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Abstract

AIM: To investigate bone mineral density (BMD) in
obese children with and without nonalcoholic fatty liver
disease (NAFLD); and the association between BMD
and serum adipokines, and high-sensitivity C-reactive
protein (HSCRP).

METHODS: A case-control study was performed.
Cases were 44 obese children with NAFLD. The diagno-
sis of NAFLD was based on magnetic resonance imag-
ing (MRI) with high hepatic fat fraction (= 5%). Other
causes of chronic liver disease were ruled out. Controls
were selected from obese children with normal levels
of aminotransferases, and without MRI evidence of
fatty liver as well as of other causes of chronic liver dis-
eases. Controls were matched (1- to 1-basis) with the
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cases on age, gender, pubertal stage and as closely as
possible on body mass index-SD score. All participants
underwent clinical examination, laboratory tests, and
whole body (WB) and lumbar spine (LS) BMD by dual
energy X-ray absorptiometry. BMD Z-scores were calcu-
lated using race and gender specific LMS curves.

RESULTS: Obese children with NAFLD had a signifi-
cantly lower LS BMD Z-score than those without NAFLD
[mean, 0.55 (95%CI: 0.23-0.86) vs 1.29 (95%CI:
0.95-1.63); P < 0.01]. WB BMD Z-score was also de-
creased in obese children with NAFLD compared to
obese children with no NAFLD, though borderline signif-
icance was observed [1.55 (95%CI: 1.23-1.87) vs 1.95
(95%CI: 1.67-2.10); P = 0.06]. Children with NAFLD
had significantly higher HSCRP, lower adiponectin, but
similar leptin levels. Thirty five of the 44 children with
MRI-diagnosed NAFLD underwent liver biopsy. Among
the children with biopsy-proven NAFLD, 20 (57%) had
nonalcoholic steatohepatitis (NASH), while 15 (43%)
no NASH. Compared to children without NASH, those
with NASH had a significantly lower LS BMD Z-score
[mean, 0.27 (95%CI: -0.17-0.71) vs 0.75 (95%CI:
0.13-1.39); P < 0.05] as well as a significantly lower
WB BMD Z-score [1.38 (95%CI: 0.89-1.17) vs 1.93
(95%CI: 1.32-2.36); P < 0.05]. In multiple regression
analysis, NASH (standardized g coefficient, -0.272; P <
0.01) and HSCRP (standardized g coefficient, -0.192;
P < 0.05) were significantly and independently as-
sociated with LS BMD Z-score. Similar results were
obtained when NAFLD (instead of NASH) was included
in the model. WB BMD Z-scores were significantly and
independently associated with NASH (standardized g
coefficient, -0.248; P < 0.05) and fat mass (standardized
B coefficient, -0.224; P < 0.05).

CONCLUSION: This study reveals that NAFLD is as-
sociated with low BMD in obese children, and that sys-
temic, low-grade inflammation may accelerate loss of
bone mass in patients with NAFLD.
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Core tip: Understanding the mechanisms underlying the
relationship between nonalcoholic fatty liver disease
(NAFLD) and low bone mineral density (BMD) is impor-
tant to prevent poor bone mineralization in obese chil-
dren. We showed that obese children with NAFLD have
decreased BMD compared to obese children without
liver involvement independently of adiposity, and that
children with more severe histology have worse mineral
status than children with more mild abnormalities. We
also found a significant independent association of high
sensitivity C-reactive protein with BMD scores, support-
ing the role of an inflammatory state which may accel-
erate loss of bone mass in patients with NAFLD.
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INTRODUCTION

