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ABSTRACT

Non-alcoholic fatty liver disease (NAFLD) is the most common liver disease worldwide due to its
close association to the metabolic syndrome of type 2 diabetes mellitus (T2DM), obesity and
insulin resistance. However, the prevalence and severity of NAFLD in Greenland remain unex-
plored. We aimed to estimate the prevalence of liver steatosis and fibrosis among Greenlanders
and Danes with T2DM living in Greenland using biochemical surrogate markers. We included
1409 Greenlanders and 182 Danes with T2DM in this register-based cross-sectional study.
Greenlanders had higher BMI and plasma lipid levels and lower HbA1c levels compared with
Danes (p<0.05). Their median alanine aminotransferase (ALAT) levels were similar. However, more
Greenlanders had elevated ALAT levels (20.5% vs. 11.5%, p<0.05). Greenlanders had lower FIB-4
scores than Danes, 0.91 (IQR: 0.66-1.27) vs. 0.97 (IQR: 0.78-1.34), without difference in FIB-4 score
categories (p=0.27). The prevalence of advanced fibrosis was low in both populations (1.7-2.6%).
In conclusion, Greenlanders with T2DM had better glycaemic control despite higher BMI and
plasma lipids. A larger proportion of Greenlanders had elevated plasma ALAT levels, while FIB-4
scores were lower than Danes. These findings suggest that Greenlanders with T2DM may be less
likely to develop liver complications than Danes with T2DM in Greenland.
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Introduction
indigenous Greenlanders has increased during the

Non-alcoholic fatty liver disease (NAFLD) is one of the
most common liver diseases in the world [1]. NAFLD is
closely related to obesity, type 2 diabetes mellitus (T2DM)
and insulin resistance and may be considered the hepatic
manifestation of the metabolic syndrome [2,3].

An essential immunomodulatory event driving NAFLD
disease progression is hepatic lipid accumulation (steato-
sis). If the hepatic metabolic capacity is surpassed, toxic
lipid intermediates induce hepatic inflammation, referred
to as steatohepatitis, which eventually promotes liver
fibrogenesis [4]. Continued fibrogenesis may ultimately
lead to manifest cirrhosis, with approximately 20% of
patients with NAFLD as rapid progressors [5].

The population in Greenland consists primarily of
Inuit (approximately 90%) with Danes as the second
largest population of approximately 10% [6]. For the
indigenous Arctic populations, data on NAFLD preva-
lence are sparse and non-existent for the Greenland
Inuit population [7]. However, the BMI among the

past half century [8]. Moreover, although T2DM used
to be a rare condition in the Greenland Inuit popula-
tion, the prevalence now follows the global trend, with
an increased pace that may concern healthcare profes-
sionals and challenge the healthcare system [9,10].
This growing prevalence of obesity and T2DM [11]
demands the burden of related chronic diseases, includ-
ing NAFLD, to be elucidated among the Greenlandic
population. Recently, it was observed that microalbu-
minuria and especially retinopathy are less common
among Greenlanders  compared  with non-
Greenlanders with T2DM [12]. A genetic mutation in
the TBC1D1 gene is present in 17% of Greenlanders
and known to cause insulin resistance but without the
usual association to known diabetes risk factors [10].
Thus, the frequency of diabetic complications may, to
some extent, be explained by genetic variants, but
whether other diabetic complications and diabetes-
related diseases, including NAFLD, also occur less
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frequently remains to be
investigated.

Due to large travel distances for basic healthcare
services, a characterisation of the prevalence of liver
disease in T2DM patients in Greenland may have
a large impact on patient monitoring and early
intervention.

We aimed to estimate the prevalence of liver stea-
tosis and fibrosis through the use of biochemical surro-
gate markers among all patients diagnosed with T2DM
living in Greenland and to analyse the association
between liver disease and relevant characteristics of
the metabolic syndrome. We hypothesised that
Greenlanders with T2DM are less likely to develop

liver steatosis and fibrosis than Danes with T2DM.

among Greenlanders

Materials and methods

We performed a register-based cross-sectional study on
anthropometric, biochemical, and pharmacological data
obtained from the electronic medical records (EMRs) in
Greenland. The data were extracted on 8 April 2021
after approval by the Ethics Committee in Greenland
(KVUG 2020-22) and the Agency for Health and
Prevention in Greenland.

