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Abstract
Context: The incidence and remission of nonalcoholic fatty liver disease (NAFLD) are sparsely studied outside Asia.
Objective: This prospective study aimed to investigate NAFLD incidence and remission, and their predictors among a general Finnish population.

Methods: The applied cohort included 1260 repeatedly studied middle-aged participants with data on liver ultrasound and no excessive alcohol
intake. Hepatic steatosis was assessed by liver ultrasound with a 7.2-year study interval. Comprehensive data on health parameters and lifestyle
factors were available.

Results: At baseline, 1079 participants did not have NAFLD, and during the study period 198 of them developed NAFLD. Of the 181 participants
with NAFLD at baseline, 40 achieved NAFLD remission. Taking multicollinearity into account, key predictors for incident NAFLD were baseline
age (odds ratio 1.07; 95% Cl, 1.02-1.13; P=.009), waist circumference (WC) (2.77, 1.91-4.01 per 1 SD; P<.001), and triglycerides (2.31, 1.53-
3.51per1SD; P<.001) and alanine aminotransferase (ALAT) (1.90, 1.20-3.00 per 1 SD; P=.006) concentrations as well as body mass index (BMI)
change (4.12, 3.02-5.63 per 1 SD; P<.001). Predictors of NAFLD remission were baseline aspartate aminotransferase (ASAT) concentration
(0.23, 0.08-0.67 per 1 SD; P=.007) and WC change (0.38, 0.25-0.59 per 1 SD; P<.001).

Conclusion: During follow-up, NAFLD developed for every fifth participant without NAFLD at baseline, and one-fifth of those with NAFLD at
baseline had achieved NAFLD remission. NAFLD became more prevalent during the follow-up period. From a clinical perspective, key factors
predicting NAFLD incidence and remission were BMI and WC change independent of their baseline level.

Key Words: nonalcoholic fatty liver disease, incidence, remission, general population, determinants, prevention

Abbreviations: ALAT, alanine aminotransferase; ASAT, aspartate aminotransferase; BMI, body mass index; CVH, cardiovascular health; MetS, metabolic
syndrome; NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; WC, waist circumference.
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Nonalcoholic fatty liver disease (NAFLD) is defined as accu-
mulation of fat in at least 5% of hepatocytes evaluated by im-
aging or histology without any known secondary cause such
as viral hepatitis, specific drugs, or excessive alcohol con-
sumption (1). NAFLD is a major and constantly growing pub-
lic health concern (2-4) Globally, its prevalence among the
general population, diagnosed by imaging methods, has
been recently estimated to be 32.4% and similarly, in
Europe, to be 32.6% (2). Typically, asymptomatic NAFLD
with simple steatosis can progress to nonalcoholic steatohepa-
titis and further to liver cirrhosis and hepatocellular carcin-
oma (5). These consequences may become the leading causes
for liver transplantations in the future (3, 6-8). Moreover,
NAFLD is a significant risk factor for many extrahepatic path-
ologies, such as cardiovascular diseases (9, 10).

It has been well recognized that NAFLD is in most cases as-
sociated with obesity, insulin resistance, and other compo-
nents of the metabolic syndrome (MetS), and the increasing
prevalence of NAFLD reflects the ongoing epidemics of obes-
ity and type 2 diabetes (4, 11, 12). In addition, sedentary life-
style and dietary factors seem to be relevant for NAFLD
pathogenesis (13, 14). However, it is currently known that
NAFLD is observed also among nonobese and lean persons
(15). In addition, genetic factors contribute to NAFLD risk
and susceptibility for NAFLD progression (16, 17). It has
been recognized that several genes like PNPLA3, TM6SF2,
and GCKR with risk variants are linked to altered hepatic lip-
id handling by different mechanisms (18). For example, the
PNPLA3 (patatin-like phospholipase domain-containing 3)
1148M variant is frequent among Western people and the de-
fect in transmembrane protein with lipase activity located at
the surface of lipid droplets leads to fat retention in hepato-
cytes (19, 20). Besides the aforementioned genetic factors,
other pathophysiological mechanisms underlying NAFLD
have been identified. Increased hepatic de novo lipogenesis
can be induced by hyperglycemia, hyperinsulinemia, and fruc-
tose intake, which in part lead to hepatic accumulation of tri-
glycerides (18). Adipose tissue dysfunction through insulin
resistance, for example, causes hepatic lipid flow increase
and release of pro-inflammatory adipokines (18, 21).
NAFLD pathogenesis is thus complex and despite the vast re-
search interest, it is still not fully understood.

Prospective studies are essential to understand the incidence
and remission as well as the possible underlying factors of
NAFLD, which can be applied to inform effective prevention
and treatment strategies of the disease. Until now, the major-
ity of longitudinal studies concerning NAFLD in general
population have been carried out in East Asia (22-30).
According to 3 meta-analyses, NAFLD incidence in Asia has
been described to be 47 to 52 cases per 1000 person-years
(2, 3, 31). Only few studies have reported NAFLD incidence
rates with a wide variation in Europe, Israel, and the United
States (32-35). The highest rate, 28 cases per 1000 person-
years, has been reported in Israel and the lowest rate, 29 cases
per 100000 person-years, in England (33, 34). Data on
NAFLD remission is scarcer. A meta-analysis including 9
East Asian studies has reported a remission rate of 50 cases
per 1000 person-years (36). According to the study conducted
among the aforementioned Israeli population, the remission
rate was 53 cases per 1000 person-years.