Concurrent with the increasing rates of childhood obesi-
ty, nonalcoholic fatty liver disease (NAFLD) has emerged
as the leading cause of chronic liver disease in pediatric
populations worldwide!"”, NAFLD comprises a disease
spectrum ranging from simple steatosis to nonalcoholic
steatohepatitis (NASH), with varying degrees of inflam-
mation and fibrosis, progressing to end-stage liver disease
with cirrhosis and hepatocellular carcinoma®., NAFLD is
strongly associated with obesity, insulin resistance, hypet-
tension, and dyslipidemia, and is now regarded as the liv-
er manifestation of the metabolic syndrome (MetS)". Re-
cently it has been suggested that NAFLD can be a cause
of low bone mineral density (BMD) in obese children
and adolescents” . However, the mechanisms explain-
ing this relationship are not completely understood™.
Obesity-induced low-grade systemic inflammation, a
key component in the pathogenesis of insulin resistance
and NAFLD, may negatively influence bone health™",
Expanded and inflamed visceral adipose tissue releases a
wide array of molecules potentially involved in the devel-
opment of insulin resistance, including free fatty acids,
tumor necrosis factor (INF)-a, and other proinflam-
matory cytokines" . In the presence of increased free
fatty acid flux and chronic, low-grade inflammation, the
liver is both the target of and a contributor to systemic
inflammatory changes“ﬂ. Indeed, in 2 number of case-
control studies, circulating levels of several inflammatory
markers [e., C-reactive protein (CRP), interleukin (IL)-6,
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monocyte chemotactic protein 1 and TNF-a], procoagu-
lant factors, and oxidative stress markers were found to
be highest in patients with NASH, intermediate in those
with simple steatosis, and lowest in control subjects with-
out steatosis, and the differences were independent of
obesity and other potentially confounding factors"”

Adipose tissue also produces adipokines, which are
pleiotropic molecules that not only regulate food intake
and energy metabolism but also are implicated in the
complex interactions between fat and bone!"™'. Leptin,
produced in bone marrow adipocytes and osteoblastic
cells, regulates appetite and weight, osteoblast prolifera-
tion and differentiation iz vitro’ ", and osteoclasts' .
Its receptor is expressed in osteoblasts'”*. Adiponectin,
exclusively expressed by adipocytes, is inversely related
to visceral fat mass and body mass index (BMD)” and
regulates metabolism and inflammatory pathways™. Adi-
ponectin affects osteoblast directly and osteoclast indi-
rectly. It stimulates the proliferation and differentiation of
human osteoblasts zia the p38 mitogen-activated protein
kinase signaling pathwaylZ7J. In contrast, adiponectin in-
directly influences osteoclasts by stimulating the receptor
activator of nuclear factor-xB ligand (RANKL) and inhib-
iting osteoprotegerin production in osteoblasts”™. Some
studies have shown a negative association between adipo-
nectin and BMD, independent of fat mass or BMI™.

The aims of this study were to evaluate: (1) BMD in
obese children with and without NAFLD; and (2) the as-
sociation between BMD and the serum adipokines, leptin
and adiponectin, and a circulating marker of systemic in-
flammation, high-sensitivity C-reactive protein (HSCRP),
using multiple regression.

MATERIALS AND METHODS
Study design and patients

A case-control study was performed. Cases were Cau-
casian obese children (BMI above the 95" percentile for
age and gender) seen at the Hepatology outpatient Clinic
of the Department of Pediatrics, Sapienza University
of Rome, Italy. The diagnosis of NAFLD was based on
magnetic resonance imaging (MRI) with high hepatic
fat fraction (HFF = 5%). Other causes of chronic liver
disease, including hepatic virus infections (hepatitis A-E
and G, cytomegalovirus, and Epstein-Batr virus), autoim-
mune hepatitis, metabolic liver disease, a-1-antitrypsin
deficiency, cystic fibrosis, Wilson’s disease, hemochroma-
tosis, and celiac disease were ruled out with appropriate
tests. Exclusion criteria were also smoking habits, and
history of type 1 or 2 diabetes, renal disease, total par-
enteral nutrition, use of hepatotoxic medications, and
chronic alcohol intake. Finally, children were excluded
for conditions that could have adversely influenced BMD
including glucocorticoid therapy, hypothyroidism, Cush-
ing’s disease; history of long bone fractures; indwelling
hardware; and abnormality of the skeleton or spine[30’3lj.
Controls wete selected from Caucasian obese children
with normal levels of aminotransferases, and without
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MRI evidence of fatty liver (HFF < 5%) as well as of
other causes of chronic liver diseases (see above). Con-
trols were also excluded if they had smoking habits, his-
tory of type 1 or 2 diabetes, renal disease, chronic alcohol
intake, and any condition known to influence BMD!,
Controls were then matched (1- to 1-basis) with the cases
on age, gender, pubertal stage and as closely as possible
on BMI-SD score (SDS).

The research protocol was approved by the Hospital
Ethics Committee, and informed consent was obtained
from subjects’ parents before assessment.

