
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Pediatric obesity and the liver

Koot, B.G.P.

Publication date
2014
Document Version
Final published version

Link to publication

Citation for published version (APA):
Koot, B. G. P. (2014). Pediatric obesity and the liver. [Thesis, fully internal, Universiteit van
Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/pediatric-obesity-and-the-liver(ec33393a-3b1c-4958-b529-b8ff280ed554).html


Published in: Int J Obes (Lond). 2014 Jul;38(7):950-3

Anke Heida*, Bart GP Koot*, Olga H. vd Baan-Slootweg, Tammo H. Pels Rijcken, 
Jaap C. Seidell, PhD, Sabine Makkes, Peter L.M. Jansen, Marc A. Benninga

* both authors contributed equally

ChAPter	8
Gallstone	disease	in	severely	obese	children	

participating	in	a	lifestyle	intervention		program:	
incidence	and	risk	factors



134|

ABStrACt

	
Introduction
Cholelithiasis is increasingly encountered in childhood and adolescence due to the rise in 
obesity. As in adults, weight loss is presumed to be an important risk factor for cholelithiasis 
in children, but this has not been studied.

Methods
In a prospective observational cohort study we evaluated the presence of gallstones in 288 
severely obese children and adolescents (mean age 14.1±2.4 years, body mass index (BMI) 
z-score 3.39±0.37) before and after participating in a 6-month lifestyle intervention program.

results
During the lifestyle intervention, 17/288 children (5.9%) developed gallstones. Gallstones 
were only observed in those losing >10% of initial body weight and the prevalence was highest 
in those losing >25% of weight. In multivariate analysis change in BMI z-score (odds ratio (OR) 
3.26 (per 0.5 s.d. decrease); 95% CI:1.60–6.65) and baseline BMI z-score (OR 2.32 (per 0.5 
s.d.); 95% CI: 1.16–4.70) were independently correlated with the development of gallstones. 
Sex, family history, OAC use, puberty and biochemistry were not predictive in this cohort. 
During post-treatment follow-up (range 0.4–7.8 years) cholecystectomy was performed in 
22% of those with cholelithiasis. No serious complications due to gallstones occurred.

Conclusion
The risk of developing gallstones in obese children and adolescents during a lifestyle 
intervention is limited and mainly related to the degree of weight loss and initial body weight.
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INtrODUCtION

The reported prevalence of gallstones in children and adolescents range from 0.13% in the 
general population studies to 1.9% in hospital-based studies.1,2 As in adults, obesity has 
been established as an important risk factor for cholelithiasis in children (8–19 years old).3, 4, 
5 Recently, two large studies have reported an increased prevalence of symptomatic gallstone 
disease related to the increased prevalence of obesity in the last two decades.4,6 Female sex, 
use of oral anticonceptives, older age and Hispanic descent have been identified as additional 
risk factors in children.4 However, no studies are available regarding the risks related to 
weight loss and lifestyle interventions in children. In this study we aimed to (1) evaluate the 
risk for development of gallstones in children participating in a lifestyle intervention and (2) 
assess the long-term rate of complications due to gallstones in these children.

MethODS

Population
In a prospective observational cohort study all children and adolescents participating in a 
Dutch tertiary centre-based lifestyle intervention program (Heideheuvel Childhood Obesity 
Centre) between November 2004 and April 2012 were evaluated for inclusion. Inclusion 
criteria for the lifestyle program were age range of 8–18 years and severe primary obesity 
(body mass index adjusted for age (BMI-for-age) >35 kg m−2) or primary obesity (BMI-for-
age >30 kg m−2) with obesity-related co-morbidity. Exclusion criteria for this study were 
haemolytic disorders, previous small bowel resection, use of parenteral nutrition, Crohn’s 
disease, cystic fibrosis, cholecystectomy or no ultrasonography at baseline. The study 
protocol was approved by the Medical Ethics Committee of the Academic Medical Centre of 
the University of Amsterdam and VU University Medical Centre.

Intervention
The lifestyle program consisted of scheduled exercise, promotion of self-initiated physical 
activities, nutrition modification therapy and behaviour modification during 6 months. 
Nutrition modification was given using a non-diet approach and focused on the quality of the 
dietary intake and eating behaviour. Behaviour modification therapy consisted of coping skills 
training focused on self-regulation, self-awareness, goal setting and stimulus control. Children 
attended the 6-month treatment period in either an outpatient setting consisting of 12 days 
of treatment with homework assignments, an inpatient program of 2 months followed by 
biweekly return visits for 4 months or treatment in an inpatient setting for 6 months. Children 
were allocated to either setting based on the availability and patients’ preference.
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Measurements
All measurements (ultrasonography, laboratory tests and physical examination) were 
obtained at the start of the lifestyle intervention program and were repeated at the end of 
the 6-months treatment period.