Study population

A total of 1713 patients diagnosed with diabetes melli-
tus and with permanent residence in Greenland were
registered in the EMR. We excluded 54 patients (3.2%)
with type 1 diabetes mellitus (T1DM), 40 patients (2.3%)
with T2DM who were not born in Greenland or
Denmark, and 28 patients (1.6%) without plasma ala-
nine aminotransferase (ALAT) measurements.
A diagnosis of TIDM and T2DM was determined in
the EMR through diagnosis codes in accordance with
the International Classification of Primary Care, 2nd
edition [13]. Consequently, 1591 patients with T2DM
born in Greenland or Denmark were included in the
study (Figure 1).

Variables and analysis

From the EMR, data on birthplace, current residence in
Greenland, age, sex, height, weight, systolic blood pres-
sure, diastolic blood pressure, glycated haemoglobin
(HbA1c), liver and lipid biochemistry, hepatitis B and
C virus test results and anti-lipidemic, anti-hypertensive
and diabetes treatments were extracted. All anthropo-
metric and biochemical tests were performed between
5 January 2016 and 30 March 2021. Ethnicity was cate-
gorised according to birthplace as either “Greenland” or

All diabetes patients registered in the
EMR of Greenland
(n=1713)

Excluded:
T1DM
(n=>54)

Y

Excluded:

w| Other birthplace than
”1 Greenland or Denmark
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\.

~
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L (n=28)
Y

[ Included T2DM patients ]

y

(n=1591)

Figure 1. Flowchart of in- and exclusion. TIDM: type 1 diabetes
mellitus; T2DM: type 2 diabetes mellitus; EMR: electronic med-
ical record; ALAT:alanine aminotransferase.

“Denmark”. The residential location was included for
two purposes: (1) to assess differences in healthcare
access and (2) to explore differences in the prevalence
of liver disease among T2DM patients in Greenland with
an urban residence (capital Nuuk) vs. rural residence
(elsewhere in the country). Height and weight were
used to calculate the body mass index (BMI), and
patients were grouped according to the World Health
Organization conventional cut-offs (underweight
<185 kg/m? normal weight 18.5-24.9 kg/m? over-
weight 25-29.9 kg/m? and obese =30 kg/m?).
Standard procedures for height, weight and blood pres-
sure measurements have been described previously
[12]. Details regarding alcohol consumption were
unavailable.

Lipid biochemistry comprised plasma low-density
lipoprotein-cholesterol (LDL), high-density lipoprotein-
cholesterol (HDL), total cholesterol (TC) and triglycer-
ides (TG). Liver biochemistry included plasma ALAT,
aspartate aminotransferase (ASAT) and platelet count.
In Greenland, the upper reference levels for ALAT are
>35 U/L in women and >50 U/L in men aged 50 years
or younger and >70 U/L in all individuals more than
50 years. An ALAT concentration above the upper refer-
ence limit was used as a surrogate marker for liver
steatosis. The upper limits of ASAT were 35 U/L for
women and 45 U/L for men.

Two non-invasive scoring tools, the Fibrosis-4 (FIB-4)
score and ASAT to Platelet Ratio Index (APRI), were used
to quantify the level of liver fibrosis. FIB-4 includes age,
ASAT, platelet count and ALAT. FIB-4 scores <1.45 have
a high negative predictive value of advanced liver



fibrosis and scores >2.67 have a high positive predictive
value of advanced liver fibrosis [14,15].

APRI includes ASAT, the upper limit of the reference
interval of ASAT for the given patient, and the platelet
count (10%/L). The level of hepatic fibrosis was assessed
based on conventional cut-off values, with APRI <0.7
likely ruling out fibrosis, values between 0.7 and 1.0
suspicious of fibrosis and >1.0 highly predictive for
cirrhosis [16,17].

Finally, we used the following five criteria for the
metabolic syndrome: T2DM, BMI >30 kg/mz, triglycer-
ides >1.7 mmol/l or anti-lipidemic treatment, HDL
<1.0 mmol/l for men or <1.3 mmol/l for women or
anti-lipidemic treatment and systolic blood pressure
>130 mmHg or diastolic blood pressure >85 mmHg or
anti-hypertensive treatment. Fulfilling at least three of
these was considered diagnostic for the metabolic syn-
drome [18].