Clinical and laboratory data
All participants underwent physical examination includ-
ing measurements of weight, standing height, BMI and
determination of the stage of puberty, and laboratory
tests. The pubertal stage was categorized into two groups
(prepubertal: boys with pubic hair and gonadal stage I,
and girls with pubic hair stage and breast stage [ ; puber-
tal: boys with pubic hair and gonadal stage = 11 and girls
with pubic hair stage and breast stage = II). The degree
of obesity was quantified using Cole’s least mean-square
method, which normalizes the skewed distribution of
BMI and expresses BMI as SDS™. Blood samples were
taken, after an overnight fast, for estimation of glucose,
insulin, alanine aminotransferase (ALT), aspartate amino-
transferase (AST), HSCRP, leptin, and adiponectin.
Analyses of glucose, insulin, ALT, AST, and HSCRP
were conducted by COBAS 6000 (Roche Diagnostics).
Insulin concentrations were measured on cobas ¢ 601
module (Electrochemiluminescence Technology, Roche
Diagnostics), while the remaining analytes on cobas e
501 clinical chemistry module (Photometric Technology),
according to the instructions of the manufacturer. The
degree of insulin resistance was determined by a homeo-
stasis model assessment of insulin resistance (HOMA-
IR)". Scores were calculated as the product of the fast-
ing serum insulin level (WU/mL) and the fasting serum
glucose level (mmol/L), divided by 22.5. A RIA was used
to measure human (total) leptin (DRG Diagnostica, Mar-
butg, Germany; detection limit, 0.5 ng/mL,; inter- and
intra-assay CVs, 3.0%-6.2% and 3.4%-8.3%, respectively),
and adiponectin (DRG Diagnostica, Marburg, Germany;
detection limit, 1 ng/mlL,; inter- and intra-assay CVs,
6.9%-9.2% and 1.8%-6.2%, respectively).

MRI for liver fat quantification

The amount of hepatic fat content (% HFF) was mea-
sured by MRI using the two-point Dixon method as modi-
fied by Fishbein™, as previously described and validated™,
MRI results were interpreted by an experienced radiologist

who was blinded to clinical and laboratory findings.

Lumbar spine and whole body dual energy X-ray
absorptiometry scans

Anteroposterior lumbar spine (Li-L4), and whole body
scans were obtained from all cases and controls using

a Hologic QDR-4500W (Waltham, MA, United States)
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in the fan beam mode with a multidetector system. All
subjects were measured on the same machine. The mea-
surements were performed by using standard positioning
techniques. Quality control was performed daily using
the Hologic anthropomorphic spine, and weekly with the
whole body phantom. In our department, the precision
error for BMD measurements is less than 1% for the
spine phantom, and less than 2.5% for the whole body
phantom. The data were analyzed using the software ver-
sion 11.2. Spine scans were analyzed with low-density
software™. BMD Z-scores for whole body (WB) and for
lumbar spine (LS) were calculated using race and gender
specific LMS curves””. Whole body DXA results (BMD,
fat mass and lean mass) shown in this study represent
values excluding the skull™,

Liver biopsy

The clinical indication for biopsy was either to assess
the presence of NASH and degree of fibrosis or other
likely independent or competing liver diseases. Percutane-
ous needle liver biopsy was performed as previously de-
scribed™. The main histologic features of NAFLD were
scored according to the scoring system developed by the
NASH Clinical Research Network (CRN)™. Features of
steatosis, lobular inflammation, and hepatocyte ballooning
were combined to obtain the NAFLD activity score. As
recommended by a recent NASH CRN article™, a micro-
scopic diagnosis, based on overall injury pattern (ze., ste-
atosis, hepatocyte ballooning, and inflammation), as well as
the presence of additional lesions (eg., zonality of lesions,
portal inflammation, and fibrosis), has been assigned to
each case!. Accordingly, biopsies were subdivided into
not-NASH and definite NASH subcategories[m.

Statistical analysis

Statistical analyses were performed using the SPSS package.
The data are expressed either as frequencies or as means
with 95%CI. Insulin, leptin and adiponectin levels were
distributed with a long tail to the right (positive skew), but
their logarithms were approximately normally distributed.
Mean differences in anthropometric, laboratory and body
composition variables between subjects were assessed
by using the 7 test. Linear regression analysis was used to
identify variables associated with BMD. Then, a stepwise
multiple linear regression analysis (including all variables
significantly associated with BMD) was used to determine
the independent variables associated with BMD. A P
value of less than 0.05 was considered to be statistically
significant.

