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Research 

ABSTRACT 

Objective: Fatty Liver Disease (FLD) and Gallstone disease (GSD) are among the most com-
mon gastrointestinal disorders worldwide. Based on data of two ethnically distant populations 
from Santiago de Chile and Northeast Germany sharing remarkably high prevalence for both 
diseases, we aimed to estimate (1) the standardised prevalence of FLD and GSD, (2) the popu-
lation-specific prevalence of known risk factors and (3) the relative influence of each risk factor 
for the occurrence of the respective outcome.
Design: We used data from two population-based studies from Chile (n=742) and Germany 
(n=3632). Regression methods were applied to assess the prevalence of risk factors at a specific 
age. To quantify the relative contribution of the risk factors to the occurrence of FLD and GSD, 
we used hierarchical variation partitioning.
Results: The standardised prevalence of FLD ranged from 20.7% in Chilean men to 37.9% in 
German men and the standardised prevalence of GSD from 14.5% in German men to 40.5% in 
Chilean women. Risk profiles differed considerably between populations and sexes. Overall, 
the contributions of the risk factors to the occurrence of FLD and GSD coincided widely. For 
FLD, age and BMI were the predominant factors, followed by serum triglyceride levels and 
the Single-Nucleotide Polymorphism (SNP) rs738409 C>G of the PNPLA3 gene. In GSD age 
was the predominant determinant, in women additionally BMI. Alcohol consumption played 
a marked role in Chilean men, being positively associated with GSD, similarly the use of con-
traceptives in Chilean women. The relative contribution of the lithogenic SNP rs11887543 was 
low in both populations, with marginal effect in Chileans.
Conclusion: Despite marked differences in risk profiles, relative influences of risk factors coin-
cided widely between study populations. Knowledge about importance of risk factors for fatty 
liver and gallstone disease may guide therapy and advises for lifestyle changes.

KEYWORDS: PNPLA3; ABCG8; Epidemiology; Hierarchical variation partitioning.
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INTRODUCTION
 
Gallstone disease (GSD) is one of the most common gastroenter-
ological disorders, affecting 10-20% of the population in West-
ern countries and causing high costs in the health-care systems, 
e.g. in the USA about 6.5 billion Dollars annually.1-3 Fatty Liver 
Disease (FLD) is even more common reaching a prevalence of 
up to 45% in the general population4,5 and causing substantial 
health-care costs.6 GSD and FLD are showing a rising preva-
lence since many decades.7-9

 Both FLD and GSD are multifactorial disorders. In 
FLD, immutable risk factors are higher age, male sex and ge-
netic risk factors such as the SNP rs738409 (variant p.I148M) 
of the enzyme adiponutrin (PNPLA3).10 Mutable risk factors in-
clude somatometric measurements such as BMI, nutrition, phys-
ical activity, alcohol consumption and drugs (e.g. anovulants, 
fibrates, glucocorticoids) as well as biomarkers such as serum 
triglyceride levels and diabetes type 2. Non-modifiable risk fac-
tors for GSD include advancing age, being female, Amerindian 
ancestry and carrying common genetic variants such as the SNP 
rs11887543 (ABCG8 p.D19H variant).11 Among the modifiable 
risk factors are diabetes type 2, obesity, rapid weight loss, diet, 
hemolysis, drugs and physical activity.3,12,13 Women are in gener-
al of higher risk than men,14 a phenomenon possibly connected 
with pregnancy and higher oestrogen levels.15

 Our study populations were a Hispanic population from 
the commune La Florida in the Santiago Metropolitan Region 
in Chile and a Caucasian from Western Pomerania in Northeast 
Germany. Chileans and Western Pomeranians are among the 
populations with the highest prevalence of GSD and FLD world-
wide.3,16 The two populations did not differ significantly in the 
frequency of carrying risk allele for GSD identified so far.17,18 In 
this study we aimed to assess standardised prevalence of GSD 
and FLD, prevalence of risk factors and ascertain the specif-
ic contributions of these risk factors in the two populations to 
the development of FLD and GSD. Consequently, our research 
questions are: (1) How do prevalence of FLD and GSD differ 
between the two populations? (2) Are differences in prevalence 
explained by differences in risk profiles or rather by different 
susceptibilities for certain risk factors?

