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VERSION 1 - REVIEW 

REVIEWER Emma Anderson 
University of Bristol, England 

REVIEW RETURNED 05-Dec-2014 

 

GENERAL COMMENTS The authors have conducted a study on 224,464 boys and girls, of 
which 2,370 were defined as 'NAFLD' cases to assess the 
association between BMI and change in BMI through childhood with 
risk of adult NAFLD. The premise of the study is valid. The exposure 
variables in this study were BMI (and change in BMI) through 
childhood and early adolescence, as measured by nurses and 
school doctors. The outcome in this study was NAFLD determined 
by liver biopsy as recorded by the Danish National Patient Register 
and the Danish National Register of Pathology.  
 
There are two major limitations to this study:  
 
1) The 'NAFLD' cases are individuals who have been biopsied. 
Patients who are referred for biopsy are those who are at increased 
risk of having steatohepatitis and advanced fibrosis (refer to 2014 
NAFLD guidelines by Chalasani and colleagues). Thus, these cases 
reflect the 'tip of the iceberg' in terms of the spectrum of NAFLD and 
not (1) individuals from the general population who have steatosis 
(and possibly accompanying NASH or fibrosis) who have not been 
picked up by GPs and (2) individuals who have been picked up by 
GPs but have not been referred for a liver biopsy. As a result, these 
cases do not reflect the whole distribution of NAFLD, but the more 
severe end of the spectrum. This study may be better suited to 
assess how childhood BMI/BMI change relates to fibrosis or 
cirrhosis given that it's likely the majority of the population living with 
these more severe conditions will have been picked up by primary 
care, referred for biopsy, and thus represented by this sample. To 
say these associations reflect those of childhood BMI/BMI change 
with adult 'NAFLD' (i.e. as a spectrum of disease) is likely incorrect.  
 
 
2) The method of exclusion of potential alcohol-related cases is a 
major limitation of this study. NAFLD, by nature, is a disease of 
exclusion. Removing participants that are free of any alcohol-related 
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diagnoses on the National Psychiatric Central Register will only 
exclude individuals at the most severe end of alcohol consumption - 
i.e. individuals who have consumed levels high enough, and for long 
enough, to have associated mental and behavioural disorders such 
as psychotic episodes or physical disorders such as alcoholic 
polyneuropathy. This exclusion is not sufficient to remove 
participants who have potentially harmful levels of alcohol 
consumption (i.e.more than the recommended weekly allowance) 
and who may alcohol-induced steatosis/NASH. Moreover, as 
demonstrated by the number of cases excluded due to alcohol-
related diagnoses, 22% (512/2370) of the original sample of NAFLD 
cases have associated alcohol problems, thus it's not convincing 
that these 22% have NAFLD, and not alcohol-related liver disease.   

 

REVIEWER Dr Oyekoya Ayonrinde 
The University of Western Australia  
AUSTRALIA 

REVIEW RETURNED 02-Feb-2015 

 

GENERAL COMMENTS This study is a large retrospective population-derived observational 
study using data from various Danish registries to ascertain the 
incidence of NAFLD and the association of BMI during childhood 
and early adolescence with NAFLD as the primary outcome. It has 
potential to add to the literature regarding prospective 
anthropometric risk factors for histologic fatty liver disease.  
Major comments:  
1. NAFLD definition and case ascertainment. The accepted 
definitions of NAFLD require exclusion of significant alcohol intake 
(variably described over the years as equivalent to < 40g alcohol 
daily and later <30g daily for males and <20g daily for females. In 
the absence of a documented alcohol history it may not be accurate 
to define the absence of excessive alcohol intake, required for a 
NAFLD diagnosis, based on the absence of a registry history of 
“alcoholism”. Is there any more detailed alcohol descriptor? Most 
people who consume alcohol excessively do not have a formal 
alcoholic diagnosis and are not captured in health registry 
databases.  
2. Since only a small proportion of individuals with NAFLD undergo 
liver biopsy, what were the criteria leading to liver biopsy in this 
population, as there could be ascertainment bias based on this.  
3. The definition of the stages of NAFLD as steatosis, NASH, fibrosis 
and cirrhosis with some individuals included in more than one 
category is of concern, as this overlap would potentially influence 
analyses and conclusions (Table 2). Usually the basic descriptors 
are of plain steatosis (without inflammation or fibrosis), NASH 
(comprising inflammation and NASH with fibrosis) and finally 
cirrhosis.  
4. The epidemiology of NAFLD is different at different ages, 
particularly increasing from early childhood through late childhood, 
adolescence, early-mid-late adulthood. Consequently, it may be 
inaccurate to simply refer to adult NAFLD including individuals aged 
from 18 years to over 80 years, spanning 6 decades. Given the wide 
study age range in a disorder in which the incidence increases with 
age, is it valid to analyse adults aged 18 and 80 together with a 9-
fold increased incidence between these ages. What differences if 
any has there been in assessment of people with suspected liver 
disease in Denmark over the last 6 decades? What has been the 
influence of social and epidemiologic factors over that period? For 
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instance the increasing incidence of overweight and obesity, diet 
and nutritional changes such as breastfeeding, formula milk feeding, 
intake of sweetened beverage drinks, processed and fast-foods and 
carbohydrates etc in Denmark? Was Denmark food production or 
availability affected by World War 2? Are there other parallel 
outcomes, exposures or potential confounders that could modify 
outcomes?  
5. For an adult population a prevalence of 0.97% for NAFLD in 
current times appears very low, while noting the published literature 
finds an increase in NAFLD incidence in the last 2 decades.  
6. Was the selection of controls adequately adjusted for, given the 
likelihood that this includes individuals with NAFLD who did not 
undergo liver biopsy.  
Other comments  
1. Page 4 line 40 refs 16,17 cited thrice in same sentence  
2. Was puberty recorded in age 13 data?  
3. Any statistical difference in median age at NAFLD diagnosis in 
males and females?  
4. Is birth weight or any earlier weight and height data available?  
5. Existing data finds that excessive gain in BMI at any stage during 
the life-course is important for adult determining adult BP and other 
cardiometabolic states. Was an effect of adiposity rebound or 
catchup growth able to be determined? It is likely that maintained 
weight gain at various stages during childhood or adulthood 
contributed to the hepatic fat distribution associated with NAFLD in 
the study population and cannot just be attributed to weight/ BMI 
gain between 7 and 13 years age, given the non-linear association 
and variable BMI trajectories through the life course.  
6. Recent data from the Raine Cohort (a birth cohort) has described 
an effect of the trajectories of childhood adiposity from early 
childhood onwards as being associated with NAFLD in 17 year old 
adolescents. This study is worth identifying (Ayonrinde, O. T., 
Olynyk, J. K., Marsh, J. A., Beilin, L. J., Mori, T. A., Oddy, W. H. and 
Adams, L. A. (2015), Childhood adiposity trajectories and risk of 
nonalcoholic fatty liver disease in adolescents. Journal of 
Gastroenterology and Hepatology, 30: 163–171. doi: 
10.1111/jgh.12666).  
7. Was there a statistically significant difference in prevalence of the 
different stages of NAFLD for different age categories?  
8. There is sparse clinical data presented. The title refers to clinically 
recognized non-alcoholic fatty liver disease but is actually about 
histologically diagnosed fatty liver.  
9. Limitations should be expanded.  
10. Some of the figures appear identical.  
  