In our current study, we aim to narrow the gap of knowl-
edge regarding the NAFLD incidence and remission among
general European populations by applying longitudinal

data from a large population-based cohort study, the
Cardiovascular Risk in Young Finns Study (ie, the Young
Finns Study), including 1260 participants assessed by repeated
liver ultrasound imaging. Apart from reporting the incidence
and remission rates, we also investigate factors associated
with the incidence and remission of NAFLD.

Methods

Study Design and Population

The ongoing prospective Young Finns Study has been con-
ducted in 5 Finnish cities with medical schools and their rural
surroundings. The original main target of the study was to de-
tect cardiovascular risk factors of children and adolescents
across Finland (37). After the first study in 1980, several follow-
up studies have been carried out. The baseline study population
comprised 3596 participants (83% of invited population) aged
3 to 18 years (6 age cohorts: 3, 6,9, 12,15, and 18 years). Liver
ultrasound for assessment of hepatic steatosis was performed
for the first time in the follow-up conducted during
2011-2012, when 2063 individuals (aged 33-50 years) partici-
pated in the clinical examinations and data on hepatic steatosis
was obtained from 2042 (99%) participants (Fig. 1). The latest
follow-up was carried out during 2018-2020 (participants aged
40-58 years), including the assessment of hepatic steatosis;
2064 participants attended the clinic visit, and 2062 provided
data on hepatic steatosis. In this study, the follow-up conducted
in 2011-2012 is referred to as baseline and follow-up con-
ducted in 2018-2020 to as follow-up.

Our current study includes those from whom ultrasound
data on hepatic steatosis status was obtained both at baseline
and at follow-up (n =1703). Of these participants, those who
had not provided data on alcohol consumption, or those hav-
ing excess alcohol consumption, were excluded (n=443).
Alcohol consumption was defined excessive if the participant
reported using pure ethanol >20 grams (females) or>
30 grams per day (males). The aforementioned threshold val-
ues are based on earlier observations of increased risk for al-
coholic liver disease (38). After the exclusion of participants
with missing data or excessive alcohol consumption, 1260 in-
dividuals with data on hepatic steatosis both at baseline and
follow-up were included in the analyses. The participants
were classified into 4 groups according to the NAFLD status
at baseline and at follow-up, approximately 7 years apart:
(i) no NAFLD at baseline or at follow-up (no-NAFLD group,
n=881); (ii) no NAFLD at baseline and NAFLD developed by
follow-up (incident NAFLD group, n = 198); (iii) NAFLD ob-
served at baseline and at follow-up (persistent NAFLD group,
n=141); and (iv) NAFLD at baseline and NAFLD remission
by follow-up (NAFLD remission group, n =40). All partici-
pants provided a written informed consent, and the study
was approved by local ethics committees.

Ultrasound Imaging of Liver

To assess liver fat content, hepatic ultrasound imaging with a va-
lidated protocol was performed (39). At baseline, Sequoia 512
(Acuson, Mountain View, CA, USA) ultrasound device with a
4.0 MHz adult abdominal transducer and at follow-up, Logiq
S8 (GE Healthcare, Chicago, IL, USA) ultrasound device with
a 1.5-6.0 MHz convex C1-6 transducer was used. Estimation
of hepatic steatosis was based on 4 or 5 of the following criteria:
liver-to-kidney contrast, parenchymal brightness, deep beam
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Figure 1. Flow chart of study population formation. Abbreviation: NAFLD, nonalcoholic fatty liver disease.

attenuation, bright vessel walls, and visibility of the neck of the
gallbladder (40, 41). More detailed description is presented in
the supplementary materials and methods elsewhere (42).

Additional Covariates

Standard methods were used for evaluation of anthropomet-
rics, blood pressure, alcohol consumption, smoking, physical
activity, diet, and education as well as for biochemical meas-
urements (43-55). Detailed descriptions are presented in the
supplementary materials and methods (42).

Statistical Analyses
Paired comparisons of participant characteristics were made
between the no-NAFLD and incident NAFLD groups, and be-
tween the persistent NAFLD and NAFLD remission groups,
respectively, both at baseline and at follow-up. Factors ac-
counting for NAFLD incidence or remission were analyzed
with logistic regression analysis. More detailed description is
presented in the supplementary materials and methods (42).
In addition, we compared included and excluded partici-
pants in the supplementary material; more details in the sup-
plementary data (42).

Results

NAFLD Prevalence, Incidence, and Remission Rates

At baseline altogether 14.4% (181/1260) and at follow-up
26.9% (339/1260) of the participants had NAFLD. During

an average of 7 years (mean 7.2 years) study period,
NAFLD developed for 198 of the 1079 participants without
NAFLD at baseline (18.3%, incidence rate: 26 cases per
1000 person-years; incident NAFLD group). During the study
period, NAFLD remission was detected in 40 of the 181 par-
ticipants with NAFLD at baseline (22.1%, remission rate: 30
cases per 1000 person-years; NAFLD remission group).

Characteristics of the no-NAFLD and Incident NAFLD
Groups

There were more men in the incident NAFLD group than in
the no-NAFLD group, and individuals in the incident group
were also on average older (Table 1; adjusted for both age
and sex when applicable).

Mean body mass index (BMI) and waist circumference
(WC) as well as the proportion of overweight and obese par-
ticipants were higher among the incident group participants
than among the no-NAFLD group both at baseline and at
follow-up. During the study period, the proportion of obese
individuals and the mean BMI and WC (Fig. 2) in the incident
group increased more than those of the no-NAFLD group.

Levels of systolic and diastolic blood pressure were higher
among the incident group than among the no-NAFLD group
both at baseline and at follow-up. Also, concentrations of
most of the biochemical measurements differed between the
groups both at baseline and at follow-up.