METHODS

Populations and Study Designs

The data from the Chilean study population originate from the 
first follow-up examination of an epidemiological study in an 
urban area of south Santiago, La Florida, which is representa-
tive of the predominant socioeconomic strata and European-
Amerindian admixture of the Hispanic Chilean population with 
328.881 inhabitants in 1992. Blocks were randomly selected, 
and then all individuals residing there were enumerated. In 
the baseline phase, of 2558 selected individuals, 1678 agreed 
to participate, a response of 65.6%. The current data of 964 
subjects aged from 28-89 originate from the first follow-up 

examination that has been conducted between 2000 and 2001 
which corresponds to 57.4% of the initial sample.16,19 Of these, 
63 datasets were incomplete, primarily in genotyping (n=159). 
Thus, we used 742 complete datasets for the present analy-
ses. For prevalence estimates we used 911 complete datasets. 

 The German data come from the baseline examina-
tion of the Study of Health in Pomerania (SHIP)20 that includes 
4308 subjects. From the total population of Western Pomerania 
comprising 213,057 inhabitants in 1996, a two-stage stratified 
random cluster sample of adults aged 20-79 years was drawn. 
The net sample comprised 6265 eligible subjects. Of these, 4308 
subjects (n=2192 women; response of 68.8%) participated in the 
SHIP baseline examination between 1997 and 2001. In 449 da-
tasets data in the variables of interest were missing, primarily in 
genotyping (n=252) and alcohol consumption (n=207), thus, the 
analytic sample comprised of 3632 individuals. For prevalence 
estimates we used 4124 complete datasets. All patients and con-
trols gave written informed consent prior to the study, and all 
study protocols have been approved by the Institutional Review 
and Ethics Committees at the respective sites.

Data Collection and Definitions

The examination protocols included a pre-coded questionnaire 
on socioeconomic data and medical history, physical and ab-
dominal ultrasonographic examinations (Chile: 3.5-MHz linear 
transducer, Toosbee, Toshiba, Japan; Germany: 5 MHz trans-
ducer and a high-resolution instrument, Vingmed VST Gate-
way) and biomarker analyses. In both studies, body mass in-
dex (BMI) was calculated as kg/m2. Alcohol consumption was 
measured as the mean intake of alcohol over the last 30 days, 
calculated from interview answers. Serum triglycerides and se-
rum glucose were measured with a fasting time of more than 
eight hours in Chile; in Germany, the median fasting time was 
3.5 hours. Diabetes was defined as a pathological serum glu-
cose value of 11.1 mmol/L or higher, antidiabetic medication 
and/or a self-reported physician’s diagnosis. Parity was defined 
as ever being pregnant or not, also postmenopausal hormone 
intake and contraceptive intake was defined as ‘yes’ or ‘no’. 

 FLD was diagnosed after visualisation of a hyperecho-
genic liver pattern compared to renal parenchyma. Indistinctness 
of hepatic blood vessels or the diaphragm, decreased acoustic 
penetration and hepatomegaly were taken into the diagnosis as 
additional criteria. We did not separate non-alcoholic fatty liver 
disease (NAFLD) from alcoholic fatty liver disease (AFLD) be-
cause we were explicitly interested in the contribution of alco-
hol consumption to the occurrence of FLD. AFLD and NAFLD 
share similar histopathological patterns and are only caused by 
different risk factors.21 Moreover, the definition of AFLD does 
depend on the arbitrarily chosen cut-off value for daily alcohol 
consumption. Based on ultrasound in both studies, GSD was 
defined as the presence of gallstones or a previous cholecystec-
tomy.19,20 The SNP rs738409 (common risk variant p.I148M) of 
the enzyme adiponutrin encoded in the PNPLA3 gene is a major 
risk factor for FLD,22 similarly the SNP rs11887543 (common 
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risk variant p.D19H) of the ABCG8 gene for GSD.11 Genotyping 
of these variants was carried out using the TaqMan SNP geno-
typing allelic discrimination method (Applied Biosystems, Fos-
ter City, CA, USA).