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer Name Emma Anderson  
Institution and Country University of Bristol, England  
Please state any competing interests or state „None declared‟: None declared  
 
Please leave your comments for the authors below  
The authors have conducted a study on 224,464 boys and girls, of which 2,370 were defined as 
'NAFLD' cases to assess the association between BMI and change in BMI through childhood with risk 
of adult NAFLD. The premise of the study is valid. The exposure variables in this study were BMI (and 
change in BMI) through childhood and early adolescence, as measured by nurses and school 
doctors. The outcome in this study was NAFLD determined by liver biopsy as recorded by the Danish 
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National Patient Register and the Danish National Register of Pathology.  
 
We are glad that the reviewer finds the premises of the study valid. However, it is a misunderstanding 
that the NAFLD cases were identified only by liver biopsy. It is correct that the NAFLD cases 
ascertained via the Register of Pathology includes biopsy-proven NAFLD. However, in addition to 
this, we also included information on NAFLD from the Patient Register. This Register contains 
information on discharges from all hospitalizations to somatic hospitals in Denmark. The discharge 
diagnoses in this Register are likely to be based on an overall clinical assessment, which only in 
some patients includes liver biopsy, whereas other diagnostic methods (such as blood tests and 
various imaging technics) have been employed. To make this clear we have modified our Methods 
section (page 7):  
 
“NAFLD cases were determined by linking data from two sources: The Danish National Patient 
Register22 and the Danish National Register of Pathology.23 The National Patient Register contains 
discharge diagnosis for every individual hospitalized in Denmark since 1977. The discharge 
diagnosis, NAFLD, was made by applying conventional diagnostic tools such as blood tests, various 
imaging technics as well as liver biopsy.The NAFLD diagnosis was recorded according to the 
International Classification of Disease (ICD) 8th revision until 1994 and the 10th revision hereafter 
(Appendix 1). The National Register of Pathology holds information on all liver biopsies performed in 
hospital departments in Denmark since 1990. In this Register, the NAFLD diagnosis was defined 
according to Systemized NOmenclature of MEDicine (SNOMED versions 2 and 3, Danish extension) 
codes from 1 January 1990 when electronic registration was introduced in all pathology departments 
in Denmark (Appendix 1). Therefore, we had complete coverage of NAFLD diagnosed in hospital 
departments from both registers from 1 January 1990.”  
 
There are two major limitations to this study:  
 
1) The 'NAFLD' cases are individuals who have been biopsied. Patients who are referred for biopsy 
are those who are at increased risk of having steatohepatitis and advanced fibrosis (refer to 2014 
NAFLD guidelines by Chalasani and colleagues). Thus, these cases reflect the 'tip of the iceberg' in 
terms of the spectrum of NAFLD and not (1) individuals from the general population who have 
steatosis (and possibly accompanying NASH or fibrosis) who have not been picked up by GPs and 
(2) individuals who have been picked up by GPs but have not been referred for a liver biopsy. As a 
result, these cases do not reflect the whole distribution of NAFLD, but the more severe end of the 
spectrum. This study may be better suited to assess how childhood BMI/BMI change relates to 
fibrosis or cirrhosis given that it's likely the majority of the population living with these more severe 
conditions will have been picked up by primary care, referred for biopsy, and thus represented by this 
sample. To say these associations reflect those of childhood BMI/BMI change with adult 'NAFLD' (i.e. 
as a spectrum of disease) is likely incorrect.  
 
We fully agree that the case ascertainment in the present study does not reflect the whole spectrum 
of NAFLD in the population when applying the internationally agreed criteria for NAFLD. In that 
sense, this study has the same limitation as most other clinical and epidemiological studies of the 
major chronic diseases, such as cardiovascular diseases, cancer, diabetes and hypertension – all 
have at any one point in time during the life course a large subclinical segment not ascertained when 
using the clinically manifest and diagnosed cases. The present study is therefore focused on only the 
cases that in routine clinical practice resulted in a discharge diagnosis of NAFLD. From both a clinical 
and public health point of view, we suggest that this segment of the case population may be the most 
important to study, also with regard to risk factors such as childhood BMI.  
 
Thank you for the reference to Chalasani and colleagues. We agree that the guidelines presented in 
that paper are ideal, and should be adhered to, but we must also admit that we have no way of 
verifying if and how they were applied in the routine clinical practice in the Danish hospitals, so this is 
a limitation of our study.  
 
As mentioned, we acknowledge that this case ascertainment required hospitalization and therefore 
likely represent the more severe cases, and those who also have biopsy-proven NAFLD are likely the 
most severe cases. Since our focus is on the clinical manifest NAFLD, we would prefer not to limit our 
study to those with fibrosis or cirrhosis only. Since we thus have underestimated the true incidence of 
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NAFLD in the general population, the measures of absolute occurrence of NAFLD in this study is not 
interpretable. The estimated hazard ratios of the role of childhood BMI for later NAFLD, however, may 
likely be biased towards unity by this underestimation.  
 
