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Abstract
Dementia and NAFLD are two frequent conditions that share underlying risk factors mainly in the realm of metabolic 
disease. Additionally, an association between NAFLD and brain aging has been proposed. Therefore, we investigated the 
hypothesis if NAFLD is an independent risk factor for emerging dementia. In this population-based cohort study, elderly 
patients (≥ 65 years) with NAFLD diagnosed between 2000 and 2015 were matched 1:1 to a cohort without NAFLD based 
on ICD-10 coding in the Disease Analyzer database. Matching criteria were age, sex, physician, index year, and co-diagnoses 
associated with dementia. The primary outcomes of this study were all-cause dementia diagnoses, the incidence of vascular 
dementia, and antidementive drug prescription. A total of 22,317 patients with NAFLD were matched to 22,317 patients 
without NAFLD. Within 10 years of the index date, 16.0% of patients with NAFLD and 15.6% of the patients without NAFLD 
were diagnosed with dementia. On Cox regression analysis, there is no association between NAFLD and the incidence of 
all-cause dementia (HR 0.97, 95% CI 0.92–1.04), vascular dementia (HR 0.89, 95% CI 0.78–1.02), or the new prescription 
of antidementive therapy (HR 0.87, 95% CI 0.76–1.01). In sensitivity analyses, there was no association between NAFLD 
and dementia in different age-groups as well as men or women. In conclusion, in this database study of elderly patients 
coded with NAFLD no independent association with incident dementia was detected. Risk assessment regarding dementia 
in patients with NAFLD should be carried out in the same way as for metabolic burdened patients.
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Abbreviation
NAFLD	� Nonalcoholic fatty liver disease

Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most com-
mon liver disease worldwide and has an estimated preva-
lence of 24% [1–3]. NAFLD is a continuum of different dis-
ease stages ranging from liver steatosis (nonalcoholic fatty 
liver, NAFL) to liver inflammation/hepatitis (nonalcoholic 
steatohepatitis, NASH) and liver cirrhosis [4]. The mortality 
risk increases with progressive disease, while fibrosis is the 
most reliable predictor for higher mortality [5]. In recent 
years, several studies have demonstrated that NAFLD is not 
only associated with, for example, impairment in quality 
of life but also with an increased risk for the development 
of several other diseases [6–8]. The independent aspect of 
metabolic liver disease that can be present alongside other 
liver diseases—including social alcohol use—is currently at 
the center of an ongoing academic debate [9]. From a patho-
physiological point of view, the most obvious independent 
contribution of NAFLD is with regards to cardiovascular 
diseases [10–12]. Those findings are in parts explained by an 
increase in systemic inflammation caused by inflammatory 
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processes in the liver. A recent preclinical study in mice 
indicated that liver inflammation caused by NAFLD may 
lead to an activation of microglial cells in the brain and may 
induce neuronal apoptosis, which results in signs of Alzhei-
mer’s disease (AD) [13]. Another study investigating partici-
pants of the Framingham study demonstrated that NAFLD 
was associated with a smaller total cerebral brain volume 
pointing to a possible link between NAFLD and earlier brain 
aging [14]. Additionally, there seems to be a link between 
advanced stages of NAFLD and poorer cognitive function 
[15]. However, a potential association between NAFLD and 
the occurrence of dementia has not been studied yet. Due to 
the aforementioned evidence and the lack of appropriate data 
for the primary and secondary care setting in Germany, we 
investigated the hypothesis that NAFLD may increase the 
risk for dementia in a population-based cohort study design.

Materials and Methods

Database

This study was conducted using anonymized data derived 
from the Disease Analyzer database (IQVIA). This database 
compiles drug prescriptions, diagnoses, and basic medical 
and demographic data obtained directly and in anonymous 
format from computer systems used in the practices of gen-
eral practitioners and specialists [16]. The database covers 
approximately 3% of all outpatient practices in Germany. 
Diagnoses [according to International Classification of Dis-
eases, 10th revision (ICD-10)], prescriptions [according to 
Anatomical Therapeutic Chemical (ATC) Classification sys-
tem], and the quality of reported data are being monitored 
by IQVIA. In Germany, the sampling methods used to select 
physicians’ practices are appropriate for obtaining a repre-
sentative database of general and specialized practices [16].

