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Abstract

Objective: Nonalcoholic Fatty Pancreas Disease (NAFPD) is characterized by excessive lipid

accumulation within the pancreas in the absence of alcohol intake, potentially leading to pan-

creatic dysfunction and metabolic complications, including type 2 diabetes mellitus, acute and

chronic pancreatitis, and pancreatic carcinoma. The authors aim to estimate the prevalence of

NAFPD and its association with anthropometric parameters in a cohort of Chilean adolescents.

Method: The authors conducted a cross-sectional analysis of the "Growth and Obesity Chilean

Cohort Study" (GOCS), a longitudinal study involving nearly 1000 children, followed yearly since

2006. All participants underwent anthropometric measurements and abdominal ultrasonography.

Results: A total of 741 adolescents were included; 30 exhibited ultrasonography findings com-

patible with fatty pancreas (4 %). Adolescents with NAFPD had higher BMI z-score (2.33

(1.52�2.69) vs 0.67 (-0.2�1.4), p< 0.001), waist circumference (WC) (90.9 (81.53�98.58) vs

72.2 (67.55�79.83), p< 0.001), waist-to-height ratio (0.55 (0.48�0.6) vs 0.44 (0.41�0.49),

p< 0.001), triponderal index (17.35 (15.14�19.25) vs 13.62 (12.07�15.54), p< 0.001), subcuta-

neous fat (32.4 (21.77�44.95) vs 16.2 (9.3 - 25.3), p< 0.001), visceral fat (45.15 (36.92�62.08)

vs 35.5 (28.55�44.25), p< 0.001), systolic blood pressure (p = 0.009), and diastolic blood pres-

sure but only in boys (p = 0.004) compared with controls. The prevalence of liver steatosis was

significantly higher in the NAFPD group (63.3% vs 5.2 %, p< 0.001). After adjusting for sex and

BMI, only the association with waist circumference and liver steatosis remains statistically

significant.
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Conclusion: In adolescents, NAFPD has a prevalence of 4 % and is associated with a higher BMI z-

score, WC, superficial fat, and blood pressure levels. Liver steatosis exhibited a strong associa-

tion with NAFPD.

© 2024 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1 Introduction

2 Obesity has become a significant global health challenge,
3 playing a key role in the escalating prevalence of chronic
4 non-communicable diseases. According to the World Health
5 Organization (WHO), the worldwide prevalence of obesity
6 has nearly tripled over the last 40 years. Specifically, the
7 prevalence of overweight and obesity among children and
8 adolescents aged 5�19 has surged from 4 % in 1975 to over
9 18 % in 2016 [1]. In Chile, adolescent overweight and obesity

10 prevalence saw a 50.3 % increase in 2022 [2].
11 Obesity, especially central obesity, induces ectopic fat
12 accumulation in various organs such as the liver, heart, and
13 pancreas, leading to a pro-inflammatory state. Fatty pancreas
14 (FP) or non-alcoholic fatty pancreas disease (NAFPD) involves
15 excessive lipid accumulation in the pancreas without alcohol
16 intake, viral infections, toxins, or congenital metabolic syn-
17 dromes [3,4]. NAFPD was initially described by Ogilvie in 1933
18 in individuals with obesity [5]. In 2010, van Geenen et al. [6].
19 suggested that obesity, particularly its association with insulin
20 resistance, plays a crucial role in adipocyte infiltration into
21 the pancreas. Analogous to liver steatosis (LS), NAFPD clini-
22 cally ranges from simple fat deposition to pancreatic inflam-
23 mation and fibrosis [7]. The main pathogenic mechanism of
24 NAFPD involves fat accumulation within the pancreas, either
25 intralobular or interlobular, leading to dysfunction. Excessive
26 weight gain causes fat to accumulate in both acinar and islet
27 cells, resulting in cell death and replacement by adipocytes.
28 Additionally, fat deposits around large vessels and ducts acti-
29 vate pancreatic stellate cells, contributing to fibrosis. These
30 changes impair insulin secretion and b-cell function, poten-
31 tially leading to conditions like diabetes [8].
32 Despite the global prevalence of NAFPD and its associa-
33 tion with obesity, its occurrence in adolescence remains
34 unknown, and its true clinical impact is unclear. Human
35 studies have linked FP with type 2 diabetes mellitus, acute
36 and chronic pancreatitis, pancreatic carcinoma (PC), LS,
37 and atherosclerotic markers. A recently published system-
38 atic review found that 32 % of patients with FP had PC (OR
39 1.32, 95 % CI 0.42�4.16), and the likelihood of having FP
40 among patients with PC was over six times higher (OR 6.13,
41 95 % CI 2.61�14.42) than in those without PC, suggesting
42 that FP could be a significant risk factor for PC [9]. Addition-
43 ally, pancreatic fatty infiltration correlates with metabolic
44 risk factors, potentially serving as a significant manifestation
45 of metabolic syndrome.
46 It is imperative to determine the authentic prevalence of
47 NAFPD in the adolescent population and proactively identify
48 the disease in its early stages to prevent its progression into
49 metabolic or tumoral pathologies. The primary objective of
50 this research is to examine the frequency of NAFPD occur-
51 rence in a well-characterized cohort of Chilean adolescents
52 and its correlation with anthropometric parameters and adi-
53 posity markers.