We have elaborated on this in the introduction (page 5):  
 
“The present study is focused on the cases that in routine clinical practice resulted in a discharge 
diagnosis of NAFLD. Since this case ascertainment required hospitalization they are likely to 
represent the more severe cases. However, from both a clinical and public health point of view, this 
case segment may be the most important to study, also in relation to childhood BMI as a risk factor. 
Therefore, the aim of the present study was to investigate the associations between childhood BMI, 
changes in childhood BMI, and routinely diagnosed adult NAFLD.”  
 
We have elaborated on this in the Discussion (page 19):  
 
“However, as the subjects in this cohort had to undergo liver biopsy or hospitalization to be registered 
as NAFLD cases, we have underestimated the true incidence of NAFLD. This underestimation would 
likely bias the estimated HRs towards unity. Moreover, we have no way of verifying if and how the 
practice guidelines31 for clinicians when diagnosing NAFLD were applied.”  
 
2) The method of exclusion of potential alcohol-related cases is a major limitation of this study. 
NAFLD, by nature, is a disease of exclusion. Removing participants that are free of any alcohol-
related diagnoses on the National Psychiatric Central Register will only exclude individuals at the 
most severe end of alcohol consumption - i.e. individuals who have consumed levels high enough, 
and for long enough, to have associated mental and behavioural disorders such as psychotic 
episodes or physical disorders such as alcoholic polyneuropathy. This exclusion is not sufficient to 
remove participants who have potentially harmful levels of alcohol consumption (i.e. more than the 
recommended weekly allowance) and who may alcohol-induced steatosis/NASH. Moreover, as 
demonstrated by the number of cases excluded due to alcohol-related diagnoses, 22% (512/2370) of 
the original sample of NAFLD cases have associated alcohol problems, thus it's not convincing that 
these 22% have NAFLD, and not alcohol-related liver disease.  
 
We agree that detailed knowledge about the patients alcohol use is critical to distinguish NAFLD from 
alcoholic fatty liver disease. Therefore, some uncertainty about the diagnosis will remain when this 
information is not available. However, in this study we wanted to keep the focus on what in clinical 
practice is considered as NAFLD, which of course assumes that the alcohol use of the patients has 
been considered before the diagnosis of NAFLD was made. By including the NAFLD cases from the 
two Registers coded as NAFLD (and not alcoholic fatty liver disease) we assume that the differential 
diagnosis has been made by routine clinical procedures.  
 
Although our main analysis was based on what was clinically judged as NAFLD, we performed a 
series of sensitivity analysis to remove potential bias from alcohol use.  
 
Therefore, we excluded the 512 NAFLD cases that also had an alcohol related diagnosis (at any point 
in time prior to NAFLD) in the Registers. This maneuver slightly strengthened the associations. This 
means that although we may only capture the more heavy alcohol users in the different Registers, 
had we been able to also identify and exclude those with even a slight overuse, the associations 
observed would likely have been even stronger.  
 
We have elaborated more on these issues in the Discussion (page: 19)  
 
“Finally, although it is likely that most individuals with alcohol-related disorders would be recognized in 
the Danish health care system, we did not have access to information on moderate alcohol use. 
Therefore, we cannot fully eliminate an admixture of alcoholic fatty liver disease. The associations 
were slightly strengthened when individuals with any alcohol-related diagnosis in the National 
Psychiatric Central Register were excluded and censored. Thus, had we been able to also identify 
and exclude those with even a slight overuse of alcohol, the associations observed would likely have 
been even stronger.”  
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The discussion motivates future studies looking specifically at the association between childhood 
body size and alcoholic cirrhosis.  
 
 
   
Reviewer Name Dr Oyekoya Ayonrinde  
Institution and Country The University of Western Australia  
AUSTRALIA  
Please state any competing interests or state „None declared‟: None  
 
Please leave your comments for the authors below  
This study is a large retrospective population-derived observational study using data from various 
Danish registries to ascertain the incidence of NAFLD and the association of BMI during childhood 
and early adolescence with NAFLD as the primary outcome. It has potential to add to the literature 
regarding prospective anthropometric risk factors for histologic fatty liver disease.  
 
Thank you, we are glad that you recognize the potential value of our work.  
We appreciate that most clinical studies of NAFLD is conducted as cross-sectional studies in a clinical 
setting, where cases are defined and diagnosed according to the currently agreed international 
criteria, and series of control patients without NAFLD according to the same criteria are used for 
comparison. Our study is not such a case-control study, but a historically prospective cohort study 
with the cohort being defined on the basis of the general population. While this study design implies a 
number of limitations, it also has some important strength. In the present context, it is important that 
the childhood BMI was measured years prior to, and hence independently of, the NAFLD diagnosis.  
 
Major comments:  
 
1. NAFLD definition and case ascertainment. The accepted definitions of NAFLD require exclusion of 
significant alcohol intake (variably described over the years as equivalent to < 40g alcohol daily and 
later <30g daily for males and <20g daily for females. In the absence of a documented alcohol history 
it may not be accurate to define the absence of excessive alcohol intake, required for a NAFLD 
diagnosis, based on the absence of a registry history of “alcoholism”. Is there any more detailed 
alcohol descriptor? Most people who consume alcohol excessively do not have a formal alcoholic 
diagnosis and are not captured in health registry databases.  
 
As also described in our response to reviewer #1.2 above, we do not have any other information on 
alcohol use, and we focus and rely on the NAFLD diagnosis made by the clinicians (who considered 
the patients‟ alcohol use before the diagnosis of NAFLD was made). We agree that most people who 
consume alcohol excessively do not have a formal diagnosis indicating it, and hence some 
uncertainty as to an admixture of alcoholic fatty liver disease in the NAFLD diagnosis will remain.  
 
We have performed a large register-based study, where we were able to investigate the associations 
between childhood BMI and changes in childhood BMI and NAFLD diagnosed in adulthood. We used 
data from the Copenhagen School Health Records Register (CSHHR), which is an unselected 
population consisting of about 370,000 school children from Copenhagen, Denmark. Due to the large 
sample size further examination of the children in relation to intermediate risk factors or confounders 
are not possible.  
 
2. Since only a small proportion of individuals with NAFLD undergo liver biopsy, what were the criteria 
leading to liver biopsy in this population, as there could be ascertainment bias based on this.  
 
