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Abstract
Objectives To assess the stability of lipid profiles throughout childhood and evaluate their onset and dynamic.

Materials and methods Lipid markers were longitudinally measured in more than 1300 healthy children
from the LIFE Child study (Germany) and categorized into normal, at-risk, or adverse. Year-to-year intra-person persis-
tence of the categories during follow-ups was examined and Pearson’s correlation coefficient was calculated.

Results We found strong positive correlations for TC, LDL-C and ApoB (r>0.75, p <0.001) from the age of four years.
Correlations were lowest during the first two years of life. Most children with normal levels also had normal levels

the following year. Children with at-risk levels showed a tendency towards normal levels at the follow-up visit. Adverse
levels of TC, LDL-C, ApoB (all ages), and HDL-C (from age 15) persisted in more than half of the affected children. Age-
dependent patterns of stability were most pronounced and similar for TC, LDL-C, and ApoB.

Conclusions Normal levels of serum lipids show high stability and adverse levels stabilized in early childhood for TC,
LDL, and ApoB. At-risk and adverse levels of TC, LDL-C or ApoB may warrant further or repeated diagnostic measure-

ments with regards to preventing CVD in the long run.
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Introduction

Cardiovascular diseases (CVD) are the leading cause of
death globally [1] and in Germany [2, 3]. Known risk fac-
tors include unfavorable lipid profiles [4, 5], which have
often been present for years before the actual diagnosis of
CVDs [4, 6]. Whilst unfavorable levels of total cholesterol
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(TC), low- and high-density lipoprotein cholesterol
(LDL-C, HDL-C), triglycerides (TG), and apolipoproteins
A1 and B (apolipoprotein A, apolipoprotein B) are related
to distinct BMI trajectories [7—16] and weight status [17—
22], they may promote the pathogenesis of atherosclero-
sis [23] independent of BMI [24, 25].

Therefore, monitoring blood lipid levels could help
prevent the development of CVD by identifying suscep-
tible individuals as early as possible. Studies from vari-
ous countries such as the US [26], China [27], Iran [28]
or Northern Europe [29, 30] have reported the influ-
ence of sex, age and ethnicity on serum lipids. In Ger-
many, percentile curves for serum lipids based on large
cohort studies of healthy children showed considerably
varying levels throughout childhood. Higher levels were
seen during the first three years and following puberty.
Girls tended to have higher levels than boys [31-33]. The
prevalence of dyslipidemia in Germany was reported to
be similar to the prevalence in the United States [31]. In
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light of this, the transition to, respective the persistence
of, (non-)pathological serum lipid status during child-
hood, adolescence, and early adulthood is of interest as
it may indicate increased risk for later CVD. Establish-
ing better understanding of the dynamics of lipid profiles
throughout childhood is important when considering the
implementation of screening protocols for susceptible
individuals.

Longitudinal studies such as the Bogalusa heart study
[34-36], the Project Heartbeat! [37, 38] and others [26,
39-42] indicate that unfavorable lipid profiles are likely
to persist during childhood into adulthood. However,
studies often comprised only two waves of data collec-
tion [34, 35, 40, 41]. Thus, they fail to identify the peri-
ods when serum lipid levels find their future, stable level.
Moreover, infancy and early childhood are rarely exam-
ined. One study reported lipid levels from six months to
four years of age but did not include further follow-up
measurements [43]. Two studies analyzed lipid levels in
cord blood, with the first follow-up measurement not
before the age of six [44, 45]. Another study investigated
children aged 4-18 years at baseline but included only
one follow-up (four years later) [34]. Yet another study
followed children at 4-month intervals for four years but
did not include children younger than eight years [37, 38].
Similarly, some other study could show tracking and age-
dependency for children aged 11-14 years [46]. Therefore,
year-to-year intra-person data may complement those
studies by identifying periods during which lipid levels
stabilize. To our knowledge, there is no study covering the
entire age range from three months to 18 years of age.