Study Population

This retrospective cohort study included elderly patients 
(≥ 65 years) with an initial ICD-10 code of NAFLD/NASH 
(ICD-10: K75.8, K76.0) in 1262 general practices in Ger-
many between January 2000 and December 2015 (index 
date; Fig. 1). Further inclusion criterion was an observation 
time of at least 12 months prior to the index date. Patients 
with dementia (ICD-10: F00-F03, G30) or mild cognitive 
impairment diagnoses (ICD-10: F06.7) prior to index date 
were excluded.

NAFLD/NASH patients were individually matched to 
non-NAFLD/NASH patients by age, sex, physician, index 
year, and metabolic co-diagnoses associated with demen-
tia based on ICD-10 codes including diabetes mellitus 
(E10-14), hyperlipidemia (E78), ischemic heart disease 

(I20–I25), arterial hypertension (I10), heart failure (I50), 
renal failure (N18, N19), stroke and transient ischemic 
attack (TIA) (I60–I64, G45), intracranial injury (S06), 
epilepsy (G40, G41), Parkinson’s disease (G20, G21), 
osteoporosis (M80, M81), obesity (E66), and depression 
(F32, F33). For the controls, the index date was that of a 
randomly selected visit between January 2000 and Decem-
ber 2015 (Fig. 1).

Study Outcomes and Covariates

The main outcome of the study was the incidence of all-
cause dementia diagnoses as a function of NAFLD/NASH. 
Furthermore, the incidence of vascular dementia (ICD-10: 
F01) as well as antidementive drug prescription (ATC: 
N07D) was assessed.

Statistical Analyses

Differences in the sample characteristics between those with 
and those without NAFLD/NASH were tested using chi-
squared tests for categorical variables and Wilcoxon tests for 
continuous variables. Cumulative 10-year incidence of all-
cause dementia, vascular dementia, and antidementive drugs 
was calculated using Kaplan–Meier method. Cox regression 
models were conducted to study the association between the 
NAFLD/NASH and dementia incidence, vascular dementia 
incidence, and antidementive drug prescription. These mod-
els were performed separately for four age-groups, women 
and men. p values < 0.05 were considered statistically sig-
nificant. Analyses were carried out using SAS version 9.4.

Results

Basic Characteristics of the Study Sample

The present study included 22,598 patients with NAFLD/
NASH and 22,598 patients without NAFLD/NASH. The 
basic characteristics of study patients are displayed in 
Table 1. Mean age (SD) was 73.4 (5.9) years; 53.7% were 
women. After matching, there was no difference in the 
patient proportions diagnosed with relevant risk factors 
for dementia like diabetes, hypertension, hyperlipidemia, 
ischemic heart disease, heart failure, renal failure, stroke 
including transitory ischemic attacks, obesity, intracranial 
injury, epilepsy, Parkinson’s disease, osteoporosis, and 
depression. The average follow-up time was 7.8 years in 
patients with NAFLD/NASH and 7.7 years in individuals 
without NAFLD/NASH, without significant difference. 
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Association of NAFLD/NASH and Incidence 
of Dementia

Ten  years from the index date, 16.0% of patients with 
NAFLD/NASH and 15.6% of individuals without NAFLD/
NASH were diagnosed with dementia overall, and this 
difference was not significant (Fig. 2). There were no sig-
nificant differences in the cumulative incidence of vascular 
dementia only (3.4% vs. 3.5%, Fig. 3) or antidementive drug 
prescription (2.9% vs. 3.0%, Fig. 4). On regression analy-
ses, NAFLD/NASH was not associated with the incidence 
of all-cause dementia, vascular dementia, or antidementive 

therapy. There was no significant association in four age-
groups and men and women (Table 2).    

Discussion

In this large database study comparing NAFLD of all stages 
with a matched non-NAFLD population, we did not observe 
an increased risk of being coded with dementia in a popula-
tion aged 65 years and above. The risk for emerging demen-
tia of all causes was not increased in patients with NAFLD 
compared to patients without coded NAFLD. This finding 

Fig. 1   Selection of study 
patients
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is upheld in subgroup analyses including men, women as 
well as different age-groups. Additionally, no association 
was observed, when focusing only on vascular dementia as 
a primary endpoint.