Firstly, we would like to clarify that not all NAFLD cases in this study underwent a liver biopsy, as 
cases were also identified on the basis of the discharge diagnoses, likely made via various blood test 
and imaging techniques. To make this clear we have modified our Methods section (page 6) as 
indicated above in our reply to reviewer 1 #1.  
 
Regarding ascertainment bias, we agree that this is relevant to discuss as there may be a relation 
between childhood BMI and the odds of being liver-biopsied. Since there is a correlation between 
childhood BMI and adult adiposity (although of moderate size, also in our population*) it is possible 
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that the clinicians are more likely to consider NAFLD in the obese part of the adult population. Again, 
what we are after is the occurrence of NAFLD as a recognized clinical diagnosis used at the 
discharge of the patients from the hospitals. However, we have added this to the discussion (page 
19):  
 
“Nevertheless, differential misclassification could bias our results, as it is possible that children with a 
high BMI may be more likely to be examined for adult NAFLD than children with normal BMI.”  
 
*Sørensen TIA, Sonne-Holm S. Risk in childhood of development of severe adult obesity: 
retrospective, population-based case-cohort study. Am J Epidemiol 1988; 127:104-13. 
http://www.ncbi.nlm.nih.gov/pubmed/3337071  
 
3. The definition of the stages of NAFLD as steatosis, NASH, fibrosis and cirrhosis with some 
individuals included in more than one category is of concern, as this overlap would potentially 
influence analyses and conclusions (Table 2). Usually the basic descriptors are of plain steatosis 
(without inflammation or fibrosis), NASH (comprising inflammation and NASH with fibrosis) and finally 
cirrhosis.  
 
We agree that this is the usual way of sub-classifying these patients, and this is the way it should be 
done in a clinical study, where it is possible at the time of examination to make these distinctions 
based on the outcome of the diagnostic assessment. However, since our aim was to assess the 
relative risks (as hazard ratios) of being diagnosed later in life with NAFLD in relation to childhood 
BMI, we first grouped the patients according to their first incidence of any stage of NAFLD, i.e. 
irrespective of severity at that point in time. Next, we grouped in the stages of steatosis, NASH, 
fibrosis and cirrhosis with some individuals unavoidably being included in more than one category. 
This latter approach was taken, as the association with childhood BMI (or change in BMI) may be 
dependent on one specific feature of liver affection, but not necessarily with the whole NAFLD 
spectrum.  
4. The epidemiology of NAFLD is different at different ages, particularly increasing from early 
childhood through late childhood, adolescence, early-mid-late adulthood. Consequently, it may be 
inaccurate to simply refer to adult NAFLD including individuals aged from 18 years to over 80 years, 
spanning 6 decades. Given the wide study age range in a disorder in which the incidence increases 
with age, is it valid to analyse adults aged 18 and 80 together with a 9-fold increased incidence 
between these ages.  
 
We agree that the prevalence of NAFLD differs by age, and the incidence rate of diagnosed NAFLD 
increased with age in our study population, as shown in Figure 1. However, although the incidence 
rate increases with advancing age, the assumption of Cox regression (time-to-event-analysis) is that 
the hazard (rate) in one group is a constant proportion of the hazard in the comparison group. This 
proportion is the Hazard ratio. This means that the models assume that the effect of childhood BMI on 
adult NAFLD is constant (on the hazard ratio scale) throughout adult age. We tested this based on 
Schoenfeld residuals (see page 8 for further description) and found no violations of the assumption. 
Therefore, we dare to conclude that the associations between childhood BMI and later risk of the 
whole spectrum of NAFLD hold across these ages.  
 
5. What differences if any has there been in assessment of people with suspected liver disease in 
Denmark over the last 6 decades? What has been the influence of social and epidemiologic factors 
over that period? For instance the increasing incidence of overweight and obesity, diet and nutritional 
changes such as breastfeeding, formula milk feeding, intake of sweetened beverage drinks, 
processed and fast-foods and carbohydrates etc in Denmark? Was Denmark food production or 
availability affected by World War 2? Are there other parallel outcomes, exposures or potential 
confounders that could modify outcomes?  
 
As mentioned under sensitivity analysis, there was a shift in the registration of NAFLD in 1994 by the 
introduction of the ICD-10 coding system, which may have influenced our findings. All analyses were 
therefore repeated with follow-up from 1994 onwards, but this did not influence our conclusions as 
shown in supplementary table 2.  
 
We acknowledge that other factors, such as those mentioned above, potentially could have influence 
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the occurrence of NAFLD and also the relation between childhood BMI and risk of later NAFLD. As an 
example, the prevalence of childhood adiposity has increased dramatically in Denmark from around 
1% in 1940 to 7% in the late 1970s  
(see references for further detail:  
Olsen LW, Baker JL, Holst C, Sørensen TIA. Birth cohort effect on the obesity epidemic in Denmark. 
Epidemiology 2006;17:292-295 http://www.ncbi.nlm.nih.gov/pubmed/16570023 and  
Bua J, Olsen LW, Sørensen TIA. Secular trends in childhood obesity in Denmark during 50 years in 
relation to economic growth. Obesity 2007;15:977-985 
http://www.ncbi.nlm.nih.gov/pubmed/17426333).  
We indirectly adjusted for this by stratifying the analyses according to 5-year strata of year of birth. 
We found that the association between childhood BMI and NAFLD diagnosed in adulthood was 
constant (on the hazard ratio scale) irrespective of which birth cohort the children came from, which 
suggests that the association is unaffected by the increase in childhood adiposity during this long time 
period.  
 
While it would have been ideal to have much more information on each individual in this large cohort, 
we realize that given the historical nature of the cohort, the sample size and duration of follow-up 
required to investigate the relation between other childhood factors than adiposity and the risk of adult 
NAFLD, a more detailed approach is unfortunately not possible in this type of epidemiological study.  
 
6. For an adult population a prevalence of 0.97% for NAFLD in current times appears very low, while 
noting the published literature finds an increase in NAFLD incidence in the last 2 decades.  
 
