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SUMMARY

Background: The Dietary Intervention Study in Children (DISC) showed that a cholesterol-lowering dietary 
intervention can improve pediatric cardiovascular risk factors. Building on advances in longitudinal mod-
eling, we re-analyzed DISC data to (1) reassess intervention effects using linear and spline mixed-effects 
models, (2) evaluate treatment effects within key subgroups, and (3) examine the impact of compliance 
on percent calories from fats.
Methods: We conducted a secondary analysis of the randomized DISC trial, comparing a dietary inter-
vention group with a usual care group. Linear mixed-effects and B-spline mixed-effects models character-
ized trajectories of LDL-cholesterol and nutrient intake over time. We evaluated subgroup differences by 
sex and parental education and assessed compliance using session attendance and adherence to dietary 
goals for saturated fat, cholesterol, and total fat.
Results: Compared with usual care, the intervention group demonstrated a significantly steeper decline 
in LDL-cholesterol over time (treatment-by-time interaction p = 0.027), with the largest reduction observed 
during the first 12 months. Higher attendance at intervention sessions was associated with lower average 
percentage of calories from total fat (β = −2.24, SE 0.37, p < 0.0001) and saturated fat intake (β = 
−1.07, SE 0.18, p < 0.0001). Parental attendance was strongly associated with lower LDL-cholesterol 
levels (β = −13.97 mg/dL, SE 4.18, p < 0.0001). The intervention group had significantly higher propor-
tions of participants meeting dietary goals for total fat, saturated fat, and cholesterol at 12 and 36 months 
(all p < 0.001).
Conclusion: This reanalysis indicates that a family-based dietary intervention initiated in childhood can 
produce meaningful reductions in LDL-cholesterol and sustained improvements in dietary fat intake. The 
findings highlight the importance of adherence, parental involvement, and targeted support for specific 
subgroups in promoting long-term cardiovascular health in pediatric populations.
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INTRODUCTION

This paper presents a comprehensive reanalysis 
of the long-term efficacy and safety of cholesterol-
lowering dietary intervention in children, originally 
explored in the Dietary Intervention Study in Children 
(DISC; NCT00000459). The DISC study involved 
663 children aged 8 to 10 years with elevated low-
density cholesterol (LDL-C), randomized into either a 
dietary intervention group or a usual care group. Over 
an average follow-up of 7.4 years, the intervention 
promoted adherence to a diet with specified limits 
on total fat, saturated fat, polyunsaturated fat, and 
cholesterol intake.

The initial findings from DISC indicated significant 
reductions in LDL-C levels at 1 year, 3 years, and the 
final visit in the intervention group, with no adverse 
effects on growth or nutritional status, confirming the 
safety of the dietary modifications. Building on the 
original findings, the present study re-examines the 
DISC data using contemporary longitudinal modeling 
techniques to better characterize individual trajectories 
and time-varying intervention effects  [1].

Supporting this research, a substantial body of 
evidence underscores the importance of intervening 
early in the life course to shape cardiometabolic 
risk. In 1992, the Expert Panel on Blood LDL-C  
Levels in Children and Adolescents emphasized that 
dietary modification beginning in childhood has 
the potential to reduce future cardiovascular risk, 
providing an early policy and clinical framework for 
pediatric lipid management  [2]. Subsequent school-
based trials have demonstrated that multicomponent 
programs targeting both diet and physical activity 
can improve dietary behaviors, physical fitness, and 
weight-related outcomes in children, reinforcing the 
value of integrating health promotion within everyday 
settings such as schools  [3-5]. The Bright Bodies trial, 
for example, showed that a structured family- and 
behavior-based weight-management program could 
effectively address pediatric obesity, highlighting 
the need for comprehensive approaches that extend 
beyond isolated dietary advice  [4].