54Methods

55Participants

56Cross-sectional study within the Chilean Growth and Obesity
57Cohort Study (GOCS), an ongoing longitudinal study initiated
58in 2006. Children born between 2002 and 2003, attending
59public schools in Santiago, were invited to participate if
60they met specific criteria: single birth, birth weight between
612500 and 4500 g, and no physical or psychological conditions
62that could impact their growth. A total of 1190 children
63were recruited and assessed annually since 2006. The GOCS
64participants were representative of the general population
65regarding gender, socioeconomic status, and anthropometric
66measurements at birth [10]. For this study, 784 adolescents
67underwent evaluation between 2016 and 2019 to determine
68the presence of NAFPD.
69Participants with any of the following conditions were
70excluded: a previous history of acute or chronic pancreas
71disease or chronic liver disease, significant alcohol consump-
72tion (over 20 g/day), and the presence of malignant disease
73or severe health conditions that could interfere with the
74study's results.

75Anthropometric assessment

76Weight and height were obtained using a digital weight scale
77(TANITA 418 BCE, 0.1 Kg precision) and a portable stadiome-
78ter (SECA 222, 0.1 cm precision), respectively. Body mass
79index (BMI) was calculated as the ratio of weight (in kg) to
80the square of height (in meters). BMI-for-age (BMI z-score)
81was determined using the WHO 2007 growth reference [11].
82Classification included normal weight for BMI-z scores
83between �1 and 1 SD, overweight for BMI-z scores greater
84than 1 SD up to 2 SD, and obesity for BMI-z scores exceeding
852 SD.
86Waist circumference (WC) was measured using an inex-
87tensible metal tape measure (W606PM model; Lufkin,
880.1 cm precision), taken just above the iliac crest at the end
89of a normal expiration. The waist-height ratio (WHtR) was
90calculated by dividing the waist by height, in centimeters.
91The triponderal mass index (TPI) was calculated as weight
92(kg) divided by height (m) cubed. Blood pressure (BP) was
93assessed utilizing the OMRON 705�IT digital sphygmoma-
94nometer, model LUFKIN W606PM. Participants were seated
95with their arms resting on a table after a minimum of
9610 min. Four BP readings were taken, with the initial reading
97excluded, and the average of the subsequent three readings
98was used to determine systolic and diastolic BP.

99Diagnosis of NAFPD and LS

100Transabdominal ultrasound (US) was performed using an
101Acuson S-2000 unit with 6�2 MHz convex and 9�4 MHz linear
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102 transducers by two pediatric radiologists. The diagnosis of
103 NAFPD was established when the echogenicity of the pancre-
104 atic parenchyma exceeded that of the adjacent liver (in the
105 absence of fatty liver) or the renal cortex (in the presence
106 of fatty liver) [12]. Liver steatosis was diagnosed based on
107 the echogenicity of the liver in comparison with the renal
108 cortex [13]. Additionally, the thickness of subcutaneous and
109 visceral abdominal fat was measured with the US at the
110 supraumbilical region using a previously established method
111 [14]. One radiologist performed and reported findings for
112 half of the cohort, while the other radiologist conducted
113 and reported findings for the remaining half of the cohort.

