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Abstract  
 
Background and aims. It is uncertain whether non-alcoholic steatohepatitis (NASH) is a risk 
factor for low bone mineral density (BMD). Our aim was to investigate: a) associations between 
NASH and BMD values and b) associations between PNPLA3 I148M genotypes and BMD, in 
children with histologically-proven NAFLD. 
Methods. Bone mineral density (BMD) area (g/cm2) was measured using dual-energy X-ray 
absorptiometry (DEXA). NASH was diagnosed by a Steatosis, Activity and Fibrosis (SAF) score 
and FLIP algorithm. Genotyping for patatin like phospholipase domain containing-3 (PNPLA3) 
I148M genotype (rs738409) (CC, CG, and GG) was undertaken using the TaqMan SNP genotyping 
allelic discrimination method. Logistic regression was used to test associations [OR (95%CIs)] 
between low BMD, and both NASH and PNPLA3 I148M genotypes.  
Results. 34 adolescents (mean age 13.8±1.1 years) with histologically confirmed NAFLD were 
studied. Subjects with NASH (n=25) had a lower BMD (means (SDs) 0.87±0.06) v. 0.97±0.12), 
p=0.005), compared to subjects without NASH. Subjects with PNPLA3 CG+GG genotypes had a 
lower BMD compared with subjects with PNPLA3-CC genotype (means (SDs) 0.79±0.20 v. 
0.92±0.10, p=0.009). PNPLA3 CG+GG genotypes were independently associated with NASH [OR 
(95%CIs 1.78,1.24, 2.99)] and low BMD was associated with both PNPLA3 CG+GG (OR 3.62 
(95%CIs 1.21, 5.53), p=0.028) and with SAF score (OR 2.76 (95%CIs 1.12, 5.41), p=0.045). 
Conclusions. Taken together the independent associations between: a) low BMD and PNPLA3 
CG+GG genotype; b) low BMD and NASH; and c) PNPLA3 CG+GG genotype and NASH, 
provide support for a causal relationship between NASH and low BMD. 
 

 

 

 

 

List of abbreviations: NASH= nonalcoholic steatohepatitis; NAFLD= nonalcoholic fatty liver 

disease; BF= breastfed; PNPLA3= Patatin like phospholipase domain containing 3; BMD= bone 

mineral density; IR= Insulin-resistance; assessed by the HOMA-IR=homeostatic model assessment;  

NAS= NAFLD activity score; DEXA= dual-energy X-rays absorptiometry; BMI= body mass 

index; HDL= high density lipoproteins; LDL=low density lipoproteins; TG=Triglycerides; 

AST=aspartate-aminotransferase; ALT=alanine-aminotransferases; GGT=gamma-glutamyl-

transpeptidase;  INR=international normalized ratio; HOMA-IR= homeostatic model assessment of 

insulin resistance; SAF= Steatosis, Activity and Fibrosis; 
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Key points box: 
 
 

1. Recently, it has been shown that the z score of BMD is associated with NASH in adults and 

NAFLD in children 

2. We show that Children with NASH had a lower BMD and BMD z-score compared to 

subjects without NASH.  

3. Children with PNPLA3 CG+GG or GG genotypes had a lower BMD and lower BMD z-

score compared with subjects with PNPLA3 CC genotype.  

 
 



Introduction 
 
Nonalcoholic fatty liver disease (NAFLD) is the leading cause of chronic liver disease in children in 

industrialized countries, in line with a marked increase in childhood obesity. 

NAFLD includes a spectrum of diseases associated with hepatic fat, ranging from "simple hepatic 

steatosis", ie the accumulation of fat in more than 5% of hepatocytes, to "  nonalcoholic 

steatohepatitis" (NASH), characterized by liver inflammation and fibrosis [1]. 

