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ORIGINAL ARTICLE

Low awareness of non-alcoholic fatty liver disease in patients with type 2
diabetes in Swedish Primary Health Care

Martin Bergrama , Patrik Nasrb , Fredrik Iredahla , Stergios Kechagiasb , Karin Rådholma� and
Mattias Ekstedtb�
aDivision of Prevention, Rehabilitation and Community Medicine, Department of Health, Medicine and Caring Sciences, Link€oping
University, Link€oping, Sweden; bDivision of Diagnostics and Specialist Medicine, Department of Health, Medicine and Caring Sciences,
Link€oping University, Link€oping, Sweden

ABSTRACT
Objectives: Non-alcoholic fatty liver disease (NAFLD) is more common in patients with type 2 diabetes
mellitus (T2DM) compared to individuals without. Recent guidelines recommend screening for NAFLD
in patients with T2DM. Our aim was to investigate the prevalence of NAFLD in patients with T2DM in
a Swedish primary health care setting, how they are cared for and assess the risk of biochemical signs
of advanced fibrosis.
Material and methods: In this cohort study, patients with T2DM from five primary health care centers
were included. Medical records were retrospectively reviewed and living habits, medical history, results
of diagnostic imaging and anthropometric and biochemical features were noted in a standardized
form. The risk of steatosis and advanced fibrosis was assessed using commonly used algorithms (FLI,
HSI, NAFLD-LFS, NAFLD ridge score, FIB-4 and NFS).
Results: In total 350 patients were included. Diagnostic imaging had been performed in 132 patients
and of these, 34 (26%) had steatosis, which was not noted in the medical records in 16 (47%) patients.
One patient with steatosis had been referred to a hepatologist. Of assessable patients, 71–97% had a
high to intermediate risk of steatosis and 29–65% had an intermediate to high risk of advanced fibro-
sis according to the algorithms used.
Conclusion: This study indicates a high prevalence of NAFLD among T2DM patients in Swedish primary
care. Patients with known NAFLD were followed up to a very low extent. Using fibrosis algorithms in
primary health care would result in many patients needing further assessment in secondary care.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most com-
mon chronic liver disease in developed countries with an
estimated global prevalence of 25% [1]. Despite the high
estimated global NAFLD prevalence, a minority of patients
are diagnosed with fatty liver. In a recent European study,
based on more than 17 million primary care patients, less
than 2% of patients had a NAFLD diagnosis [2].

Type 2 diabetes mellitus (T2DM) and insulin resistance
play a critical role in the pathophysiology of NAFLD [3],
reflected in the intertwined relationship between NAFLD and
T2DM, i.e., individuals with NAFLD have an increased risk of
developing T2DM, and vice versa [4,5]. In a recent meta-
analysis, the global prevalence of NAFLD among T2DM
patients was estimated to 55%, with a higher prevalence
(68%) observed in Europe [6]. Moreover, the estimated preva-
lence of advanced fibrosis amongst individuals with T2DM

was 17% [6]. The high prevalence of advanced fibrosis is
alarming since fibrosis stage is strongly associated with
increased mortality and liver related morbidity and patients
with T2DM, compared to patient without T2DM, have a
higher mortality rate from liver diseases [7–10].

The European Association for the Study of Diabetes
(EASD), Obesity (EASO) and the Liver (EASL) proposed in
2016 screening for NAFLD and advanced fibrosis in patients
with T2DM [11]. The gold standard for diagnosing NAFLD is
liver biopsy. Because of its invasive nature and high inter-
and intra-observer variability, it is not seen as a feasible
option for screening. Therefore, EASD, EASO and EASL have
recommended non-invasive screening in individuals with
metabolic risk factors. However, to date, there is no clear
consensus on how to implement these guidelines.

There are several non-invasive tests for diagnosing stea-
tosis or advanced fibrosis. Among them are validated algo-
rithms for the assessment of steatosis such as Fatty Liver
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Index (FLI), Hepatic Steatosis Index (HSI), NAFLD Liver Fat
Score (NAFLD-LFS) and NAFLD ridge score. Furthermore, for
the assessment of advanced fibrosis, there are several algo-
rithms. Fibrosis-4 (FIB-4) and NAFLD Fibrosis score (NFS) are
the two most validated algorithms for NAFLD. Albeit, the
sensitivity is more than adequate, the specificity is poor, and,
therefore, these algorithms are useful for ruling out
advanced fibrosis, with negative predictive value ranging
between 92% and 93% [12–15].