MetS was more frequent among the incident group than
among the no-NAFLD group, and the prevalence of MetS
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Table 1. Characteristics of the participants according to NAFLD status at baseline (2011-2012) and at follow-up (2018-2020)

No-NAFLD Incident NAFLD P value Persistent NAFLD  NAFLD remission P value
Mean + SD, median [IQR] or frequencies (% )"
SEX, AGE, EDUCATION, AND HEALTH PARAMETERS
n=646-881 n=141-198 n=86-141 n=28-40
Female/male
2011-12 561/320 (64/36)  111/87 (56/44)  .046" 51/90 (36/64) 17/23 (43/58) 466"
Age (years)
2011-12 41.4+5.0 42.7+4.9 .001° 43.0+4.5 42.2+4.7 .343¢
2018-20 48.6+5.0 49.9+4.9 .001¢ 50.3+4.6 49.5+4.6 .304¢
Education years
2011-12 15.8+3.6 15.2+3.1 175¢ 15.1+3.8 14.8+2.9 A426°
2018-20 16.2 +3.7 15.7+3.4 311¢ 154+3.6 15.3+3.2 .608°
BMI (kg/m?)
2011-12 24.7 £3.7 28.7+4.3 <.001¢ 312+5.4 30.5+5.5 .582¢
2018-20 25.8+3.9 31.6+5.3 <.001¢ 32.5+5.9 28.9+4.2 .001¢
Change 11+1.9 29425 <.001° 1.2 [2.5] ~0.3[3.2] <.001¢
<0 205 (23) 18 (9) <.001° 35 (25) 22 (55) <.001%
>0 673 (77) 180 (91) 106 (75) 18 (45)
BMI categories
2011 <.001° 208°
Underweight or normal weight 514 (59) 35 (18) 14 (10) 8 (20)
Overweight 290 (33) 96 (49) 45 (32) 10 (25)
Obesity 74 (8) 67 (34) 82 (58) 22 (55)
2018 <.001° .002°
Underweight or normal weight 401 (46) 8 (4) 11 (8) 7 (18)
Overweight 365 (41) 86 (43) 34 (24) 18 (45)
Obesity 115 (13) 104 (53) 96 (68) 15 (38)
Waist circumference (cm)
2011-12 86.2+11.1 97.9+10.3 <.001°¢ 105.4+12.8 102.1+14.3 268
2018-20 89.1+11.0 105.0+10.9 <.001°¢ 109.3+12.7 97.9+12.9 <.001°¢
Change 29+7.5 71+7.1 <.001¢ 39+7.1 -4.2+10.3 <.001¢
<0 309 (35) 30 (15) <.001° 36 (26) 27 (68) <.001°
>0 571 (65) 168 (85) 105 (75) 13 (33)
Blood pressure (mmHg)
Systolic
2011-12 122 + 14 127 £ 14 <.001¢ 133+ 14 133+17 .600°
2018-20 126 + 14 133 +£15 <.001¢ 135+ 16 133+18 S571¢
Diastolic
2011-12 75+9 80+9 <.001¢ 84+9 83+12 .712¢
2018-20 80+9 86 +9 <.001¢ 87+9 84 +11 .083¢
Lipids (mmol/L)
Total cholesterol
2011-12 5.0+£0.9 5.3+0.9 .014° 55+1.1 55«11 .641°
2018-20 52+0.9 54+£1.0 .002¢ S1+11 S1+1.1 797¢
LDL cholesterol
2011-12 3.2+0.7 3.3+£0.8 277¢ 3.5+1.0 3.5+1.0 .500°
2018-20 3.2+0.8 3.5+09 .001¢ 3.1+0.9 3.2+1.0 .328¢
HDL cholesterol
2011-12 1.4+0.3 1.2+0.3 <.001¢ 1.1+0.3 1.2+0.2 .692¢
2018-20 1.4+04 1.1+0.3 <.001°¢ 1.1+0.3 1.2+0.3 .006°

