALT was 24 IU/L (interquartile range
18-32 IU/L) in women and 30 IU/L (interquartile range
22-41 IU/L) in men.

Table 1 shows demographic, clinical, and lifestyle
characteristics according to ALT levels, and the corre-
sponding prevalence ratios, crude, and for adjustment
models 1-3, with 95% CI. The prevalence of elevated
ALT was increased among those who were younger than
60 years at diabetes debut: model 3 aPR: 1.96 (95% CI:
1.15-3.33) in those aged <40 years and 1.68 (95% CI:
1.24-2.26) in those aged 40-59 years, as compared with
those aged >60 years at debut. We found a substantially
higher prevalence of elevated ALT in patients who
reported consumption of more than 14/21 alcoholic
drinks per week for women/men (model 3 aPR: 1.60,
95% CI: 1.03-2.50) compared with those who consumed
less than the recommended maximal limit. T2DM pa-
tients with no regular physical exercise had significantly
higher prevalence of elevated ALT (model 3 aPR: 1.42,
95% CI: 1.04-1.93) as compared with patients with reg-
ular physical exercise, and importantly, this association
was not weakened by adjustment for central obesity,
alcohol consumption, and comorbidity (Table 1). Weight
gain of more than 30 kg since 20 years of age was
associated with elevated ALT in crude analyses
(prevalence ratio: 1.10, 95% CI: 0.83-1.46) but lost
association after adjustment for age, gender, physical
activity, alcohol consumption, and comorbidity (aPR: 0.98,
95% CI: 0.74-1.30). Central obesity per se also showed a
very modest and non-significant association with ALT
elevation (model 3 aPR: 1.21, 95% CI: 0.66-2.24).

Characteristics of the 520 DD2 patients also included in
the DDDA database are shown in Table 2. As for central
obesity, the association between obesity (BMI > 30) and
ALT elevation was weak. A higher prevalence of elevated
ALT levels was seen in patients with increased blood pres-
sure (model 3 aPR: 1.38, 95% CI: 0.72-2.64). Patients
with the metabolic syndrome did not have elevated ALT
in crude analyses (prevalence ratio: 0.86, 95% CI:
0.49-1.50), or when adjusting for other factors (Table 2).

In the linear regression analysis, increasing C-peptide
(adjusted B model 3: 0.14, 95% CI: 0.06-0.21) and fasting
blood glucose (adjusted B model 3: 0.07, 95% CI:
0.03-0.11) showed a positive association with ALT, after
adjusting for age, gender, waist circumference, and all
other biomarker levels (Table 3).

Discussion

These early results from the nationwide DD2 study
demonstrate that among newly diagnosed T2DM
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patients, 16% have elevated ALT levels of >38 IU/L for
women and >50 IU/L for men. Several important po-
tentially modifiable factors, including alcohol overuse,
low physical activity, and high C-peptide and fasting
blood glucose, at T2DM debut are associated with ele-
vated ALT.

We found a much higher prevalence of elevated ALT
levels (16%) in T2DM patients in our study compared
with previously reported prevalences of elevated ALT
in the general Danish adult population (i.e. 4.6% in
women and 9.8% in men) [34]. The observed preva-
lence is similar to that reported among prevalent
T2DM patients (16%) in Italy [18]. The results of our
population-based study partly corroborate findings from
the few existing studies on elevated ALT among T2DM
patients [7,18,35], showing that poor glucose control
and dyslipidemia are markers of elevated ALT levels.
Also, in accordance with current knowledge considering
NAFLD, a hepatic manifestation of the metabolic syn-
drome, we found that some metabolic syndrome compo-
nents, including insulin resistance, increased fasting
blood glucose, and high blood pressure, tended to be as-
sociated with ALT elevation, whereas MS as a whole was
not [36,37]. A recent review identified morbid obesity
as a risk factor for NAFLD, in the general population
[38], yet in our T2DM population, central obesity per
se was rather weakly associated with ALT elevation
when adjusted for other markers, and obesity per se
was not associated with ALT. The fact that ALT elevation
was common also in the minor group of T2DM patients
without obesity or metabolic syndrome may suggest that
other factors associated with T2DM per se are at play in
increasing ALT. Of potential importance for preventive
efforts, we found lack of regular physical activity to be
clearly associated with increased ALT, even after adjust-
ment for obesity and a range of other factors.

The pathophysiology underlying NAFLD in T2DM
patients is not well understood. Recent studies have
demonstrated that hepatic and peripheral insulin resis-
tance plays an important role by causing increased
production of reactive oxygen species and up-regulation
of the pro-inflammatory cascade via lysosomal desta-
bilization [39,40]. These changes ultimately lead to
enhanced hepatic gluconeogenesis, inefficient free fatty
acid metabolism, and impaired triglyceride transport,
and furthermore to hepatic steatosis [41]. On the other
hand, fat accumulation in the liver may subsequently
decrease insulin sensitivity and increase blood glucose.
Hepatic steatosis in turn may lead to steatohepatitis,
fibrosis, and cirrhosis through ill-defined pathways.
Prospective follow-up studies are needed to improve
the understanding of the mechanism and temporal
sequence of ALT elevation and NAFLD in T2DM patients
in order to improve the management of these patients.
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