Statistics

Cohort characteristics were described using medians
with interquartile ranges or proportions. We used the
Wilcoxon rank-sum test to study differences between
groups of non-normally distributed data and Student’s
t-test for normally distributed data. Prior to non-
parametric tests, histograms and QQ-plots were used
to check for normality. To assess the differences in
proportions, xz-tests or Fisher's exact tests were used.
We performed the non-parametric Spearman’s rank cor-
relation to test the association of both fibrosis scores
and steatosis markers related to T2DM and metabolic
syndrome variables. Linear regression was applied to
assess relationships of both fibrosis scores and steatosis
(after logarithmic transformation) to relevant continu-
ous variables. The model was checked by diagnostic
plots of the residuals. The number of metabolic syn-
drome criteria fulfilled was treated as a continuous vari-
able in the linear regression analyses. p-values <0.05
were considered statistically significant for all tests per-
formed. The statistical software Stata, version 17
(StataCorp, Texas, USA), was used for all data analyses.

Results
Background characteristics

The distribution of T2DM in Greenland in different age
groups was 55 (3.3%) among <39 years old, 550 (33.2%)
among 40-59 years old, 949 (57.2%) among 60-
79 years old and 105 (6.3%) among 80+ years old,
regardless of birthplace [6]. Of the 1591 patients with
T2DM included in this study, 1409 were born in
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Greenland and 182 were born in Denmark (Figure 1,
Table 1).

The median age was similar in Greenlanders and
Danes. The male-to-female ratio was approximately 1:1
in the Greenland population, while in the Danish sub-
group, there was a marked gender difference with
a male-to-female ratio of approximately 10:1.

Greenlanders had a lower median height and
weight, but higher BMI than Danes. A higher proportion
of Greenlanders had BMI =30 kg/m? compared with
Danes (63.2% vs. 52.9%). Furthermore, the
Greenlanders had lower HbA1c levels and higher levels
of total cholesterol, LDL, HDL and platelets compared
with Danes. Fewer Greenlanders were prescribed dia-
betes medication compared with Danes. Finally, a larger
proportion of patients in the Danish subgroup were
living in the urban capital Nuuk compared with the
Greenlanders (Table 1).

Transaminasemia and liver steatosis

The median plasma ALAT concentration was similar in
the two groups. However, proportionately more
Greenlandic patients had elevated ALAT compared
with Danish patients (289 (20.5%) vs. 21 (11.5%),
p=0.004). The median ASAT was higher in
Greenlanders than Danes (Table 1).

In Greenland Inuit, we found a positive association
between ALAT and BMI, HbA1c, triglycerides, total cho-
lesterol, LDL and diastolic blood pressure. We also
found a negative association between ALAT and HDL
in this group (Table 2).

For the small Danish group, only a positive associa-
tion between ALAT and BMI was identified (Table 2).

For both groups, BMI had the strongest correlation
with ALAT, while other correlations were modest at best.

Among Greenlanders, median ALAT concentrations
were higher for patients with the metabolic syndrome
(at least three criteria fulfilled) compared with those
without metabolic syndrome (42 vs. 35 U/L, p<0.001),
while the ALAT concentration was similar in patients
with and without metabolic syndrome in the Danish
group (p=0.37). In the linear regression analysis, no
interaction of ethnicity was identified, and in the sub-
sequent regression analysis, ALAT increased by 8.0%
(95% Cl: 5.2-10.9%, p<0.001) for each metabolic syn-
drome criteria fulfilled when adjusting for birthplace.
Among T2DM patients fulfilling the criteria for meta-
bolic syndrome, median HbA1c remained lower (53 vs.
56 mmol/mol, p=0.002) and median BMI remained
higher (32.4 vs. 30.7 kg/mz, p<0.001) in Greenlanders
compared with Danes and their plasma lipid profiles
persisted.
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Table 1. Background characteristics of the cohort.