Longitudinal work has also shown that dietary 
patterns and blood lipids evolve markedly across 
childhood, with school age emerging as a critical 
turning point for the establishment of eating habits  
[6]. Studies leveraging repeated measures have begun 
to characterize how trajectories of diet and lipid 
profiles relate over time. For instance, a 3-year cohort 
study of children aged 3–6 years found that higher 
consumption of ultra-processed foods was associated 
with persistently higher total LDL-C at both 3 and 6 
years, based on linear regression models of repeated 
lipid measures  [7]. Complementing these findings, 
a 2021 review concluded that early modification 
of dietary fat and LDL-C remains a key strategy for 
promoting cardiovascular health  [8], while recent 
analyses of cumulative LDL-C exposure indicate 

that prolonged elevated LDL-C  from childhood into 
adulthood is strongly linked with higher cardiovascular 
disease risk, and that relying solely on family-history–
based selective screening is insufficient to detect many 
at-risk children  [9].

The primary objective of this study was to reassess 
the long-term effects of the DISC dietary intervention 
using advanced longitudinal modeling approaches, 
including linear mixed-effects and spline-based models. 
Specifically, we aimed to (1) characterize time-varying 
intervention effects on LDL-C and dietary intake, (2) 
evaluate heterogeneity of treatment effects across key 
subgroups, and (3) examine the role of adherence 
and parental involvement in modifying intervention 
outcomes.

MATERIALS AND METHODS

Study Design

The DISC was a multicenter, randomized clinical trial 
that evaluated the effects of a LDL-C-lowering dietary 
intervention on pediatric cardiovascular risk. Children 
were randomized to a dietary intervention group or 
a usual care group and followed prospectively with 
repeated standardized measurements over an average 
of 7.4 years. The original trial protocol, operational 
procedures, and primary outcomes have been 
published in detail  [1]. The present study preserves 
the original randomized allocation and data collection 
scheme and focuses on a longitudinal re-analysis using 
modern mixed-effects and spline-based models.

Study Population
DISC enrolled 663 children aged 8–10 years with 

elevated LDL-C, defined as fasting LDL-C between the 
80th and 98th percentiles for age and sex based on 
Lipid Research Clinics reference data (mean baseline 
LDL-C ~130.5 mg/dL), as per the original trial 
eligibility criteria [10]. Participants were recruited 
from multiple clinical centers and randomized to 
receive either the DISC dietary intervention or usual 
care. The dietary intervention promoted adherence to 
a diet providing 28% of energy from total fat, less than 
8% from saturated fat, up to 9% from polyunsaturated 
fat, and less than 75 mg/1000 kcal of cholesterol 
per day, while monitoring caloric adequacy to 
support normal growth [1]. Intervention strategies 
were grounded in social learning theory and social 
action theory, incorporating structured group sessions 
led by nutritionists and behaviorists and individual 
counseling visits, with later sessions transitioning to 
a motivational interviewing approach as participants 
entered adolescence [1]. Parents or guardians of 
children in the usual care group were informed of their 
child’s elevated LDL-C and provided publicly available 
heart-healthy eating materials only [1]. For the current 
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secondary analysis, all 663 randomized participants 
were included, and analyses were conducted under 
the original intention-to-treat framework.

Statistical Analysis

The primary outcome of interest was LDL-C. Key 
dietary outcomes included average total calorie intake 
(AVE1), percentage of calories from total fat (AVE3), 
saturated fat (AVE7), polyunsaturated fat (AVE9), 
and cholesterol per 1000 kcal (AVE6). Covariates 
incorporated into the models included sex, treatment 
group, visit number, clinic, body mass index (BMI), 
Tanner stage, and components of the Keys Formula for 
dietary impact on LDL-C  [11-13]. Additional analyses 
examined adherence-related measures, including 
training session attendance and adherence to dietary 
goals for AVE7, LDL-C, and AVE3. To evaluate the 
effects of the intervention over time, we used linear 
mixed-effects models (LMMs) incorporating fixed and 
random effects to account for intra-individual variability. 
The following covariates were all included as fixed 
effects: sex, treatment group, visit number, clinic, BMI, 
Tanner stage, and components of the Keys Formula for 
dietary impact on LDL-C. Two primary model structures 
were compared: one including an interaction between 
treatment and time (visit number), and another assuming 
consistent treatment effects across time points  [11]. 
Model selection was guided by the Akaike Information 
Criterion (AIC), Bayesian Information Criterion (BIC), 
and likelihood ratio tests  [12]. To assess potential 
non-linear trends in dietary outcomes, spline mixed 
effect models, using natural and B-splines, were also 
evaluated, with the final spline structure selected based 
on AIC  [13]. These models allowed flexible estimation 
of outcome trajectories and tested for treatment-time 
interactions  [14, 15]. All models were fitted using 
maximum likelihood estimation, which incorporates 
all available observations from each participant 
regardless of follow-up completeness, minimizing 

the potential for attrition bias under the missing-at-
random assumption. Additional analyses assessed (1) 
the impact of compliance to the DISC diet within the 
intervention group, and (2) treatment effects across 
various subgroups, including those defined by training 
session attendance. All statistical analyses were 
conducted using R and SAS software. 