(continued)
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Table 1. Continued
No-NAFLD Incident NAFLD P value Persistent NAFLD  NAFLD remission P value
Triglycerides
2011-12 1.0 [0.4] 1.3 [0.9] <.001°™ 1.7[1.1] 1.6 [1.2] .310PN
2018-20 1.0 [0.6] 1.6 [1.0] <.001°™  1.8[1.2] 1.4 [0.8] <.001PMN
Fasting glucose (mmol/L)
2011-12 5.210.5] 5.4[0.6] <.001°™  5.670.7] 5.510.9] 14PN
2018-20 5.310.6] 5.6 [0.7] <.001°™  5.7[1.0] 5.570.9] .272PLN
Fasting insulin® (mU/L)
2011-12 5.715.3] 10.2 [7.7] <.001°™ 143 [12.6] 9.5[9.7] 247PN
2018-20 6.4 [5.3] 13.3[9.3] <.001°™  16.9[15.2] 8.4 [8.1] <.001PMN
HbA1c?® (mmol/mol)
2011-12 36.0 [3.0] 37.0 [4.0] .053PMN 38.0 [4.0] 38.0 [5.0] .091PLN
2018-20 36.9 [4.4] 39.0 [5.1] <.001°™  40.2 [6.7] 39.1[7.0] .175PN
HOMA-IR®f
2011-12 1.3 [1.3] 2.6 [2.1] <.001°™  3.7[3.5] 2.6 [2.5] 473PN
2018-20 1.5 [1.2] 3.4 [2.5] <.001°™ 4.3 [4.3] 2.2 [2.0] <.001PMN
Alanine aminotransferase® (U/L)
2011-12 12.0 [7.0] 16.0 [13.0] <.001°™N  24.0 [21.0] 17.0 [14.0] .002PN
2018-20 20.0 [13.0] 29.0 [21.5] <.001°"N  39.0[25.0] 23.0[15.5] <.001PMN
Aspartate aminotransferase® (U/L)
2011-12 19.0 [6.0] 21.0 [9.0] .001PMN 25.5[12.0] 22.0[8.0] .007PtN
2018-20 23.0 [8.0] 25.0 [11.0] <.001°™  31.0[13.0] 23.0 [7.0] <.001PtN
Gamma-glutamyltransferase (U/L)
2011-12 19.0 [13.0] 26.5 [24.0] <.001°™  42.0[36.0] 29.0 [33.0] .063PN
2018-20 22.0 [13.0] 33.0 [31.0] <.001°™  41.0[36.0] 27.0 [20.0] <.001PN
High-sensitivity C-reactive protein (mg/I)
2011-12 0.6 [1.0] 1.1 [1.7] <.0014 1.5[2.1] 1.2 [2.6] 6624
2018-20 0.9 [1.3] 1.8 [2.4] <.0014 1.9 [3.3] 0.9 [1.6] 0114
Metabolic syndrome®
2011-12 68 (8) 65 (34) <.001° 91 (65) 24 (63) .833°
2018-20 152 (17) 129 (66) <.001° 98 (71) 20 (50) .016°
Ideal cardiovascular health index”
2011-12 42+1.3 31+1.3 <.001¢ 2.5+1.1 24+1.0 .693¢
2018-20 3.5+1.4 23+1.1 <.001¢ 22+1.0 2.5+1.3 270¢
LIFESTYLE FACTORS
n=652-877 n=141-197 n=87-141 n=29-40
Smoking
2011-12 .042° 1158
Never 511 (58) 105 (53) 66 (47) 12 (30)
Other 285 (33) 62 (32) 56 (40) 23 (58)
Daily 81 (9) 30 (15) 19 (14) 5(13)
2018-20 .839° .912°
Never 474 (54) 101 (52) 54 (39) 14 (36)
Other 306 (35) 72 (37) 70 (50) 21 (54)
Daily 93 (11) 20 (10) 16 (11) 4(10)
Alcohol consumption
Doses per day
2011-12 0.3 [0.6] 0.4 [0.6] 4924 0.4 [0.9] 0.4 [0.7] 6334
2018-20 0.3 [0.5] 0.3 [0.6] 2744 0.4 [0.8] 0.3 [0.7] .3074
Physical activity
Steps per day (total and aerobic)®
2011-12 8248 +2989 7996 + 3391 .351¢ 6140 [3583] 6374 [3828] 481PN

(continued)
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Table 1. Continued

No-NAFLD Incident NAFLD P value Persistent NAFLD  NAFLD remission P value
1689 [2905] 1128 [3010] 018 582 [1464] 415 [1667] 4014
2018-20 8950 +2905 7602 + 2490 <.001¢ 7322 [3799] 8696 [4387] 113PEN
1098 [2488] 501 [1367] <.001¢ 359 [1408] 628 [1491] 2567
Leisure time MET -index (MET b/wk)
2011-12 19.5 [26.3] 11.8 [16.5] 0244 11.8 [17.0] 5.0 [18.5] 8734
2018-20 19.5 [28.3] 53[17.5] <0019 8.0[10.8] 11.8 [30.3] 1314
Diet score’
2011-12 14.2+4.2 13.3+4.2 .025¢ 12.9+4.4 12.7+3.6 .666°
2018-20 13.8 +£4.0 13.2+3.9 .062°¢ 12.4+3.7 13.5+3.4 .102¢

Paired comparisons are shown between the no-NAFLD and the incident NAFLD groups, and between the persistent NAFLD and the NAFLD remission groups

(adjusted for both age and sex when applicable).

Abbreviations: BMI, body mass index; HbA ¢, glycated hemoglobin; HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment for insulin
resistance; LDL, low-density lipoprotein; NAFLD, nonalcoholic fatty liver disease.
“Mean and SD for normally distributed continuous variables, median and interquartile range for skewed continuous variables and frequencies and percentages

for categorical variables.
Chi-square for categorical variables, age- and sex-adjusted.

“Linear regression analysis and ®linear regression analysis with dependent variable log transformation.

9Age- and sex-adjusted logistic regression analysis.

“Insulin, HbAlc, HOMA-IR, alanine and aspartate aminotransferase concentrations and steps per day are not comparable between baseline and follow-up.

Homeostatic model assessment of insulin resistance.
SHarmonized criteria.

Criteria originally created by American Heart Association (range 0-7).
‘Metabolic equivalent of task.

/Based on intake of 5 favorable food groups (whole grains, fish and fish products, fruits and berries, vegetables, vegetable fats and oils) and 4 unfavorable foods
groups (red meat and processed meat, desserts and sweets, sugary beverages and fried potatoes) (range 0-27).

increased during the study period. At baseline and at follow-
up, the mean ideal cardiovascular health (CVH) index, and
at baseline the mean diet scores of the incident group were
lower compared to the no-NAFLD group. In addition, physic-
al activity level was lower among the incident group than
among the no-NAFLD group.

More comprehensive description of the results is provided
in the supplementary results where results considering BMI,
WC, blood pressure, biochemical measurements, MetS, ideal
CVH, and lifestyle factors of both groups and differences be-
tween the groups are described in detail (42). In the supple-
mentary data we also describe prevalence and incidence of
type 2 diabetes and self-reported use of diabetes, antihyper-
tensive, and lipid-lowering medications among both groups
and compare these between the groups (Supplementary
Table S1) (42).

Characteristics of Persistent NAFLD and NAFLD
Remission Groups

Distribution of age and sex were similar between individuals
in the persistent NAFLD and the NAFLD remission groups
(Table 1; adjusted for both age and sex when applicable).