Greenland Denmark
Ethnicity/birthplace (n=1409) (n=182) p-value
Age (years) 63 (IQR: 56-70) 64 (IQR: 59-71) 0.12
Sex, n (%) <0.001
Male 650 (46.1%) 165 (90.7%)
Female 759 (53.9%) 17 (9.3%)
Anthropometrics, median (IQR)
Height (cm) (n=1372/172) 162 (IQR: 156-169) 178 (IQR: 172-183) <0.001
Weight (kg) (n=1383/174) 84.0 (IQR: 71.5-98.1) 94.8 (IQR: 83.0-109) <0.001
BMI (kg/mz) (n=1372/172) 31.9 (IQR: 27.9-36.5) 30.5 (IQR: 26.9-33.9) 0.002
BMI groups, n (%) 0.042
<18.5 kg/m?
18.5-24.9 kg/m? 7 (0.5%) 0 (0.0%)
25-29.9 kg/m2 160 (11.6%) 28 (16.3%)
>30 kg/m’ 338 (24.6%) 53 (30.8%)

867 (63.2%) 91 (52.9%)
Biochemistry, median (IQR)
HbA1c (mmol/mol) (n=1405/180) 52 (IQR: 47-61) 56 (IQR: 48-67) 0.002
TC (mmol/l) (n=1355/177) 4.6 (IQR: 3.8-5.4) 4.0 (IQR: 3.4-4.8) <0.001
LDL (mmol/l) (n=1352/177) 2.1 (IQR: 1.5-2.9) 1.8 (IQR: 1.3-2.8) 0.002
HDL (mmol/l) (n=1356/177) 1.0 (IQR: 0.8-1.2) 0.8 (IQR: 0.6-1.0) <0.001
TG (mmol/l) (n=1355/177) 2.0 (IQR: 1.4-3.0) 1.8 (IQR: 1.3-2.9) 0.247
ALAT (U/L) (n=1409/182) 41 (IQR: 29-59) 9 (IQR: 28-54) 0.157
ASAT (U/L) (n=1030/135) 27 (IQR: 22-35) 3 (IQR: 19-29) <0.001
Platelets (10%/1) (n=985/136) 297 (IQR: 240-352) 240 (IQR: 206-284) <0.001
Liver fibrosis, median (IQR)
FIB-4 score (n=874/120) 0.91 (IQR: 0.66-1.27) 0.97 (IQR: 0.78-1.34) 0.048
FIB-4 score categories, n (%) 0.269
<1.45
1.45-2.67 737 (84.3%) 96 (80.0%)
>2.67 114 (13.0%) 22 (18.3%)
APRI score (n=874/120) 3 (2.6%) 2 (1.7%)
APRI score categories, n (%) 0.23 (IQR: 0.17-0.32) 0.23 (IQR: 0.18-0.30) 0.818
<0.7 1.000
0.7-1.0
>1.0 849 (97.1%) 117 (97.5%)

16 (1.8%) 2 (1.7%)

9 (1.0%) 1 (0.8%)
Hepatitis serology, n (%) Negative/positive test Negative/positive test 0.432
309(96.6%)/11 (3.4%) 25 (100%)/0 (0.0%)

P-HBsAg (n=320/25) 193 (100%)/0 (0.0%) 18 (100%)/0 (0.0%)
P-anti-HCV (n=193/18)
Blood pressure (mmHg)?, median (IQR)
Systolic (n=1389/173) 134 (IQR: 125-143) 134 (IQR: 125-141) 0.908
Diastolic (n=1389/173) 80 (IQR: 74-86) 1 (IQR: 75-88) 0.219
Medication, n (%)
Diabetes medications 973 (69.1%) 149 (81.9%) <0.001
Anti-lipids 855 (60.7%) 115 (63.2%) 0514
Anti-hypertensives 1057 (75.0%) 147 (80.8%) 0.089
Metabolic syndromeb, n (%) 0.107
1 criterion met (T2DM alone) 7 (2.6%) 4 (2.2%)
2 criteria met 4 (6.7%) 6 (3.3%)
3 criteria met 184 (13.1%) 28 (15.4%)
4 criteria met 476 (33.8%) 75 (41.2%)
5 criteria met 618 (43.9%) 69 (37.9%)
Residence in Nuuk, n (%) 416 (29.5%) 111 (61.0%) <0.001

In the EMR, T2DM was defined as the assignment of the T2DM diagnosis code according to the ICPC-2. p-values <0.05 were considered statistically
significant.

Blood pressure measurements were predominantly performed at home. However, in some cases, only measurements from the doctor’s office were
available.

PAll included subjects had T2DM and fulfilled one criterion for the metabolic syndrome. Further criteria included were blood pressure >130/85 mmHg or
antihypertensive treatment, plasma triglycerides =1.7 mmol/l or anti-lipidemic treatment, plasma HDL <1.0 mmol/I (men) and <1.3 mmol/I (women) or
anti-lipidemic treatment and BMI >30 kg/m?.