RESULTS

Mixed effect models were applied to evaluate the 
effects of the DISC dietary intervention on LDL-C and 
dietary intake outcomes, including AVE1, AVE3, AVE6, 
AVE7 and AVE9. The model including a treatment-by-
time interaction provided a significantly better fit than 
the model assuming a constant treatment effect (LRT p = 
0.027), indicating that the intervention effect on LDL-C 
varied over time. As shown in Figure 1, individual-level 
trajectories revealed more pronounced reductions in 
LDL-C and AVE3 among participants in the intervention 
group compared to usual care. 

The intervention also resulted in early reductions in 
caloric intake and sustained improvements in dietary 
fat profiles. While caloric intake rose again at the 
36-month mark, likely reflecting age-related growth 
and increased energy requirements, the intervention 
group maintained a lower proportion of calories from 
AVE3 and AVE7 relative to usual care.

Figure 2 illustrates these LDL-C trends over time 
for both groups. Both groups started with similar 
estimated mean LDL-C levels (~127–128 mg/dL at 
2 months). The intervention group showed a more 
pronounced early decline, with an estimated difference 
of approximately 3 mg/dL at 12 months, widening 
to approximately 5 mg/dL by month 84, before the 
groups converged toward the last visit. The treatment-
by-time interaction was statistically significant (LRT p 
= 0.005), confirming that the intervention effect on 

Figure 1. Individual trajectories of diet and LDL-C by sex and treatment
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LDL-C varied over time, with some variability in later 
visits potentially driven by developmental hormonal 
changes during adolescence. Figure 3 shows the AVE3 
over time for both groups (LRT p < 0.0001). Baseline 
levels were comparable between groups (~33–34% 
at 2 months). The intervention group showed a sharp 
early reduction, dropping to approximately 28% by 6 
months, and sustained this lower level throughout the 
10-year follow-up, averaging around 28–29% from 
month 12 onward. The usual care group declined 
more gradually, from ~34% at 2 months to ~31% by 
the last visit, resulting in a persistent between-group 
difference of approximately 3–4 percentage points 
across most of the follow-up period, suggesting long-
term adoption of healthier eating patterns in the 

intervention group despite some fluctuations likely due 
to adherence challenges over time. Figure 4 shows the 
percentage of calories from AVE7 over time over time 
for both groups (LRT p < 0.0001). Starting at similar 
levels (~12.5–12.8% at 2 months), the intervention 
group showed a sharp early reduction, dropping 
to approximately 10.5% by 6 months, compared to 
~12.0% in the usual care group. While both groups 
showed notable fluctuations throughout follow-up, the 
intervention group consistently maintained lower AVE7 
intake, averaging approximately 10–11.5% across 
visits. Notably, the two groups converged at month 36 
(~10.5% each) before diverging again, pointing to the 
challenges of maintaining strict dietary changes over 
time, particularly during adolescence.

Figure 2. Effect of Treatment on LDL over 10 years

Figure 3. Effect of Average % calories from total fat over 10 years
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To supplement these findings, spline models were 
used to explore potential non-linear trends in dietary 
intake and LDL outcomes. These models supported 
the patterns observed in the mixed effect models, 

indicating early intervention effects followed by longer-
term stabilization, and confirmed the complex, time-
dependent nature of dietary change in children and 
adolescents.