We suggest that it is very important to keep the distinction between „prevalence‟ of NAFLD, defined 
as the number of cases with NAFLD divided by the number of individuals examined on a particular 
point in time, and „incidence‟ of new cases of diagnosed NAFLD over time in a cohort like the one we 
have studied. Given the age structure of the cohort as well as the focus on what in clinical practice is 
considered as NAFLD, we are not able to make any conclusions regarding the overall prevalence of 
adult NAFLD. Therefor the 0.97% should not be compared to current estimates of prevalence of 
NAFLD reported for the general population (for example ~30% in the USA (reference: Lazo M, Clark 
JM. The epidemiology of nonalcoholic fatty liver disease: a global perspective. Semin Liver Dis 
2008;28:339-350 http://www.ncbi.nlm.nih.gov/pubmed/18956290)  
 
7. Was the selection of controls adequately adjusted for, given the likelihood that this includes 
individuals with NAFLD who did not undergo liver biopsy.  
 
As mentioned above, the present study is not a clinical case-control study, but a cohort study, in 
which the entire cohort serves as „controls‟. However, we acknowledge the point made by the 
reviewer that relates back to the discussion about ascertainment bias (see #2.2 above).  
 
 
Other comments  
 
1. Page 4 line 40 refs 16, 17 cited thrice in same sentence  
 
We are aware that ref 16 is cited thrice and ref 17 twice in the same sentence. However, we prefer to 
keep it this way to make it very explicit to the reader what limitations we see in which study.  
 
 
 
2. Was puberty recorded in age 13 data?  
 
While we agree that it would be interesting to investigate, we do not have access to direct measures 
of pubertal development, and hence do not address this in the analyses.  
 
3. Any statistical difference in median age at NAFLD diagnosis in males and females?  
 
We are working with a cohort study in which people enter at different ages (between 18 and 60 years, 
see table 1) and at different points in time, therefore, we do not have data for the entire life-course for 
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each individual. Hence, a statistical comparison of the median ages reported in Table 2, would not 
reflect the true age at onset in the two sexes. Of note is that since we find similar risk estimates 
regardless of birth period, this truncated follow-up is unlikely to have influenced our results.  
What we can say, however, is that males have an overall higher risk of NAFLD than females, 
reflected by a hazard ratio of 1.20 (1.11-1.30) of NAFLD in adulthood in males compared with 
females. We have added this to the Results (pages: 10-11)  
 
“The median age at a NAFLD diagnosis was 54.6 years in men and 55.8 years in women, and men 
generally had a higher relative risk of NAFLD than women, with an estimated HR of 1.20 (CI 1.11-
1.30) for men versus women.”  
 
4. Is birth weight or any earlier weight and height data available?  
 
Birth weight is available in a part of our cohort; it was recorded in children born from 1936 and 
onwards. There is no available information on birth length, gestational weight or any other pre-school 
weight and height data. Adding birth weight data would reduce our sample size and number of cases 
even further (due to the reporting starting 6 years later than the BMI measures), therefore we would 
prefer to keep it as it is. Moreover, we are planning another study addressing the association between 
birth weight and adult NAFLD, which is quite challenging by itself, so we suggest that birth weight 
should not be included in the present study.  
 
5. Existing data finds that excessive gain in BMI at any stage during the life-course is important for 
adult determining adult BP and other cardiometabolic states. Was an effect of adiposity rebound or 
catchup growth able to be determined? It is likely that maintained weight gain at various stages during 
childhood or adulthood contributed to the hepatic fat distribution associated with NAFLD in the study 
population and cannot just be attributed to weight/ BMI gain between 7 and 13 years age, given the 
non-linear association and variable BMI trajectories through the life course.  
 
We completely agree that body weight changes are relevant to study throughout the life course, and 
we regret that we are unable to investigate it in this cohort beyond the data available from the school 
records. Therefore, we cannot determine the adiposity rebound, as this usually occurs before entry to 
schools.  
 
Thus, we agree that it is plausible that weight gain at later stages in life irrespective of any changes 
during childhood is associated with NAFLD. As also discussed, different mechanisms from those 
operating in adulthood may explain the association between gain in childhood BMI and adult NAFLD. 
A unique feature of the type of epidemiological study we have conducted is that we are able to 
identify children who are at risk of adult NAFLD, regardless of weight history later in life.  
 
We have added the following to the limitation part of the Discussion (page 18):  
 
“On the other hand, an important limitation is that we do not have height and weight data before or 
after the ages of 7 and 13 years.“  
 
 
6. Recent data from the Raine Cohort (a birth cohort) has described an effect of the trajectories of 
childhood adiposity from early childhood onwards as being associated with NAFLD in 17 year old 
adolescents. This study is worth identifying (Ayonrinde, O. T., Olynyk, J. K., Marsh, J. A., Beilin, L. J., 
Mori, T. A., Oddy, W. H. and Adams, L. A. (2015), Childhood adiposity trajectories and risk of 
nonalcoholic fatty liver disease in adolescents. Journal of Gastroenterology and Hepatology, 30: 163–
171. doi: 10.1111/jgh.12666).  
 
Thank you for the reference to this study, which we have read with great interest. We have now 
added this reference to the introduction (page 5):  
 
“Few studies have found indications that childhood body size is related to a later increased risk of 
adult NAFLD.16-18 However, these studies had small sample-sizes,16-18 limited length of follow-
up,16 and used markers of NAFLD.16-18”  
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as well as the Discussion (page 17):  
 
“Our findings add to three previous studies on childhood body size and markers of adult NAFLD.16-
18 A study from Finland found inverse associations between body size in early childhood and adult 
liver fat score when adjusted for BMI at 60 years of age.18 In other words this study compared two 
individuals with similar adult BMI, and found that the individuals who had the smallest body size as a 
child had the largest risk of fatty liver in adulthood. One explanation may be that the individuals with 
the smallest body size in childhood for given weight in adulthood also are those with the greatest 
weight gain between childhood and adulthood. Similar results were reported in a UK study where 
NAFLD at age 18 years was determined by ultrasound and liver enzymes.16 The third study from 
Australia found positive associations between different adiposity measures from age 3 years and 
onwards and ultrasound determined NAFLD at age 17 years.17 Neither of these studies examined if 
it was the concurrent degree of adult/adolescent BMI or the preceding body weight changes that led 
to the increased NAFLD risk.”  
 