This study aimed to examine lipid profile trajectories
between 0.25 and 18 years of age. We addressed the follow-
ing questions: Are serum lipid levels (TC, LDL-C, HDL-C,
TG, apolipoprotein A, apolipoprotein B) stable throughout
childhood? Does the stability depend on age? Are there
differences between those laboratory parameters?

Methods

Study population

The current study is part of the LIFE Child study. LIFE
Child study is an ongoing longitudinal and observa-
tional study program based in Leipzig (Germany) which
assesses the development of healthy children aged
between 0 and 18 years with annual follow-up visits. It
consists of three cohorts. The LIFE Child Birth cohort
includes children up to age one. The LIFE Child Health
cohort includes children between the ages of one and
20 with a variable age of initial participation. Children
from the LIFE Child Birth cohort are usually integrated
in the LIFE Child Health cohort. The LIFE Child Obe-
sity cohort includes children between the ages of six and
20 years with a BMI > 97th percentile of German age- and
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sex-specific norms according to the guidelines of the Ger-
man Working Group on Childhood and Adolescent Obe-
sity (AGA) of the German Obesity Society (DAG) and the
German Society of Pediatrics and Adolescent Medicine
(DGK]) [47]. Study participants are recruited from the
general public or the University hospital Leipzig. Chil-
dren with syndromic disorders are excluded [48]. Thus,
except for the LIFE Child Obesity cohort, study partici-
pants are generally assumed to be healthy. The study was
approved by the Ethical Committee (Institutional Review
Board [IRB]) of the Medical Faculty, University of Leipzig
(reg. no. 477-19-ek-03122020). Informed consent to par-
ticipate was obtained from all subjects and/or their legal
guardian(s). More information on the LIFE Child study,
the recruitment of study participants, the study popula-
tion and the assessments carried out during each visit are
described in detail elsewhere [48, 49]. The current study
used anthropometry measurements as well as the assess-
ment of blood samples from children of all three cohorts
recruited between 2011 and 2020. In a first step, children
were excluded based on laboratory measurements as in
particular impaired liver and/or renal function would
influence serum lipids. Thus, children with pathological
levels of alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), HbAlc, creatinine, gamma glutamyl
transpeptidase (GGT) or thyroid-stimulating hormone
(TSH) were excluded. In a second step, children with no
follow-up visits were excluded.

Lipid measurements

Age- and weight-adapted volumes of venous blood were
taken in the morning. From the age of seven, children
were asked to fast eight hours. In case of non-adherence
to adequate fasting times, this was documented using
standardized questionnaires [49]. Blood samples have
been processed at the Leipzig Medical Biobank following
standardized operating procedures. Serum lipids were
measured using a Cobas 8000 Clinical Chemistry Ana-
lyzer (Roche Diagnostics GmbH, Mannheim, Germany;
1st gen. used until 18.03.2016, 2nd gen. afterwards) at
the Institute for Laboratory Medicine of the University of
Leipzig. TC, HDL-C, LDL-C, TG were determined using
a validated specific homozygous enzymatic color test.
Apolipoprotein A and apolipoprotein B were determined
by an immunological turbidimetric test.

Statistical analysis

From the age group 2 upwards, age was categorized as
rounded chronological age (e.g., age group 2 consists of
children aged 1.5 to <2.5 years of age and so forth up to
age group 18 (17.5 to<18.5 years of age). Because dur-
ing the first year of life, there were three planned vis-
its at three, six and twelve months of age, those were
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defined as three additional age groups (age groups
3 M, 6 M and 1) We converted TC, LDL-C, HDL-C,
TG, apolipoprotein A, and apolipoprotein B to stand-
ard deviation scores (SDS), using previously published
references based on the entire LIFE Child cohort [31].
Lipid profiles were categorized based on age- and sex-
specific SDS. Comparable to other studies, SDS<0.67
(75" percentile) (or>-0.67 (25" percentile) for HDL-C,
apolipoprotein A) were referred to as normal levels of
serum lipids. For unfavorable levels, studies have used
different cut-off values between 0.67 and 1.28 SDS (75
and 90" percentile) [5, 34, 35]. According to a German
guideline for diagnosis and treatment of hyperlipidemia
in children and adolescence from 2015, serum lipids
roughly equivalent to>75th percentile are described as
borderline and serum lipids roughly equivalent to > 95th
percentile as high [50]. Generally, no apparent consen-
sus regarding which SD scores should be used seems to
exist. Reflecting that overweight is usually defined as
BMI > 90" percentile [51] and in accordance with pre-
vious research, unfavorable lipid profiles were defined
in our study as age- and sex-specific SDS>1.28 (90"
percentile, for TC, LDL-C, TG, and apolipoprotein B)
and<-1.28 (10" percentile, for HDL-C and apolipo-
protein A), respectively [8, 21, 52]. We refer to these
as adverse levels of serum lipids. Neither normal nor
adverse SDS (i.e., 0.67 to 1.28 SDS or, in the case of
HDL-C and apolipoprotein A -1.28 to -0.67 SDS) are
referred to as at-risk levels of serum lipids.