Statistical Analyses

 Prevalence data were converted to the world popula-
tion by direct standardisation by age and sex23 using the ‘dstdize’ 
command in Stata (Stata Corp., College Station, TX, USA). We 
decided in favour of sex-specific modelling because risk profiles 
differed substantially between men and women for both pheno-
types. Additionally, pathomechanisms are not clear enough to 
rule out or assume specific sex-specific interactions. Models for 
FLD were adjusted for age, BMI, alcohol consumption, triglyc-
erides and glucose serum levels, diabetes and SNP rs738409. 
Models for GSD were adjusted in the same manner but with the 
SNP rs11887543 and in women additionally for parity, contra-
ceptives and postmenopausal hormones. To quantify the contri-
bution of each risk factor to the phenotypes, we used hierarchical 
variation partitioning24 implemented in the package ‘hier.part’25 
in the software package R (R Foundation, Vienna, Austria).26 
This method calculates the model fit with all possible combina-
tions of predictor variables and gives the proportion of explained 
variance for each variable that is explained solely by this vari-
able. We applied the log-likelihood as goodness-of-fit measure-
ment. To account for possible non-linear relations between the 
predictors and the outcome, we used fractional polynomials.27 
If a two-degree polynomial was fitted for the relationship, we 
summed up their relative influences resulting from the varia-
tion partitioning. To quantify the prevalence of risk factors, we 
applied median regression for each risk factor and adjusted for 
age, because median regression does not rely on certain distribu-
tional assumptions as e.g. linear (mean) regression. Afterwards, 
we calculated the respective marginal mean at an age of 50 years 
to account for changes with age. All models for quantitative out-
comes were calculated with robust standard errors. 

RESULTS 

The analyses included 3632 individuals from Germany (51.1% 
women) and 742 from Chile (64.6% women). Mean age was 49 

years for both samples (standard deviation for Chile: 13 years, 
SHIP: 16 years). 

Prevalence of Fatty Liver Disease, Gallstone Diseases and their 
Risk Factors

Crude and standardised prevalence data for FLD and GSD are 
given in Table 1. FLD was much more frequent in German men 
(37.9%) compared to Chilean men (20.7%). In women, Chileans 
had a similar prevalence (23.0%) to Germans (21.8%). In con-
trast, the frequency of GSD was similar between men (Chile: 
15.1%, Germany: 14.5%) but differed clearly among women 
with a much higher proportion in Chileans (40.5%) compared 
to Germans (26.8%).

 Further, we estimated the prevalence of risk factors for 
FLD and GSD. To enable comparability between the two study 
groups, we performed median regressions adjusted by age and 
calculated marginal means at an age of 50 years. Median values 
of risk factors are given in Table 2. Median alcohol consumption 
was in general much lower in women than in men and consider-
ably higher in the German compared to the Chilean population. 
BMI differed significantly only in women with Chilean having 
a 2.2 kg/m2 higher BMI than German women. The proportions 
of diabetes did not differ significantly. Serum triglyceride levels 
differed only in men and were 0.43 mmol/L (22%) higher in 
Germans compared to Chileans. Germans had on average higher 
serum glucose levels than Chileans. The risk G allele frequency 
of the genetic variant rs738409 at the PNPLA3 gene was strik-
ingly more frequent in Chile. Similarly but less pronounced the 
risk C allele frequency of the genetic variant rs11887534 at the 
ABCG8 gene was more frequent in the Chilean population. Par-
ity was marginally higher in Chilean women whereas intake of 
postmenopausal hormones was more frequent in Germany; there 
was no significant difference in the use of contraceptives.

Relative Influence of Risk Factors on Gallstone Disease and Fat-
ty Liver Disease
 
 We performed regression analyses and then calculated 
the contribution of each risk factor on the occurrence of FLD 
and GSD by hierarchical variation partitioning. As a result, this 

  Fatty liver disease Gallstone disease

Sex/cohort N Crude Standardised 95% CI Crude Standardised 95% CI

Men          

La Florida (Chile) 311 25.7% 20.7% 16.5% 24.9% 14.8% 15.1% 11.1% 19.0%

Northeast Germany 2011 37.3% 37.9% 35.8% 39.9% 14.8% 14.5% 13.0% 15.9%

Women

La Florida (Chile) 600 24.5% 23.0% 19.6% 26.3% 41.3% 40.5% 36.8% 44.2%

Northeast Germany 2113 21.9% 21.8% 20.2% 23.5% 27.1% 26.8% 25.1% 28.6%

Table 1: Prevalence of fatty liver and gallstone disease for the two cohorts, given is crude and standardised prevalence for the world population.
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method gives the independent influence of each variable.