Figure 4. Effect of Average % calories from Saturated fats over 10 years

Figure 5. Change in LDL by baseline Age and Treatment

Figure 6. Change in LDL By Gender and Treatment
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We evaluated the impact of demographic factors 
and attendance on LDL-C and dietary outcomes. 
As shown in Figure 5, the intervention led to LDL 
reductions across both age groups. The older group 
(solid blue) showed a more pronounced reduction, 
with estimated mean LDL-C declining from 131 mg/
dL at 2 months to 115 mg/dL at 36 months in the 
intervention arm, compared to 119 mg/dL in the usual 
care arm. The younger group (solid red) showed a 
more modest decline, from 133 mg/dL to 123 mg/
dL in the intervention arm, compared to 119 mg/dL in 
usual care. However, the age-by-treatment interaction 
was not statistically significant (LRT p = 0.450), 
indicating that the differential response by age group 
should be interpreted with caution. Figure 6 shows 
that females in the intervention group experienced 
a greater LDL reduction, declining from 132 mg/dL 
at 2 months to 119 mg/dL at 36 months, compared 
to a decline from 129 mg/dL to 129 mg/dL in the 
usual care group. Males in the intervention group 
declined from 130 mg/dL to 116 mg/dL, compared 
to 121 mg/dL in usual care at 36 months. However, 
the gender-by-treatment interaction was not statistically 
significant (LRT p = 0.457). Attendance at dietary 
education sessions was significantly associated with 
improved dietary outcomes. As shown in Table 1, 
higher attendance was associated with a significant 
reduction in the AVE3 (β = −1.22, SE 0.56, p = 
0.029). Males showed significantly higher baseline 
AVE3 compared to females (β = 1.16, SE 0.55, p = 
0.036). A significant interaction between gender and 
attendance (β = −2.00, SE 0.75, p = 0.003) indicated 
that the beneficial effect of attendance on total fat 
reduction was stronger among males. 

Table 1. The Effect of Higher Attendance on Average % 
Calories from Total Fats

Estimate SE P-value

gender 1.16 0.55 0.036*

attendance -1.22 0.56 0.029*

attended parents -1.28 1.55 0.410

gender: attendance -2.00 0.75 0.003*

* Significant at 0.05

Table 2. Effect of Participants’ adherence to dietary goals 
on LDL

Estimate SE P-value

gender -2.01 1.06 0.058

attendance -1.42 1.11 0.200

attended parents -13.97 4.18 <0.0001*

* Significant at 0.05

We further assessed how parental involvement 
influenced LDL-C levels. Table 2 shows that Having at 

least one parent attend sessions was associated with a 
13.97 mg/dL lower LDL-C level (β = −13.97, SE 4.18, 
p < 0.0001), independent of gender and general 
attendance. Although male sex and higher general 
attendance showed trends toward lower LDL-C (β = 
−2.01, SE 1.06, p = 0.058 and β = −1.42, SE 1.11, 
p = 0.200, respectively), these effects did not reach 
statistical significance. 

Adherence was also linked to reductions in dietary 
fat. As shown in Table 3, higher attendance was 
significantly associated with lower AVE3 (β = −2.24, 
SE 0.37, p < 0.0001). Greater session attendance 
was associated with lower saturated-fat intake (β = 
0.05, SE 0.36, p = 0.883 and β = −0.78, SE 1.50, p 
= 0.601, respectively). 

Higher attendance was significantly associated with 
lower AVE7 intake (β = −1.07, SE 0.18, p < 0.0001). 
Both parental marital status (β = 0.36, SE 0.36, p = 
0.017) and parental education level (β = 0.20, SE 
0.06, p = 0.044) were significantly associated with 
greater session attendance, suggesting that family 
stability and socioeconomic factors play a role in 
intervention engagement. (See Supplementary Tables 
S1-S2).

We also examined whether participants met key 
dietary goals, including reductions in AVE3, AVE7, 
LDL-C and increases in AVE9. As illustrated in Figure 
7 at both 12 and 36 months, the intervention group 
had a significantly higher proportion of participants 
meeting AVE3, AVE7, LDL-C targets compared to 
usual care (all p < 0.001). The largest difference was 
observed for AVE3 at 36 months (Diff of Diff: 31.08, 
95% CI: 23.05–39.1) and for LDL-C at 12 months (Diff 
of Diff: 26.26, 95% CI: 17.57–34.96). In contrast, 
no significant difference was observed in AVE9 goal 
attainment at either time point (p = 0.571 and p = 
0.892 at 12 and 36 months, respectively).