 

 NAFLD is an independent risk factor for type 2 diabetes and cardiovascular disease [2-5] and 

emerging evidence suggests that NAFLD may influence bone density in adults, since the liver 

produces factors that affect bone health [ 5]. Previous evidence also suggests that a more severe 

liver disease in NAFLD may be associated with more pronounced reductions in bone density, since 

a recent study of 231 adult patients with NAFLD showed that liver fibrosis, (assessed by transient 

elastography), was independently associated with low bone mineral density (BMD), that is, a 

picture of osteoporosis and / or osteopenia (BMD z-score  <-2.5 or  -2.5 <BMD  z-score<-1) [6]. 

 

The pathophysiological mechanisms that link NAFLD and osteoporosis or osteopenia are not fully 

understood. Inflammation, insulin resistance, and vitamin D deficiency are thought to mediate a 

link between the liver in NAFLD and alteration of bone metabolism [7,8]. That said, evidence of an 

association between NAFLD and osteopenia or bone density / metabolism remains inconclusive. 

Furthermore, it is not clear whether there is a link between NAFLD and bone structure or 

metabolism in children. To date, one study has suggested that children with obesity and NAFLD 

have decreased bone mineral density and that bone density could be further reduced in children with 

NASH [9]. However, it is not clear from this study whether there is a causal relationship between 

NASH and low mineral density. 

Since it remains uncertain whether NASH is associated with low bone mineral density and if so, 

any link between liver disease and low bone mineral density could be a causal relationship. At the 



same time, it is known that the I148M genotype (ns738409) of the containing phospholipase 

containing 3 domain (PNPLA3) is associated with severe liver disease in NAFLD. Therefore, our 

objective was to investigate the associations between NASH and BMD in children who had 

assessed the severity of NAFLD according to histological staging criteria, and in which genotype 

data were also available [10]. We hypothesized, in a proof of concept study, that any association 

between the PNLA3 CG + GG genotype (or the GG genotype alone) and the low BMD would 

provide evidence to support the notion of a causal relationship between NAFLD and low BMD. 



Patients and Methods  
 
In this proof of concept study, 34 obese adolescents (age range, 11 to 16.8 years) with biopsy-

proven NAFLD were included. A diagnosis of NAFLD was established by excluding the viral 

infections (serological dosage of HAV, HBV, HCV, Cytomegalovirus and Epstein-Barr virus), the 

alcohol intake and the use of drugs such as prednisone, valproate. Furthermore, patients with 

autoimmune or metabolic liver diseases, alpha-1-antitrypsin deficiency, Wilson’s disease, celiac 

disease, genetic syndromes, diabetes or genetic dyslipidaemia were also excluded, in according with 

position paper of ESPGHAN committee (Differential diagnosis should be based first on clinical 

features, then on blood tests, and finally liver biopsy must be considered). The patients included in 

the study were selected from 180 consecutive obese patients with liver steatosis admitted at the 

Hepato-Metabolic Unit of Bambino Gesù Children’s Hospital between September 2016 and 

December 2017. The inclusion criteria for the study were: a biopsy-proven diagnosis of NAFLD, 

subjects were aged between 12 and 17, there was no specific dietary or other therapeutic treatment.  

96 patients were excluded from the study because of:  age<11 years, pubertal stage (Tanner stage < 

1); presence of comorbidities (OSAS severe, hypertension, osteopenia); medication (such as 

metformin, steroids and vitamin D3); adherence to a diet or to dietary supplements. Of the 

remaining 84 subjects, only 43 were eligible for liver biopsy, according to ESPGHAN. In six 

patients other liver diseases besides NAFLD were confirmed. Of the remaining 37 patients, 3 

refused to participate in the study. 

Clinical and experimental data were acquired at diagnosis in all patients. The study protocol was 

approved by the Ethical Committee of Bambino Gesù Children’s Hospital and written informed 

consent was obtained from the parents of the children.  

Anthropometrical and Serum biomarkers 

The body mass index (BMI) - Weight (kg)/height2 and waist circumference (cm) were measured. 