To date, there are no studies regarding the prevalence of
NAFLD in the Swedish population or how these patients are
cared for in Swedish primary care. Guidelines, based on the
guidelines from EASO-EASD-EASL, for risk assessment and
referral decision making in patients with NAFLD were
recently published from The Swedish Society of
Gastroenterology [16]. In these guidelines, screening for
advanced fibrosis is recommended for patients with hard-to-
treat obesity and patients with T2DM. Risk assessment using
age adjusted FIB-4 or NFS is recommended and patients
with intermediate to high score should be further assessed
using transient elastography.

A recent study showed that preparedness in Europe to
address the challenges linked to NAFLD varied greatly
between countries and was generally low [17]. Considering
this it is necessary to study how the condition is handled in
routine healthcare today. Our aim was to assess the preva-
lence of NAFLD and advanced fibrosis in patients with T2DM
by the use of screening algorithms, as well as investigate if
these patients had been clinically evaluated for concomitant
NAFLD by their general practitioner.

Materials and methods

Study population

This retrospective cohort study of 350 randomly selected
patients with T2DM was conducted in five primary care cen-
ters in the county of €Osterg€otland, Sweden, between 2018
and 2019. The included primary care centers were selected
to get a generalizable population sample with primary care
centers having a medium to large sized patient population
and geographically covered both urban and rural areas. All
adult patients (i.e., � 18 years) with T2DM were eligible for
inclusion. Exclusion criteria were previously diagnosed acute
or chronic liver diseases (other than NAFLD) or excessive
alcohol consumption defined as AUDIT-C� 4 for men or �3
for women and/or phosphatidylethanol (PEth) >0.3lmol/L,
carbohydrate deficient transferrin (CDT) �2.5%, and/or med-
ical records indicating alcohol abuse, including alcohol use
disorder diagnoses (ICD-10: F10.0-F10.9).

ICD-10 usage

All patients with a T2DM diagnosis (ICD-10 E11.0-9) noted in
the digital medical records were identified and compiled in a
list for each participating primary care center. Patients with
multiple E11 diagnoses were identified and it was ensured
that they only appeared once on the list. Study participants

were then randomly selected for participation by use of Excel
(Microsoft Excel, version 2012, Redmond, Washington, DC).

Data collection

The participants’ digital medical records were retrospectively
reviewed. Data were collected by four resident physicians,
two specialist physicians and one medical student. The
review of the medical records was done standardized based
on written instructions using a standardized form
(Supplementary Table 1). All data were then compiled and
analyzed by the same researcher. The information sought
included sex, age, year of T2DM diagnosis (ICD-10 E11.0-9) as
well as treatment for T2DM, including lifestyle treatment,
oral antidiabetics, insulin and liraglutide. The medical history
was reviewed focusing on co-morbidities, medications and
lifestyle measures including patients reporting physical activ-
ity and if so hours per week, tobacco use and alcohol con-
sumption. Clinical parameters and anthropometric data;
height, weight, body mass index (BMI), waist circumference,
waist-hip ratio, waist-to-height ratio, systolic and diastolic
blood pressure were recorded. In addition, findings of retin-
opathy on fundus screening examinations as well as diagnos-
tic imaging of the liver were recorded. If imaging had been
undertaken, findings of steatosis on ultrasound (US), com-
puted tomography (CT) or magnetic resonance imaging
(MRI) were noted as well as the reason for the examination.

Laboratory results from date of T2DM diagnosis were
recorded, see Supplementary Table 1. If there were multiple
blood or urine samples, the most recent was recorded. All
included variables in the algorithm had to be registered
within a 6-month interval to be valid for calculation.

The prevalence of NAFLD was estimated by the FLI, HSI,
NAFLD-LFS and NAFLD ridge score algorithms (Figure 1) and
the prevalence of advanced fibrosis was estimated by the
FIB-4 and NFS algorithms (Figure 2) [12–14,18–22]. Only par-
ticipants with findings of steatosis on imaging or/and inter-
mediate to high risk for steatosis according to any of the
NAFLD algorithms were assessed with algorithms for
advanced fibrosis.

Statistical analysis

Categorical variables are presented as number of patients
with corresponding percentage. The Kolmogorov–Smirnov
test was used to assess the distribution of continuous varia-
bles. Continuous variables are presented as mean (standard
deviation [SD]) or, for those with a skewed distribution,
median (interquartile range [IQR]). The Students T-test was
used comparing normally distributed data and the
Mann–Whitney U test was used when comparing data with
skewed distribution between groups. The Chi-squared test
was used for categorical data. A p-value of <.05 was consid-
ered significant. Excel (v2004, Microsoft, Redmond,
Washington, DC) and SPSS version 26.0 (SPSS Inc., Chicago,
IL) were used for statistical calculations.
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Ethics

The participants were de-identified, and data were analyzed
on group level. This study has been approved by the
Regional ethics approval board in Link€oping. Registration
number: 2018/365–31.