IQR: interquartile range; BMI: body mass index; ASAT: aspartate aminotransferase; ALAT: alanine aminotransferase; HbA1C: haemoglobin A1C; TC: total
cholesterol; LDL: low-density lipoprotein; HDL: high-density lipoprotein; TG: triglycerides; HBsAg: hepatitis B surface antigen; HCV: hepatitis C virus;
T2DM: type 2 diabetes mellitus; EMR: electronic medical records; ICPC-2: International Classification of Primary Care, 2nd edition.

Liver fibrosis difference between Danes and Greenlanders within
Danes with T2DM had a higher FIB-4 score than FIB-4 score categories. Notably, for both populations,
Greenlanders (Table 1). However, there was no 1.7-2.6% had an FIB-4 score of >2.67 suggesting



Table 2. Univariable associations between ALAT and individual
risk factors of the metabolic syndrome.

Greenlanders Danes

Ethnicity/birthplace rho p rho P

HbA1c (mmol/mol) 0.06 0.024 —0.00 0.991
BMI (kg/m?) 0.22 <0.001 0.23 0.003
Triglycerides (mmol/1) 0.12 <0.001 0.06 0.457
Total cholesterol (mmol/I) 0.08 0.004 0.06 0414
LDL (mmol/l) 0.07 0.010 0.04 0.598
HDL (mmol/I) -0.13 <0.001 —-0.03 0.658
Systolic BP (mmHg) -0.03 0.247 0.07 0.338
Diastolic BP (mmHg) 0.17 <0.001 0.06 0.404

The Spearman’s rank correlation was used to test the association between
ALAT and metabolic syndrome variables. p-values <0.05 were considered
statistically significant.

ALAT: alanine aminotransferase; rho: correlation coefficient; p: p-value;
HbA1C: haemoglobin A1C; BMI: body mass index; LDL: low-density lipo-
protein; HDL: high-density lipoprotein; and BP: blood pressure.

advanced fibrosis and 13-18% had an intermediate
risk of significant fibrosis (FIB-4 score 1.45-2.67);
furthermore, 80-84% had a very low risk of significant
fibrosis (FIB-4 score <1.45). Similarly, only few
patients had an APRI-score in the interval for
advanced fibrosis or cirrhosis.

In univariate analysis, we identified negative correla-
tions of FIB-4 scores to HbA1c, triglycerides, LDL and
diastolic blood pressure, as well as positive correlations
of FIB-4 scores to HDL and systolic blood pressure in
Greenlanders (Table 3). No significant correlations
between FIB-4 and the metabolic syndrome-related
variables were identified in Danes (Table 3). To further
investigate these correlations, we performed regression
analyses to adjust for relevant medications. However,
the associations persisted. After adjustment for birth-
place, we did not find any significant increase in FIB-4
score with an increasing number of fulfilled metabolic
syndrome criteria (p=0.84).

For the APRI score, a positive correlation was pre-
sent with BMI for both ethnic groups. Moreover, in

Table 3. Univariable associations between FIB-4 or APRI score
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Greenlanders, APRI correlated negatively with HbA1c
and positively with diastolic blood pressure (Table 3).
The APRI score increased with 0.9% (95% Cl: 0.4-1.4%,
p<0.001) for each 1.0 kg/m? increase in BMI after
adjustment for birthplace and after ruling out effect
modification by birthplace. Finally, the APRI score
increased by 3.1% (95% Cl: —0.02-6.4%, p=0.052) for
each metabolic syndrome criteria fulfilled after adjust-
ing for birthplace.

Residence

While 61% of ethnic Danes with T2DM were residing in
the capital Nuuk, only 29% of Greenland Inuit patients
with T2DM were living in Nuuk. We searched for differ-
ences in liver steatosis (ALAT) and fibrosis (FIB-4 and
APRI scores) among patients living in Nuuk compared
with patients living elsewhere in the country. For ethnic
Greenlanders living in Nuuk, median ALAT was higher
(43 vs. 40 U/L, p=0.001), median FIB-4 score was lower
(0.84 vs. 0.97, p<0.001) and median APRI was similar
(0.22 vs. 0.23, p=0.17) compared with Greenlanders
residing outside the capital.

We did not observe any differences in ethnic Danes
based on whether they lived in Nuuk or elsewhere in
Greenland.