RESULTS

Study subjects
Forty four obese children with MRI-diagnosed NAFLD
were matched to 44 obese children without evidence of

liver disease. By study design cases and controls were
matched for age, gender, pubertal stage and BMI-SDS.
The mean age of cases and controls was 12.5 (SD 1.8)
years. Both cases and controls included 20 girls and 24
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Table 1 Characteristics of obese children by liver status

Variables NAFLD (7 = 44) Non-NAFLD (7 = 44) P value
Lean mass, kg 25.8 (24.0-30.0) 26.5 (24.0-29.0) NS
Fat mass, kg 18.7 (17.0-21.0) 16.8 (15.1-19.0) NS
Percentage body fat  40.2% (39.0%-41.0%) 38.0% (36.0%-40.0%) NS
Aspartate amino- 34 (30-38) 24 (22-26) <0.0010
transferase, U/L

Alanine amino- 45 (35-55) 20 (18-22) <0.0001
transferase, U/L

Glucose, mmol/L  4.89 (4.69-5.10) 4.88 (4.77-5.02) NS
Insulin, pU/mL 31.2 (21.9-40.6) 20.1 (16.2-24.1) <0.0100
HOMA-IR values  4.27 (3.40-5.10) 3.45 (2.97-4.01) <0.0100
Leptin, ug/L 19.5 (15.8-23.1) 20.8 (18.2-23.4) NS
Adiponectin, ng/L 9.0 (7.3-11.0) 12.9 (10.6-15.4) <0.0500
HSCRP, pg/L 3310 (2785-3836) 2165 (1710-2620) <0.0100
Hepatic fat fraction ~ 17.0 (11.8-22.3) 1.6 (1.0-3.1) <0.0001

(%)

Results are expressed as 1 (%), mean (95%CI), or geometric mean (95%CI)
for log-transformed variables. NS: Not significant; HOMA-IR: Homeo-
stasis model assessment of insulin resistance; HSCRP: High-sensitivity
C-reactive protein; NAFLD: Nonalcoholic fatty liver disease.

boys, and five prepubertal children. The mean BMI-SDS
of cases and controls was 2.19 (SD 0.16) and 2.17 (SD
0.106), respectively. The clinical and laboratory character-
istics for cases and controls are shown in Table 1. There
were no differences between children with and without
NAFLD with respect to lean and fat mass. Compated
to the non-NAFLD group, children with NAFLD had
significantly higher ALT, AST, insulin concentrations,
HOMA-IR values, and HSCRP levels, but lower adipo-
nectin concentrations. There were no significant differ-
ences between the two groups with respect to glucose as
well as leptin.

Histological findings in children with NAFLD

Liver biopsy was obtained in 35 of the 44 children with
MRI-diagnosed NAFLD, with parental refusal in 9 cases.
The 35 children did not differ from those having only
liver MRI with respect to age, gender, body composition,
metabolic parameters, and bone measures.

Among patients with biopsy-proven NAFLD, 20
(57%) had definite NASH, while 15 (43%) no NASH.
No statistically significant differences in body composi-
tion as well as in laboratory parameters such as glucose,
insulin, leptin, adiponectin levels, and HOMA-IR values
wete found between children with NASH and those with
simple steatosis. AST [mean, 41 U/L (95%CI: 34-48) vs
26 U/L (95%CI: 22-29); P < 0.001)], ALT [mean, 58 U/L
(95%CI: 41-75) »s 30 U/L (95%CI: 20-45); P < 0.001)] as
well as HFF [mean, 24.8% (95%CI: 19.5-30.2) #s 15.7%
(95%CI: 5.6-28.8); P < 0.001)] were significantly higher
in patients with NASH compared to children without
NASH. HSCRP was also higher [mean, 4055 ug/L
(95%CI: 2690-5419) vs 2870 pg/L (95%CI: 1794-3936);
P = 0.07], although did not reach statistically significance.