Results

In total, 381 patients were initially included into the study.
Of these, 31 were excluded due to acute or chronic liver

diseases other than NAFLD (14 patients), excessive alcohol
consumption (10 patients) or an inaccurate T2DM diagno-
sis (7 patients) when reviewing the individual medical
records. Of the remaining 350 patients, 153 (44%) were
women. Median age was 71 (range 23–96) years. The
median duration from T2DM diagnosis to inclusion in the
study was 9 (range 0–61) years. The most common comor-
bidities were hypertension (83%) and dyslipidemia (82%).
In total, 83% had pharmacological T2DM treatment.
Baseline data for the study population are shown in
Table 1.

Figure 1. Steatosis algorithms. Note: Steatosis algorithms (FLI, HSI, NAFLD-LFS and NAFLD Ridge score) with variables and cut off values, used for assessment of
patients. Metabolic syndrome defined according to the International Diabetes Foundation criteria. NAFLD: non-alcoholic fatty liver disease; NAFLD-LFS: Non-
Alcoholic Fatty Liver Disease Liver Fat Score; HSI: Hepatic Steatosis Index; FLI: Fatty Liver Index; T2DM: type 2 diabetes mellitus; BMI: Body Mass Index; ÇGT:
gamma-glutamyl transferase; ALT: alanine aminotransferase; AST: aspartate aminotransferase; HDL: high-density lipoproteins; WBC: white blood cell count; HbA1c:
hemoglobin A1c.

Figure 2. Advanced fibrosis algorithms. Note: Advanced fibrosis algorithms (FIB-4 and NFS) with variables and cut offs, used for assessment of patients with known
steatosis or high to intermediate risk for steatosis according to steatosis algorithms. FIB-4: fibrosis-4; NFS: NAFLD Fibrosis Score; T2DM: type 2 diabetes mellitus; PC:
platelet count; ALT: aspartate aminotransferase; AST: alanine aminotransferase; BMI, Body Mass Index.
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Table 1. Baseline characteristics of 350 patients with type 2 diabetes mellitus with and without probable steatosis.

All Steatosis Non-steatosis Data missing

N 350 225 26 99
Demography
Age (year) 71 (17) 72 (19) 74 (11) 69 (14)
Sex (women) 153 (44%) 94 (42%) 11 (42%) 48 (48%)
Diabetes duration (year) 9 (9) 9 (8) 9 (8) 10 (9)
Lifestyle habits
Nonsmoker 172 (53%) 113 (50%) 13 (50%) 46 (46%)
Previous smoker 118 (36%) 78 (35%) 6 (23%) 34 (34%)
Current smoker 38 (12%) 22 (10%) 5 (19%) 11 (11%)
Pack years (year)a 28.2 ± 12 28.8 ± 11 28.5 ± 10 26.9 ± 16
Alcohol/week (g) 12 (48) 12 (48) 12 (36) 12 (48)
Patients reporting any regular exercise 224 (71%) 143 (64%) 18 (69%) 63 (63%)
Exercise per week (h) 2 (4) 2 (4) 2 (4) 2 (4)

Anthropometric measurements
Weight (kg) 85 (22) 86 (22) 76 (18) 88 (23)
Body length (cm) 171 (14) 172 (15) 170 (14) 171 (13)
Body mass index (kg/m2) 28.9 (6.4) 29.2 (6.6) 25.4 (7.7) 28.5 (6.0)

Waist circumference (cm)
� Women 103 (18) 103 (20) 88 (25) 105 (12)
� Men 103 (17) 104 (17) 101 (25) 103 (14)
Waist-to-height ratio 0.60 (0.1) 0.60 (0.1) 0.58 (0.1) 0.61 (0.1)
Systolic blood pressure (mm Hg) 130 (20) 130 (20) 130 (22) 136 (15)
Diastolic blood pressure (mm Hg) 77 (11) 76 (10) 79 (12) 80 (14)
Presence of retinopathy 125 (39%) 85 (38%) 5 (19%) 35 (35%)