Descriptive statistics were given as means and standard
deviation for all continuous and counts and percentages
for all categorical variables. We calculated the Pearson’s
product-moment correlation (r) for SDS values of TC,
LDL-C, HDL-C, TG, apolipoprotein A, and apolipopro-
tein B for each pair of consecutive visits. Further, we esti-
mated the likelihood of belonging to one of the groups
normal, at risk, or adverse stratified by the group mem-
bership the year before as prospective relative frequencies
(pRF) (e.g., the likelihood of being assigned to the group
with adverse levels of TC at age five when being in that
same group at age four). For visualization of trends, pRF
were modeled dependent on age using locally weighted
regression. A sensitivity analysis regarding the effects of
including the LIFE Child Obesity cohort was carried out.
The preparation and analysis of the data were carried out
with the free statistical software R version 4.0.5 [53].

Results

Population characteristics

The initial dataset consisted of 16927 measurements
from 4653 children. Of those, 1313 children aged
three months to 18 years (652 female) had at least two
data points for one or more of the parameters TC,
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LDL-C, HDL-C, TG, apolipoprotein A or apolipopro-
tein B. Finally, 3809 measurements were included. The
median number of measurements per child was three,
the maximum number was nine. On average, 103 chil-
dren per age group were included (min. n=28, max.
n=221). The data was equally distributed across both
sexes (50.3% male children). The mean BMI SDS was
0.12 with female presenting a higher mean than male
children (0.14 vs 0.10). Girls entered puberty, based on
Tanner stages, earlier than boys. Supplement 1 gives an
overview of clinical and sociodemographic characteris-
tics of the study population.

Levels of serum lipids

In Table 1, mean and standard deviation for all labora-
tory parameters are presented stratified by group (nor-
mal, at-risk or adverse). For all parameters and age
groups, approximately 75% of the measurements were
categorized as normal. Approximately 15%/10% were cat-
egorized as at-risk/adverse, respectively. Supplement 2
shows the mean lipid levels stratified by age.

Correlations between subsequent measurements

We found strong positive correlations for LDL-C
(0.76<r<0.87), apolipoprotein B (0.73<r<0.83), and
TC (0.71 <r<0.81) from the age of four years. For HDL-C
and apolipoprotein A, the correlations were slightly
lower and varied between r=0.63 and r=0.86 (HDL-C)
and r=0.56 and r=0.78 (apolipoprotein A), respectively.
TG reached comparable stability only from the age of
nine years (0.53 <r<0.64). In general, correlations were
lowest and least stable during the first three years of life,
with correlations between r=0.35 and r=0.82 for HDL-
C, LDL-C, apolipoprotein B, and TC. For apolipoprotein
A and TG, r reached values of approximately 0.3 during
the same age range. Only the correlations between the
measurements at three and six months and two and three
years of age were slightly higher, in the case of the former,
most likely due to the shorter time gap between them.
The correlations are shown in detail in Fig. 1.