114 Statistical analysis

115 The participants in the study were categorized into two
116 groups: the cases group, consisting of individuals with
117 NAFPD, and the control group, comprising those individuals
118 without NAFPD. Anthropometric characteristics were sum-
119 marized using mean, standard deviation, median, and inter-
120 quartile range for continuous variables. To compare
121 continuous variables, the authors employed Wilcoxon's rank
122 test and reported corresponding p-values.
123 Crude and adjusted logistic models were performed to esti-
124 mate the odds ratio (OR) and its 95 % confidence intervals
125 (95 % CI) for each studied anthropometric measure and NAFPD.
126 These models were adjusted for potential confounders, such
127 as age (years) and sex. Additionally, to assess the association
128 of fat distribution measures (WC, WHtR, TPI) with NAFPD inde-
129 pendent of BMI, the logistic regression models were further
130 adjusted for BMI. This approach ensured a comprehensive
131 examination of the association between anthropometric meas-
132 ures and NAFPD, considering potential confounders and the
133 impact of BMI on fat distribution measures.

134 Ethics

135 The Ethics committee of the School of Medicine of the Pon-
136 tificia Universidad Cat�olica de Chile (ID: 200312012) and of

137the Institute of Nutrition and Food Technology (INTA) of the
138Universidad de Chile approved the protocol and the
139informed consent used in the study. Signed informed consent
140and assent were obtained prior to the enrollment from the
141parents and children, respectively.

142Results

143Characteristics of the participants

144A total of 784 adolescents were assessed, and successful
145pancreas visualization was achieved in 741 participants
146(Figure 1). The mean age of the participants was 15.43 years
147(SD § 0.97, range 13.2 to 17.9), with 49.1 % males. Table 1
148shows the general characteristics of the participants. In the
149sample analyzed, the percentage distribution of each nutri-
150tional status was as follows: obesity 12.4 % (severe obesity
1511.5 %), overweight 27.2 %, underweight 6 %, and normal
152nutritional status 54.4 %. Out of the total participants, 30
153(4 %) exhibited NAFPD, and 56 (7.6 %) had LS. Among the par-
154ticipants with NAFPD, 19 (63.3 %) also presented LS.

155Characteristics of the groups with and without fatty
156pancreas

157Table 2 compares the cohort characteristics between the
158cases and controls. Regarding age, participants in the FP
159group had a median age of 14.77 years (IQR 14.36�15.74),
160slightly lower than the mean age of 15.38 years (IQR
16114.66�16.27) in the control group. This age difference
162between the two groups was statistically significant
163(p = 0.021). In terms of sex distribution, the NAFPD group
164comprised 18 males and 12 females, while the control group
165had 346 males and 365 females. The difference in sex distri-
166bution between the two groups was not statistically signifi-
167cant (p = 0.2649).
168When comparing the anthropometric measurements, the
169NAFPD group showed significantly higher values in weight,

Figure 1 Flowchart of participants.
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170 BMI, WC, WHtR, and TPI (p< 0.001). Similarly, subcutaneous
171 and visceral fat measurements were significantly higher in
172 the NAFPD group (p< 0.001). Regarding blood pressure
173 measurements, SBP was significantly higher in the NAFPD
174 group (p = 0.009). However, there was no significant differ-
175 ence in DBP between the two groups (p = 0.059). Addition-
176 ally, liver steatosis was more prevalent in the NAFPD group
177 (63.3 %) than in the control group (5.2 %) (p< 0.001).