Diabetes treatment
� Nonpharmacological 59 (17%) 36 (16%) 9 (35%) 13 (13%)
� Oral antidiabetic 248 (71%) 157 (70%) 14 (54%) 74 (74%)
� Insulin 105 (30%) 78 (35%) 4 (15%) 24 (24%)
� Liraglutide 3 (<1%) 1 (<1%) 1 (4%) 1 (1%)
Medical history
Gestational diabetes 6 (2%) 3 (1%) 0 (0%) 3 (3%)
Hypertension 288 (82%) 191 (85%) 21 (81%) 76 (76%)
Myocardial infarction 48 (14%) 35 (16%) 5 (19%) 8 (8%)
Angina pectoris 52 (15%) 38 (17%) 4 (15%) 10 (10%)
Heart failure 38 (11%) 28 (12%) 4 (15%) 6 (6%)
Cardiac arrhythmia 63 (18%) 53 (24%) 3 (12%) 7 (7%)
Stroke 49 (14%) 38 (17%) 3 (12%) 8 (8%)
Peripheral artery disease 20 (6%) 15 (7%) 1 (4%) 4 (4%)
Other cardiovascular disease 57 (16%) 44 (20%) 3 (12%) 10 (10%)
Dyslipidemia 289 (83%) 191 (85%) 21 (81%) 77 (77%)
Gout 39 (11%) 27 (12%) 2 (8%) 10 (10%)
Kidney disease 42 (12%) 27 (12%) 6 (23%) 9 (9%)
Celiac disease 2 (<1%) 2 (<1%) 0 (0%) 0 (0%)
Gastrointestinal disease 87 (25%) 69 (31%) 10 (38%) 8 (8%)
Respiratory disease 50 (14%) 33 (15%) 5 (19%) 12 (12%)
Thyroid disease 37 (11%) 25 (11%) 3 (12%) 9 (9%)
Malignancy 67 (19%) 50 (22%) 9 (35%) 8 (8%)
Infectious disease 59 (17%) 39 (17%) 8 (30%) 12 (12%)
Other significant disease 197 (56%) 138 (61%) 19 (73%) 40 (40%)
Blood transfusion 4 (1%) 4 (2%) 0 (0%) 0 (0%)
Operation 167 (48%) 121 (54%) 18 (69%) 28 (28%)
Cirrhosis 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Esophageal varices 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Ascites 1 (<1%) 0 (0%) 0 (0%) 1 (1%)
Other liver disease 7 (3%) 9 (4%) 1 (4%) 0 (0%)

Laboratory results
ALT (mkat/L) 0.43 (0.28) 0.44 (0.30) 0.34 (0.14) 0.45 (0.25)
AST (mkat/L) 0.43 (0.19) 0.44 (0.18) 0.37 (0.26) 0.39 (0.12)
ALP (mkat/L) 1.10 (0.52) 1.10 (0.50) 0.87 (0.58) 1.00 (0.41)
ÇGT (mkat/L) 0.62 (0.77) 0.64 (0.77) 0.71 (0.83) 0.55 (0.26)
Bilirubin (mmol/L) 8 (6) 8 (6) 9 (5) 11 (6)
Albumin (g/L) 39 (6) 40 (6) 39 (7) 38 (5)
PT (INR) 1.0 (0.1) 1.0 (0.1) 1.0 (0) 1.0 (0.1)
PC (109/L) 230 (96) 230 (96) 215 (69) 231 (96)
WBC (109/L) 7.4 (2.7) 7.4 (2.9) 7.3 (2.4) 7.3 (2.6)
HbA1c (mmol/mol) 51 (14) 50 (14) 50 (10) 51 (18)
Insulin (mIE/L) 22 (72) 22 (72) – –
Cholesterol (mmol/L) 4.1 (1.4) 4.1 (1.4) 4.1 (1.4) 4.1 (1.3)
LDL-cholesterol (mmol/L) 2.2 (1.2) 2.1 (1.2) 2.0 (1.3) 2.2 (1.2)
HDL-cholesterol (mmol/L) 1.1 (0.4) 1.1 (0.3) 1.1 (0.4) 1.2 (0.5)
Triglycerides (mmol/L) 1.6 (1.0) 1.6 (1.0) 1.6 (0.9) 1.5 (1.0)
Creatinine (mmol/L) 79 (26) 79 (28) 76 (29) 80 (23)

(continued)
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Steatosis algorithms

For 220 patients (63%), at least one algorithm could be cal-
culated. NAFLD-LFS could only be calculated in 7 patients,
FLI, NAFLD ridge score and HSI were calculated in 31, 165
and 175 patients respectively, see Figure 3.

In the 220 patients with at least one steatosis algorithm,
89% had a high risk for steatosis in one algorithm, 9% an
intermediate risk in one or more algorithms and 2% had a
low risk in all calculable algorithms, see Figure 4 Panel A.
When imaging results were added, another 31 patients could
be evaluated concerning present liver steatosis.