History taking and physical examination were performed by experienced pediatricians in the 
obesity clinic. Weight and height were measured to calculate the age-adjusted BMI standard 
deviation score, the BMI z-score. The pubertal stages were determined by visual inspection 
using Tanner’s criteria.

Blood was drawn after an overnight fast and measurements included lipid spectrum, liver 
function tests, glucose and insulin. Insulin sensitivity was calculated using the ‘Homeostasis 
Model Assessment of insulin resistance’ formula (HOMA-IR).7 Ultrasonography was 
performed by one of three experienced radiologists blinded for the clinical data in an adjacent 
local hospital.

Long-term follow-up Participants with gallstones, both at baseline and those who developed 
gallstones during the lifestyle program, were contacted in February 2013 by telephone. 
Using a questionnaire, symptoms (nausea, dyspepsia, vomiting and right upper quadrant 
abdominal pain), complications (choledocholithiasis, pancreatitis and cholecystitis) and 
treatment (cholecystectomy) related to gallstone disease were retrospectively evaluated.

Statistical	analysis
Standard descriptive statistics were used. Logistic regression analyses were performed 
to identify factors predictive of gallstone development during lifestyle intervention. All 
parameters with P<0.10 in univariate analysis were included in multivariate regression 
analyses. To prevent overfitting, parameters were combined using forward selection. Effect 
modification for sex and age on the selected parameters was studied and added to the model 
if P<0.10. Statistical analyses were performed using SPSS version 19.0 (SPSS, Chicago, IL, USA).

reSULtS	

Between November 2004 and April 2012, 407 children participated in the lifestyle intervention 
program. Twenty-six children were excluded because ultrasonography at baseline was either 
not obtained or was unsuccessful. The prevalence of gallstones at baseline was 14/381 
(3.6%). After inclusion, 93 additional children could not be analysed for the development 
of gallstones during the lifestyle intervention, because gallstones were already present 
at baseline (n=14) or ultrasonography was not performed at 6 months (n=79). Thus, 288 
children completed the study protocol. The 79 children who had no ultrasonography at 6 
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months were not significantly different for any of the baseline characteristics. All children 
with gallstones, either present at baseline or developed during the program, were included 
in the long-term follow-up for complications.

Table 1 depicts the characteristics of the 288 participants who completed the protocol, 
both at baseline and at the end of the lifestyle program. Mean weight loss was 11.9±9.9  kg 
(10.4% of mean body weight). After the 6-month lifestyle intervention program 17 out of 288 
children (5.9%) had developed gallstones.

table	1.	Baseline characteristics of study participants.
Baseline	(N	=	288) end	of	treatment	(N=288)

Patients’	characteristics
Male gender (%) 104 (36%)
Age (years) 14.1 ± 2.4 
Ethnicity 
       European 
       North African 
       African 
       Middle East 
       South East Asia 
       Latin America 
       Double ethnicity (mix of two)

191 (66.3%)
14 (4.9%)

2 (0.7%)
38 (13.2%)

4 (1.4%)
11 (3.8%)
23 (8.0%)

Positive family history for gallstones* 63 (21.9%)
Oral anticonceptive use (girls) 38/184 (20.7%)
Anthropometry
Weight (kg) 110 ± 25 98 ± 23
BMI z-score 3.39 ± 0.37 3.02 ± 0.50
Waist circumference (cm) 105.4 ± 12.9 97.2 ± 12.8
Hip circumference (cm) 121.6 ± 14.0 113.6 ± 14.4
Pubertal stage†

      Prepubertal 
      Pubertal 
      Postpubertal

17 (5.9%)
149 (51.7%)
105 (36.5%)

-

Biochemistry
Cholesterol (mmol/L) 4.08 ± 0.87 3.90 ± 0.81
HDL-cholesterol (mmol/L) 1.14 ± 0.27 1.20 ± 0.29
Triglycerides (mmol/L) 1.10 ± 0.65 0.99 ± 0.65
γ-GT (U/L) 23 ± 13 20 ± 12
ALT (U/L) 32 ± 22 23 ± 14
HOMA-IR 3.55 ± 2.21 2.98 ± 3.18

Data presented as Number (%) or Mean ± SD, as appropriate. 
* Positive family history for gallstones in first degree family members. † Three stages based on Tanner: 
‘prepubertal’ equals G/M1&P1; ‘postpubertal’ equals G/M5&P5; ‘pubertal’ equals all other Tanner stages. 
Abbreviations: HDL, high-density lipoprotein; ƴ-GT, ƴ-glutamyl transpeptidase; ALT, alanine 
aminotransferase; HOMA-IR, homeostasis model assessment of insulin resistance.
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In univariate analyses for the baseline parameters, severity of obesity correlated with the 
development of gallstones during the lifestyle intervention (Table 2). No correlations with 
sex, ethnicity, family history, oral anticonceptive use, puberty or biochemistry at baseline 
were observed.

table	2. Univariate regression analysis of baseline parameters and change in clinical parameters during 
the program for the occurrence of gallstones at the end of treatment. 