178 Logistic regression models

179 The study results, adjusting for age and sex, as well as age,
180 sex, and z-BMI, are presented in Table 3.
181 Adjusted for age and sex: All anthropometric and adipos-
182 ity markers exhibited strong associations with NAFPD: BMI
183 had an OR of 4.3 (2.71�6.82, p< 0.001), WC an OR of 1.13
184 (1.09�1.17, p< 0.001), WHtR had an OR of 1.23 (1.16�1.3,
185 p< 0.001), and the TPI an OR of 1.61 (1.4�1.86, p< 0.001).
186 Additionally, SBP and DBP also showed significant associa-
187 tions, with ORs of 1.06 (1.02�1.11, p = 0.002) and 1.07
188 (1.02�1.12, p = 0.01), respectively. Subcutaneous fat and
189 visceral fat demonstrated significant associations with
190 NAFPD, with ORs of 1.09 (1.06�1.12, p< 0.001) and 1.07
191 (1.05�1.1, p< 0.001), respectively.
192 Adjusted for age, sex, and z-BMI: After additional adjust-
193 ment for z-BMI, the association between WC and NAFPD
194 remained significant, with an OR of 1.09 (p = 0.022). WHtR
195 exhibited a borderline association, with an OR of 1.13
196 (p = 0.053), while the TPI showed no significant association.
197 SBP, DBP, subcutaneous fat, and visceral fat did not maintain
198 significant associations after adjusting for age, sex, and z-
199 BMI.
200 Liver steatosis exhibited a remarkably strong association
201 with NAFPD in both models, with an OR of 34.37 (p< 0.001)
202 in the age and sex-adjusted model and an OR of 13.02
203 (p< 0.001) in the model further adjusted for z-BMI.

204Discussion

205The present findings revealed a 4 % prevalence of NAFPD in
206adolescents of 15.43 years. Individuals with NAFPD in the
207cohort displayed distinctive anthropometric characteristics,
208elevated blood pressure, and increased subcutaneous and
209visceral fat compared to those without fatty pancreas. Fur-
210thermore, z-BMI, WC, and weight-to-height ratio remained
211strongly associated with NAFPD in adolescents even after
212adjusting for age and sex. Although other anthropometric
213measurements exhibited significant associations in models
214adjusted for sex and age, these associations did not maintain
215significance after BMI adjustment. Remarkably, this study
216revealed a robust association between liver steatosis and
217NAFPD in adolescents.
218Transabdominal ultrasound is a rapid, cost-effective, and
219safe method, but it lacks sensitivity for detecting mild to
220moderate fatty infiltration of the pancreas and may not con-
221sistently visualize this organ, particularly in patients with
222obesity [15]. This modality is operator-dependent, and the
223subjective comparison of pancreatic echogenicity to hepatic
224or nephrotic echogenicity introduces variability [16].
225Despite these limitations, the US remains widely used for FP
226detection, primarily due to its easy accessibility, cost-effec-
227tiveness, and the absence of complications associated with
228its implementation.
229To our knowledge, this is the first study aiming to deter-
230mine the prevalence of NAFPD in the general population of
231adolescents. The authors found a prevalence of NAFDP of
2324 %, reaching almost 20 % in participants with obesity. It is
233important to highlight that there was a percentage of chil-
234dren in which the pancreas was not visualized (5.5 % of the
235total sample), but they did have US findings compatible with
236LS (44.2 % of those in whom the pancreas was not visual-
237ized). Therefore, and considering the strong association
238between LS and NAFPD, the authors believe that the preva-
239lence of fatty pancreas may be underestimated. A system-
240atic review published in 2023, showed a bidirectional
241relationship between fatty pancreas and LS, with LS associ-
242ated with a 6.18-fold increased risk of fatty pancreas and
243fatty pancreas linked to a 9.56-fold increased risk of LS.
244Additionally, a transabdominal ultrasound revealed a higher
245likelihood of severe LS in patients with a fatty pancreas, and
246the coexistence of a fatty pancreas was linked to an
247increased risk of NASH and advanced fibrosis in LS patients
248[17]. The authors should also mention that it is possible that
249the observed prevalence of NAFPD in this study may not
250accurately represent the true prevalence due to the limited
251sensitivity of the ultrasound method.
252Notably, the prevalence of NAFPD in pediatrics remains
253ambiguous. In 2016, Pham et al. conducted a study to assess
254the prevalence of NAFPD in 232 patients 2 to 18 years old,
255which was found to be 10 %. However, this result may not be
256representative of the general pediatric population since the
257study was performed in hospitalized patients [18]. In Asian
258adult populations, prevalence data has been reported to
259range from 16 % to 35 % in various studies [19,20].
260Obesity is considered the most significant risk factor for
261developing NAFPD. This association was initially proposed by
262Ogilvie and has been consistently validated in subsequent
263studies [12,21,22]. The present study supports this associa-
264tion, revealing that adolescents with NAFPD exhibited

Table 1 General characteristics of the participants.