Advanced fibrosis algorithms

FIB-4 and NFS could be assessed in 134 and 190 patients,
respectively, and of these 29% and 64% had an intermediate
to high risk of advanced fibrosis, see Figure 3. When results
from all advanced fibrosis algorithms were summarized, data
were available for 191 patients, see Figure 4 Panel B.

Coherence of steatosis and advanced fibrosis
algorithms

Coherence of the steatosis algorithms for the individual
patients was assessed. Of the patients 125 were assessable

with two or three algorithms. A total of three patients
were assessable with four algorithms and these were
excluded from this analysis because of low assessment
rate. The risk for steatosis in the patients that were assess-
able with two or three algorithms was concordant in
65–70% of the cases. Data were also compiled for the indi-
vidual patients on how consistent the advanced fibrosis
algorithms were. For 132, both FIB-4 and NFS could be cal-
culated. The calculated risk was concordant in 45% of the
assessable patients.

Imaging and clinical management of NAFLD

Abdominal imaging had been performed in 132 patients. A
total of 167 examinations (US, CT or MRI) had been done
and of these 31 were performed on suspicion of liver dis-
ease. Of the 132 patients, 34 (26%) had signs of steatosis on
imaging. Notes of steatosis or NAFLD (diagnosis code, men-
tion in free text or copied imaging results) was present, in
the medical records, for 18 (53%) of these 34 patients. A rec-
ommendation of an intervention was given for four of the
18 patients. The interventions recommended were weight
loss, intensified diabetic treatment and referral to a hepatolo-
gist, see Figure 5.

Table 1. Continued.

All Steatosis Non-steatosis Data missing

U-Albumin (g/L) 0.01 (0.02) 0.01 (0.02) 0.01 (0.02) 0.01 (0.04)
PEth (mmol/L) 0.05 (0.11) 0.05 (0.08) – –
CDT (%) 1.2 (0.4) 1.1 (0.5) – –

Data are presented for entire cohort, for patients with probable and non-probable steatosis and for patients lacking risk assessment or imaging. Probable stea-
tosis was defined as intermediate to high risk for steatosis according to steatosis algorithms (NAFLD Ridge score, HSI, FLI or NAFLD-LFS) or findings of steatosis
on imaging. Non-probable steatosis was defined as low risk according to steatosis algorithms or normal imaging without intermediate or high risk. Data are pre-
sented as mean ± SD for normally distributed variables, median (IQR) for not normally distributed variables and in numbers of patients (%) for categorical varia-
bles. AST: aspartate aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phosphatase; ÇGT: gamma-glutamyl transferase; PT(INR): prothrombin time
international normalized ratio; PC: platelet count; WBC: white blood cell count; HbA1c: hemoglobin A1c; LDL: low-density lipoproteins; HDL: high-density lipopro-
teins; Peth: phosphatidylethanol; CDT: carbohydrate deficient; NAFLD: non-alcoholic fatty liver disease; HSI: Hepatic Steatosis Index; FLI: Fatty Liver Index; NAFLD-
LFS: NAFLD Liver Fat Score.
–: not enough data.
aNormally distributed variable.

Figure 3. Risk assessment by use of algorithms for high risk (light grey), intermediate risk (medium grey) and low risk (dark grey) for steatosis and advanced fibro-
sis in patients with type 2 diabetes mellitus. Note: Risk for steatosis and advanced fibrosis was assessed with algorithms HSI, FLI, NAFLD Ridge Score, FIB-4 and NFS.
FIB-4 and NFS were calculated for all assessable patients with known steatosis or intermediate to high risk for steatosis in steatosis algorithms. NAFLD: non-alco-
holic fatty liver disease; HSI: Hepatic Steatosis Index; FLI: Fatty Liver Index; FIB-4: fibrosis-4; NFS: NAFLD Fibrosis Score.
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Screening test

The EASL, EASD and EASO guidelines was theoretically tested
using HSI and thereafter FIB-4. Of the assessable 125
patients, five (4%) had a high risk, 22 (18%) an intermediate
risk and 98 (78%) a low risk for advanced fibrosis. Using the
EASL, EASD and EASO guidelines for screening, resulted in a
need of referral for 22% of the assessable patients, see
Figure 6.