Table 3. Effect of Participants’ adherence to dietary goals 
on Average % Calories from Total Fat

Estimate SE P-value

gender 0.05 0.36 0.883

attendance -2.24 0.37 <0.0001*

attended parents -0.78 1.50 0.601

* Significant at 0.05

DISCUSSION

This reanalysis of the DISC study demonstrates 
that early dietary interventions can yield sustained 
reductions in LDL-C and improvements in fat intake 
among children with elevated lipid levels. The 
intervention group experienced the most pronounced 
LDL-C decline during the first 12 months, with effects 
persisting through year three, consistent with the 
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original DISC trial findings [1]. These trends were 
further validated through spline models, which captured 
complex, non-linear patterns in dietary change. 
Notably, the significant treatment-by-time interaction 
(LRT p = 0.005) revealed that the intervention effect 
was not constant but followed a non-linear trajectory, 
with the greatest between-group differences observed 
during the early intensive intervention phase and a 
gradual convergence in later years as intervention 
intensity decreased. This pattern suggests that the 
timing and intensity of dietary counseling are critical 
determinants of sustained lipid-lowering effects, and 
that maintenance strategies may be needed to preserve 
early gains as children transition into adolescence.

The application of linear mixed-effects and spline 
models in this reanalysis offered methodological 
advantages over the original DISC analyses, which 
relied primarily on analysis of covariance at discrete 
time points. By modeling the full longitudinal trajectory 
of LDL-C and dietary outcomes, these approaches 
captured the dynamic and non-linear nature of 
dietary change across childhood and adolescence. 
In particular, B-spline models revealed complex 
patterns in fat and caloric intake that would not have 
been detectable using traditional repeated-measures 
approaches, providing a more nuanced understanding 
of how dietary behavior evolves over time in response 
to intervention. This methodological approach is 
consistent with growing recommendations to apply 
flexible longitudinal models in pediatric clinical trial 
re-analyses to better characterize individual-level 
trajectories [11, 12]. 

Although age was not statistically significantly 
associated with LDL-C reduction (p = 0.45), older 
children appeared to experience a somewhat 
greater initial response to the intervention. This 
pattern is consistent with contemporary perspectives 
on heterogeneous treatment effects and the need to 
look beyond average treatment effects to identify 
subgroups with differential benefit  [16]. The lack of 
statistical significance may reflect limited power to 

detect subgroup differences rather than a true absence 
of effect, and future studies with larger samples 
should examine whether age at intervention initiation 
moderates long-term cardiovascular outcomes. 
Similarly, females exhibited larger reductions in LDL-C 
than males. This pattern is in line with observations 
from the Harvard Growth Study, which point to 
gender-based differences in fat metabolism and 
response to dietary exposures  [17]. This finding partly 
reflect the well-documented tendency for boys to have 
less favorable baseline dietary patterns than girls, 
including higher fat intake and lower consumption of 
health-promoting foods [18, 19], which could limit 
the magnitude of dietary change achievable in male 
participants. These findings collectively suggest that 
intervention strategies tailored to age and sex may 
enhance long-term effectiveness.

Adherence emerged as a critical driver of 
intervention success. Participants with higher session 
attendance showed significantly better dietary 
outcomes, particularly reductions in AVE1 and AVE7 
intake (p < 0.0001). Moreover, parental attendance 
at sessions was associated with a substantial LDL-C 
reduction (p < 0.0001), highlighting the importance 
of family involvement in behavioral interventions. 
A systematic review of interventions to improve 
children’s diet found that studies with high parental 
involvement were associated with statistically 
significant improvements in dietary practices, with 
direct methods of parental involvement, including 
attendance at educational and behavioral counseling 
sessions, showing the most promise in improving child 
dietary outcomes [20, 21].These findings echo those 
of Murray and Hernán, who emphasized the role of 
adherence as both a behavioral marker and a modifier 
of treatment effect  [22], and reinforce the conclusion 
that engaging parents as active participants rather 
than passive observers substantially amplifies the 
impact of dietary counseling programs.