CDC percentiles were used to define overweight (>85th and <95th centile) and obese (>95th centile) 

for adolescents[11]. Tanner's tables were used to define pubertal stage [12]. Serum glucose, 



triglycerides, cholesterol-total, high-density lipoprotein (HDL) cholesterol and low-density 

lipoprotein (LDL)], aspartate- (AST) and alanine- (ALT) aminotransferases, gamma-glutamyl-

transpeptidase (GGT), fasting plasma glucose and insulin were measured in all patients after an 

overnight 12-h fast.  In all patients Oral Glucose Tolerance Tests (OGTT) were performed during 

the primary evaluation. Insulin-resistance (IR) was assessed by the homeostatic model assessment 

(HOMA) [HOMA-IR = (insulin (µIU/ml) x glucose (mmol/l))/22.5)]. A cut-off value of > 2.5 was 

considered as an index of insulin resistance[13].  

In all patients, serum 25-hydroxyvitamin D [25(OH)D, vitamin D] concentration was measured by 

radioimmunoassay (IDS Immunodiagnostics, IDS Limited, Tyne and Wear, UK).  Patients with 

vitamin D values <20 ng/mL were excluded [14]. 

 

Bone mineral density measurement 

The bone mineral density (BMD) area (g /cm2) was measured using dual-energy X-rays 

absorptiometry (DEXA) by a single authorized and trained technician. DEXA measurements were 

calibrated on a single standard and reference values were obtained. DEXA calibration was checked 

through an internal reference system and spinal column ghosts were measured every day, which are 

equivalent reference standards for bone and soft tissue [15]. The DEXA quality control program 

included technologist training and monitoring, precision evaluation and central review of all scans. 

BMD measurements provided absolute values for each anatomical site of lumbar spine, total hip, 

neck of the femur and the whole body. DEXA measurements also included Bone Mineral Content 

(BMC), FAT mass (grams and %) and Lean mass [16,17].   

 

Patatin like phospholipase domain containing-3 (PNPLA3) 

       Genotyping for PNPLA3 I148M gene variant (rs738409) was carried out at first diagnosis of 

liver involvement using the TaqMan SNP genotyping allelic discrimination method (Applied 

Biosystems, Foster City, CA) (cat. C_7241_10). Genotype was analyzed with SDS software v.1.3.0 



(ABI Prism 7500, Foster City, CA). 

 

 

Liver biopsy 

Under general anaesthesia, an echo-guided liver biopsy was undertaken using an automatic core 

biopsy device (Biopince, Amedic, Sweden) with an 18-G needle. Histological analysis was 

performed by a single pathologist blinded to clinical and laboratory data. The histological features 

of steatosis (0–3), lobular inflammation (0–3), and hepatocyte ballooning (0–2) and Fibrosis (0-4) 

according to NAFLD Activity Score (NAS)[18]. NASH was diagnosed by a Steatosis, Activity and 

Fibrosis (SAF) score and FLIP algorithm: severe (=2), moderate (=1) and mild (=0). NASH was 

diagnosed by the presence of moderate or severe SAF [19,20].  

 

Statistical Analysis  

Data were analysed using MedCalc software (version 18.2.1, 2018, Ostend, Belgium) unless 

otherwise stated.  Data are reported as mean (SD) for normal continuous variables, median and IQR 

ranges for non-normally distributed continuous variables and frequencies for categorical variables. 

Differences between groups were evaluated with the Student’s t-test for variables that were 

normally distributed or with the Mann-Whitney U test if variables were non-normally distributed 

and with ANOVA. For percentages, differences between groups were assessed with the 2 test or 

with the 2 test for trend as appropriate. Binary logistic regression was used to test associations 

(ORs, 95%CIs) between: a) NASH v no NASH as the outcome and b) low v. high BMD as the 

outcome, with PNPLA3 I148M genotypes, SAF score, and metabolic parameters as explanatory 

variables in the models. Models were adjusted for age, BMI and fat mass. Statistical significance 

was defined as p < 0.05.  

 



Results  

Thirty-four adolescents, age range 12-17 years, with biopsy-proven NAFLD were included in the 

study. Table 1 shows the anthropometric and biochemical characteristics of the subjects.  