Characteristics of risk groups for advanced fibrosis

All assessable patients with fibrosis algorithms were divided
into low risk and intermediate to high risk for advanced
fibrosis. If both algorithms had been assessed the highest
risk result was applied. The patients with estimated high to
intermediate risk for advanced fibrosis compared to low risk
were significantly heavier and had higher waist-to-height-
ratio but there were no differences regarding sex, diabetes
duration, diabetes treatment or present retinopathy. Patients
with hypertension, malignancy, cardiac arrythmia and angina
pectoris were more often at high to intermediate risk of
advanced fibrosis compared to those without the comorbid-
ities, see Table 2.

Discussion

In this retrospective study of a primary care cohort of 350
T2DM patients, a majority had NAFLD when estimated with
algorithms. However, very few had clinically been assessed
for NAFLD and even fewer had been diagnosed with NAFLD.
Algorithms for advanced fibrosis showed that 29–65% had
intermediate to high risk. If the proposed guidelines for
screening had been applied to this cohort, 22% of the
assessed patients would need to be referred for further
assessment in specialized care.

The strengths of this study are that all included patients
at the primary health care centers in the county council of
€Osterg€otland share the same digital medical records, making
the data collection standardized and data more comparable.
Data collection was done using a standardized case report
form ensuring uniform collection by the examiners. Another
strength is that the vast majority of Swedish patients with
T2DM receive treatment in primary health care and the care
provided is homogenous due to the structured work accord-
ing to the Swedish national guidelines for diabetes care.
Furthermore, all the included laboratory results were ana-
lyzed by the same laboratory service provided by the county
council of €Osterg€otland. Primary care centers with medium-
to large-sized populations and located in both urban

Figure 4. Panel A shows an assessment of steatosis in 350 participants with type 2 diabetes mellitus, imaging and algorithms compiled. Panel B shows an assess-
ment of advanced fibrosis in 191 of the participants, a compilation of algorithms for advanced fibrosis. Note: Panel A: Compilation of NAFLD results for imaging
and risk assessment by steatosis algorithms NAFLD-LFS, HSI, FLI and NAFLD Ridge Score for all 350 study participants. Panel B: Compilation of risk assessment with
algorithms for advanced fibrosis FIB-4 and NFS for patients with known steatosis or intermediate to high risk for steatosis according to steatosis algorithm. Low risk
in panels A and B is defined as low risk in all calculable algorithms, intermediate risk is defined as intermediate risk in 1–4 algorithms and none high risk assess-
ments and high risk is defined as high risk in 1–4 algorithms. NAFLD: non-alcoholic fatty liver disease; NAFLD-LFS: Non-Alcoholic Fatty Liver Disease Liver Fat Score;
HSI: Hepatic Steatosis Index; FLI: Fatty Liver Index; FIB-4: fibrosis-4; NFS: Non-Alcoholic Fatty Liver Disease Fibrosis Score.

Figure 5. Results of imaging and clinical management of confirmed steatosis in this cohort of 350 patients with type 2 diabetes mellitus. Note: Present steatosis
was a compilation of findings of steatosis on diagnostic imaging (US, CT and MRI) and the clinical management of known steatosis. A total of 132 (37.7%) patients
had done one or more diagnostic imaging of the liver. US: ultrasound; CT: computer tomography; MRI: magnetic resonance imaging.
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andrural areas were selected to get a generalizable popula-
tion sample. Some differences were noted in key variables in
a comparison of the primary care centers (Supplementary
Table 2) but the study was not statistically powered to draw
any conclusions from this.

A limitation of the study is that the data were collected
by seven different examiners. However, an evaluation of the
data collection in a sample of 30 participants showed excel-
lent agreement (Supplementary Table 3). Another limitation
of the results is that the prevalence of NAFLD and advanced
fibrosis are, in many patients, based on results from NAFLD
algorithms alone and only in a minority of cases on imaging
or other diagnostic modalities. This could overestimate the
prevalence because of the low specificity of the algorithms
[12–15]. Further limitations of this study are that presenta-
tion of an overall prevalence as a summarization of all the
algorithms also probably overestimate the prevalence in the
group because of low consistency between algorithms.
Patients with an abundance of blood samples and imaging,
facilitating the use of the algorithms, are most likely overall
sicker, which could render a bias of assessment of patients
that may have a higher risk for NAFLD and advanced fibrosis.
Of patients that had done diagnostic imaging, a minority
was done to evaluate steatosis, therefore, it not certain that
the radiologist has commented on steatosis in all the cases
where it was present.