For both groups, the number of metabolic syndrome
criteria fulfilled was unaffected by place of residence.
However, all variables included in the FIB-4 score were
available in 87% of Greenlanders living in Nuuk com-
pared with only 51% in Greenlanders living elsewhere
in the country (p<0.001).

Discussion

This is the first study to systematically investigate bio-
chemical surrogate markers of NAFLD prevalence and
severity in the Greenlandic population of patients with

and individual risk factors of the metabolic syndrome.

FIB-4 score APRI score
Ethnicity/birthplace Greenlanders Danes Greenlanders Danes
rho p rho p rho p rho p

HbA1c (mmol/mol) -0.19 <0.001 -0.15 0.101 -0.11 0.001 -0.16 0.081
BMI (kg/m?) -0.02 0.635 -0.03 0.756 0.14 <0.001 0.25 0.008
Triglycerides (mmol/1) -0.17 <0.001 —-0.02 0.843 —0.03 0.361 0.02 0.857
Total cholesterol (mmol/I) -0.05 0.158 -0.11 0.243 0.01 0.724 —-0.02 0.865
LDL (mmol/l) —0.08 0.015 —0.09 0312 0.01 0.712 —0.05 0.628
HDL (mmol/I) 0.10 0.002 -0.06 0.539 -0.00 0.887 —-0.04 0.672
Systolic BP (mmHg) 0.17 <0.001 —0.02 0.798 0.03 0.354 0.03 0.727
Diastolic BP (mmHg) —-0.08 0.020 —-0.09 0.315 0.08 0.021 0.06 0.525

The Spearman'’s rank correlation was used to test the association between FIB-4 and APRI scores and metabolic syndrome variables. p-values <0.05 were

considered statistically significant.

FIB-4: fibrosis-4; APRI: ASAT to Platelet Ratio Index; ASAT: aspartate aminotransferase; rho: correlation coefficient; p: p-value; HbA1C: haemoglobin A1C; BMI:
body mass index; LDL: low-density lipoprotein; HDL: high-density lipoprotein; and BP: blood pressure.
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T2DM of both Greenland Inuit and Danish background.
Evidently, Greenlanders with T2DM had better glycaemic
control despite higher BMI and plasma lipid levels than
Danes living in Greenland. Furthermore, more
Greenlanders had elevated ALAT levels, but lower FIB-4
fibrosis scores compared with Danes, suggesting that
Greenlanders may tolerate a higher level of liver steatosis
than Danes before they develop liver fibrosis. These find-
ings may be highly relevant for patients and clinicians and
help to identify specific healthcare policies to be imple-
mented in the Greenlandic healthcare system. Regular
evaluations of liver biochemistry and introduction of non-
invasive fibrosis scores in the monitoring of T2DM
patients in all areas of Greenland will improve the aware-
ness and identification of NAFLD among T2DM patients.

Greenlanders with T2DM had higher BMI than Danes.
This may partly be explained by the fact that Greenlanders
have a relatively larger trunk compared with total body
length than Danes, thus affecting estimates of BMI [19].
Furthermore, the distribution and storage of adipose tis-
sue vary from Europeans to Inuit, with Europeans having
relatively more visceral adipose tissue and Inuit having
relatively more subcutaneous adipose tissue [20]. This
does not affect BMI measures per se, but it affects how
BMI can be interpreted as a risk factor [21].

Greenlanders with T2DM had better glycaemic control
than Danes, and the prescription rate of diabetes medica-
tions was lower for Greenlanders. This may be due to
different fat storage patterns. A relationship between
the distribution of visceral vs. subcutaneous adipose tis-
sue and glucose intolerance has been described in favour
of the phenotype attributed to Inuit [20]. Furthermore, the
current work confirms previous findings regarding
Greenlanders having higher plasma lipid levels than
Danes. Nevertheless, the prescription rate of anti-
lipidemic drugs was similar in Greenlanders and Danes
with T2DM. These characteristics may be attributed to
metabolic differences and westernisation of the Inuit cul-
ture and lifestyle [22-25]. Whether this plays a role in the
development of NAFLD is uncertain.