Supplementary Table 1 (A, B) shows the histological diagnosis of NASH in our population, 

according to the fatty liver inhibition of progression-FLIP- algorithm and the steatosis, activity, 

fibrosis -SAF- score. 25/34 subjects had NASH. The differences between groups according to mild, 

moderate and severe SAF scores are shown in Table 2. As expected there were between group 

differences for HOMA-IR with higher levels of HOMA-IR in the more severe liver disease groups. 

BMD was also lower in the more severe liver disease groups.   

 

Table 3 shows the between SAF group differences for regional BMDs in subjects according to 

mild, moderate and severe SAF scores. There were between group differences in the BMDs of 

lumbar vertebrae (p=0.03), hip (p=0.04) and total BMD (p=0.002).  Supplementary table 2 shows 

the between SAF group differences for BMC, fat mass, lean mass and BMD  z-scores. There were 

between group differences for BMD z-scores (p=0.048). 

 

 Table 4 shows the differences in age, BMI, waist circumference and DEXA parameters according 

to NASH status (NASH v. no NASH) and PNPLA3 I148M genotypes (PNPLA3 CG+GG v. CC). 

Subjects with NASH had a lower BMD and BMD z-score compared to subjects without NASH. 

Subjects with PNPLA3 CG+GG genotypes had a lower BMD and lower BMD z-score compared 

with subjects with PNPLA3 CC genotype. There were 7 subjects with GG genotype, and we 

therefore tested whether there were differences in age, BMI, waist circumference and DEXA 

parameters after stratifying the patients according to the PNPLA3 GG v. GC+CC genotypes. 

Consistent with the prior stratification (i.e. PNPLA3 CG+GG v. CC), BMD and BMD z-score were 

both lower in subjects with PNPLA3 GG v. GC+CC genotypes (BMDs 0.75 (0.17) v. 0.98 (0.15), 

p=0.03 and (BMD z-scores 0.38 (0.17) v. 0.88 (0.27), p=0.007.  



 

Next we tested what factors were independently associated with NASH, and specifically whether 

PNPLA3 CG+GG genotype and BMD were both independently associated with NASH. Adjusting 

for age, BMI and total body fat mass (grammes), low BMD and PNPLA3 CG+GG were both 

independently associated with NASH (Table 5).  Similar results were obtained if genotypes were 

stratified according to PNPLA3 GG v. PNPLA3 CG+CC.  In this analysis, adjusting for age, BMI 

and total body fat mass (grammes), PNPLA3 GG was independently associated with NASH (OR 

2.82 (1.38, 4.77), p=0.02).  

 

Finally, we investigated associations between low BMD (stratified by the median BMD value) as 

the outcome, and SAF score, PNPLA3 I148M genotype and metabolic parameters as exposures 

(Table 6). Adjusting for age, BMI and total body fat mass (grammes), SAF score (OR 2.76 

(95%CIs 1.12, 5.41), p=0.045) and PNPLA3 CG+GG genotypes (OR 3.62 (95%CIs 1.21, 5.53), 

p=0.028) were both associated with low BMD. Similar results were again obtained if genotypes 

were stratified according to PNPLA3 GG v. PNPLA3 CG+CC.  In this analysis, adjusting for age, 

BMI and total body fat mass (grammes), PNPLA3 GG was independently associated with low 

BMD (OR 4.18 (1.57, 6.22), p=0.01). 

 

  



Discussion 

The novel results of our study show that subjects with NASH had a lower BMD and BMD z-score 

compared to subjects without NASH.  

Furthermore, subjects with PNPLA3 CG+GG genotypes had a lower BMD and lower BMD z-score 

compared to subjects with PNPLA3 CC genotype.  BMD was independently associated with NASH 

and both SAF score and PNPLA3 CG+GG genotype were independently associated with low BMD. 