Risk profile trajectories

Most children with normal levels also had normal lev-
els the following year. Again, this was especially true
from the age of four, with nearly all pRFs>80%. But even
before, none of the pRFs was below 70%. With values of
approximately 90%, the pRFs were particularly high for
TC, LDL-C, and apolipoprotein B (from the age of four),
which is consistent with the high correlations described
above. In addition, children with normal levels of serum
lipids were unlikely to develop adverse or at-risk levels
the following year (Supplement 3-8 and Additional file 2:
Figs. 4-9).
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Fig. 1 Pearson’s product moment correlation coefficient by age group; n=number of children included

In general, for children in the at-risk group, having
normal values the subsequent year was approximately
as likely as having at-risk or adverse levels combined.
The pRFs for normal levels the following year were
lowest for apolipoprotein B (36% < pRF <65%, with
increasing percentages with increasing age), reflect-
ing its stable pattern. Hence, one half up to two-thirds
of children having at-risk apolipoprotein B-values
had also at risk values the following year. For TC
and LDL-C, between 44 and 59% of the at-risk group
switched back to normal the following year. The rates
did not show a clear age trend. The percentage of per-
sistent at-risk values was lowest in TG between three
and seven years of age (11% < pRF <20%); i.e., most
of these children switched back to mormal within
one year (Supplement 3-8 and Additional file 2:
Figs. 4-9).

Concerning children with adverse serum lipid levels,
we found two distinct groups of lipids: apolipoprotein B,
LDL-C, and TC showed relatively stable percentages of
persistent adverse levels from the age of one year, highest
for LDL-C (57% < pRF <74%). For apolipoprotein B and

TC, the percentages varied between 45 and 79%. Between
the 3-months and the 6-months measurement, the rates
of persistent adverse values were lowest. For HDL-C
and TG, the rates of persistent adverse values were low
for younger ages but increased with increasing age. The
trend was most pronounced for HDL-C, where pRF was
below 20% during the first two years of life but reached
rates>50% from the age of 12 years. There was no clear
trend for apolipoprotein A, with rates varying between
28 and 43%. Figure 2 shows the pRF trajectories for chil-
dren with adverse levels of serum lipids in two consecu-
tive years.

Discussion

Tracking unfavorable serum lipid levels has been used
before to examine whether or not they remain stable over
time [41]. Earlier studies have described the respective
trajectories from childhood to young adolescence [26, 34,
35, 40, 44], as well as into adulthood [34, 35, 54]. Based
on 3809 lipid measurements from 1313 children, we ana-
lyzed year-to-year changes throughout childhood (three
months to 18 years of age).
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Fig. 2 Relative frequencies of children with persistent adverse serum levels for TC, LDL-C, apolipoprotein B (left side) and TG, HDL-C, apolipoprotein

A (right side)

Tracking of serum lipids

In line with the Bogalusa Heart Study [34] and the
Pune Children’s study [40], our study showed differ-
ences in the age-dependent stability of lipid levels
between children of a German cohort with normal
and adverse levels of serum lipids. In addition, our
findings imply that children with at-risk serum lipid
levels should be monitored as the levels tend to show
high variability with a certain risk of switching to
adverse levels.

Children with normal serum lipid levels showed high
stability for all parameters irrespective of the children’s
age. Studies investigating in particular low or normal
serum lipid levels reported similar findings [34, 40, 55].
Notably, in children with adverse levels of TC, LDL-C
or apolipoprotein B, comparable stability was observed
(s. Fig. 2 and for LDL-C Fig. 3). This aligns with other
studies [41], which also found higher stability for
TC [42] and LDL-C [34, 39-41, 56] than for TG and
HDL-C [55]. As our study population also comprised
an obese subcohort (LIFE Child Obesity), we repeated
our analysis for TC, LDL-C and apolipoprotein B on

the normal-weight subcohort. No differences in Pear-
son’s product-moment correlation and rPF were found,
indicating that our findings were not sensitive to the
inclusion of obese subjects (Supplement 9).