In our study, 29–65% of assessable patients had inter-
mediate to high risk for advanced fibrosis which aligns with
previous findings. In a large register study, FIB-4 was used to
assess the risk of advanced fibrosis in primary health care
patients with verified or probable NAFLD diagnosis [2]. Of

these patients, 30–36% had intermediate to high risk. In
another study of patients with NAFLD in primary health care,
43% had an intermediate to high risk for advanced fibrosis
[23]. In these studies, as well as in our own, NFS predicted a
greater proportion of patients with intermediate to high risk.
In our study, NFS could less often be calculated compared to
FIB-4, primarily due to more input variables. Based on this,
FIB-4 could be a more practical and resource saving option
in primary health care for risk assessment of advanced fibro-
sis in T2DM patients.

When the group with a low risk of advanced fibrosis was
compared with the group with intermediate to high risk, it
was noted that cardiac arrhythmias and angina pectoris were
significantly more common in the group with higher risk.
The link between NAFLD and cardiac arrhythmias and espe-
cially atrial fibrillation is known [24] and the risk increases
with concomitant T2DM and with more advanced liver dis-
ease [25]. The link between NAFLD and cardiovascular dis-
ease is well known, and the risk increases with more
advanced liver disease [24]. There was also an association
between higher risk for advanced fibrosis and malignancies.
Previous studies have shown an increased risk of colorectal
cancer in patients with more advanced liver disease [26].

Table 2. Characteristics and comparison of groups high/intermediate risk and
low risk according to algorithms (FIB-4 and NFS) for advanced fibrosis in
patients with type 2 diabetes mellitus.

High/intermediate Low p Value

Number of patients 106 85
Age 74 (21) 72 (13) .538
Sex (women) 44 (42 %) 39 (46 %) .545
Waist circumference (cm)
- Women 109 (15) 99 (14) .014
- Men 107 (17) 99 (18) .096
Weight (kg) 89 (19.9) 79 (22.2) .022
Waist-to-height-ratio 0.63 (0.08) 0.58 (0.08) .021

ÇGT (mkat/L) 0.85 (0.86) 0.50 (0.62) .002
Cholesterol (mmol/L) 4.4 (1.3) 3.9 (1.1) .628
LDL-cholesterol (mmol/L) 2.4 (1.0) 2.2 (0.6) .613
Triglycerides (mmol/L) 1.5 (0.9) 1.3 (0.8) .065
Creatinine (mmol/L) 89 (41) 80 (24) .066

Diabetes duration (years) 10 (10) 9 (9) .875
Diabetes treatment
- Nonpharmacological 21 (20%) 10 (12%) .134
- Oral antidiabetic 67 (64%) 62 (73%) .180
- Insulin 40 (38%) 32 (38%) .990
Presence of retinopathy 43 (41%) 30 (35%) .384

Hypertension 101 (95%) 63 (74%) <.001
Heart failure 19 (18%) 8 (9%) .093
Cardiac arrhythmia 34 (32%) 12 (14%) .004
Angina pectoris 26 (25%) 11 (13%) .044
Malignancy 31 (29%) 14 (16%) .039

Risk is assessed by algorithms for advanced fibrosis (FIB-4 and NFS) in all
assessable patients with known steatosis or intermediate to high risk for stea-
tosis assessed by steatosis algorithms (NAFLD ridge score, HSI, FLI and NAFLD-
LFS). Participants at high to intermediate risk of advanced fibrosis were com-
pared to participants with low risk of advanced fibrosis. All variables are not
normally distributed and median (IQR) are presented and Mann–Whitney U-
test was used for comparisons. For categorical data, a number of patients (%)
are presented and Chi-squared test was used for comparisons. Numbers in
bold are significant (p< .05). NAFLD: non-alcoholic fatty liver disease; FIB-4:
fibrosis-4; NFS: NAFLD Fibrosis Score; HSI: Hepatic Steatosis Index; FLI: Fatty
Liver Index; NAFLD-LFS: NAFLD Liver Fat Score; ÇGT: gamma-glutamyl
transferase.

Figure 6. Screening for steatosis and advanced fibrosis in this cohort of 350
patients with type 2 diabetes mellitus according to the proposed screening
algorithms from the European Association for the Study of Obesity, Diabetes,
and the Liver. Note: HSI is used for assessing risk of steatosis and thereafter FIB-
4 for advanced fibrosis in appliable patients. A theoretical assessment of the
results of the proposed screening algorithm from the European Association for
the Study of Obesity, Diabetes, and the Liver. HSI: Hepatic Steatosis Index; FIB-
4: fibrosis-4.
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Patients with higher risk of advanced fibrosis were signifi-
cantly heavier, had a higher waist-to-height ratio and women
with increased risk had a greater waist circumference. This is
in concordance with previous studies showing that obesity,
waist circumference and waist-to-height ratio seem to pre-
dict the presence of advanced liver disease [27,28] as well as
cardiovascular disease risk [29]. Cut-offs for overweight and
obesity for anthropometric measurements are difficult to use
for cardiovascular risk evaluation in a cohort with type 2 dia-
betes patients, because of the high prevalence of overweight
and obesity in this patient group. Waist-to-height-ratio has
shown promising results for cardiovascular disease risk pre-
diction, with a cut-off of 0.6 for patients with type 2 dia-
betes [29].