Variables (n = 741) Mean § SD

Age, years 15,43§ 0,97

Sex, N (%)

Male 364 (%)

Female 377 (%)

Weight, kg 61,67§ 13,56

Height, cm 163,6§ 7,8

BMI, kg/m2 23,03§ 4,64

z - BMI 0,79§ 1,94

WC, cm 74,89§ 10,8

WHtR 0,46§ 0,065

TPI 14,12§ 2,97

Subcutaneous fat, mm 19,04§ 13,16

Visceral fat, mm 37,42§ 12,41

Fatty pancreas, n (%) 30 (4 %)

Liver Steatosis, n (%) 56 (7.6 %)

BMI, body mass index; z-BMI, body mass index z score; WC, waist
circumference; WHtR, weight to height ratio; TPI, Triponderal

mass index; SBP, systolic blood pressure; DBP, diastolic blood

pressure.
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Table 2 Characteristics of the groups with and without fatty pancreas.

Variable FP (30) Controls (711) P value Male FP (18) Male controls (346) p-value Female FP (12) Female controls

(365)

p-value

Age (years) 14.77

(14.36�15.74)

15.38

(14.66�16.27)

0.021 14.49

(14.22�15.12)

14.82

(14.37�15.61)

0.154 15.57

(15.03�16.14)

15.87 (15.2�16.45) 0.166

Sex (Male/Female) 18/12 346/365 0.2649

Weight, Kg 78.83

(66.85�90.34)

58.7 (52.83�67.45) <0.001 78.5 (65.58�91.65) 59.15 (52.9�68.45) <0.001 78.97

(70.12�85.09)

58 (52.8�65.6) <0.001

Height, cm 166.82

(160.95�171.35)

163.15

(158.18�168.82)

0.061 170.2

(167.72�173.4)

168.4

(163.85�172.39)

0.159 161.05

(155.39�164.14)

158.65 (154.50-

162.45)

0.401

BMI, kg/m2 28.47

(25.21�31.43)

22.15

(19.86�25.08)

<0.001 27.6 (24.36�30.4) 20.88

(18.99�23.97)

<0.001 30.4 (27.02�35.68) 23.14

(20.94�25.77)

<0.001

z- BMI 2.33 (1.52�2.69) 0.67 (�0.12�1.4) <0.001 2.34 (1.52�2.59) 0.44 (�0.35�1.31) <0.001 2.25 (1.84�2.95) 0.83 (0.14�1.48) <0.001

WC, cm 90.9 (81.53�98.58) 72.2 (67.55�79.83) <0.001 89.38

(82.09�99.66)

72.03 (68.1�79.1) <0.001 90.9 (78.06�96.26) 72.55 (67.25�80.2) <0.001

WHtR 0.55 (0.48�0.6) 0.44 (0.41�0.49) <0.001 0.54 (0.49�0.57) 0.43 (0.41�0.47) <0.001 0.56 (0.48�0.61) 0.46 (0.42�0.5) <0.001

TPI 17.35

(15.14�19.25)

13.62

(12.07�15.54)

<0.001 16.38

(14.44�17.88)

12.42 (11.3�14.12) <0.001 18.67

(16.97�22.87)

14.61

(13.17�16.33)

0.001

SBP, mmHg 114.33

(105.67�122)

109 (102�115.67) 0.009 117.67

(110.67�123)

110.67

(104.33�117)

0.002 104.83

(103.33�114.5)

107.33

(100.67�114.17)

0.773

DBP, mmHg 64.33

(59.67�70.67)