Socioeconomic factors also influenced engagement. 
Parental marital stability and higher education levels 

Figure 7. Forest Plot of Change from Baseline to 12 and 36 Months
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were associated with greater session attendance (p = 
0.017 and p = 0.044, respectively), mirroring trends 
observed in the Look AHEAD trial, where education 
and marital status predicted adherence and lifestyle 
change success  [23]. These findings are consistent 
with broader evidence, a study evaluating predictors 
of parent engagement in a family-based childhood 
obesity prevention program found that married parents 
and those with higher education showed significantly 
greater attendance at intervention sessions [24]. 
Furthermore, a prospective birth cohort study found 
that higher maternal education at the child’s birth was 
independently associated with greater adherence to a 
healthy dietary pattern at school age [25], suggesting 
that the influence of parental education extends 
beyond intervention attendance to shaping the overall 
dietary environment at home. These findings highlight 
a potential equity concern, children from less educated 
or single-parent households may be systematically less 
likely to benefit from standard dietary intervention 
programs. 

Interestingly, although the intervention group had 
higher adherence to goals for AVE3, AVE7 and LDL-C 
intake at both 12 and 36 months (all p < 0.001), 
no significant difference was observed in AVE9 goal 
attainment. This likely reflects the distinct behavioral 
demands of each dietary goal, reducing AVE7 and 
LDL-C can often be achieved through avoidance and 
substitution strategies, whereas increasing PUFA intake 
requires more deliberate dietary additions such as fish, 
nuts, and plant-based oils that may be less familiar or 
accessible to families, as suggested by similar findings 
in the STRIP Baby Project [26]. This challenge is not 
unique to DISC. A global review of fat intake data from 
65 studies across 33 countries found that omega-3 
PUFA intake, particularly DHA, was below international 
recommendations in most studies of children, suggesting 
that inadequate PUFA intake is a widespread and 
persistent challenge across diverse populations and 
intervention contexts [27]. Furthermore, a systematic 
review of dietary fat interventions in children found that 
evidence for the benefit of increasing PUFA intake on 
LDL-C was more variable and less consistent than the 
evidence for reducing AVE7 and LDL-C, particularly 
in girls [28], suggesting that PUFA-specific goals may 
require more targeted behavioral strategies beyond 
general dietary counseling. 

Altogether, these findings underscore the 
multifactorial nature of successful dietary interventions 
in children. Intensive early intervention appears 
critical for achieving meaningful LDL-C reductions, and 
maintenance strategies should be built into program 
design to preserve early gains through adolescence. 
Family-based components, particularly parental 
attendance, should be considered a core element of 
pediatric dietary programs, and sociodemographic 
barriers to participation must be actively addressed 
to ensure equitable access to intervention benefits. 
Future interventions should also incorporate more 
targeted behavioral strategies to support PUFA intake, 
alongside the more achievable goals of reducing 

AVE7 and LDL-C. Ultimately, personalized, family-
centered, and equity-conscious approaches offer the 
greatest promise for reducing cardiovascular risk from 
the earliest stages of life.

Strength and Limitation

A key strength of this study is the application of 
advanced longitudinal modeling methods to a well-
characterized randomized trial dataset, enabling a 
more nuanced characterization of intervention effects 
over time than was possible in the original analyses. 
However, this study also has some limitations. As 
a secondary analysis of the DISC trial, we were 
limited to the variables and measurements originally 
collected, which constrained our ability to account for 
unmeasured confounders or refine certain outcome 
assessments. In addition, dietary intake was based on 
self-reported data, which is subject to recall bias and 
misreporting, particularly among children.

CONCLUSION

This reanalysis of the DISC trial demonstrates 
that a family-based dietary intervention initiated in 
childhood can produce meaningful reductions in LDL-C 
and sustained improvements in dietary fat intake. The 
effectiveness of the intervention was strongly modulated 
by parental involvement, session attendance, and 
sociodemographic factors, highlighting the importance 
of family-centered and equity-conscious approaches 
in pediatric cardiovascular health programs. These 
findings reinforce the value of early, personalized 
dietary intervention as a strategy for reducing lifetime 
cardiovascular risk.

ETHICS COMMITTEE APPROVAL

The original DISC was a randomized, controlled 
trial conducted at six clinical centers with oversight 
from a coordinating center and project office. The 
trial protocol was approved by the institutional review 
boards of all participating centers, and trial conduct 
was monitored by an independent data and safety 
monitoring committee appointed by the National 
Heart, Lung, and Blood Institute. The present secondary 
analysis of de-identified DISC data was reviewed 
and approved by the University of Massachusetts 
Chan Medical School Institutional Review Board, and 
additional informed consent was not required.

