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Abstract
Background: Childhood obesity is associated with several
complications, including cardiovascular comorbidity.
Several biomarkers, such as high-sensitive C-reactive
protein (hs-CRP), proform of eosinophil major basic
protein (Pro-MBP) and pregnancy associated plasma
protein-A (PAPP-A), have equally been linked to increased
cardiovascular susceptibility. This study investigates
these biomarkers during weight loss and regain in obese
children.
Materials and methods: A longitudinal study during a
12-week weight loss program with a 28 months follow-up
was conducted. Anthropometrics and plasma concentrations of hs-CRP, Pro-MBP, and PAPP-A were measured at
baseline; at days 14, 33 and 82 during weight loss; and at
months 10, 16, and 28 during follow-up.
Results: Fifty-three boys and 62 girls aged 8–15 years
with a median body mass index (BMI) standard deviation score (SDS) at baseline of 2.78 (boys), and 2.70 (girls)
were included. Ninety children completed the weight loss
program and 68 children entered the follow-up program.
Pro-MBP and PAPP-A, but not hs-CRP, exhibited individual-specific levels (tracking) during weight loss and
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regain. The PAPP-A/Pro-MBP correlation was strong,
whereas the hs-CRP/PAPP-A correlation was weak during
weight fluctuations.
Conclusion: Hs-CRP changes reflect weight changes.
PAPP-A and Pro-MBP exhibited tracking during weight
perturbations and may contribute as early risk markers of
cardiovascular susceptibility.
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Introduction
Childhood obesity is associated with a wide variety of
comorbidities (1). Of particular interest is the strong association between cardiovascular disease and obesity (2).
For this reason, it is important to risk stratify obese individuals to reduce future cardiovascular morbidity and
mortality (3). Several biomarkers may aid herein, but their
relationship with weight changes in a pediatric setting has
yet to be fully elucidated.
Childhood obesity has been shown to be accompanied
by elevated concentrations of high-sensitivity C-reactive
protein (hs-CRP) (4–6). In adults, hs-CRP has been found
to be closely associated with early atherosclerotic changes
represented by carotid plaque formation (7). Hs-CRP may
also serve as a complementary quantitative inflammatory biomarker for clinical practice in acute coronary syndrome (8) and hypertension (9).
High pregnancy associated plasma protein (PAPP-A)
has been shown to be significantly correlated to cardiovascular risk factors (10). PAPP-A has also been reported
as a biomarker of acute coronary syndrome (11) and acute
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ST elevation myocardial infarctions (12, 13). Free PAPP-A
seems to be superior than total PAPP-A concentrations in
predicting non ST-elevation acute coronary syndrome (14).
PAPP-A concentrations are associated with poor prognosis
during long-term follow-up in patients with chronic stable
angina pectoris (15), and seems to be associated with atherosclerotic plaque instability (16, 17). However, a recent
study has reported that PAPP-A seems to increase after the
administration of heparin, a finding that may influence
the presumed association between PAPP-A and acute ST
elevation myocardial infarctions (18).
Proform of eosinophil major basic protein (Pro-MBP)
has been found to function as a proteinase inhibitor of
PAPP-A and bind into a PAPP-A/Pro-MBP complex (19),
which may implicate Pro-MBP in pathways that link
PAPP-A with atherosclerotic development. However, the
extent to which hs-CRP, Pro-MBP, and PAPP-A concentrations are defined by genetic factors has yet to be assessed.
If the genetic influence is considerable, concentrations of
hs-CRP, Pro-MBP, and PAPP-A would exhibit tracking over
time.
A genetically based risk factor, which can exhibit
tracking over time, is potentially a good biomarker in the
early identification of individuals with potential susceptibility to later cardiovascular disease. Such early identification of potential severe cardiovascular disease would be
valuable in health-care preventive strategies.
In the present longitudinal study, concomitant concentrations of hs-CRP, Pro-MBP, and PAPP-A were analyzed
during weight perturbations in severely obese children, so
as to evaluate whether these atherosclerotic risk factors
were affected with a lowered or regained degree of obesity.

Materials and methods
Design and subject
Obese children were examined on days 1 (baseline) 14, 33, and 82 during a 12-week weight loss program (20, 21), and at months 10, 16, and
28 during the follow-up program. The Scientific Ethical Committee of
Copenhagen approved the study, and written informed consent was
obtained from all participants and their parents.