At baseline, the mean BMI and WC were similar between
the groups. During the study period, a difference in BMI
and WC evolved between the groups; the median BMI and
the mean WC of the remission group decreased while they
rose among those of the persistent group (Fig. 2). In line
with these changes, the proportion of obese participants de-
clined among the remission group during the study period.
When the proportional change of weight and WC during the
study period among the remission group participants was
studied, it was found that 43% (n=17) of them lost weight
of more than 5%, and 40% (n = 16) decreased WC by more

than 5% (Fig. 3). On the other hand, 63% (n=17/27) and
64% (n=16/25) of participants who lost weight over 5% or
among whom WC decreased over 5%, respectively, belonged
to the remission group. The corresponding value was 8%
(n=15/63 and n=5/64) among participants gaining weight
or WC of more than 5%.

There were some differences in the biochemical parameters
between the groups that mostly appeared at follow-up.
During the study period the proportion of participants meet-
ing MetS criteria declined among the remission group and in-
creased among the persistent NAFLD group.

More comprehensive description of the results is provided
in the supplementary results where results considering BMI,
WC, blood pressure, biochemical measurements, MetS, ideal
CVH, and lifestyle factors of both groups and differences
between the groups are described in detail (42). In the supple-
mentary data we also describe prevalence and incidence of
type 2 diabetes and self-reported use of diabetes, antihyper-
tensive, and lipid-lowering medications among both groups
and compare these between the groups (Supplementary
Table S1) (42).

Factors Accounting for NAFLD Incidence

In line with the results observed in Table 1 for differences in
baseline factors between the no-NAFLD and incident
NAFLD groups, most of these factors were associated with
the odds of developing NAFLD during the 7-year study period
(Table 2). After accounting for multicollinearity, a further
multivariable model (n=830) showed that, age (odds ratio
[OR] 1.07; 95% CI, 1.02-1.13; P=.009) and baseline WC
(OR 2.77; 1.91-4.01; P<.001), triglycerides (OR 2.31;
1.53-3.51; P<.001) and alanine aminotransferase (ALAT)
(OR 1.90; 1.20-3.00; P=.006) concentrations as well as
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A

P <0.001

Median 1.0 kg/m2

BMI change (kg/m2)

4
Median 2.5 kg/m2

P <0.001

. Median 1.2 kg/m2

Median -0.3 kg/m2

40

P <0.001

. Median 2.8 cm

-20

Waist circumference change (cm)

-40

. Median 6.4 cm

P <0.001

- Median 3.9 cm

Median -3.0 cm

No-NAFLD

Incident NAFLD

Persistent NAFLD NAFLD remission

Figure 2. Box plot charts of median body mass index (BMI) (kg/m?) (A) and waist circumference (cm) (B) changes during the study period according to
nonalcoholic fatty liver disease (NAFLD) status at baseline (2011-2012) and at follow-up (2018-2020). Age- and sex-adjusted paired comparisons
between the no-NAFLD and the incident NAFLD groups and between the persistent NAFLD and the NAFLD remission groups. Linear regression
analysis for other comparison except logistic regression analysis for BMI change (decreased/unchanged or increased BMI) between the persistent

NAFLD and the NAFLD remission groups.

BMI change during the study period (OR 4.12; 3.02-5.63; P
<.001) were independent predictors for NAFLD incidence.
Additionally, baseline WC was replaced with baseline BMI
in the multivariable model (data not shown). In this model,
also baseline BMI was associated with incident NAFLD (OR
2.69; 1.87-3.87; P <.001). In addition, a model where both
baseline WC and WC change were included was applied
(data not shown). These analyses indicated that both baseline
WC (OR 4.48; 3.05-6.57; P<.001) and WC change (OR
2.9652.28-3.85; P <.001) predicted incident NAFLD. When
the interactions between sex and the variables significant in

the multivariable model (except age) were studied, significant
interactions were detected between sex and baseline triglycer-
ides concentration (P = .006) as well as between sex and base-
line ALAT concentration (P=.004). Among women (OR
5.60; 95% CI, 2.48-12.63; P <.001) baseline triglycerides
concentration was a stronger predictor for NAFLD incidence
than among men (OR 1.74; 95% CI, 1.04-2.90; P =.035),
and baseline ALAT concentration was associated with
NAFLD incidence among men (OR 4.65; 95% CI,
2.02-10.72; P<.001) but not among women (OR 1.05;
95% CI, 0.54-2.02; P=.891). There were no significant
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Figure 3. Proportional change of waist circumference (A) and weight (B) of the nonalcoholic fatty liver disease (NAFLD) remission group participants

during the study period.

interactions between age and the variables significant in the
multivariable model.

The results of the multivariable model remained essentially
similar when type 2 diabetics were excluded, and when type 2
diabetes at baseline was included in the model as an independ-
ent variable. The results of these models are described in more
detail in the supplementary results and Supplementary
Table S2 (42).