TRIAL REGISTRATION

NCT00000459



ISSN 2282-0930 • Epidemiology Biostatistics and Public Health - 2026, Volume 21, Issue 1ORIGINAL ARTICLES

Re-analysis of the DISC Study 9

INFORMED CONSENT

Written informed consent was obtained from 
parents or legal guardians, with assent from children 
when appropriate, in the original DISC trial. Additional 
informed consent was not required for this secondary 
analysis of de-identified data.

DATA AVAILABILITY STATEMENT

The data that supports the findings of this study are 
available in the supplementary material of this article. 
DOI: 10.13130/RD_UNIMI/JPFBFI

 AUTHORSHIP CONTRIBUTIONS

Conceptualization: A.S., R.B.
Methodology: A.S., R.B.
Formal Analysis: A.S.
Statistical Consultation/Validation: B.B., R.B.
Visualization: A.S.
Writing the Original Draft: A.S.
Writing the Review & Editing: B.B., R.B.
Supervision: B.B
(All authors reviewed and approved the final 

manuscript.)

CONFLICT OF INTEREST

The authors declare that they have no conflicts of 
interest to disclose.

FINANCIAL DISCLOSURE

The authors received no financial support for the 
research, authorship, and/or publication of this article.

REFERENCES

1.	 Obarzanek E, Kimm SY, Barton BA, Van Horn L, 
Kwiterovich Jr PO, Simons-Morton DG, et al. Long-
term safety and efficacy of a cholesterol-lowering 
diet in children with elevated low-density lipopro-
tein cholesterol: seven-year results of the Dietary 
Intervention Study in Children (DISC). Pediatrics. 
2001;107(2):256-64.

2.	 Children NEPoBCLi, Adolescents. National Cho-
lesterol Education Program (NCEP): Highlights of 
the report of the expert panel on blood cholester-
ol levels in children and adolescents. Pediatrics. 
1992;89(3):495-501.

3.	 Luepker RV, Perry CL, McKinlay SM, Nader PR, Par-
cel GS, Stone EJ, et al. Outcomes of a field trial to 
improve children’s dietary patterns and physical ac-
tivity: The Child and Adolescent Trial for Cardiovas-
cular Health (CATCH). Jama. 1996;275(10):768-
76.

4.	 Savoye M, Shaw M, Dziura J, Tamborlane WV, Rose 
P, Guandalini C, et al. Effects of a weight manage-
ment program on body composition and metabolic 
parameters in overweight children: a randomized 
controlled trial. Jama. 2007;297(24):2697-704.

5.	 Kriemler S, Zahner L, Schindler C, Meyer U, Hart-
mann T, Hebestreit H, et al. Effect of school based 
physical activity programme (KISS) on fitness and 
adiposity in primary schoolchildren: cluster ran-
domised controlled trial. Bmj. 2010;340.

6.	 Winpenny EM, Penney TL, Corder K, White M, van 
Sluijs EM. Change in diet in the period from ado-
lescence to early adulthood: a systematic scoping 
review of longitudinal studies. International Jour-
nal of Behavioral Nutrition and Physical Activity. 
2017;14:1-16.

7.	 Leffa PS, Hoffman DJ, Rauber F, Sangalli CN, Valmór-
bida JL, Vitolo MR. Longitudinal associations between 
ultra-processed foods and blood lipids in childhood. 
British Journal of Nutrition. 2020;124(3):341-8.

8.	 Capra ME, Pederiva C, Viggiano C, De Santis R, 
Banderali G, Biasucci G. Nutritional approach to 
prevention and treatment of cardiovascular disease 
in childhood. Nutrients. 2021;13(7):2359.

9.	 in TK, Dispenza TC. Cholesterol screening in chil-
dren: is a universal approach working? Current ath-
erosclerosis reports. 2023;25(9):579-90.

10.	 Lauer R, Obarzanek E, Kwiterovitch P, Kimm S, 
Hunsberger S, Barton B, et al. Efficacy and safety 
of lowering dietary intake of fat and cholesterol in 
children with elevated low-density lipoprotein cho-
lesterol. The Dietary Intervention Study in Children 
(DISC). 1995.