As recently described, the overall coded prevalence for 
NAFLD in this German database is low with 3.3% and most 

likely underestimates the true prevalence of NAFLD, which 
has been estimated to be as high as 25% [17]. This trend for 
undercoding of NAFLD in a primary care setting was also 
recently reported in a study, which included data from Italy, 
the Netherlands, Spain, and the UK [18, 19]. Here, the coded 
prevalence for NAFLD was only 2%.

Table 1   Basic characteristics 
of the study sample (after 1:1 
matching by age, sex, physician, 
index year, and CCI)

Proportions of patients in % given, unless otherwise indicated
SD standard deviation

Variable Proportion affected among 
patients with NAFLD/NASH 
(%)
N = 22,317

Proportion affected among 
patients without NAFLD/NASH 
(%)
N = 22,317

p value

Age (mean, SD) 73.4 (5.9) 73.4 (5.9) 1.000
 Age 65–70 37.6 37.6 1.000
 Age 71–75 29.1 29.1
 Age 75–80 20.3 20.3
 Age > 80 13.0 13.0

Women 53.7 53.7 1.000
Men 46.3 46.3
Comorbidities at baseline
 Diabetes 42.1 42.1 1.000
 Hypertension 72.4 72.4 1.000
 Hyperlipidemia 56.7 56.7 1.000
 Ischemic heart disease 31.4 31.4 1.000
 Heart failure 13.3 13.3 1.000
 Renal failure 12.2 12.2 1.000
 Stroke including TIA 16.5 16.5 1.000
 Obesity 17.8 17.8 1.000
 Intracranial injury 0.3 0.3 1.000
 Epilepsy 0.7 0.7 1.000
 Parkinson’s disease 1.0 1.0 1.000
 Osteoporosis 9.0 9.0 1.000
 Depression 14.7 14.7 1.000

Fig. 2   Cumulative incidence of 
all-cause dementia diagnosis 
in patients with and without 
NAFLD/NASH
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Overall, dementia is a major cause of morbidity and mor-
tality in the western world and affects millions of patients 
worldwide. Recent studies investigating the Framingham 
study demonstrated that NAFLD was associated with a 
smaller total cerebral brain volume pointing and poorer 
cognitive function as determined by magnet resonance 

imaging [14, 15]. Our current study adds to the existing 
literature and highlights that in a heterogeneous, elderly 
groups of patients carrying an ICD-10 code with NAFLD 
in Germany, the incidence of dementia was not increased. 
A recent study in the same database observed that ICD-
10 codes of NAFLD are not associated with stroke, which 

Fig. 3   Cumulative incidence 
of vascular dementia diagnosis 
in patients with and without 
NAFLD/NASH

Fig. 4   Cumulative incidence of 
antidementive drug prescription 
in patients with and without 
NAFLD/NASH

Table 2   Association between 
NAFLD/NASH and the 
incidence of all-cause 
dementia, vascular dementia, 
and antidementive therapy in 
patients followed in general 
practices in Germany (Cox 
regression models)

a Differences in the sample characteristics between those with and those without NAFLD/NASH were 
tested using chi-squared tests for categorical variables and Wilcoxon tests for continuous variables

Variable All-cause dementia Vascular dementia Antidementive therapy

HR (95% CI)a p value HR (95% CI)a p value HR (95% CI)a p value

Total 0.97 (0.92–1.04) 0.403 0.89 (0.78–1.02) 0.102 0.87 (0.76–1.01) 0.059
Age 65–70 0.91 (0,79–1.05) 0.179 0.85 (0.63–1.15) 0.296 0.86 (0.81–1.37) 0.341
Age 71–75 0.93 (0.83–1.05) 0.242 0.89 (0.69–1.15) 0.363 1.05 (0.81–1.37) 0.705
Age 75–80 1.04 (0.92–1.17) 0.537 0.81 (0.62–1.04) 0.101 0.80 (0.62–1.04) 0.091
Age > 80 0.95 (0.84–1.07) 0.372 1.01 (0.76–1.35) 0.934 0.72 (0.62–1.08) 0.139
Women 0.99 (0.91–1.07) 0.791 0.84 (0.70–1.01) 0.067 0.91 (0.75–1.10) 0.319
Men 0.96 (0.87–1.05) 0.354 0.96 (0.78–1.18) 0.716 0.83 (0.67–1.02) 0.079
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is closely linked to vascular dementia [10]. On the other 
hand, others have shown an association with white matter 
injury [20] and altered liver enzymes have recently been 
associated with early Alzheimer’s disease markers [21]. The 
divergent results are in part explained by differences in the 
study populations explored and, importantly, the failure to 
identify patients with an advanced stages or NASH in the 
presented database analysis. From a translational point of 
view, metabolic inflammation in various compartments as an 
underlying cause of cognitive impairment is highly prevalent 
in these patients [12, 22]. Taken together, these results jus-
tify prospective studies to explore a link between dementia 
and NAFLD.