62.67 (57�67.67) 0.059 64.33 (61.33�71) 61 (55.67�65.42) 0.004 63.5 (58.67�69.67) 64.33

(59.33�69.33)

0.999

Subcutaneous fat,

mm

32.4 (21.77�44.95) 16.2 (9.3�25.3) <0.001 29.75

(21.25�36.15)

10.45 (6�18.48) <0.001 38.6 (24.25�49.88) 21.5 (14.6�29.6) 0.002

Visceral fat, mm 45.15

(36.92�62.08)

35.5 (28.55�44.25) <0.001 44.6 (35.62�53.55) 36.9 (30.45�44.95) 0.038 51.7 (37.3�67.12) 34.85 (26.88�43.6) 0.001

Liver Steatosis 19 (63.3 %) 37 (5.2 %) <0.001 11 (61.1 %) 13 (3.7 %) <0.001 8 (66.6 %) 24 (6.6 %) <0.001

The data is presented in the median and interquartile range.
BMI, body mass index; z-BMI, body mass index z score; WC, waist circumference; WHtR, weight to height ratio; TPI, Triponderal mass index; SBP, systolic blood pressure; DBP, diastolic blood
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265 higher z-BMI compared to controls. This finding concurs with
266 prior human studies utilizing autopsy assessments or various
267 imaging modalities like US, computed tomography, or MRI
268 [23,24]. It is important to highlight that the majority of pre-
269 vious studies have been conducted in the adult population,
270 and gaining insight into the prevalence of NAFPD at earlier
271 developmental stages could potentially enable interventions
272 aimed at improving the prognosis of this condition.
273 Numerous surrogate indicators of visceral adiposity, such
274 as WC, WHtR, and TPI, have been explored extensively. Vari-
275 ous studies have demonstrated their correlation with body
276 fat mass and visceral adiposity, employing diverse methodol-
277 ogies in both children with obesity and adults [25,26]. In the
278 comparative analysis of anthropometric measurements, the
279 NAFPD group demonstrated significantly heightened values
280 in WC, WHtR, and TPI. Subcutaneous and visceral fat meas-
281 urements were also notably elevated in the NAFPD group.
282 These results suggest that adolescents with fatty pancreas
283 exhibit increased central adiposity and elevated levels of
284 subcutaneous and visceral fat, suggesting a potential link
285 between pancreatic fat accumulation and overall body fat
286 distribution. Moreover, these findings, adjusting for age and
287 sex, revealed a significant association between WC and
288 NAFPD. Importantly, this association remained significant
289 even after adjusting for z-BMI, indicating that WC might
290 independently contribute to NAFPD development beyond its
291 correlation with BMI.
292 Metabolic syndrome (MetS), characterized by abdominal
293 obesity, insulin resistance, hypertension, and hyperlipid-
294 emia, poses an increased risk of cardiovascular diseases
295 [27]. Evidence increasingly links NAFPD with all MetS compo-
296 nents in adolescents and adults [12,28,29]. Chiyanika et al.
297 [30]. published in 2019 a report that describes the relation-
298 ship between NAFPD, body fat, and the risk of metabolic
299 syndrome in 52 Chinese adolescents (14�18 years) with both
300 obesity and LS. They found that 50 % had NAFPD, 38 % had
301 metabolic syndrome, and 81 % exhibited insulin resistance.
302 NAFPD in obesity was associated with metabolic syndrome
303 (OR = 1.70). Although the sample lacked all the elements for
304 diagnosing metabolic syndrome, the authors had to include
305 two components: waist circumference and blood pressure.
306 Notably, a robust association with NAFPD, independent of
307 BMI, was observed for waist circumference. Additionally,
308 blood pressure was elevated in the NAFPD group compared