11.	 Alosh M, Fritsch K, Huque M, Mahjoob K, Pennello 
G, Rothmann M, et al. Statistical considerations on 
subgroup analysis in clinical trials. Statistics in Biop-
harmaceutical Research. 2015;7(4):286-303.

12.	 Oberg AL, Mahoney DW. Linear mixed effects mod-
els. Topics in biostatistics. 2007:213-34.

13.	 Pinheiro JC, Bates DM. Linear mixed-effects models: 
basic concepts and examples. Mixed-effects models 
in S and S-Plus. 2000:3-56.

14.	 Marsh LC, Cormier DR. Spline regression models: 
Sage; 2001.

15.	 Smith PL. Splines as a useful and convenient statisti-
cal tool. The American Statistician. 1979;33(2):57-
62.

16.	 Kent DM, Steyerberg E, Van Klaveren D. Person-
alized evidence based medicine: predictive ap-
proaches to heterogeneous treatment effects. Bmj. 
2018;363.

17.	 Must A, Phillips SM, Naumova EN. Occurrence and 
timing of childhood overweight and mortality: find-
ings from the Third Harvard Growth Study. The Jour-
nal of pediatrics. 2012;160(5):743-50.

18.	 Fulkerson JA, French SA, Story M. Adolescents’ 
attitudes about and consumption of low-fat foods: 

https://dataverse.unimi.it/dataset.xhtml?persistentId=doi:10.13130/RD_UNIMI/JPFBFI


ISSN 2282-0930 • Epidemiology Biostatistics and Public Health - 2026, Volume 21, Issue 1 ORIGINAL ARTICLES

Re-analysis of the DISC Study10

associations with sex and weight-control behav-
iors. Journal of the American Dietetic Association. 
2004;104(2):233-7.

19.	 Nagata JM, Helmer CK, Wong J, Diep T, Domingue 
SK, Do R, et al. Social epidemiology of early adoles-
cent nutrition. Pediatric Research. 2025;98(3):885-
94.

20.	 Hingle MD, O’Connor TM, Dave JM, Baranowski 
T. Parental involvement in interventions to improve 
child dietary intake: a systematic review. Preventive 
medicine. 2010;51(2):103-11.

21.	 Muzaffar H, Difilipo KN, Fitzgerald N, Denton F, 
Idris R, Kurzynske J, et al. A systematic review of 
interventions to improve the diet of children. Journal 
of Public Health. 2026;34(1):53-69.

22.	 Murray EJ, Hernán MA. Adherence adjustment in 
the Coronary Drug Project: a call for better per-pro-
tocol effect estimates in randomized trials. Clinical 
Trials. 2016;13(4):372-8.

23.	 Salvia MG. The look AHEAD trial: translating les-
sons learned into clinical practice and further study. 
Diabetes Spectrum. 2017;30(3):166-70.

24.	 Schmied EA, Madanat H, Chuang E, Moody J, Ibar-

ra L, Cervantes G, et al. Factors predicting parent 
engagement in a family-based childhood obesity 
prevention and control program. BMC Public Health. 
2023;23(1):457.

25.	 Teixeira B, Afonso C, Oliveira A. Children’s adher-
ence to a healthy and environmentally sustainable 
dietary pattern based on the EAT-Lancet recommen-
dations: The role of the family environment. British 
Journal of Nutrition. 2025;133(4):522-31.

26.	 Lagström H, Jokinen E, Seppänen R, Rönnemaa T, 
Viikari J, Välimäki I, et al. Nutrient intakes by young 
children in a prospective randomized trial of a 
low—saturated fat, low-cholesterol diet: the STRIP 
Baby Project. Archives of pediatrics & adolescent 
medicine. 1997;151(2):181-8.

27.	 Monnard C, Fleith M. Total fat and fatty acid intake 
among 1–7-year-old children from 33 countries: 
comparison with international recommendations. 
Nutrients. 2021;13(10):3547.

28.	 Snetselaar L, Bailey R, Sabaté J, Van Horn L, Schnee-
man B, Bahnfleth C, et al. Types of dietary fat and 
cardiovascular disease: a systematic review. 2022.


	_Ref214272993
	_Ref214273005
	_Ref214273017