Within the spectrum of dementive diseases, Alzheimer’s 
disease is the most common cause of dementia in older indi-
viduals and its pathogenesis is characterized by synaptic and 
neuronal degeneration and amyloid plaques, which are pri-
marily composed of amyloid beta peptide [23]. The liver—
along with the kidney—plays a central role in the clearance 
of peripheral circulating amyloid beta through metabolic 
detoxification. In the state of hepatic inflammation and espe-
cially in more advanced stages like cirrhosis, amyloid beta 
uptake into hepatocytes and consequently excretion into the 
bile may be impaired leading to higher amyloid beta lev-
els in the circulation [22, 24–26]. A recent genetic analysis 
performing network clustering analyses found 189 shared 
genes between NAFLD and Alzheimer’s disease and illus-
trated shared pathways between both diseases including long 
fatty acid metabolism, IL-17 signaling, and carbohydrate 
metabolism [27]. This leaves the notion that in particular 
obesity and diabetes are strong risk factors for NAFLD and 
are also contributing to Alzheimer’s disease. The current 
analysis underlines the importance of comorbidities—and 
here in particular metabolic comorbidities—in determin-
ing the risk to develop dementia, and importantly there was 
no independent impact of NAFLD observed in this data-
base. Other aspects include the low risk of dementia in the 
presence of NAFLD without any metabolic comorbidities, 
and as such even in this large database, the effect was not 
detectable. Additionally, clearance of amyloid beta from the 
circulation may only be impaired in more advanced stages 
of liver diseases like liver cirrhosis and all patients with 
end-stage liver disease coded for cirrhosis were excluded. 
Therefore, the studied cohort is likely a patient sample that 
is dominated by earlier stages of NAFLD. This may have an 
important impact on the dementia risk, since fibrosis sever-
ity seems to be with markers of brain injury and cognition 
[15]. Unfortunately, no data related to laboratory results and 
no surrogate scores for the presence of advanced fibrosis are 
available to separate patients with advanced fibrosis from 
those with earlier disease [28]. Future studies should be con-
ducted to replicate or reject these findings and investigate 

the impact of disease stage on the development of dementia. 
Additionally, subtle cognitive decline will not be captured 
in the type of databases explored herein and will have to be 
assessed in prospective investigations using defined tools.

Our study has several strengths. These include the 
large dataset that was exploited resulting in over 22,000 
patients with NAFLD and matched controls. Due to exten-
sive matching, potential bias caused by other comorbidi-
ties beyond NAFLD could be reduced. Furthermore, the 
German Disease Analyzer database has been used and its 
reliability has been validated in several medical studies 
that consequently strengthen the reliability of our findings 
[16]. However, there are also some limitations that have to 
be acknowledged. First, the coded prevalence of NAFLD 
was with 3.3% by far lower than the estimated prevalence 
of NAFLD in Europe [17]. Therefore, it seems possible 
that the representativeness of our selected study sample 
is limited. Our current study relies on ICD-10 codes for 
established diagnoses and is therefore prone to misclas-
sification bias due to miscoding or undercoding. It seems 
possible that some participants included into our control 
group may suffer from undiagnosed/uncoded NAFLD. 
Moreover, we did not adjust for potential competing risk 
during the study period, which could introduce additional 
bias. Lastly, the ICD-10 codes do not allow to capture life-
style factors associated with dementia, including alcohol 
consumption, smoking, or physical activity and therefore 
we are unable to adjust for these confounders.

In conclusion, this database analysis did not observe 
an independent impact of coded NAFLD on the risk of 
emerging dementia. Currently, risk assessment regarding 
dementia in patients with NAFLD should be carried out in 
the same way as for the general population.
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