309to controls, though not reaching hypertensive levels. These
310elevated readings may suggest a potential predisposition to
311hypertension in subsequent stages.
312As mentioned above, recent studies have demonstrated a
313significant correlation between NAFPD and LS. In a prospec-
314tive study involving 293 patients, it was found that 68 % of
315individuals with NAFPD also had LS. Furthermore, nearly all
316subjects (97 %) with LS were found to have NAFPD as well
317[12]. These findings strongly indicate a potential physiopath-
318ological link between the two conditions [21]. Della Corte et
319al. [4]. evaluated 121 pediatric patients with echogenic-
320demonstrated LS, identifying 58 patients with NAFPD. The
321NAFPD group exhibited notably higher z-BMI, fasting insulin
322levels, and HOMA-IR. Moreover, they displayed a more
323advanced liver disease phenotype, characterized by ele-
324vated values of fibrosis, ballooning, and NAFLD Activity
325Score, compared to the group without NAFPD. These results
326suggest a close relationship between NAFPD and the severity
327of liver disease in pediatric patients with LS.
328The strengths of the present study include the represen-
329tativeness of the adolescent population, the high number of
330participants, and that it is one of the few studies that pro-
331vide data on the fatty pancreas in the general population of
332adolescents.
333This study has some limitations. Firstly, the diagnosis of
334NAFPD was based on US rather than MRI, which is currently
335acknowledged as the most accurate imaging modality for
336measuring pancreatic fat content. The use of the US was
337driven by challenges in accessing MRI, primarily due to its
338high cost. While the US is the most commonly used non-inva-
339sive tool for abdominal imaging, its limitations include diffi-
340culties in achieving clear visualization of the pancreas,
341especially in individuals with obesity. The operator-depen-
342dent and subjective nature of the US further complicates its
343effectiveness. However, several authors have advocated the
344abdominal US as a reliable screening tool for diagnosing pan-
345creatic conditions, given its significant accuracy, cost-effec-
346tiveness, and nonside effects. Additionally, alternative
347diagnostic tools such as computed tomography (CT) and MRI
348offer higher accuracy in quantifying pancreatic fat and could
349be considered in future research to address these limita-
350tions. The study lacks measurements of inter- and intra-
351observer variability, which could have provided insights into
352the reliability and consistency of the results. Another

Table 3 Logistic regression models.

Adjusted by age and gender Adjusted by age, gender and z - BMI

OR (95 % CI) p-value OR (95 % CI) p-value

z- BMI 4.3 (2.71�6.82) <0.001

WC 1.13 (1.09�1.17) <0.001 1.09 (1.01�1.17) 0.022

WHtR 1.23 (1.16�1.3) <0.001 1.13 (1�1.27) 0.053

TPI 1.61 (1�4�1.86) <0.001 1.28 (0.8�2.07) 0.306

SBP 1.06 (1.02�1.11) 0.002 1.03 (0.98�1.07) 0.212

DBP 1.07 (1.02�1.12) 0.01 1.05 (0.99�1.11) 0.083

Subcutaneous fat 1.09 (1.06�1.12) <0.001 1.04 (1�1.08) 0.029

Visceral fat 1.07 (1.05�1.1) <0.001 1.03 (1�1.06) 0.066

Liver steatosis 34.37 (14.81�79.77) <0.001 13.02 (5.07�33.45) <0.001

z-BMI, body mass index z score; WC, waist circumference; WHtR, weight to height ratio; TPI, Triponderal mass index; SBP, systolic blood

pressure; DBP, diastolic blood pressure.
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353 limitation is the imbalance between the number of NAFPD
354 cases and the control group, which may affect the robust-
355 ness of some of these analyses. Future studies with a larger
356 and more balanced sample will be necessary to further vali-
357 date the present results. The absence of biochemical data,
358 such as glycemia, insulin and lipid profiles, represents a limi-
359 tation, preventing a more comprehensive description of
360 metabolic alterations in adolescents with NAFPD.

361 Conclusions

362 In the Chilean adolescent population, the prevalence of
363 NAFPD is 4 %. Adolescents with obesity exhibit a higher accu-
364 mulation of pancreatic fat compared to non-obese adoles-
365 cents. Individuals with NAFPD display distinct
366 anthropometric characteristics, higher blood pressure, and
367 increased subcutaneous and visceral fat in comparison to
368 those without fatty pancreas. NAFPD is strongly associated
369 with WC and LS.
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