 Logistic regression models for the occurrence of FLD 
and GSD comprised age, BMI, alcohol consumption, serum 
triglycerides, serum glucose, and diabetes type 2, in FLD ad-
ditionally the SNP rs738409 and in GSD additionally the SNP 
rs11887534 as well as parity, contraceptives and postmenopau-
sal hormones in women. For non-linear associations, dependent 
variables were transformed using fractional polynomials.27 The 
regression tables are given in the Appendix. 

 The regression models for FLD had AUC (area un-
der the Receiver-Operation-Characteristic curve) values rang-
ing from 0.79 to 0.88 (Chilean men: AUC=0.841, women: 
AUC=0.829; German men: AUC=0.794, women: AUC=0.884; 
ROC curves are given as supplementary data in the Appendi-
ces (A 9-A 16); pseudo-R2 values varied between 0.21 and 0.36 
(Chilean men: pseudo R2=0.260, women: pseudo R2=0.239; 
German men: pseudo R2=0.211, women: pseudo R2=0.356). In 
Chilean men, occurrence of FLD was mainly influenced by the 
risk factors BMI and serum triglycerides, followed by the SNP 
rs738409; age, alcohol consumption, serum glucose level and di-
abetes status were of less importance; in German men, also BMI 
and serum triglycerides were important, additionally age (Figure 
1A). The influence of alcohol consumption and serum glucose 
levels were weak in both cohorts but stronger in Germans com-
pared to Chileans. The SNP rs738409 was of similar influence as 
in Chilean and German men. German women did not consider-
ably differ from German man in the relative contribution of risk 
factors (Figure 1). However, in Chilean women there was a shift: 
compared to all other groups, serum triglyceride levels were less 
important, whereas the SNP rs738409 was much more influen-
tial having more than 30% relative influence on the occurrence 
of FLD (Figure 1 B). It is also striking that age provides a ma-
jor influence in Germans but is neglectable in Chileans of both 
sex. The immutable risk factors age and rs738409 contributed 

together with 11.9% in Chilean men, 39.3% in German men, 
31.1% in Chilean women and 28.8% in German women.

 In GSD models, AUC ranged from 0.74 to 0.79 (Chil-
ean men: AUC=0.742, women: AUC=0.741; German men: 
AUC=0.772, women: AUC=0.789), pseudo-R2 values were low-
er compared to FLD models (Chilean men: pseudo R2=0.102, 
women: pseudo R2=0.133; German men: pseudo R2=0.148, 
women: pseudo R2=0.190). In German men only age and BMI 
had a relative influence above 10%, whereas in Chilean men age 
and alcohol consumption contributed considerably to the occur-
rence of GSD (Figure 2A). Serum triglycerides, serum glucose 
and diabetes played only a marginal role, in Chile BMI was 
also not an important factor. While in German men alcohol was 
non-significant inversely related to GSD (OR=0.993, 95% CI: 
0.983-1.002, p=0.119, Table A 6 of the Appendix), it was posi-
tively associated with GSD in Chilean men (OR=1.017, 95% CI: 
0.999-1.036, p=0.066; Table A 5 of the Appendix) being border-
line statistical significant. In women both age and BMI contrib-
uted substantially to the occurrence of GSD, in Chileans addi-
tionally use of contraceptives (Figure 2 B). In German women, 
the C allele of the SNP rs11887534 contributed with 10%, in 
the other groups between 0% and 5% with a stronger influence 
in Germans. The influence of the other risk factors ranged be-
tween 0% and 7%. The contribution of immutable risk factors 
age and SNP rs11887534 was low (7.2% in Chilean men, 1.9% 
in German men, 3.0% in Chilean women and 5.9% in German 
women).

DISCUSSION

We compared the prevalence of FLD and GSD between two eth-
nically different populations from Chile and Germany. Addition-
ally, we assessed the occurrence of known risk factors for both 
disorders. Finally, we calculated the relative contribution of each 
risk factor to the occurrence of FLD and GSD.