Bone measures
Obese children with NAFLD had a significantly lower
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Table 2 Multivariate analysis of the variables associated with

lumbar spine and whole body bone mineral density Z-score in
obese children

Variables Standardized coefficient’ P value
LS BMD Z-score
NAFLD -0.230 <0.01
HSCRP, pg/L -0.195 <0.05
WB BMD Z-score
NAFLD -0.218 <0.05
Fat mass, kg -0.225 <0.05

"Included in the model were age, gender, pubertal stage, nonalcoholic fatty
liver disease (NAFLD), and all variables significantly associated with lum-
bar spine or whole body bone mineral density (BMD) Z-score in univariate
analysis [i.e., high-sensitivity C-reactive protein (HSCRP) and leptin levels
or fat mass].

LS BMD Z-score than those without NAFLD [mean,
0.55 (95%CI: 0.23-0.86) »s 1.29 (95%CI: 0.95-1.63); P <
0.01] (Figure 1A). WB BMD Z-score was also decreased
in obese children with NAFLD compared to obese chil-
dren with no NAFLD, though borderline significance
was observed [1.55 (95%CI: 1.23-1.87) »s 1.95 (95%CI:
1.67-2.10); P = 0.06] (Figure 1B). Among children with
biopsy-proven NAFLD, those with NASH had a sig-
nificantly lower LS BMD Z-score than children without
NASH [mean, 0.27 (95%CI: -0.17-0.71) »s 0.75 (95%CI:
0.13-1.39); P < 0.05] (Figure 1C). Moreover, children with
NASH had a significantly lower WB BMD Z-score than
children without NASH [1.38 (95%CI: 0.89-1.17) »s 1.93
(95%CI: 1.32-2.36); P < 0.05] (Figure 1D).

In univariate analysis, LS BMD Z-score correlated
negatively with NAFLD (standardized f coefficient,
-0.202; P < 0.01) and HSCRP (standardized f coefficient,
-0.212; P <0.05). In contrast, leptin was positively as-
sociated with lumbar BMD (standardized § coefficient,
-0.204; P < 0.05). No correlation was found between LS
BMD Z-score and insulin as well as HOMA-IR. Likewise,
neither BMI-SDS nor lean mass nor fat mass were corre-
lated with LS BMD Z-score. After including in the model
all the significant variables as well as age, gender, pubertal
status, NAFLD (standardized £ coefficient, -0.230; P <
0.01) and HSCRP (standardized § coefficient, -0.195; P <
0.05) remained significantly and independently associated
with LS BMD Z-score (Table 2).

WB BMD Z-score was negatively associated with
NAFLD (standardized £ coefficient, -0.207; P < 0.05),
fat mass (standardized f coefficient, -0.222; P < 0.05),
and HSCRP (standardized 8 coefficient, -0.216; P < 0.05).
No correlation was found between WB BMD Z-score
and insulin as well as HOMA-IR. Likewise, neither BMI-
SDS nor lean mass were correlated with WB BMD
Z-score. After including in the model all the significant
variables as well as age, gender, pubertal status, NAFLD
(standardized f coefficient, -0.218; P < 0.05) and fat
mass (standardized g coefficient, -0.225; P < 0.05) re-
mained significantly and independently associated with
WB BMD Z-score (Table 2).
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Figure 1 Bone measures. A: Lumbar spine bone mineral density Z-score (LS BMD Z-score) for obese children with and without nonalcoholic fatty liver disease
(NAFLD). Box-plots give the median value (bold), 25" and 75" percentiles (lower and upper limits of the box), and lower and upper adjacent values (whiskers);
B: Whole body bone mineral density Z-score (WB BMD Z-score) for obese children with and without NAFLD. Box-plots give the median value (bold), 25" and 75"
percentiles (lower and upper limits of the box), and lower and upper adjacent values (whiskers); C: LS BMD Z-score for obese children with biopsy-proven NAFLD
subdivided into those with and without nonalcoholic steatohepatitis (NASH). Box-plots give the median value (bold), 25" and 75" percentiles (lower and upper limits of
the box), and lower and upper adjacent values (whiskers); D: WB BMD Z-score for obese children with biopsy-proven NAFLD subdivided into those with and without

NASH. Box-plots give the median value (bold), 25" and 75" percentiles (lower and upper limits of the box), and lower and upper adjacent values (whiskers).