Procedures
Height was measured by stadiometer to the nearest 5 mm. Weight
was measured to the nearest 0.1 kg on a SECA Delta Scale (model
707, SECA, Bradford, MA, USA). Body mass index standard deviation score (BMI SDS) was calculated using growth data generated in
Danish children (22). The developmental pubertal stage was rated

according to Tanner after evaluating pubic hair, breasts, and testicular size by Prader’s orchidometer.
After an overnight fast, venous blood samples were collected
from each child between 7:00 and 8:30 h during the weight loss program, and between 8:00 and 9:00 h during follow-up. The serum was
stored at –80°C until analysis.
Hs-CRP was measured in sera by the ultra-sensitive CRP immunofluorescent assay (Brahms, Hennigsdorf, Germany) and run on the
Kryptor analyser (Brahms, Hennigsdorf, Germany) using time-resolved
amplified cryptate emission technology. The analyses were performed
as single measurements on automated equipment, and outliers were
automatically re-measured. The within- and between-assay variations
were 5.1% and 14.2%, respectively, in the low concentration area. The
quantification limit of the assay was 0.06 μg/mL CRP. The measured
hs-CRP values below the detection limit were given the value 0.06 μg/
mL during analysis. Hs-CRP values >20 μg/mL were excluded from statistical analysis due to suspicion of infection in these children (viral
infections were prevalent in Denmark at that time).
PAPP-A was quantified essentially as previously described (23)
by use of a biotin-tyramide amplified enzyme immunoassay, with a
polyclonal anti-PAPP-A polyclonal antibody (24) as capture antibody
and a combination of monoclonal antibodies (25) for detection. The
detection limit was 0.03 mIU/L and the intra- and inter-assay variabilities were 10% and 15%, respectively. The assay was calibrated
against the World Health Organization’s international reference
standard 78/610.
Pro-MBP was quantified as total pro-MBP as previously
described (24). Briefly, Pro-MBP complexes were quantified by an
enzyme immunoassay using a polyclonal rabbit anti PAPP-A/ProMBP developed at Statens Serum Institute, Copenhagen, as catching antibody, and a mouse monoclonal anti-Pro-MBP (HYB 234-10,
Statens Serum Institute, Copenhagen) as detection antibody (25).
The functional sensitivity was 3.9 mIU/L, and the intra- and interassay variations were both < 5%. The assay was calibrated against the
World Health Organization’s international reference standard 78/610.

Statistical methods
Given that the distribution of hs-CRP, Pro-MBP, and PAPP-A concentrations were right-shifted, a log-transformation was performed in
order to achieve approximate normality and variance homogeneity.
Tracking was assessed using Pearson correlation coefficients between
the first measurement and later measurements of the same variable.
In order to perform longitudinal analysis, multivariate linear
regression models were applied (26). We chose an unstructured
model for the covariance (27) in order to avoid bias originating from
the missing observations during the longitudinal analysis.