Table 2: Frequencies of risk factors for gallstone disease and fatty liver disease in La Florida (Chile) and Northeast Germany; values are margins at 
an age of 50 years (except SNP rs738409 and rs11887543; contraceptives are given for an age of 25 years) of median regressions for continuous 
outcomes (given are medians), logistic regression for binary outcomes (given are probabilities) and Poisson regression for number of G allele copies 
of rs738409 and rs11887534, respectively.

 La Florida Northeast Germany p value

Risk factor Men Women Men Women Men Women

Alcohol (g/d) 1.0 0.1 13.4 3.8 p<0.001 p<0.001

BMI (kg/m2) 27.5 28.8 27.8 26.6 p=0.313 p<0.001

Diabetes (yes) 9.4% 8.7% 11.1% 6.3% p=0.442 p=0.063

Serum triglycerides (mmol/l) 1.50 1.35 1.93 1.34 p<0.001 p=0.698

Serum glucose (mmol/l) 5.06 4.95 5.45 5.22 p<0.001 p<0.001

SNP rs738409 (number of G allele copies) 1.03 1.10 0.44 0.47 p<0.001 p<0.001

SNP rs11887534 (number of C allele copies) 0.16 0.19 0.11 0.12 p=0.047 p<.001

Parity – 96.8% – 94.5% p=0.017

Postmenopausal hormones – 11.5% – 24.0%  p<0.001

Contraceptives – 50.6% – 51.5% p=0.812
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Fatty Liver Disease

In our populations, FLD had a standardised prevalence of 20.8% 
to 23.1% with the exception of men from the SHIP that showed 
even a 37.5% prevalence (Table 1). Standardisation to the world 
population decreased the prevalence in Chile by five percent 
points. Worldwide prevalence of NAFLD, which make up the 
vast majority of FLD, has an assumed median of 20%.28 Pop-
ulation-based data from South America are scarce29; in Mexico 
the prevalence of NAFDL was 17.1%,30 and 23% in the same 
Chilean population we analysed for the current analysis.31 Re-
garding the exclusion of individuals with high levels of alcohol 
consumption for NAFDL in these reports, this might be of about 
the same prevalence as our findings. Two southwest German 
cohorts showed a lower prevalence of 24.0% and 18.7% (men 
and women combined) compared to our data.32 In the United 
States, the prevalence were of similar magnitude as in Western 
Pomerania: the Dallas Heart Study found 33.6% FLD measured 
by 1H magnetic resonance spectrography,33 in another popula-
tion-based study the prevalence of NAFLD was 21.4%.34 The 
estimated prevalence highly depends on diagnostic tools (ultra-
sound, tomography, enzymes, biopsy, autopsy), on age and sex 
distributions and study design.28 The high prevalence in German 
men is plausible in the light of the high alcohol consumption, 
the high prevalence of diabetes and the high serum triglyceride 
levels (Table 2).

 The relative contribution of each risk factor to the oc-
currence of FLD varied between the Chilean and the German 
population as well as between men and women. The most obvi-

ous difference between the study populations was the influence 
of age and BMI. This could possibly be attributed to the fact that 
elder Germans were on average more obese than younger ones, 
whereas elder Chileans have on average a lower BMI compared 
to middle-aged subjects. Here, the cross-sectional nature of the 
data has to be kept in mind: possibly, a change in lifestyle had 
occurred only in younger Chileans but not in elder ones. In con-
sequence, age and BMI should have to be considered together 
rather than as single factors. In fact, the sum of the relative in-
fluences of age and BMI is comparable for Chile and the SHIP. 
Alternatively, Chileans may develop FLD and obesity earlier in 
life compared to Germans or independent of age because of life 
styles or genetic factors such as rs738409 or others to be discov-
ered.

 The SNP rs738409 had an influence of about 10% in 
SHIP and Chilean men despite the prevalence of the risk G allele 
was more than 130% higher in the Chilean compared to the Ger-
man population in men and women. However, a major finding of 
this cross-ethnic study is that in Chilean women the relative con-
tribution of the PNPL3 risk variant was above 30%. Inversely, 
serum triglycerides accounted for about 20% of the variation of 
FLD in men and women from the SHIP but only for 5% in Chil-
ean women. Possibly, PNPLA3 gene is very closely connected 
with triglyceride storage and might be an explanation for the 
low impact of serum triglycerides in Chilean women. For the 
Chilean data but not for the German data, we also confirm previ-
ous findings10 that the influence of the SNP rs738409 on liver 
fat content is stronger in women than in men. An association of 
the rs738409 G allele with lower fasting serum triglycerides in 

Figure 2: Relative independent influences of risk factors on the occurrence 
of gallstone disease for men (A) and women (B); cons.: consumption; Postm.: 
postmenopausal; horm.: hormones.