DISCUSSION

In this study, we showed that obese children with NAFLD
had decreased LS BMD and WB BMD compared to
obese children without liver involvement independently
of adiposity, and that children with more severe histology
had worse bone mineral status than children with more
mild abnormalities. Furthermore, we found a significant
independent association of HSCRP with BMD scores,
supporting the role of an inflammatory state which may
accelerate loss of bone mass in patients with NAFLD.

Growing evidence suggests the presence of a com-
plex interplay between the skeleton and numerous ho-
meostatic processes, including energy balance, insulin
resistance, obesity and MetS"™. Recent years have also wit-
nessed an increased awareness of the clinical and epide-
miological association between NAFLD and bone health,
both in terms of reduced BMD and an increased risk of
osteoporosisls]. To our knowledge, such an association
has been so far independently reported by five studies in
both children and aduls®™***,

With respect to studies in adults, Moon ez al*™ showed
that in postmenopausal women ultrasound-diagnosed
NAFLD was significantly associated with low lumbar
BMD and this significance was maintained after adjust-
ing for the concerned variables including age, BMI, ALT,
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smoking status, and alcohol consumption, and even after
taking the presence of MetS into account. However, in
premenopausal women, there was no such relationship.
Yet, in the study by Purnak ¢ a/*” involving 102 adult pa-
tients with ultrasound-diagnosed NAFLD and 54 healthy
controls, there were no statistically significant differences
in BMD measurements between the two groups. How-
ever, in a subgroup of patients with NAFLD, the pres-
ence of elevated serum ALT and HSCRP levels, which
were suggestive of NASH, was associated with lower
BMD.

With respect to studies in children, Pirgon ef a/” re-
ported a negative association between BMD and insulin
resistance in obese adolescents both with (# = 42) and
without (# = 40) ultrasound-diagnosed NAFLD, although
the obese adolescents with NAFLD had lower spine BMD
Z-scotes than their non-NAFLD counterparts. The Au-
thors suggested that NAFLD could exert a negative impact
on BMD in obese adolescents, probably »iz an increased
insulin resistance. In the study by Pardee e# @/, poor bone
mineralization was common among the 38 obese children
with biopsy-proven NAFLD, but not among the 38 obese
children without evidence of liver disease. Cases and con-
trols were matched for age, gender, race, ethnicity, height
and weight. Among children with NAFLD, 17 (45%)
had BMD Z-scotes < -2.0, compared to none of the
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controls (P < 0.0001). Importantly, among those children
with NAFLD, children with NASH had a significantly (P
< 0.05) lower BMD Z-score (-2.37) than children with
NAFLD who did not have NASH (-1.58). These differ-
ences persisted after controlling for total per cent body
fat. In the study by Campos ez al”| a 1-year interdisciplin-
ary weight loss therapy was able to promote changes in
the metabolic profile of 40 obese adolescents with (z =
18) or without (# = 22) ultrasound-diagnosed NAFLD,
including a decrease in the BMI, body fat, visceral and
subcutaneous fat, insulin concentration, HOMA-IR, and
an increase in lean mass. At baseline, NAFLD group
presented statistically lower values of bone mineral con-
tent (BMC); however, after one year of interdisciplinary
therapy, there was an increase of BMC, reaching similar
values of non-NAFLD group. Campos ef al” suggest
the importance of this kind of intervention to regulate
bone mineral metabolism as result of an increased BMC
and improved inflammatory state. Together, these studies
indicate that NAFLD, in particular NASH, is associated
with poor bone health.

Obesity and bone mineralization in children remains
a topic of great interest, as data are conflicting regard-
ing whether obesity in this age group is detrimental or
protective to bone. Previous studies have suggested
that body weight might improve bone mineralization
in overweight adolescents by increasing the mechanical
load on weight-bearing bones™*. In terms of which
component(s) of body weight underlie this association,
the association between bone and lean mass has been
found to be strongestm. Some studies have also sug-
gested that fat mass may stimulate bone accrual in grow-
ing children, but these results have remained inconsistent
showing both positive* and negative associations™",
In multiple regression analysis, we found that fat mass
had a negative association with WB BMD Z-score, while
none of the anthropometric variables had an effect on
LS BMD Z-scotres. The basis for the negative effect of
fat on WB BMD Z-score observed in the present study is
unknown. We found that serum adipokines such as leptin
and adiponectin were not significantly correlated with
BMD Z-scores. In that vein, a recent systematic review
of the literature concerning the influence of adipokines
on BMD, rarely identified leptin as an independent pre-
dictor of BMD when BMI or fat mass parameters were
included in the multivariate regression models””. Yet, in
that systematic review, results were discordant for adi-
ponectin®. Some studies showed a negative association
between adiponectin and BMD, independent of fat mass
or BMI®. Nevertheless, other studies did not find such
associations”™. There are possible explanations for this
apparent discrepancy. Many variables, such as estrogen
levels, proinflammatory cytokines, and preanalytical vari-
ability of adipokine dosage may interfere with adiponec-
tin and bone.