Results
During the study, 232 children were identified as eligible
and 115 children aged 8–14 years agreed to participate.
Ninety children completed the weight loss program, and
68 engaged in follow-up. Of these, only 44 children completed all examinations in the follow-up program, yielding
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retention rates of 78% during weight loss and 65% during
follow-up.
At baseline, the median BMI SDS was 2.79 in boys and
2.70 in girls. The median BMI SDS was reduced by –1.0
BMI SDS in boys (p < 0.0001) and by –0.9 BMI SDS in girls
(p < 0.0001) during weight loss. During follow-up, BMI-SDS
increased by 0.6 BMI SDS in boys (p < 0.0001) and by 0.8
BMI SDS in girls (p < 0.0001) (Table 1). Children dropping
out were no different with respect to baseline age (median
age of 12.1 years in boys and girls), but those dropping out
were heavier with a baseline mean BMI SDS of 2.91 ± 0.60
compared with those completing the study who had a
mean BMI SDS of 2.62 ± 0.57 (p = 0.023).
In both genders, the hs-CRP concentrations were
slightly elevated at baseline, and the degree of hs-CRP elevation was correlated to BMI SDS (r = 0.31, p = 0.05 in boys
and r = 0.56, p < 0.0001 in girls) (Table 1). During weight
loss, hs-CRP had a tendency to decrease in boys and girls
and then increase during regain. The hs-CRP were dependent on BMI SDS during both weight loss and regain and a
multiple regression analysis showed a positive association between BMI SDS and hs-CRP, i.e., an increase of 1 SD
in BMI was associated with an increase in hs-CRP by 60%
(CI 12%–128%, p = 0.01) in boys, and an increase in hs-CRP
by 88% (CI 26% to 179%, p = 0.002) in girls.
Multiple regression analysis revealed an inverse association between Pro-MBP and BMI SDS in boys, i.e., an
increase of 1 SD in BMI was associated with a decrease
in Pro-MBP by 9.9% (CI 2.2%–18.3%, p = 0.01), whereas
no relationship was established between Pro-MBP and
BMI in girls, and an increase of 1 SD in BMI was associated with a 3.2% (CI 3.9%–10.9%, p = 0.39) higher Pro-MBP
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level. No relationships were observed between BMI SDS
and PAPP-A during either weight loss or follow-up (data
not shown).
The correlation coefficients and associated p-values
between hs-CRP and PAPP-A and between Pro-MBP and
PAPP-A are shown in Table 2. There was a strong correlation between Pro-MBP and PAPP-A, whereas the correlation tended to be inverse between hs-CRP and PAPP-A, but
was weak overall.
Table 3 shows partial correlation coefficients of
repeated measures of hs-CRP, Pro-MBP and PAPP-A where
the baseline measurement is compared with a later measurement (e.g., baseline hs-CRP compared with month 16
hs-CRP in each child, etc.), which revealed strong tracking of Pro-MBP and PAPP-A during both weight loss and
regain. Tracking indicated that in any given individual,
Pro-MBP and PAPP-A had a tendency to remain in the same
specific layer in the distribution of that variable during
weight loss and regain. Initially, hs-CRP also exhibited a
strong degree of tracking without adjustment for BMI SDS
(data not shown), but when BMI SDS and pubertal development were adjusted for (partial correlation coefficients)
tracking of hs-CRP became less obvious (Table 3). Such a
tendency (dependent on BMI SDS and pubertal development) was not observed with regards Pro-MBP or PAPP-A
(data not shown).

Discussion
The present longitudinal study of obese children showed
that hs-CRP declined during weight loss and increased

Table 1 BMI SDS, hs-CRP, Pro-MBP, and PAPP-A expressed as means and corresponding standard deviations during weight loss (days 1–82)
and follow-up (day 82–28 months).
Days

Boys, n
BMI SDS
Hs-CRP, μg/mL
Pro-MBP, IU/mL
PAPP-A, mIU/mL
Girls, n
BMI SDS
Hs-CRP, μg/mL
Pro-MBP, IU/mL
PAPP-A, mIU/mL

Months

1

14

33

82

10

16

28

56/41
2.8 ± 0.7
3.2 ± 4.0
1.7 ± 0.5
6.3 ± 2.4
61/46
2.7 ± 0.7
3.5 ± 4.0
1.3 ± 0.4
5.1 ± 3.4

45/38
2.5 ± 0.6
1.2 ± 1.3
1.7 ± 0.6
6.2 ± 2.4
52/41
2.3 ± 0.7
1.7 ± 3.2
1.4 ± 0.4
5.5 ± 3.6

44/33
2.4 ± 0.6
1.6 ± 3.0
1.6 ± 0.5
5.9 ± 1.8
48/40
2.1 ± 0.7
1.6 ± 2.9
1.4 ± 0.4
5.3 ± 1.7

42/30
1.8 ± 0.6
0.7 ± 0.9
1.6 ± 0.5
5.9 ± 1.9
46/32
1.8 ± 0.7
1.8 ± 3.0
1.4 ± 0.4
5.3 ± 1.8

29/27
2.1 ± 0.8
1.5 ± 1.8
1.5 ± 0.5
5.7 ± 1.7
33/29
2.1 ± 0.6
1.7 ± 2.6
1.4 ± 0.6
6.1 ± 5.0

26/23
2.3 ± 0.7
1.6 ± 3.3
1.5 ± 0.5
5.3 ± 1.7
33/29
2.3 ± 0.7
1.5 ± 1.8
1.2 ± 0.5
4.8 ± 2.0