Odds	ratio 95%	CI P -	value
BASeLINe	PArAMeterS
Patients’	characteristics
Female gender 1.04 0.37 – 2.90 0.94
Age (per year) 1.14 0.92 – 1.43 0.23
Non-European ethnicity 0.94 0.32 – 2.79 0.91
Positive family history for gallstones† 1.04 0.32 – 3.46 0.94
Oral anticonceptive use 0.87 0.19 – 3.97 0.86
Anthropometry	
BMI z-score (per 0.5 SD increase) 2.09 1.07 – 4.10 0.03*
Tanner stage‡

        Prepubertal à Pubertal
        Pubertal à Postpubertal

NC
1.11 0.40 – 3.08 0.84

Biochemistry
Cholesterol (per 1 mmol/L increase) 1.05 0.60 – 1.83 0.87
HDL-cholesterol (per 1 mmol/L increase) 0.82 0.13 – 5.30 0.83
Triglycerides (per 1 mmol/L increase) 1.46 0.82 – 2.59 0.20
γ-GT (per 1 U/L increase) 1.00 0.97 – 1.04 0.97
ALT (per 1 U/L increase) 1.00 0.97 – 1.02 0.73
HOMA-IR (per 1.0 point increase) 0.89 0.68 – 1.16 0.37
DIFFereNCe	IN	PArAMeterS	BetWeeN	eND	OF	treAtMeNt	AND	BASeLINe		
Anthropometry	(end	of	treatment	versus		baseline)
BMI z-score (per 0.5 SD decrease) 3.04 1.51 – 6.12 0.002*
Biochemistry (end of treatment  versus baseline)
Cholesterol (per  1 mmol/L decrease) 2.63 1.17 – 5.91 0.02*
HDL cholesterol (per 1 mmol/L decrease) 4.09 0.20 – 83.87 0.36
Triglycerides (per 1 mmol/L decrease) 1.00 0.99 – 1.00 0.15
γ-GT (per 1 U/L decrease) 0.99 0.94 – 1.04 0.62
ALT (per 1 U/L decrease) 1.00 0.97 – 1.02 0.70
HOMA-IR  (per 1.0 point decrease) 1.14 0.89 – 1.45 0.31

* Significant. † Positive family history for gallstones in first degree family members. ‡ Three stages based 
on Tanner : ‘prepubertal’ equals G/M1&P1; ‘postpubertal’ equals G/M5&P5; ‘pubertal’ equals all other 
Tanner stages.
Abbreviations: NC, not calculated, because no prepubertal children developed gallstones; HDL, 
high-density lipoprotein; γ-GT, γ-glutamyl transpeptidase; ALT, alanine aminotransferase; HOMA-IR, 
homeostasis model assessment of insulin resistance.
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Evaluating the change in BMI and change in biochemical parameters during the lifestyle 
intervention program, improvement in BMI z-score was univariately correlated with a higher 
risk for developing gallstones (Table 2). Decrease in total cholesterol was the only biochemical 
parameter correlating with the development of gallstones.

In multivariate analysis change in BMI z-score (OR 3.26 (per 0.5 s.d. decrease); 95% confidence 
interval (CI): 1.60–6.65; P=0.001) and baseline BMI z-score (OR 2.32 (per 0.5 s.d. increase); 
95% CI: 1.16–4.70; P=0.018) were independently correlated with the development of 
gallstones. Decrease in total cholesterol was not independently correlated when combined 
with change in BMI z-score. No collinearity between BMI z-score and change in BMI z-score 
was observed (Pearson’s correlation coefficient 0.054). There was no confounding or effect 
modification between these two parameters. No effect modification by gender or age was 
observed.

As shown in Figure 1, none of the patients losing <10% of initial weight developed gallstones. 
The risk for the development of gallstones was the highest when losing >25% of initial weight 
(P=0.028).