Figure 1: Relative independent influences of risk factors on the occurrence of 
fatty liver disease for men (A) and women (B); cons.: consumption; Postm.: 
postmenopausal; horm.: hormones.
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overweight and obese individuals was found in two genetic stud-
ies35,36 and a cohort in northern Europe.37 Conceivably, the G al-
lele of the rs738409 variant could cause an impaired hepatic tri-
glycerides efflux resulting in lower serum triglycerides via a re-
duction of the very low density lipoprotein (VLDL) lipidation.37 
Finally, the risk G allele of the PNPLA3 gene has been reported 
not only to be strongly associated with altered lipometabolism, 
but with chronic liver disease severity and progression.37,38 Since 
heritability of NAFLD has been estimated to be as high as 50% 
in some populations,39 this single PNPLA3 risk variant may ex-
plain about 60% of the heritability of fatty liver disease in Chil-
ean women. Thus, at least in Chilean women, the evaluation of 
this risk variant may be a cornerstone in implementation of early 
detection and preventive actions for chronic liver diseases.

 The influences of alcohol consumption, serum glucose 
and diabetes on FLD were low in both populations and sexes.

Gallstone Disease

The standardised prevalence of GSD in Chile was 15.1% for 
men and 40.5% for women, very similar to the original data re-
ported for the entire cohort16 and one of the highest prevalence 
reported worldwide. The mean prevalence of GSD in European 
populations is 10-12%,40 a large study from Italy shows a prev-
alence of 8.5% for men and 18.9% for women.41 As reported 
earlier,3 Northeast Germany is a high-prevalence area for GSD. 
In contrast, two studies from Denmark report a much lower 
prevalence (men: 5.7%, women: 11.9%42 and men: 6.0%, wom-
en: 13.1%,43 respectively). Possibly, these dissimilarities are 
caused by considerable differences in BMI between Denmark 
and Germany. However, in the last-mentioned study, differences 
between known risk factors were only partly able to explain the 
difference in GSD prevalence between Denmark and Northeast 
Germany.

 In GSD, age was the superior explanation in all groups, 
consistent with the chronic nature of this metabolic disease. In 
men, only alcohol consumption in Chileans had additionally a 
considerable relative influence with higher alcohol consump-
tion being associated with a higher risk of GSD. Since German 
men drank much more alcohol, our data suggest that the amount 
of alcohol consumption is in Chileans more closely related to 
the occurrence of GSD. This could be attributed to genetic dif-
ferences that cause differences in metabolism. A case-control 
study from Australia reported a protective effect of alcohol,44 
but confounding cannot be ruled out for this finding. In women, 
the differences in the relative influence of BMI was higher for 
Chileans compared to Germans (22% versus 12%, respectively) 
and this trend is also observed in men, but the relative influence 
was lower. The differences in the relative contribution of serum 
triglycerides, serum glucose and diabetes were in general small.

 Although the prevalence of risk factors for GSD dif-
fered substantially between German and Chilean women, their 
relative influences were comparable. Thus, what caused the ex-
traordinary high prevalence in Chilean Women? Indeed, Chilean 