24/17
2.4 ± 0.7
2.0 ± 2.4
1.5 ± 0.4
5.1 ± 1.6
22/11
2.3 ± 0.9
2.2 ± 3.7
1.3 ± 0.7
4.6 ± 1.5

BMI SDS, body mass index standard deviation scores; hs-CRP, high sensitive C-reactive protein; PAPP-A, pregnancy associated plasma
protein A; Pro-MBP, proform of eosinophil major basic protein. Numbers shown are for those having measures of BMI SDS over the slash,
and for those with additional measures of hs-CRP, Pro-MBP, and PAPP-A under the slash.
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Table 2 Correlation coefficients between hs-CRP and PAPP-A and between Pro-MBP and PAPP-A during weight loss (days 1–82) and followup (day 82–28 months).
Days

Boys, n
Hs-CRP/PAPP-A
p-Value
Pro-MBP/PAPP-A
p-Value
Girls, n
Hs-CRP/PAPP-A
p-Value
Pro-MBP/PAPP-A
p-Value

Months

1

14

33

82

10

16

28

41
–0.12
0.45
0.55
0.0002
46
0.01
0.93
0.45
0.002

38
–0.21
0.20
0.60

33
–0.19
0.29
0.49
0.004
40
–0.33
0.04
0.34
0.03

30
0.16
0.41
0.68

27
0.32
0.11
0.46
0.02
29
–0.26
0.18
0.48
0.008

23
–0.50
0.02
0.59
0.003
29
–0.41
0.03
0.54
0.002

17
–0.50
0.04
0.37
0.15
11
–0.80
0.003
0.48
0.13

a

41
–0.004
0.98
0.31
0.045

a

32
–0.29
0.11
0.49
0.004

hs-CRP, high sensitive C-reactive protein; PAPP-A, pregnancy associated plasma protein A; Pro-MBP, proform of eosinophil major basic
protein; aIndicates a p-value below 0.0001.

during weight regain, whereas concentrations of PAPP-A
and Pro-MBP were relatively stable. The hs-CRP concentrations were associated with BMI SDS, i.e., a difference of 1 SD
in BMI was associated with a 60% increase in hs-CRP in boys
and an 88% increase in hs-CRP in girls. Further, Pro-MBP
and PAPP-A both exhibited a strong degree of tracking
during both weight loss and regain in boys and girls.
A previous report has suggested that it is not the elevated hs-CRP per se that is linked to ischemic heart disease,
because high CRP concentrations seen in subjects with four
CRP polymorphisms are not associated with an increased

risk of ischemic heart disease (28). Instead, the high CRP
concentrations seen in obese children (4–6), along with
the finding that elevated CRP concentrations are associated with ischemic vascular disease (29–31), suggest that
the changes in hs-CRP shown in the present study may
indicate two things: hs-CRP is a marker of the non-specifically inflammatory process seen in the development of
obesity, and there is a possible associated development of
atherosclerosis. In the current study, the hs-CRP concentrations seen at 10 and 16 months during weight regain were
comparable with the hs-CRP concentrations at the last

Table 3 Partial correlation coefficients between baseline hs-CRP, Pro-MBP, and PAPP-A compared with later measurements of hs-CRP,
Pro-MBP, and PAPP-A, respectively, during weight loss during weight loss (day 1–82) and follow-up (day 82–28 Months). Partial inclined
adjustment for BMI SDS and pubertal development.
Days

Months

Day 1 vs.

1

14

33

81

10

16

28

Boys, n
Hs-CRP
p-Value
Pro-MBP
p-Value
PAPP-A
p-Value
Girls, n
Hs-CRP
p-value
Pro-MBP
p-value
PAPP-A
p-Value