Factors Accounting for NAFLD Remission

In an age- and sex-adjusted model, baseline smoking (smoking
less often than daily or former smoking), ALAT and aspartate
aminotransferase (ASAT) concentrations as well as BMI and
WC change during the study period were associated with

NAFLD remission (Table 2). Taking multicollinearity into ac-
count, the final multivariable model showed that increasing
WC change (OR 0.38; 95% CI, 0.25-0.59; P < .001) and high-
er baseline ASAT (OR 0.23; 95% CI, 0.08-0.67; P=.007)
predicted reduced probability for NAFLD remission. When
baseline ASAT was replaced with baseline ALAT concentra-
tion in the multivariable model (data not shown), also
the ALAT level predicted remission (OR 0.37; 95% CI,
0.18-0.77; P =.008). Additionally, when WC change was
replaced with change in BMI in the analyses (data not
shown), increase in BMI change similarly associated with
reduced probability for NAFLD remission (OR 0.42; 95%
CI, 0.28-0.63; P <.001). Both WC change (OR 0.26; 95%
CI, 0.15-0.45; P <.001) and BMI change (OR 0.34; 95% CI,
0.21-0.54; P <.001) remained significant predictors when
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Multivariable
model®

Age- and sex-adjusted

model
1.04 (0.66-1.63)NS

0.93 (0.50-1.75)N8

QOdds ratio (95% CI) and P value®
Age- or sex-adjusted

REMISSION
model

Multivariable
model®
1.02 (0.78-1.33)™°

Age- and sex-adjusted

model
0.80 (0.66-0.97)*

0.41 (0.33-0.51)***

QOdds ratio (95% CI) and P value®
Age- or sex-adjusted

INCIDENCE
model

Table 2. Continued
Ideal cardiovascular health index

Diet score
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baseline WC or BMI were included in the analyses. A signifi-
cant interaction between age and baseline ASAT concentration
(P =.030) was detected when interactions between age and the
variables significant in the multivariable model were studied.
Baseline ASAT predicted remission among <41.7-year-old
participants (OR 0.003; 95% CI, 0.000-0.108; P =.002)
but not among the >41.7-year-olds (OR 0.51; 95% CI,
0.17-1.52; P=.229). There were no significant interactions
between sex and the variables significant in the multivariable
model.

The results of the multivariable model remained essentially
the same when excluding type 2 diabetics and when type 2 dia-
betes at baseline was included in the model.

Discussion

In this longitudinal study comprising a general population co-
hort of 1260 participants, we observed that the prevalence of
NAFLD nearly doubled during the 7-year study period, from
14% to 27%, based on liver ultrasound imaging. The latter
value is somewhat lower than the results of the recent meta-
analysis describing prevalence in Europe (2). Of note is that
the range of prevalence in the included studies of meta-
analysis was 23% to 48%. A similar trend showing an ap-
proximately 2-fold higher NAFLD prevalence rate after 6.0
years follow-up has been reported in a Chinese study (27).
In our prior study, based on the data of the follow-up con-
ducted at baseline of the current longitudinal study, the preva-
lence of fatty liver among teetotalers and moderate users of
alcohol has been reported to be 15.2% (56). The difference
in the observed prevalence values between our current and
the earlier study is explained by a divergent study population
and slightly different criteria used for determination of exces-
sive alcohol consumption. In addition, the NAFLD prevalence
in our study at baseline is lower than the prevalence values
(21-41%) reported among former Finnish studies conducted
among general populations (57, 58). Among these earlier
studies, NAFLD has been defined by means of increased
ASAT and/or ALAT levels (57) or a fatty liver index and/or
a NAFLD liver fat score (58). Thus, the aforementioned
prevalence values were based on non-imaging procedures
and the methodological discrepancies can account for the dif-
ferences in the reported NAFLD prevalences (59-61). The
mean age of our population at baseline was also considerably
lower (~42 vs ~61 years) than among the aforementioned
study populations, which may in part also explain the lower
prevalence in our cohort as it is known that the prevalence
of NAFLD increases with age (12). Furthermore, the mean
BMI and WC at baseline were lower among our population.

significant in age- and sex-adjusted model. Because of multicollinearity BMI (correlation 7 > 0.5 with waist circumference), waist circumference change (with BMI change), systolic blood pressure

(with diastolic blood pressure), LDL cholesterol (with total cholesterol), HbAlc (with fasting glucose), HOMA-IR (with fasting insulin and HbA1c), alanine aminotransferase (with alanine aminotransferase),
) were not included in the model. Among aforementioned correlating variables the strongest predictor in the age- and sex-adjusted model has been chosen for multivariable model.

ependent variables, except age, are standardized and interpretation of odds ratio results should be done per 1 SD increase of continuous independent variable.

gamma-glutamyltransferase (with alanine aminotransferase) were not included in the model. Among aforementioned correlating variables the strongest predictor in the age- and sex-adjusted model has been chosen for

Abbreviations: BMI, body mass index; HbAlc, glycated hemoglobin; HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment for insulin resistance; LDL, low-density lipoprotein; NAFLD,
multivariable model. Neither ideal cardiovascular health index nor metabolic syndrome were included in the model because they are defined by other independent variables.

“Includes variables significant in age- and sex-adjusted model. Because of multicollinearity BMI change (correlation r > 0.5 with waist circumference change) and alanine aminotransferase (with aspartate

H

£
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§ 3 Approximately one-fifth (26 cases per 1000 person-years)
S N of the participants without NAFLD at baseline developed
£ ZU; NAFLD during the study period and one-fifth (30 cases per
E f’/ 1000 person-years) of those with NAFLD at baseline under-
sg went NAFLD remission. Data on NAFLD incidence and re-
2 §5 mission especially among populations outside East Asia are
E; 3 v sparse and most of the former studies have limitations, includ-
8 § ing that the cohorts do not reflect the general population (32,
< }gg - 33, 35, 62), individuals with excessive alcohol consumption
SLEvs 22 are not excluded (32), or sample sizes are rather small
ERES g ”2 2 (n=200-480) (32-34). The most representative available
EEEEE g2 study among a non-East Asian population has been conducted
TEE E‘Tz 2 in Israel with 213 participants (34). The incidence among the
E< £&5 £9 Israeli population was 19%, 28 cases per 1000 person-years,
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corresponding well with our observations. On the other hand,
the remission rate, 36% (24/66), 53 cases per 1000 person-
years, was higher compared to our study. The mean follow-up
time and the exclusion criteria for excessive alcohol consump-
tion were essentially the same as in our study; however, the
participants were on average approximately 10 years older
and the proportion of men was higher compared to our co-
hort. In the study, among participants with NAFLD at the be-
ginning of the follow-up, the baseline BMI and WC were on
average slightly lower and the proportion of participants
with MetS was considerable lower (~40%) than in our popu-
lation (~65%). These factors might partly explain the more
favorable remission rate in the Israeli study.