Systemic inflammation is well known to contribute to
>3 CRP is a sensitive
systemic marker of inflammation and tissue damage®”,

low BMD in several diseases states
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It is only produced by hepatocytes, predominantly under
transcriptional control by IL-6, although other sites of
local CRP synthesis and possible secretion have been
suggested. Raised CRP levels are associated with many
features of insulin resistance or MetS™, This may reflect,
in part, the fact that adipocytes are the source of a sub-
stantial portion of IL.-6 productionm. On the other hand,
inflammatory cytokines up-regulate the RANKIL, leading
to increased bone resorption and reduced BMD™. Some
studies have suggested that an elevated CRP is associ-
ated with osteoporosis and non-traumatic fractures™".
Our study suggests that HSCRP level is independently
associated with LS BMD Z-scores in obese children with
NAFLD. This finding is consistent with the hypothesis
of a tight interplay between low-grade inflammation and
bone turnover, even in patients with NAFLD.

COMMENTS

Background

In parallel with epidemic obesity, nonalcoholic fatty liver disease (NAFLD) has
emerged as the leading cause of chronic liver disease in both pediatric and
adult patients worldwide. Liver disease can be cause of low bone mineral den-
sity (BMD). However, the mechanisms explaining this relationship are still not
completely understood.

Research frontiers

A better understanding of the factors that may influence bone mineral status
in NAFLD may open a new frontier to fight two highly prevalent conditions like
NAFLD and osteoporosis.

Innovations and breakthroughs

Recent years have witnessed an increased awareness of the clinical and epi-
demiological association between NAFLD and bone health, both in terms of
reduced BMD and an increased risk of osteoporosis. Given the high prevalence
of NAFLD and the adverse consequences of low BMD in childhood, under-
standing the mechanisms underlying the relationship between NAFLD and low
BMD is important to prevent poor bone mineralization in this potentially vulner-
able population. In this study, authors showed that obese children with NAFLD
have decreased BMD compared to obese children without liver involvement
independently of adiposity, and that children with more severe histology have
worse mineral status than children with more mild abnormalities. They also
found a significant independent association of high sensitivity C-reactive protein
with BMD scores, supporting the role of an inflammatory state which may ac-
celerate loss of bone mass in patients with NAFLD.

Applications

The presence of systemic inflammation may have important implications for the
long-term skeletal health of children with NAFLD, and particularly those with
nonalcoholic steatohepatitis (NASH).

Terminology

NAFLD comprises a disease spectrum ranging from simple fatty liver to NASH,
with varying degrees of inflammation and fibrosis, progressing to end-stage
liver disease with cirrhosis and hepatocellular carcinoma. Bone density (or
BMD) is a medical term normally referring to the amount of mineral matter per
square centimeter of bones. Bone density (or BMD) is used in clinical medicine
as an indirect indicator of osteoporosis and fracture risk.

Peer review

In this paper, authors compared lumbar spine (LS) and whole body (WB) BMD
measured by dual energy X-ray absorptiometry scans between 44 pediatric
patients with magnetic resonance imaging diagnosed NAFLD and controls
matched 1:1 for age, gender, and pubertal stage and body mass. They found
that LS-BMD Z score was lower in NAFLD than in controls; Thirty three NAFLD
patients were biopsied; LS and WB BMD Z score were lower in NASH than in
non-NASH children. At multivariate analysis LS-BMD was independently asso-
ciated with NASH and C-reactive protein levels. They conclude that NAFLD is
associated with low BMD in obese children, and systemic low grade inflamma-
tion may play a role in such a relationship.
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