It is important to underline that, since the homozygous PNPLA3 genotype is even more strongly 

associated with a more severe liver disease in NAFLD, compared to the heterozygous genotype 

[21], although there were only seven subjects with GG genotype, consistent results were obtained 

for the GG genotype (comparing CG + GG genotypes) even when stratified by genotypes was GG 

v. CG + CC. 

The pathophysiological mechanisms linking NASH and low BMD are not fully understood. 

Potential pathogenic mediators linking liver and bone, include low levels of vitamin D, fibronectin, 

IGF-1, the RANKL / OPG system, TNF-α and IL-6, and all may play important roles in the 

pathogenesis of bone loss in chronic liver disease [22].  In our study, subjects with low levels of 

vitamin D were excluded. Although many subjects with chronic liver disease have low levels of 

vitamin D [14], these authors failed to show any significant correlation between BMD and vitamin 

D levels [23,24].  

 

Liver lipid accumulation, reactive oxidative stress and activated liver macrophages (that release 

pro-inflammatory cytokines) could all modulate systemic inflammatory immune responses and 

theoretically influence bone health [25]. Hepatic inflammation and fibrosis are also linked to 

adipose inflammation and insulin resistance, through the systemic release of inflammatory 

mediators such as TNF-α, IL-6 and chemoattractant monocytes protein-1 (MCP-1) from adipose 

tissue, and these mediators also potentially influence bone remodelling [25,26]. In fact, it is known 

that the MCP-1 produced by osteoblasts and osteocytes, producing RANKL, stimulates the 



expression of MCP-1 receptors on osteoclasts, thus altering the bone metabolism. In addition, 

parathormone (PTH), IL-1, TNF-α and vitamin D3 indirectly regulate the activation of osteoclasts 

[27-29]. Therefore, our results showing a strong independent association between low bone mineral 

density and insulin resistance and with the diagnosis of NASH (table 6), confirm that insulin 

resistance is one of the primum movens of the production of inflammation mediators. which induce 

not only the progression of hepatic injury but also the activation of osteoclastogenesis and the 

suppression of osteoblasts at the level of the bone matrix. 

In support of these associations we describe, we have also shown that the PNPLA3 I148M CG + 

GG (or GG alone) genotype is also independently associated with low bone mineral density, 

providing further support for the notion that hepatic disease per se it could affect bone density and 

not vice versa. 

 

This proof of concept study has strengths and limitations that should be considered. To our 

knowledge, this is the first study to study the association between BMD and NASH assessed by 

liver histology that also includes genotypic data, with a genotype known to be associated with 

severity of liver disease. We are not able to comment on PTH values since this measurement was 

not undertaken in all subjects but we have excluded those children with vitamin D deficiency. We 

have also excluded pre-pubertal children assessed by Tanner charts. The study has limitations. Our 

study is a cross-sectional study design, and therefore it is not possible to establish the direction of 

the association and establish causality between NASH and low BMD. However, that said, since we 

observed an independent association between PNPLA3 CG+GG (or GG alone), and low BMD; and 

since these genotypes are known to be effectors of more severe liver disease in NAFLD (than the 

CC genotype), our data lend credence to the notion that NASH may cause low BMD. These data 

also provide evidence against the possibility of reverse causality, since low BMD could not ‘cause’ 

the genotype.  



In conclusion, our data show that subjects with NASH had a lower score of BMD and BMD z 

compared to subjects without NASH. Subjects with PNPLA3 CG + GG (or GG) genotypes had 

lower BMD and a lower BMD Z score than subjects with PNPLA3 CC genotype. Although it is 

possible that our results have happened by chance, we suggest that the strength of the associations 

we have observed means that our findings guarantee further investigation and verification in other 

cohorts. Therefore, we believe it is useful to investigate in obese adolescents with bone is also the 

bone metabolism through not only the determination of vitamin D values, but also PTH and 

possibly, especially in the presence of SNPs for NASH, subject them to DEXA examination, in 

order to prevent possible early clinical manifestations of osteoporosis, which has a significant 

impact on the patient's life and on health expenditure. 
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