In the meta-analyses among East Asian populations, the in-
cidence rate of NAFLD has been approximately 50 cases per
1000 person-years, which is higher than reported among all
aforementioned studies conducted in Europe, Israel, and the
United States (2, 3, 31). Differences in the NAFLD rates be-
tween Asian and non-Asian populations are probably partly
linked with genetic susceptibility (63). About 50% of hepatic
steatosis susceptibility has been shown to be caused by heredi-
tary components (16). As far as we know the remission rate,
50 cases per 1000 person-years, has been reported only in a
one meta-analysis including 9 East Asian studies (36).

In our study, those who developed NAFLD during the study
period had a less favorable cardiometabolic risk factor profile
already at baseline compared to those without NAFLD, as has
been observed in earlier studies (22, 26, 27, 34, 64).
Individuals with incident NAFLD were found to have consid-
erably higher baseline BMI and WC than individuals without
NAFLD. The disadvantageous risk factor profile in relation to
the no-NAFLD group was observed also when considering the
baseline blood pressure, markers of lipid and glucose metabol-
ism, as well as liver enzyme and C-reactive protein concentra-
tions of the incident group. In addition, daily smoking was
more frequent and physical activity level as well as the overall
diet quality was lower at baseline among the incident NAFLD
individuals. Reflecting the aforementioned observations, in
our study the prevalence of MetS at baseline was over 4-fold
in the incident group compared to the no-NAFLD group
and the ideal CVH index score of the individuals in the inci-
dent group was lower than that of the individuals without
NAFLD. In the Israeli study, parallel MetS rates using the
same diagnostic criteria were detected (34). In our cohort,
part of the differences in the health and lifestyle parameters
widened during the study period between the individuals
who developed NAFLD and those remaining without
NAFLD. Among the most noteworthy findings is that the
mean BMI and WC increased 2.4- to 2.6-fold among the inci-
dent group compared to the no-NAFLD group. In previous
studies, a 4.2- to 5.6-fold (2.8-5.8 kg) weight increase has
been detected among individuals with incident NAFLD com-
pared to those without NAFLD during 6.0 to 6.8 years of
follow-up (27, 34). In our study, more than half of the individ-
uals in the incident group were obese at follow-up while only
13% of the individuals without NAFLD were obese.

Based on the multivariable analyses, baseline factors pre-
dicting NAFLD incidence during the 7 years of the study peri-
od were older age, higher WC or BMI, triglycerides, and
ALAT concentrations as well as increasing BMI or WC
change. Similar results have also been found in earlier studies
(27, 34, 64). It is possible that the higher ALAT concentration
at baseline indicates subclinical or slight NAFLD changes,

undetectable by ultrasound, among individuals that will de-
velop incident NAFLD during the follow-up compared to
those remaining without NAFLD (65). A higher serum trigly-
cerides concentration at baseline may be a consequence of
stronger hepatic insulin resistance leading to increased hepatic
production and secretion of triglyceride-rich very low-density
lipoprotein particles (66). Hepatic insulin resistance, for in-
stance, is a consequence of hepatic steatosis and thus possibly
also reflects subclinical hepatic steatosis and may predict
NAFLD detectable with ultrasound. In our cohort, baseline
ALAT concentration was a significant predictor for NAFLD
only among men, and baseline triglycerides concentration
was a stronger predictor among women than among men.
One of the key factors predicting NAFLD incidence was the
change of BMI, independent of baseline BMI or WC. This ob-
servation complements the finding of a Korean study which
showed that baseline adipose tissue status is not the determin-
ing factor for NAFLD risk but rather the change of visceral
adipose tissue area (26). Somewhat surprisingly, the change
in WC, which may be the better surrogate marker of visceral
adiposity, was in our study a weaker predictor for incident
NAFLD than change in BMI (67, 68). However, it should be
kept in mind that neither BMI nor WC can reliably differenti-
ate the site of fat deposits.

Baseline characteristics of the participants with persistent
NAFLD and those with remitted NAFLD were essentially simi-
lar. During the study period the remission group stood out from
those with persistent NAFLD. As the main findings, median
BMI and mean WC, as well as the prevalence of MetS, de-
creased among the remission group while among the persistent
group these indices increased. Predictors of NAFLD remission
were WC or BMI change independent of the baseline WC or
BMI, and baseline ASAT and ALAT concentrations. As men-
tioned in relation to NAFLD incidence, the level of ALAT
may be associated with NAFLD grade and those achieving re-
mission may have a milder NAFLD state compared to those
with persisting NAFLD. Probably ASAT level, another marker
of liver injury, reflects the same phenomenon. Similar results to
our observations related to change in WC and BMI change have
been found in earlier studies among general populations. In the
aforementioned Korean Gangnam NAFLD cohort, mean BMI
and WC decreased 1.8 kg/m” and 1.5 cm, respectively, during
an approximately 4.6-year follow-up period in the participants
with NAFLD remission. On the other hand, every 1-cm
increase of WC reduced the probability of NAFLD remission
by 12% (26). And as already highlighted above, the study
showed that it is particularly the increase in visceral adipose
tissue area, regardless of the baseline visceral or subcutaneous
adipose tissue area, that reduces the probability of remission.
In line with these findings, mean weight reduction
(2.2-2.7 kg) has also been associated with NAFLD remission
or decrease in the grade of hepatic steatosis (22, 34, 69).