women had higher BMI, serum glucose levels and were more 
often pregnant than German women, but they also used less 
contraceptives and postmenopausal hormones. We assume that 
beyond BMI, an unmeasured factor contributed to the high prev-
alence in Chilean women. Model performances for GSD were 
worse for the Chilean data than for the German data, with small-
er AUC and pseudo-R2 values. This could be indicative of one 
or several risk factors that occur only in the Chilean population. 
One possibility are specific not yet discover lithogenic genes, 
most probably associated to their Amerindian admixture.16,45 In-
deed, we and others have proposed that heritability of GSD is 
significantly higher in Native Americans and admixture popula-
tions with Amerindian ancestry compared to other populations.46 
The SNP rs11887534 indeed did explain some variation in GSD 
and had an odds ratio of about two in the German population, 
but it was able to explain only a comparatively small propor-
tion of variance in the data. It is noteworthy that, although the 
frequency of this risk allele is significantly higher in Chileans, 
its effect on GSD risk was very small in Chileans compared to 
Germans. Possibly, other yet undiscovered genetic variants as 
well as gene-gene and gene-environment interactions may act 
beyond the impact of the single SNP, especially in Hispanics. 
BMI and serum triglycerides were slightly more important in the 
SHIP, whereas contraceptives had a stronger influence in Chile. 
Contraceptives may differ in their impact on GSD,47,48 and pos-
sibly, compounds used in Chile differ from those used in Ger-
many; unfortunately data on the specific compounds were not 
available in our study. Moreover, the impact of contraceptives 
might be modified by different levels of BMI.49 The relative in-
fluence of BMI on GSD was in both populations much higher 
in women than in men. This corresponds to previous findings 
where obesity was associated with an increased risk of GSD in 
young women only.44

STRENGTHS AND LIMITATIONS
 
The strength of our data is the population-based design for both 
cohorts and a comparable data acquisition in a relatively short 
period in between 1997 to 2001. Limiting factors are that we do 
not have comparable data on socioeconomic status, diet, family 
history and physical activity and are thus not able to address the 
influences of these factors.

CONCLUSIONS 

Overall, the contributions of the risk factors to the occurrence 
of FLD and GSD coincided widely, but not for all variables. A 
particularly strong influence on the occurrence of FLD had age 
in Germans and BMI in Chileans, further the SNP rs738409 in 
Chilean women, whereas the influence of serum triglycerides 
was exceptionally weak in this group. For GSD, particularly 
strong influence had alcohol consumption in Chilean men and 
use of contraceptives in Chilean women.
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 Odds Ratio p value 95% CI

Age (years) 0.992 0.419 0.973 1.012

BMI polynomial1 (kg/m2) 2.9E-13 <0.001 7.0E-17 1.2E-09

Alcohol (g/d) 0.973 0.583 0.883 1.073

Serum triglycerides (mmol/l) 1.438 0.014 1.076 1.921

Serum glucose (mmol/l) 1.095 0.178 0.959 1.250

Diabetes (yes) 2.891 0.065 0.936 8.926

SNP rs738409 1.813 0.001 1.276 2.577
1transformation: (BMI/10)-2

A 3: Regression table for fatty liver disease in Chilean women.

APPENDIX

 Odds Ratio p value 95% CI

Age (years) 0.986 0.352 0.958 1.015

BMI polynomial 11 (kg/m2) 2.981
<0.0015

1.506 5.901

BMI polynomial 22 (kg/m2) 0.507 0.324 0.794

Alcohol (g/d) 1.014 0.127 0.996 1.033

Serum triglycerides polynomial 13 (mmol/l) 1.2E-04
0.0145

7.5E-10 20.00

Serum triglycerides polynomial 24 (mmol/l) 1.1E-16 5.7E-29 2.1E-04

Serum glucose (mmol/l) 0.832 0.252 0.607 1.140

Diabetes (yes) 1.037 0.963 0.224 4.795

SNP rs738409 1.799 0.014 1.125 2.876
1transformation: (BMI/10)3

2transformation: (BMI/10)3 * ln (BMI/10)
3transformation: (triglycerides/10)3 (mmol/l)
4transformation: (triglycerides/10)3 * ln (triglycerides/10) (mmol/l)
5joint test for both variables

A 1: Regression table for fatty liver disease in Chilean men.

 Odds Ratio p value 95% CI

Age polynomial 11 (years) 204.0
<0.0013

42.8 971.6

Age polynomial 22 (years) 0.910 0.880 0.940

BMI (kg/m2) 1.178 <0.001 1.139 1.218

Alcohol (g/d) 1.014 <0.001 1.007 1.020

Serum triglycerides (mmol/l) 1.431 <0.001 1.304 1.571

Serum glucose (mmol/l) 1.154 0.002 1.055 1.262

Diabetes (yes) 1.072 0.726 0.727 1.581

SNP rs738409 1.521 <0.001 1.251 1.849
1transformation: (age/10)0.5

2transformation: (age/10)2

3joint test for both variables

A 2: Regression table for fatty liver disease in men from the SHIP.
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 Odds Ratio p value 95% CI