7. Was there a statistically significant difference in prevalence of the different stages of NAFLD for 
different age categories?  
 
This is an interesting question that could have been answered had we conducted a cross-sectional 
clinical survey, but it goes, however, beyond the purpose and feasibility of our study (see also our 
reply to your major comment #5). The main purpose of this study was to examine the association 
between childhood BMI and later incidence of diagnosed NAFLD. As mentioned earlier, we find that 
the hazard ratios are proportional and hence they indicate no age-dependency of the relative risk 
estimated as hazard ratios on the relation between childhood BMI and NAFLD diagnosed in 
adulthood.  
 
8. There is sparse clinical data presented. The title refers to clinically recognized non-alcoholic fatty 
liver disease but is actually about histologically diagnosed fatty liver.  
 
We agree that the clinical data are sparse in the sense that they are only based on the discharge 
diagnoses made from the hospitals. Therefore, we have changed the wording from “clinically 
recognized” to “routinely diagnosed” throughout the manuscript, for cases that have been clinically 
investigated, for some including a liver biopsy, and given the discharge diagnosis of NAFLD.  
 
 
9. Limitations should be expanded.  
 
Following the comments above, we have expanded on the limitations in the revised version as 
indicated in the responses.  
 
10. Some of the figures appear identical.  
 
We agree that the associations between change in childhood BMI and adult NAFLD look similar when 
adjusted for initial and attained BMI; although the figures look similar they are, however, not identical. 
Figures 2A+B illustrate whether, at a certain level of initial BMI, future BMI change is important. 
Figures 3A+B illustrate whether at a certain level of attained BMI, the history of BMI change is 
important.  

 

 

VERSION 2 – REVIEW 

REVIEWER Dr. Emma Anderson 
University of Bristol, UK 

REVIEW RETURNED 13-Mar-2015 

 

GENERAL COMMENTS The reviewers have adequately addressed my first major concern 
regarding ascertainment of NAFLD cases.  
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I do however still have some concerns relating to the exclusion of 
alcoholic liver disease. The authors argue that because it's clinical 
data, the distinction between alcoholic liver disease (AFLD) and 
NAFLD will have been made and high alcohol consumption ruled out 
prior to diagnosing NAFLD. I agree that this should be the case, in 
theory. However, if this were true there should be no participants in 
this cohort with a history of alcohol related disorders. Twenty-two 
percent of this cohort were excluded in a sensitivity analysis 
because of alcohol-related diagnoses on the National Psychiatric 
Central Register (i.e. 22% of participants have been clinically 
defined as having NAFLD and not AFLD, yet have consumed 
alcohol levels high enough, and for long enough, to have associated 
mental and behavioural disorders and, thus, be on the register). 
Given that the sensitivity analyses showed stronger associations 
after removing these participants, I agree that this is unlikely to have 
sufficiently biased the findings of this study. I do, however, feel a 
more detailed discussion of the potential admixture of AFLD is 
warranted, in particular, some acknowledgement that using clinical 
data does not necessarily exclude AFLD.  
 
Minor points:  
The authors mention in the discussion of the revised manuscript 
(page X, line X):  
 
"Neither of these studies examined if it was the concurrent degree of 
adult/adolescent BMI or the preceding body weight changes that led 
to the increased NAFLD risk."  
 
The study conducted by Anderson et al. did assess whether 
associations were mediated by concurrent adiposity. They found that 
associations were largely mediated through concurrent adiposity 
which somewhat contradict the findings of this study. The authors 
should correct the above sentence and discuss possible reasons for 
the differences observed between their study and the study by 
Anderson et al. One possible reason for the difference in findings 
may be that this study did not have information of a range of 
potential confounders and, as a result, there is potential for collider 
bias to occur once future measures of adiposity are adjusted for. 
Collider bias could result in there being no attenuation of observed 
associations after adjusting for future adiposity, due to residual 
confounding of the association between the mediator adiposity at the 
time of NAFLD assessment) and the outcome (NAFLD).   

 

REVIEWER Dr Oyekoya Ayonrinde 
The University of Western Australia  
Australia 

REVIEW RETURNED 19-Mar-2015 

 

GENERAL COMMENTS This manuscript provides a real life contribution to hospital-
diagnosed fatty liver disease risk estimates based on childhood and 
adolescent BMI in a large population-based cohort.  
 
The definition of NAFLD has relied on the absence of documented 
alcohol-related morbidity but is unable to specify alcohol intake 
thresholds and this is a major limitation of the study, given the 
potential for contribution of alcohol to the identified fatty liver 
spectrum. Fatty liver in “non-alcoholics” is not necessarily NAFLD. 
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Dare I suggest the study may more accurately relate to “Fatty Liver 
Disease” rather than pure “NAFLD”  
 
Pg 4 line 11 - this definition of NAFLD is not consistent with current 
knowledge as it has described NAFLD as liver disease not 
attributable to alcohol or other known causes of liver disease. 
However, NAFLD is well established as due to fat deposition in the 
liver commonly with insulin resistance.  
 
Pg 6 line 17 – NAFLD diagnosis was made using blood tests, 
imaging and liver histology…line 44 “NAFLD was diagnosed as first 
occurrence of routinely diagnosed nonalcoholic steatosis, 
steatohepatitis, fibrosis or cirrhosis. What proportion were diagnosed 
based on blood tests alone or imaging +/- blood tests versus 
histology diagnosed NAFLD, since the sensitivity and specificity of 
the different modalities vary widely? Did the group classified 
steatohepatitis include only those with necro-inflammation or did it 
include some with fibrosing steatohepatitis? Were any cases 
included twice – given the totals in table 2 (see comment below)  
 
Pg 16 line 40 – Both reference 16 and 17 suggest a greater effect of 
adiposity gain trajectories in childhood and adolescence on the later 
NAFLD diagnosis  
 
Pg 18 line 7 – It is true that the results are likely an underestimate of 
NAFLD in the study population.  
 
Table 2 – total of steatosis, steatohepatitis, fibrosis and cirrhosis = 
1766 (not 1264 for men) and 1503 (not 1106 for women)  
 
It would be interesting to know the incidence of type 2 diabetes and 
other features of the metabolic syndrome relative to NAFLD in this 
cohort if available for this or future studies.  
  