Few patients had been assessed using imaging for NAFLD
and a low number of physicians asked about steatosis in
their referrals. In patients where imaging findings of liver
steatosis were present, a suitable diagnosis or mentioning in
the medical records was rare, and, furthermore, intervention
or follow up was uncommon. This could reflect a low aware-
ness in Swedish primary health care of NAFLD and its poten-
tially serious complications. There are several studies
supporting the presence of low awareness in a primary care
setting [30–32]. For instance, in a survey about the aware-
ness of prevalence, clinical manifestations, and diagnostics of
NAFLD among Australian primary health care physicians,
large knowledge gaps were discovered [30]. To determine
the prevalence and incidence of NAFLD and advanced fibro-
sis in Swedish primary care patients with T2DM the EPSONIP-
study (Evaluating the Prevalence and Severity Of NAFLD in
Primary Care) recently started [33]. The result of this study
could help increase the awareness of NAFLD in primary care.

The prevalence of NAFLD is high. However, according to
our study and previous studies most patients with the condi-
tion are unknown to their primary health care practitioners
[2,32]. Albeit, the majority of patients with NAFLD are stable,
some will progress to non-alcoholic steatohepatitis (NASH)
with progressive fibrosis and consequently cirrhosis [9].
Finding these patients by utilizing the guidelines as pro-
posed by the EASL, EASD and EASO could be feasible. In our
study, we showed that 22% needed referral for a hepatolo-
gist evaluation. Similar results were shown by Ciardullo et al.,
where 13% of screened patients were in need of referral for
additional evaluation [34]. Furthermore, risk assessment of
diagnosed NAFLD in primary health care has been shown to
be cost effective [35,36].

In our screening, only participants with intermediate to
high risk for steatosis were evaluated with FIB-4. When FIB-4
was calculated for the remaining six patients that had a low
risk of steatosis, two had an intermediate risk for advanced
fibrosis suggesting that patients with advanced fibrosis could
be missed. However, in this population, where few had
undergone abdominal imaging, steatosis algorithms were the
best available method. Furthermore, it is problematic to use
fibrosis scores developed for NAFLD in patients with T2D
without known steatosis. Using algorithms for assessing the
risk of steatosis and advanced fibrosis in patients in primary
health care is an appealing alternative to liver biopsy and

transient elastography because of the low cost and easy
applicability [11]. Most of the advanced fibrosis algorithms
have thresholds for both low and high risk of concomitant
advanced fibrosis in NAFLD, and values in between these
thresholds are defined as intermediate needing further
assessment. Nevertheless, the number of patients assessed as
having an intermediate risk for advanced fibrosis can be
decreased using age-adjusted thresholds for FIB-4 and
NFS [14,34].

Concerns have been raised on whether screening is cost-
effective, especially since most available non-invasive tests
have low positive predictive values and because of few treat-
ment options [37]. There are for the moment no recommen-
dations of pharmacological treatment of NAFLD but there
are several ongoing studies [38,39]. There is, however, evi-
dence that steatosis could be treated with 5–10% weight
loss, physical exercise and recommendations against exces-
sive alcohol consumption [37,40]. Regular screening for
esophageal varices and hepatocellular carcinoma should be
conducted in patients developing cirrhosis [41,42].

To date, there are no guidelines for screening individuals
with T2DM for NAFLD in primary health care in Sweden.
According to the results in this study, a large proportion of
the patients with T2DM would have to be referred to sec-
ondary care for further evaluation if screened for NAFLD/
advanced fibrosis using existing algorithms. If screening is to
be considered, it would be wise to choose algorithms that
are easily applied, using blood tests and anthropometrics
commonly measured in T2DM care. Two such algorithms are
HSI and NAFLD ridge score which both were calculable in a
large proportion of patients compared to FLI and NAFLD-LFS
in this study.

Conclusion

This study indicates that there are many unknown cases of
NAFLD among patients with T2DM in Swedish primary health
care. The few patients that did have a NAFLD diagnosis were
monitored and treated to a very low extent. A fifth of the
patients with T2DM needed further assessment of liver dis-
ease in secondary care.
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