Figure	1.	Percentage children with gallstones developed during lifestyle intervention compared for the 
different categories of weight loss. 
* Fisher’s exact test comparing <25% weight loss versus >25% weight loss P = 0.028  
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Long-term	follow-up
The 31 children and adolescents who had gallstones at baseline (n=14) or developed 
gallstones during treatment (n=17) were contacted by telephone in February 2013. Seven 
patients could not be traced and one refused to participate. The mean duration of follow-up 
of the 23 participants interviewed was 4.8 years (range 0.4–7.8 years).

Twelve children experienced transient symptoms possibly related to gallstone disease (nausea 
and dyspepsia). Seven children reported episodic colic pain in right upper abdomen without 
jaundice or pruritis (three children with gallstones at baseline and four who developed 
gallstones during lifestyle program). Cholecystectomy because of colic complaints was 
performed in five children (two children with gallstones at baseline and three with gallstones 
developed during the program), with subsequent disappearance of symptoms. None of the 
participants reported serious complications due to cholelithiasis.

DISCUSSION

This study is the first pediatric study prospectively analysing the risk factors for developing 
gallstones during a lifestyle intervention program. In this study, 5.9% of children developed 
gallstones during treatment. Although 5.9% can be considered a small risk, comparison to 
the baseline prevalence of gallstones in this study (3.6%) shows that weight loss substantially 
increases the chances for developing gallstones in these children. The degree of weight 
loss and severity of obesity at baseline were the only variables related with the risk of 
developing gallstones. Sex, family history for gallstones, oral anticonceptive use, puberty and 
biochemistry were not predictive in this cohort. Gallstones were only observed in children 
losing >10% of initial body weight and the prevalence was highest in those losing >25% of 
weight.

Several studies have shown that obesity and severity of obesity are risk factors for gallstones 
in children.3, 4, 5, 6 Although some studies included the number of reported previous weight 
loss attempt in their analysis, these transversal studies are unfit to accurately determine the 
risk for developing gallstones during a lifestyle intervention.3

In adults, the risk of gallstones development during obesity treatment has been studied 
prospectively, but mainly for very-low-calorie diets and bariatric surgery. The reported 
prevalence of the development of gallstones reaches 12% in adults during very-low-calorie 
diets and up to 30% in patients after bariatric surgery.8,9 One of the largest adult studies on 
very-low-calorie diets identified risk factors (higher initial BMI, higher relative BMI loss and 
higher initial triglycerides), which overlap with those observed in our cohort.10 This study, 
similar to our study, showed no gender difference in the risk for developing gallstones. A 
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higher risk in females has been reported in smaller and transversal adult studies.8 In both 
our and this very-low-calorie diet study, other established risk factors for gallstones (oral 
anticonceptive use, older age and a positive family history) did not correlate with the risk 
for gallstones during a lifestyle intervention.10 In line with our study, the largest bariatric 
surgery study in obese adults (n=586) showed that losing >25% of initial weight was the only 
prognostic feature for the development of symptomatic gallstones after bariatric surgery.11 
Age, gender and baseline BMI did not correlate with the development of gallstones in this 
study.

Speed of weight loss is considered an additional risk factor for gallstones.8 This is underscored 
by a recent study showing more symptomatic gallstones in those using a very-low-calorie 
versus a low-calorie diet.12 In our study no data on the speed of weight loss were available; 
therefore, this could not be analysed as a risk factor.

During the median 5-year follow-up of the children with gallstones, possible gallstone-
related symptoms were reported in 52% of the responding patients. Cholecystectomy for 
colic complaints was performed in 22% of patients with gallstones. In a retrospective cohort 
study of all children diagnosed with gallstones in a hospital setting, comparable percentages 
were reported: symptomatic gallstones disease in 49% and cholecystectomy in 32% during a 
median 3-year follow-up.13 Even though numbers are small, based on the absence of serious 
complications in our cohort a conservative management seems warranted in gallstones 
related to obesity and lifestyle interventions.

A limitation of this study is that few cases of gallstones were observed. Therefore, only the 
strongest correlating parameters could be identified. Another limitation is the high number 
of included children that could not be analysed due to dropout during the program. However, 
this is a limitation of most longitudinal studies in obesity.14 The high dropout in our study is 
not likely to have influenced the study results, as this group was at baseline not significantly 
different from those who completed the study. Finally, the accuracy of the follow-up data is 
disputable as the duration of follow-up was limited and it was analysed retrospectively with 
no follow-up results in 25% of patients.

CONCLUSION

The incidence of gallstones in obese children and adolescents during a lifestyle intervention 
is 5.9%. This is strongly related to the severity of obesity and the degree of weight loss. Only 
patients with >10% weight loss compared with their initial weight developed gallstones in 
our study. Follow-up data suggest that serious complications of gallstones occur infrequently, 
although cholecystectomy is performed in up to 22% of the children.
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