 

VERSION 2 – AUTHOR RESPONSE 

Reviewer Name Dr. Emma Anderson  

Institution and Country University of Bristol, UK  

Please state any competing interests or state „None declared‟: None Declared  

 

 

Please leave your comments for the authors below The reviewers have adequately addressed my first 

major concern regarding ascertainment of NAFLD cases.  

 

I do however still have some concerns relating to the exclusion of alcoholic liver disease. The authors 

argue that because it's clinical data, the distinction between alcoholic liver disease (AFLD) and 

NAFLD will have been made and high alcohol consumption ruled out prior to diagnosing NAFLD. I 

agree that this should be the case, in theory. However, if this were true there should be no 

participants in this cohort with a history of alcohol related disorders. Twenty-two percent of this cohort 

were excluded in a sensitivity analysis because of alcohol-related diagnoses on the National 

Psychiatric Central Register (i.e. 22% of participants have been clinically defined as having NAFLD 

and not AFLD, yet have consumed alcohol levels high enough, and for long enough, to have 

associated mental and behavioural disorders and, thus, be on the register). Given that the sensitivity 

analyses showed stronger associations after removing these participants, I agree that this is unlikely 

to have sufficiently biased the findings of this study. I do, however, feel a more detailed discussion of 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-006998 on 3 M

ay 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/


the potential admixture of AFLD is warranted, in particular, some acknowledgement that using clinical 

data does not necessarily exclude AFLD.  

 

As also mentioned in our previous review reply, we agree that detailed knowledge about the patients' 

alcohol use is critical to distinguish NAFLD from alcoholic fatty liver disease (AFLD). We would like to 

emphasize that although there is always uncertainties in making routine clinical diagnoses, the 

physicians in charge of the patients were of course aware of the option to make the diagnosis AFLD, 

but have chosen NAFLD. Moreover, the alcohol-related diagnosis we add from the National 

Psychiatric Central Register are rather comprehensive/conservative, and also include diagnosis such 

as the ICD-10 F10.0 code which is “acute intoxication due to the use of alcohol” that may have 

occurred only once several years prior to NAFLD. We admit that we cannot fully eliminate an 

admixture of alcoholic fatty liver disease, and have elaborated further on this in the Discussion (page: 

18)  

 

“Finally, nearly a fifth of the NAFLD cases were excluded when data on alcohol related diagnosis 

were linked via the National Psychiatric Central Register, which indicates that we cannot fully 

eliminate an admixture of alcoholic fatty liver disease among the NAFLD cases. On the other hand, 

the clinicians, having the choice between alcoholic fatty liver disease and NAFLD, have chosen to 

make the diagnosis NAFLD. We did not have access to information in the patient registers on 

moderate alcohol use, but the associations between BMI in childhood and later risk of NAFLD were 

slightly strengthened when individuals with any alcohol-related diagnosis in the National Psychiatric 

Central Register were excluded and censored. Thus, had we been able to also identify and exclude 

those with even a slight overuse of alcohol, the associations observed would likely have been even 

stronger.”  

 

Minor points:  

The authors mention in the discussion of the revised manuscript (page X, line X):  

 

"Neither of these studies examined if it was the concurrent degree of adult/adolescent BMI or the 

preceding body weight changes that led to the increased NAFLD risk."  

 

The study conducted by Anderson et al. did assess whether associations were mediated by 

concurrent adiposity. They found that associations were largely mediated through concurrent 

adiposity which somewhat contradict the findings of this study. The authors should correct the above 

sentence and discuss possible reasons for the differences observed between their study and the 

study by Anderson et al. One possible reason for the difference in findings may be that this study did 

not have information of a range of potential confounders and, as a result, there is potential for collider 

bias to occur once future measures of adiposity are adjusted for. Collider bias could result in there 

being no attenuation of observed associations after adjusting for future adiposity, due to residual 

confounding of the association between the mediator adiposity at the time of NAFLD assessment) 

and the outcome (NAFLD).  

 

While acknowledging the value of the study by Anderson et al., we note that the major difference 

between the current study and that study is that we examine the incidence of NAFLD, more broadly 

defined, many years after the change in BMI and the 13-year body mass index (BMI) assessment, 

whereas the study by Anderson et al. examined the presence of fatty liver in adolescents at the same 

time as the last body weight and body composition assessment. Furthermore, the study by Anderson 

et al. investigate ultrasound scan determined liver fat, which likely is more strongly correlated with 

BMI than the full spectrum of routinely diagnosed NAFLD that we investigate in the present study.  

 

As noted by the reviewer, one should always be careful to avoid collider bias, which may produce 

spurious associations between otherwise independent variables when conditioning (or stratifying) on 
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a common effect of these variables. In the present study, one could imagine that collider bias might 

be a problem if we were conditioning or stratifying on the presence versus absence of NAFLD when 

examining its risk factors. However, we do not run such analyses, and, moreover, the risk of NAFLD is 

assessed many years later than the BMI values, so an indirect, hidden collider bias of the type 

suggested by the reviewer seems very unlikely.  

 

On a different note, we agree that it is a limitation of our study that we did not have possible 

confounders, such a physical activity, various dietary factors, and smoking available, and we have 

elaborated on this issue on the Discussion, In view of the differences in design of the present study 

and the study by Anderson et al., it would be very interesting and relevant to see the long-term follow-

up of the incidence of routinely diagnosed NAFLD in their cohort.  

 

We agree that the sentence mentioned above by the Reviewer should be rephrased. We have in fact 

deleted it, and expanded the discussion on the findings from previous studies in the Discussion (page: 

16-17)  

 

“Our findings add to three previous studies on childhood body size and markers of adult NAFLD.16-18 

A study from Australia found positive associations between different adiposity measures from age 3 to 

17 years and ultrasound determined NAFLD at age 17 years.17 A study from Finland found positive 

associations between body size in early childhood and adult liver fat score at age 60 years, but the 

association became inverse when adjusted for concurrent BMI at that age.18 In other words this study 

compared individuals with similar adult BMI, but different body size in childhood, and found that the 

individuals who had the smallest body size as a child had the largest risk of fatty liver in adulthood. 