41
1.0

30
0.59
0.0009
0.84

26
0.14

26
0.06

21
0.40

a

a

a

0.71
0.71

0.65
0.002
0.76

11
0.73
0.02
0.59

0.88

0.58
0.002
0.86

16
0.64
0.01
0.83

a

a

a

a

32
0.36
0.048
0.85

26
0.19

23
0.17

1.0

34
0.40
0.02
0.85
a

a

a

a

a

b

1.0

0.96

0.68

0.26

a

a

0.50
0.01

0.51
0.02

0.79
0.02

1.0

a

1.0
46
1.0

a

b

b

0.87

0.74

b

a

b

0.77
0.0009
23
0.53
0.01
0.77

0.88
0.0007
9
–0.10
b

0.57

hs-CRP, high sensitive C-reactive protein; PAPP-A, pregnancy associated plasma protein A; Pro-MBP, proform of eosinophil major basic
protein. aIndicates a p-value below 0.0001. bIndicates a p-value above 0.05. Numbers of children were lower, since the tracking analyses
required that the same individual had two consecutive measures of the same biomarker in each interval.
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measurement at weight loss. This finding suggests that it
takes some time to rebuild such an inflammatory state
during continuous weight regain after a significant weight
loss in children.
During weight loss and regain, concentrations of
PAPP-A and Pro-MBP were relatively stable in the present
study. An inverse association between Pro-MBP and BMI
SDS in boys was shown, whereas no such association was
shown in girls or between PAPP-A and BMI SDS. On the
one hand, the correlation was strong between PAPP-A and
Pro-MBP. This may reflect indicate that Pro-MBP functions as a proteinase inhibitor of PAPP-A, and binds into a
PAPP-A/Pro-MBP complex (19). These findings may imply
that pro-MBP indirectly interact in atherogenic development, as suggested by several recent studies regarding
PAPP-A (11–18). However, similar associations between
Pro-MBP and atherosclerosis have not been established.
On the other hand, the correlations between hs-CRP
and PAPP-A were weak. This suggests that hs-CRP and
PAPP-A function in separate and independent biological
pathways, i.e., they do not seem to interact in the same
processes linking childhood obesity and atherosclerosis.
Further, tracking of hs-CRP declined when BMI SDS and
pubertal development were adjusted for in the tracking
analyses. This finding also suggests that a considerable
proportion of the hs-CRP changes recorded during changes
in weight may be dependent on the concomitant changes
in BMI SDS and pubertal development, and thus, may
seem less associated with atherosclerosis and PAPP-A.
A high degree of PAPP-A and Pro-MBP individual specific values persisted during both weight loss and regain
in the present study despite concomitant adjustment for
BMI SDS. This finding indicates a strong degree of tracking, possibly reflecting a considerable genetic influence
over time in these obese children.
Considering the strong associations between hs-CRP
and PAPP-A on the one hand, and cardiovascular disease
on the other hand (7–9, 11–18), it is intriguing that especially PAPP-A concentrations were stable during perturbations in weight, which may render PAPP-A as a candidate
for a biomarker of later cardiovascular disease.
Some possible confounding influences on the findings in the present study should be acknowledged. As
an example, the common cold is prevalent in Denmark;
therefore, concentrations of hs-CRP > 20 μg/mL were
excluded from statistical analysis in order to eliminate the
influence of infections in the obese children.
Much effort was done to increase retention, but the
drop-out rate and resulting attrition of children participating in the present study may have weakened the established relationships and associations among changes in
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BMI SDS, hs-CRP, PAPP-A, and Pro-MBP. Those dropping
out had the same age, but were heavier than those children who completed the study. More importantly, it is not
uncommon for pediatric weight management studies to
report retention rates ranging from 20 to 50% (32), which
is why our retention rate of 78% during weight loss and
65% during follow-up can be comparatively considered as
acceptable.
Both the ultra-sensitive CRP immunofluorescent
assay and the assay for PAPP-A (biotin-tyramide amplified enzyme immunoassay with a polyclonal anti-PAPP-A
polyclonal antibody) exhibited some inter-assay variability, whereas the intra-assay variability was low. Any variation in the assay results would lead to an underestimation
of the observed relationships, because greater variability
would most likely have weakened the relationships established in the present study.
According to earlier cross-sectional studies, hs-CRP
and PAPP-A may have a prognostic value of atherosclerotic vascular disease (7–9, 11–13, 15–17, 29–31). In addition, tracking of PAPP-A during weight perturbations may
render PAPP-A as a potential marker of depicting younger
individuals at risk for developing later cardiovascular
disease. However, larger long-term prospective studies are
required to determine the efficacy of PAPP-A in providing
early identification of individuals with an increased risk
for cardiovascular disease.
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