Previous studies on either liver disease or diabetes
suggest that the Inuit may carry protective factors that
decrease their likelihood of developing complications to
T2DM [12,20,26-28]. The differences in metabolic vari-
ables between Greenlanders and Danes may be explained
within the fields of evolutionary genetics and molecular
anthropology. The Inuit population have developed
a distinct fatty acid metabolism with a variation in the
“carnitine palmitoyl transferase 1”-gene (CPT1-gene),
which supports survival in the harsh Arctic environment
on a carnivorous and low carbohydrate diet [29]. Further
studies have identified a gene variation in the TBC1D4-
gene among Greenlanders. This variant is associated with

impaired glucose tolerance and a higher risk of develop-
ing T2DM among homozygous carriers in the Greenlandic
population [30]. Unfortunately, genetic testing was
impossible for the present register-based study.

We estimated liver steatosis by assessing elevated
plasma ALAT levels as previously shown [31].
Furthermore, plasma ALAT is in general accepted as
a surrogate marker of liver steatosis in epidemiological
studies [32], with the cut-off value of 36 U/L previously
reported to carry a sensitivity of 63% and specificity of
78% for detecting NAFLD [33]. In our study, plasma ALAT
levels were associated with increasing severity of metabolic
syndrome, demonstrating the link between metabolic syn-
drome and liver steatosis also in patients with T2DM in
Greenland. Although median plasma ALAT levels were
similar between Greenlanders and Danes, a larger propor-
tion of the Greenlanders presented with elevated plasma
ALAT levels. Furthermore, Greenlanders had higher plasma
ASAT than Danes. These observations suggest a higher
frequency of liver steatosis in Greenlanders. Since ultraso-
nography, Fibroscan® and histopathology were unavail-
able, we used FIB-4 and APRI scores as surrogate markers
of liver fibrosis. A large study with 541 NAFLD patients
demonstrated a diagnostic performance (area under the
receiver operator curve) of 0.80 for the FIB-4 score and 0.73
for the APRI score. Moreover, the cut-off for advanced
fibrosis used in the present work (FIB-4 score >2.67) carried
a specificity of 98% [15]. Notably, the FIB-4 score was
slightly lower in the Greenlandic population than in
Danes, suggesting that Greenlanders are less likely to
develop liver fibrosis regardless of modest transaminase-
mia. However, the proportion of patients with advanced
fibrosis (FIB-4 score >2.67) was similar and low (1.7-2.6%) in
both populations. In order to affirm the hypothesis that
Greenlanders are less likely to develop liver fibrosis than
Danes, future studies will benefit from a longitudinal
design and require patient cohorts with a larger control
group, a larger proportion suffering from moderate and
advanced liver fibrosis, and inclusion of Fibroscan® or
biopsy specimens for comparison. Also, other promising
non-invasive biomarkers of liver steatosis and fibrosis may
be relevant to evaluate in Arctic populations in future
studies [34].

Furthermore, we investigated the correlations
between the FIB-4 score and T2DM and metabolic syn-
drome risk factors in Greenlanders and Danes. However,
we were unable to identify any strong or clinically
meaningful associations. This may be explained by the
metabolic differences between the two groups. Yet, we
cannot exclude whether statistical uncertainties may
play a role in the small Danish population. Also, to
establish a true association between the FIB-4 score
and fibrosis risk factors, validation studies in the Inuit



population, preferably using biopsies previously
obtained for clinical purposes, are warranted.

Studies in other parts of the world generally report
a high prevalence of liver disease in diabetes popula-
tions. A recent systematic review with meta-analysis
estimated the global prevalence of NAFLD in patients
with T2DM to be 30-68% [35]. In general populations,
a higher prevalence of liver disease than the Inuit
T2DM population has been described. Among adults
in the USA, the prevalence of NALFD was 21.9% [36]. In
Mexican adults, 8.1% showed a high probability of
fibrosis [37]. Advanced fibrosis has been observed in
2.8% of the general French population aged over
40 years [38]. However, caution must be taken in com-
paring results since the methods of estimating liver
disease (FibroTest and NAFLD fibrosis score) in these
studies vary from ours. The Greenland Inuit are related
to the Alaska-Native people, in particular, the ethnic
groups Aleut and Yupik. For the Alaska-Native people,
NAFLD has been reported as the second most com-
mon cause of chronic liver disease with a prevalence of
approximately 2% among patients with an encounter
at the Alaska Native Medical Center [39]. In another
study of a selected Alaska-Native population with
chronic hepatitis B virus (HBV) infection, aminotrans-
ferase elevations were attributed to NAFLD in 24.7%
[40]. A similar proportion of Greenland Inuit with T2DM
had aminotransferase elevations in the present work.