One explanation may be that the individuals with the smallest body size in childhood for given weight 

in adulthood also are those with the greatest weight gain between childhood and adulthood. Similarly, 

positive associations between childhood adiposity measures and NAFLD, determined by ultrasound 

and liver enzymes at age 18 years, were reported in a UK study; however, when adjusted for fat mass 

at 18 years of age these associations were attenuated towards the null.16 A major difference between 

these previous studies and the present study is that they examined the prevalence of NAFLD, 

assessed as degree of fatty liver, at the same time as the last body weight assessment, whereas we 

investigated the incidence of routinely diagnosed NAFLD, many years after the last body weight 

assessment at 13 years of age. Furthermore, these previous studies all used ultrasound determined 

fatty liver, and had the possibility for adjustment for not only concurrent body weight, but also alcohol 

use and other pertinent covariates at the time of fatty liver diagnosis. Our sample size was much 

larger, and we had access to data on all stages of clinically diagnosed NAFLD, but our study design 

did not allow adjustment for possible confounders, such as physical activity, various dietary factors 

and smoking. Based on our findings, we speculate that a weight gain during the school-years may 

induce an increased susceptibility for developing NAFLD, including also the severe stages of the 

NAFLD complex, later in life.”  

 

 

Reviewer Name Dr Oyekoya Ayonrinde  

Institution and Country The University of Western Australia  

Australia  

Please state any competing interests or state „None declared‟: None declared  

 

Please leave your comments for the authors below This manuscript provides a real life contribution to 

hospital-diagnosed fatty liver disease risk estimates based on childhood and adolescent BMI in a 

large population-based cohort.  

 

The definition of NAFLD has relied on the absence of documented alcohol-related morbidity but is 

unable to specify alcohol intake thresholds and this is a major limitation of the study, given the 
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potential for contribution of alcohol to the identified fatty liver spectrum. Fatty liver in “non-alcoholics” 

is not necessarily NAFLD. Dare I suggest the study may more accurately relate to “Fatty Liver 

Disease” rather than pure “NAFLD”  

 

The definition of NAFLD in the present study is based on the diagnosis of NAFLD made in clinical 

routine over many years in all Danish hospitals. The clinicians have been aware of the possibility that 

the fatty liver disease they diagnose could be due to either alcohol (or other exposures), but have 

chosen to call it NAFLD rather than AFLD. See also our reply to reviewer 1 #1.  

 

Pg 4 line 11 - this definition of NAFLD is not consistent with current knowledge as it has described 

NAFLD as liver disease not attributable to alcohol or other known causes of liver disease. However, 

NAFLD is well established as due to fat deposition in the liver commonly with insulin resistance.  

 

We agree that the description was inadequate, and have rephrased this part on the Introduction 

(page: 4)  

 

“NAFLD is a condition defined by excessive fat accumulation in the liver, and represents a spectrum 

of varying degrees of liver disease which are not attributable to alcohol or other known causes of liver 

disease.5 It ranges from steatosis, which is considered relatively benign, to the more progressive form 

of non-alcoholic steatohepatitis with varying degrees of fibrosis and eventual cirrhosis.6 NAFLD is 

often associated with insulin resistance and other metabolic alterations, and is considered the hepatic 

manifestation of the metabolic syndrome.11”  

 

Pg 6 line 17 – NAFLD diagnosis was made using blood tests, imaging and liver histology…line 44 

“NAFLD was diagnosed as first occurrence of routinely diagnosed nonalcoholic steatosis, 

steatohepatitis, fibrosis or cirrhosis. What proportion were diagnosed based on blood tests alone or 

imaging +/- blood tests versus histology diagnosed NAFLD, since the sensitivity and specificity of the 

different modalities vary widely? Did the group classified steatohepatitis include only those with necro-

inflammation or did it include some with fibrosing steatohepatitis? Were any cases included twice – 

given the totals in table 2 (see comment below)  

 

As also mentioned in our previous review reply, the present study is focused on the cases diagnosed 

in routine clinical practice over many years in multiple Danish hospitals resulting in a discharge 

diagnosis of NAFLD in the national patient registers. We acknowledge that detailed information about 

how the diagnosis was made would have been valuable, but this level of detail is simply not possible 

in this kind of epidemiological study.  

 

Regarding the totals in table 2, this number is not the total of the number in each of the sub-

categories of steatosis, steatohepatitis, fibrosis and cirrhosis. When the numbers of non-alcoholic 

steatosis, steatohepatitis, fibrosis and cirrhosis, respectively, are added together, this equals a larger 

number than the number of NAFLD cases. The reason is that the number of events is calculated as 

first incidence, thus individuals who have more than one of the NAFLD sub-diagnoses will appear in 

more than one of the NAFLD sub-categories, but only appear once in the total NAFLD category.  

 

Pg 16 line 40 – Both reference 16 and 17 suggest a greater effect of adiposity gain trajectories in 

childhood and adolescence on the later NAFLD diagnosis  

 

We agree that the Discussion of the previous studies needs to be revised in this regard, and we refer 

to the response provided above to the related comment made by Reviewer 1, please see our reply to 

Reviewer 1‟s minor point #1 above.  

 

Pg 18 line 7 – It is true that the results are likely an underestimate of NAFLD in the study population.  
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We agree that we cannot be certain in which direction the estimates are biased, if at all. Therefore, we 

have rephrased this part of the Discussion (page: 18)  

 

“This underestimation could have biased the estimated HRs in either direction”  

 

Table 2 – total of steatosis, steatohepatitis, fibrosis and cirrhosis = 1766 (not 1264 for men) and 1503 

(not 1106 for women)  

 

Please see our reply regarding the same issue above.  

 

It would be interesting to know the incidence of type 2 diabetes and other features of the metabolic 

syndrome relative to NAFLD in this cohort if available for this or future studies.  

 

These features are definitely relevant topics for future research, but we have no access to data 

elucidating the features of the metabolic syndrome at the time of or preceding the diagnosis of 

NAFLD. To fully explore the mediating effects of type 2 diabetes on the risk of adult NAFLD requires a 

multi-stage modeling approach which is a relevant topic for future research. 
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