Age (years) 1.046 <0.001 1.027 1.065

BMI (kg/m2) 1.059 0.007 1.015 1.104

Alcohol (g/d) 1.032 0.206 0.983 1.083

Triglycerides (mmol/l) 0.964 0.776 0.752 1.237

Glucose (mmol/l) 1.049 0.468 0.922 1.193

Diabetes (yes) 1.485 0.444 0.539 4.093

Parity (yes) 2.572 0.121 0.778 8.497

Contraceptives (yes) 0.476 0.039 0.235 0.962
Postmenopausal hormones 
(yes) 1.562 0.177 0.818 2.985

SNP rs11887534 1.456 0.125 0.901 2.352

A 7: Regression table for gallstone disease in Chilean women.

 Odds Ratio p value 95% CI

Age (years) 1.052 0.004 1.017 1.090

BMI (kg/m2) 1.041 0.318 0.962 1.126

Alcohol (g/d) 1.017 0.066 0.999 1.036

Triglycerides (mmol/l) 1.211 0.198 0.904 1.623

Glucose (mmol/l) 0.718 0.061 0.508 1.016

Diabetes (yes) 2.659 0.265 0.476 14.862

SNP rs11887534 1.174 0.751 0.434 3.174

 Odds Ratio p value 95% CI

Age (years) 1.062 <0.001 1.051 1.073

BMI (kg/m2) 1.078 <0.001 1.036 1.122

Alcohol (g/d) 0.993 0.119 0.983 1.002

Triglycerides (mmol/l) 1.080 0.070 0.994 1.173

Glucose polynomial1 (mmol/l) 1.148 0.053 0.998 1.319

Diabetes (yes) 1.532 0.036 1.029 2.281

SNP rs11887534 1.926 0.001 1.319 2.813
1transformation: (glucose/10)-2

A 5: Regression table for gallstone disease in Chilean men.

A 6: Regression table for gallstone disease in men from the SHIP.

 Odds Ratio p value 95% CI

Age polynomial1 (years) 6.3E-09 <0.001 2.4E-11 1.7E-06

BMI (kg/m2) 1.157 <0.001 1.123 1.192

Alcohol polynomial 12 (g/day) 1.191
<0.0014

1.086 1.306

Alcohol polynomial 23 (g/day) 1.015 1.007 1.022

Serum triglycerides (mmol/l) 2.128 <0.001 1.829 2.477

Serum glucose (mmol/l) 1.175 0.013 1.035 1.333

Diabetes (yes) 2.559 <0.001 1.517 4.316

SNP rs738409 1.866 <0.001 1.490 2.339
1transformation: (age/10)-2

2transformation: ((alcohol)/100)-0.5

3transformation: ((alcohol)/100)-0.5 * ln((alcohol)/100)
4joint test for both variables

A 4: Regression table for fatty liver disease in women from the SHIP.
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Fatty liver disease in Chilean women

A 11: ROC curve for fatty liver disease in Chilean women. A 12: ROC curve for fatty liver disease in German women.
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Fatty liver disease in German men

 Odds Ratio p value 95% CI

Age (years) 1.058 <0.001 1.048 1.068

BMI (kg/m2) 1.085 <0.001 1.060 1.110

Alcohol (g/d) 1.001 0.905 0.985 1.017

Triglycerides (mmol/l) 1.140 0.010 1.032 1.260

Glucose (mmol/l) 0.931 0.130 0.849 1.021

Diabetes (yes) 1.350 0.172 0.878 2.075

Parity (yes) 1.665 0.022 1.075 2.577

Contraceptives (yes) 1.157 0.497 0.760 1.760

Postmenopausal hormones (yes) 0.971 0.826 0.745 1.265

SNP rs11887534 2.150 <0.001 1.590 2.906

A 8: Regression table for gallstone disease in women from the SHIP.

A 9: ROC curve for fatty liver disease in Chilean men. A 10: ROC curve for fatty liver disease in German men.
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A 13: ROC curve for gallstone disease in Chilean men. A 14: ROC curve for gallstone disease in German men.

A 15: ROC curve for gallstone disease in Chilean women. A 16: ROC curve for gallstone disease in German women.
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