Children with at-risk levels of serum lipids were—in
general—as likely to show normal levels as they were to
show at-risk and adverse levels combined the following
year. Another study also reported a tendency towards
normalized levels, most likely because of regression
to the mean [36]. However, a comparison is generally
difficult, as different cut-off values (75™ or 80" percen-
tile) were used to define high-risk populations without
differentiation between at-risk and adverse lipid pro-
files [5, 34, 35]. A more granular categorization of the
former group into multiple subgroups might allow for
better analysis of the variability shown in our study and
an estimation which, if at all, cut-off values should be
used to differentiate normal and adverse from at-risk
lipid profiles. This would require sufficient data per
group which was not given in our study. Nonetheless,
our findings suggest that combining the at-risk and
adverse groups into a single group might overestimate
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Fig. 3 Mean relative frequencies of children with adverse serum levels of LDL-C at t1 and either normal, at-risk or adverse serum levels of LDL-C at t2

the magnitude of persistence in the risk category as
only adverse levels showed high stability. Still, the
high variability of the at-risk values compared to nor-
mal or adverse levels might warrant close monitoring,
nonetheless.

Age group dependent changes

Most studies on serum level trajectories are based on
time intervals considerably larger than our year-to-year
approach. This makes it difficult to identify critical age
spans in childhood development. Our data shows that
the variability varies with age. Therefore, a child’s age is
important when in assessing the predictive value of lipid
profiles.

First, adverse lipid profiles are more stable at a higher
age. This was particularly apparent for TC, LDL-C and
apolipoprotein B and has been reported before [34, 35,
39]. The steep increase in pRF for children with adverse
levels of HDL-C in our study is consistent with, e.g.,
Nicklas et al., who reported HDL-C levels to be rela-
tively stable. Yet, because they included children aged five
to 14 years at baseline, they were not able to grasp the
dynamic changes we described.

Second, our findings are in line with several studies
showing that puberty was associated with lower lev-
els of TC and LDL-C [26, 37, 38, 57]. Age-dependent
percentile curves show a similar pattern (pre-pubertal
increase, decrease during puberty and post-pubertal
increase) [31-33]. Studies have proposed that this fluc-
tuation cannot be fully explained by lifestyle-related
changes such as smoking or by changes in body mass
index [33]. Rather, pubertal changes and related vary-
ing levels of hormones such as growth hormone or tes-
tosterone have been proposed to promote changes in
serum lipids [38, 58]. Studies have also suggested the
importance of family history [59] and genetics [56].
Consequently, chronological age was not seen as reli-
able indicator for serum lipids during puberty [33].
Interestingly, the trends of relative frequencies mirror
this development. This is particularly true for adverse
levels of TC (Supplememt 3, Additional file 2: Fig. 4)
and, less pronounced, for LDL-C and apolipoprotein
B. The important question of whether pre-pubertal
adverse or at-risk levels track beyond puberty can only
indirectly be addressed by our year-to-year approach.
However, studies have shown relatively stationary
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measurements from pre- and post-puberty to adult-
hood [26, 34, 35]. Thus, the patterns seen in our study
should not be necessarily interpreted as an indication
that adverse levels of TC or LDL-C are only relevant
when occurring after puberty. Yet, the increased fluctu-
ation highlights the need for cautious interpretation of
lipid profiles during puberty. Additional studies exam-
ining tracking from pre- to post-puberty are needed.

This is particularly important as we found that TC,
LDL-C and apolipoprotein B start to level off earlier
than HDL-C and TG. Moreover, children with adverse
levels of TC, LDL-C and apolipoprotein B show a high
degree of stability in early childhood, even at two or
three years. Such early peak stability of adverse serum
lipids levels is all the more worth mentioning because
most studies lack the respective data from infancy and
early childhood [44], only including children aged five
years or older [26, 35, 40]. Furthermore, the results are
in line with patterns of BMI changes in early childhood
as reported in previous studies. In particular, an early
BMI increase was indicative of both high BMI in late
adolescence [60] and increased TC [22], non-HDL,
apolipoprotein B and apolipoprotein B/Al-ratio [10].
However, it is important to note that a sensitivity anal-
ysis showed that our main findings concerning TC,
LDL-C and apolipoprotein B were insensitive to the
inclusion of the LIFE Child Obesity cohort, highlight-
ing the fact that unfavorable lipid profiles may exists
before the definition of obesity is met. Therefore, the
described stability of adverse lipid profiles warrants
serious attention even at such a young age. As our
results suggest, this is particularly true for TC, LDL-C
and apolipoprotein B.