A major strength of this study is the inclusion of all
patients diagnosed with T2DM with permanent residence
in Greenland. In particular, we included a substantial num-
ber of Greenlanders, which provided robust data for this
population group. However, a limitation in the study is the
small control group of Danes and with a different gender
distribution compared with the Greenlanders although
the gender difference among the Danes, with fewer
females than males, resembled the background Danish
population in Greenland [6]. Despite these limitations of
a small and demographically different control group, the
inclusion of Danes for comparison remains relevant since
Greenland is an autonomous territory in the Danish Realm
and thus the healthcare system structure from Denmark is
applied in Greenland. Additionally, the most recent study
that examined diabetic complications in Greenlanders
used Danes/non-Greenlanders for comparison [12].

In the present study, there is a risk of underestimating
the prevalence of diabetes, steatosis and fibrosis since not
everyone in the population of Greenland has easy access to
medical facilities. Diabetes diagnostic has high awareness in
the Greenlandic healthcare system, especially after 2010,
when HbA1c was introduced as a standard test [10].
However, T2DM might be underdiagnosed in certain
areas in Greenland although the proportion of
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Greenlanders with undiagnosed T2DM has decreased sub-
stantially during the past decade [41]. Missing variables for
the FIB-4 score was more prevalent in Greenlanders living
outside Nuuk. Furthermore, 597 patients (37.5%) lacked
measurements of either ASAT or platelets; thus, we were
unable to estimate liver fibrosis in these patients. The
patients without an available FIB-4 score had slightly higher
median HbA1c (53 vs. 51 mmol/mol), higher median BMI
(32.2 vs. 31.6 kg/m?) and higher median total cholesterol
(4.7 vs. 4.4 mmol/l) and, thus, might have a higher risk of
more advanced NAFLD. Albumin levels are not routinely
measured in the study population, and we were therefore
unable to calculate the NAFLD fibrosis score. Furthermore,
we were unable to pull data from the EMR concerning the
duration of T2DM, which affects the risk of developing liver
disease [42].

Another limitation is the ability to control for other risk
factors, mainly alcohol intake and chronic viral hepatitis.
Alcohol consumption patterns among Greenlanders and
Danes differ. Binge drinkers and abstainers are more fre-
quent in Greenland, whereas more Danes report a regular
alcohol intake [43]. A study assessing the association
between alcohol consumption and liver disease in
Greenland in a cohort of patients attending alcohol treat-
ment centres reported lower ALAT levels and a lower pre-
valence of biopsy-verified liver fibrosis or cirrhosis in
Greenlanders than Danes [44]. Therefore, alcohol as
a confounder is of minor concern, especially for our large
group of Greenlanders. Moreover, patients with T2DM in
Greenland are offered free regular controls and lifestyle
interventions where alcohol habits are discussed and, if
indicated, alcohol treatments are offered [12]. As such, we
may expect a higher awareness on the harmful effects of
alcohol intake for this selected group of T2DM patients
than in the general Greenlandic population. In our study
population, only few patients were tested for chronic viral
hepatitis even though the prevalence of chronic HBV infec-
tion is high, with approximately 8% of all Inuit being
chronically infected. Furthermore, HBV is endemic in local
populations, where up to 29% have HBV antibodies [45]. In
contrast, HCV is rare in Greenland [46]. Due to the high
prevalence of especially HBV, it is recommended that
NAFLD patients with elevated ALAT and/or a high fibrosis
score be tested for chronic viral hepatitis. This is in accor-
dance with recommendations from other Arctic and sub-
Arctic native populations [47].

Conclusion

Greenlanders with T2DM have better glycaemic con-
trol despite higher plasma lipid levels and higher BMI
than Danes living in Greenland. Furthermore, more
Greenlanders with T2DM have elevated plasma ALAT
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levels but lower FIB-4 score compared with Danes.
Thus, the presence and severity of NAFLD in
Greenlanders and Danes with T2DM differ, which
indicates that Greenlanders may carry protective fac-
tors that decrease their likelihood of developing liver
disease. Importantly, advanced liver disease was low
(<3%) in both populations. Our findings are highly
relevant for patients with T2DM residing in
Greenland and may be transferable to other Arctic
populations. Furthermore, the results may guide clin-
icians in the Arctic, and especially the Greenlandic,
healthcare systems in their assessment and monitor-
ing of patients with T2DM.
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