Among those in the remission group of our study, WC
change was more linearly reflected on NAFLD remission com-
pared to weight change, that is, in the remission group, the
proportion of the individuals increased in a step-wise manner
with WC loss and decreased along with WC gain. This obser-
vation is plausible supposing that WC reflects visceral adipose
tissue, which is considered to be a significant factor underlying
NAFLD pathogenesis (68, 70). Visceral fat is likely involved in
the pathogenesis of hepatic steatosis in several ways. It is
known that excess visceral fat is associated with insulin resist-
ance, which leads to enhanced lipolysis in adipose tissue and
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influx of free fatty acids to liver and also increased hepatic de
novo lipogenesis (66, 71, 72). On the other hand, visceral adi-
pose tissue itself may be the most important source of free
fatty acids via portal vein for liver triglycerides synthesis
(66, 70). In addition, visceral adipose tissue produces pro-
and anti-inflammatory adipocytokines, which balance can
be disturbed due to visceral fat accumulation and even lead
to progression of NAFLD grade (66).

Collectively, our results support previous studies; the base-
line anthropometrics does not seem to be the determining factor
for NAFLD remission—instead the favorable changes, and es-
pecially decrease in WC, are essential. In our Finnish cohort, the
median WC reduction among mainly obese or overweight par-
ticipants with NAFLD remission was 3.0 cm—thus even slight
reduction of visceral adiposity may be adequate for achieving
remission of NAFLD. On the other hand, it is worth mention-
ing that a third (n = 13) of the individuals in our relatively small
remission group gained WC, thus a decrease in visceral adipos-
ity does not completely explain remission among them but, for
example, lifestyle changes related to diet and physical activity,
independent of weight or WC loss, may underlie (73, 74) this.
In all, data related to NAFLD remission in European popula-
tions remain scarce and our findings require corroboration.

A limitation of our study concerns the diagnostic tool to as-
sess liver steatosis, that is, the ultrasound devices were not
identical at the baseline and at the follow-up study visits.
Furthermore, technical development of ultrasound devices
may have led to better detection of hepatic steatosis at follow-
up. Itisalso possible that the use of nonidentical ultrasound de-
vices may have overestimated the remission rate if there have
been false positive hepatic steatosis classification at baseline
because of the more inaccurate diagnostic tool at baseline
than at follow-up. However, all ultrasound images were eval-
uated by the same trained sonographer both at baseline and at
follow-up, and the sonographer was masked to participant
characteristics. Importantly, the validated imaging protocol
was essentially the same at the study visits (39). Of note also
is that the ultrasound imaging itself has its limitations in gen-
eral and in detecting the hepatic steatosis (75-77). Although
other noninvasive diagnostic modalities have better sensitivity
for showing mild steatosis, they are not convenient for epi-
demiological studies (78, 79). Liver ultrasound is accepted as
the first-line screening method for liver steatosis (38).
Invasive liver biopsy still remains the gold standard method
to observe and confirm severe forms of NAFLD (38, 78, 79).
Considering identification of pathophysiological mechanisms
underlying NAFLD incidence and remission, we also acknow-
ledge related limitations in our study as our analyses did not in-
clude genetics, measurement of adipose tissue insulin
resistance index by means of a product of fasting plasma insu-
lin, and free fatty acid concentrations or estimation of hepatic
de novo lipogenesis with specialized methods like fatty acid
profiling and isotope tracers (18, 80). Further potential limita-
tion is the lack of information on known secondary causes of
fatty liver, such as medications possibly inducing fatty liver
or viral hepatitis and autoimmune hepatitis. This limitation
is probably minor since none of the individuals of our cohort
had diagnosed viral or autoimmune hepatitis according to hos-
pital registries at the baseline of this study (81). Furthermore,
the prevalence of hepatitis B and C, and autoimmune hepatitis,
has been observed to be low (0.00%, 0.03%, and 0.01%, re-
spectively) in Finland (82, 83). Also, it is considered that
drug-induced fatty liver is a quite rare phenomenon (84).

In addition, there were some methodological discrepancies be-
tween the 2 follow-ups. Because of these the number of steps
per day and part of the biochemical measurements should be
compared with caution between the baseline and the follow-up
studies. We also acknowledge that we lacked measurement of
hip circumference to calculate waist-to-hip ratio (85) and data
on vitamin E use (86), and that the number of participants in
the remission group was fairly small.

The evident strengths of this study are our large prospective
cohort representing the general population and the available
comprehensive data on NAFLD risk factors. Most important-
ly, our observations bring new data on NAFLD incidence and
remission rates, and their determinants, among previously
sparsely studied European populations.

In conclusion, our results show that NAFLD affects a quar-
ter of the White, middle-aged individuals in Northern Europe.
NAFLD developed for every fifth individual initially without
NAFLD during 7 years of follow-up. At the same time, one-
fifth of the individuals with NAFLD underwent remission.
Opverall, noting the methodological limitations of our study,
the incidence and remission rates should be interpreted cau-
tiously, and further studies are warranted. Clinically the
most relevant predictors for NAFLD incidence and remission
were changes in BMI and WC independently of their baseline
level. Encouragingly, we were able to show that even a slight
WC decrease was beneficial for NAFLD remission. These re-
sults support the efforts for maintenance of normal body
weight, and prevention of overweight and obesity also for
the prevention of NAFLD.
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