Our findings provide additional data supporting a
differentiated approach to screening for cardiovascular
risk factors in healthy children. Not all serum lipids are
equally suited as only TC, LDL-C and apolipoprotein
B showed considerable stability. This is important as
especially LDL-C is used for defining treatment goals
in clinical settings [61]. The fact that adverse lipid pro-
files tend to be stable throughout childhood and ado-
lescence suggests that children should be tested for
dyslipidemia in early childhood to identify those with
already elevated serum lipids. However, cautious inter-
pretation of such results is needed as serum lipids are
known to be influenced by various factors such as age,
sex, body composition and genetics. This highlights the
importance of an individual approach when assessing
a child’s lipid profile at young age. Possible diagnostic
and therapeutic consequences need to be considered.
Before proposing additional measures at such a young
age a thorough risk—benefit analysis which adequately
reflects the risk of attributing pathological laboratory
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measurements to young children and as well as act-
ing on the basis of possible false-positive results has
to take place. In all cases, the age of the child, its cur-
rent weight status [22], known risk factors for famil-
ial hypercholesterolemia and familial history of
cardiovascular events need to inform the decision
making process. This said, our study implies differ-
ing follow-up strategies after an initial blood sample.
As a rule of thumb, our study suggests that children
with normal serum lipids levels might not profit from
another test unless indicated for other reasons. Chil-
dren with at-risk serum lipids levels might profit from
another measurement post-puberty. Children with
adverse serum lipids levels should be assessed based
on their individual risk profile. If no additional cardio-
vascular risk factors are present, another measurement
post-puberty might suffice. Those with known addi-
tional risk factors should be monitored more closely.
In any case, general recommendations regarding eating
habits, exercise and aiming at normal weight should
be given [62]. Children with at-risk serum lipids levels
might profit from another measurement post-puberty.

Strengths and weaknesses

Our study could analyze 3809 measurements from
more than 1300 children, covering the age from
three months to 18 years. This allowed for the analy-
sis of dynamic changes during childhood, thereby
complementing already existing research based on
larger age spans. Standardized procedures (stand-
ardized time of blood withdrawal, standardized pro-
cessing, and analysis protocols) were carried out by
trained professionals. Sample processing and analy-
sis were performed by the same institute. Whilst
participants of the LIFE Child study often take part
in multiple follow-ups, gaps of sometimes several
years between those assessments are not uncom-
mon. Thus, not all children included had measure-
ments for all age groups. Due to our requirement
of two consecutive measurements, the number of
children included in our study varied for different
age groups. Especially for the age from two to four
years, fewer children were included. In general, the
yearly samples sizes were lower up to the age of five.
This may be due to the increased difficulty of taking
venous blood samples from very young children (no
consent of parents/no blood samples available/insuf-
ficient amount of serum). As our study indicates that
levels of certain serum lipids stabilize in early child-
hood already, further research focusing on these age
groups is needed. Lastly, it must be noted that the
composition of the LIFE Child study is slightly dis-
torted with regards to the social class as measured by
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the Winkler index. Children from socially disadvan-
taged families are underrepresented [63]. Nonethe-
less, previous work based on the LIFE Child cohort
has shown that in terms of prevalence of obesity
and dyslipidemia as well as familial hypercholester-
olemia, the LIFE Child cohort is representative for
the German population [31].

Conclusion

By analyzing serum lipid trajectories in healthy chil-
dren aged 0.25 to 18 years on a year-to-year basis,
our study complements already existing research. We
showed normal serum levels to be stable over time.
This was also true for adverse TC, LDL-C and apolipo-
protein B levels. We found adverse serum lipid levels
to be more and more stable with increasing age. More-
over, TC, LDL-C and apolipoprotein B were already
stable in early childhood and subject to presumably
puberty related changes. Our findings suggest that TC,
LDL-C and apolipoprotein B might be of higher pre-
dictive value than HDL-C, TG or apolipoprotein A.
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