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Sirtuin 1 serum concentration in
healthy children - dependence
on sex, age, stage of puberty,
body weight and diet

Anna Fedorczak®, Andrzej Lewiriski** and Renata Stawerska™*

tDepartment of Endocrinology and Metabolic Diseases, Polish Mother's Memorial Hospital — Research
Institute, Lodz, Poland, ?Department of Paediatric Endocrinology, Medical University of Lodz,
Lodz, Poland

Introduction: Sirtuin 1 (SIRT1) is known to be involved in sensing cellular energy
levels and regulating energy metabolism. This study aimed to evaluate fasting
serum SIRT1 levels in healthy children, and to analyse the influence of age, sex,
puberty, body weight, height, and diet on its concentration.

Methods: 47 healthy children aged 4-14 with weight and height within normal
range and no chronic disease were included into the study. Fasting serum SIRT1
concentrations were estimated by Enzyme Linked Immunosorbent Assay (ELISA).

Results: Results showed that serum SIRT1 concentrations in healthy children did
not differ with respect to sex, age, height, weight and puberty. Whereas, it
appeared that a higher frequency of fruits, vegetables and dairy products
consumption was associated with an increase in serum SIRT1 levels.

Discussion: Studying SIRT1 in the context of children’s health may have
implications for a broader understanding of growth processes, pubertal
development, metabolic disorders and nutrition.
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1 Introduction

The sirtuins are a family of nicotinamide adenine dinucleotide (NAD+)-dependent
deacylases that regulate many cellular processes (1). Among the seven currently known
types of sirtuins, sirtuin 1 (SIRT1) is involved in the cellular signal transduction and
metabolism, DNA repair, inflammation as well as regulation of cellular senescence and
aging (2-11). Despite numerous experimental studies on the importance of SIRT1 in the
human body, there is very limited data on the level of blood concentration of this protein in
humans. It should be noted that SIRT1 is directly engaged in intracellular GH signal
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transmission for IGF-1 secretion via modulation of JAK2/STAT
pathway, also in the regulation of GH release in the central nervous
system, as well as growth-plate chondrogenesis and longitudinal
bone growth (12-15). Thus, it can be assumed that the
concentration of SIRT1 should vary in dependence on age and
growth rate in children.

On the other hand, it is known that changes in SIRTI
concentration affects the function of the hunger and satiety
center, and the use of sirtuin activators promotes weight loss in
obese individuals (16). Whereas in a fasting state, caloric restriction
or malnutrition, SIRT1 intensifies catabolic processes and inhibits
anabolic processes to maintain homeostasis (17-19). SIRT1 is also
involved in regulating puberty (20). Moreover, there are some
natural substances contained in daily consumed foods that act as
sirtuin triggers (21-24). Thus, its concentration also probably varies
depending on the body mass, stage of puberty, as well as diet.

The aim of this study was to evaluate fasting serum SIRT1
concentration in healthy children, and to analyse the influence of
age, sex, body height, body mass and stage of puberty, as well as
dietary habits and type and amount of nutrients intake.

2 Materials and methods
2.1 Study group

From among the children admitted to the Polish Mother
Memorial Hospital - Research Institute in Lodz, Poland, the study
group included those children who did not have any known healthy
problems and who did meet the inclusion criteria and did not meet
the exclusion criteria.

Inclusion criteria:

aged: 4-16 years, height and weight in the reference range (3rd-
97th percentile for age and sex based on local percentile charts),
completing a nutritional questionnaire, written consent of the legal
representative to participate in the study.

Exclusion criteria:

chronic health problems which may influence the results (e.g.
chronic diseases of the gastrointestinal tract, respiratory system,
circulatory system, endocrine system, anorexia nervosa,
undernutrition, obesity, short stature, excessive height, genetic
disorders and syndromes), acute illness, no written consent of the
legal representative to participate in the study.

Finally, 47 children were enrolled into the study group.

2.2 Auxological assessment

In each child: a detailed medical history was collected and a
physical examination was performed. Height and weight
measurements were taken in the morning on the day of hospital
admission by the clinicians involved in this study (AF or RS).
Children’s height was measured with an accuracy of 1 mm using a
Harpenden stadiometer. Children were measured without shoes,
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with their heads in the Frankfort plane and their feet together. The
measurement was performed three times and the average value was
taken. Body weight was measured using an electronic scale, with an
accuracy of 100 grams. During the measurement, the child was in
underwear. Based on results of body height and weight, the
standard deviation scores (SDS) in relation to the reference values
for age and sex were calculated: for height - height standard
deviation score (height SDS) and for body mass - weight SDS.
Also, the body mass index (BMI) was calculated and expressed as
BMI SDS with respect to the reference values for age and sex for
Polish population (25, 26). The puberty stage was assessed
according to Tanner scale (27).

2.3 Laboratory methods

The blood samples were taken in fasting state in the morning, to
measure the routinely determined basic biochemical parameters as
well as the concentrations of IGF-1 and IGFBP-3. An additional
blood sample (2.4 ml) was taken in fasting state in the morning, for
the determination of SIRT1 serum concentration. After collection,
the blood was centrifuged to obtain serum. The serum with no signs
of haemolysis was then frozen and stored at the appropriate
temperature (see below), as required by the test manufacturer,
until SIRT1 analysis.

All measurements were performed at the Centre for Medical
Laboratory Diagnostics and Screening of the Polish Mother’s
Memorial Hospital - Research Institute in Lodz, Poland.

SIRT1 concentration was determined by double-binding
immunoenzymatic assay (ELISA) using 2 Human NAD-
dependent deacetylase Sirtuin-1 (SIRT1/SIR2L1) ELISA Kits
(Cusabio, Houston, TX, USA), according to the manufacturer’s
instructions (User Manual; catalogue number: CSB-E15058h). The
concentration of each sample was measured in duplicate. The
sensitivity of the assay is 0.03 ng/ml, while the manufacturer’s
guaranteed detection range of the assay is 0.15 ng/ml - 10 ng/ml,
with an intra-assay coefficient of variation of less than 8% and an
inter-assay coefficient of variation of less than 10%.

IGF-1 and IGFBP-3 concentrations were assessed using
Immulite, DPC assays. For IGF-1, the WHO NIBSC Ist IRR 87/
518 standard was used, with an analytical sensitivity of 20 ng/mL, a
calibration ranges up to 1600 ng/mL, an intra-assay coefficient of
variation: 3.1-4.3% and inter-assay coefficient of variation CV: 5,8-
8,4%. The assay to assess IGFBP-3 was calibrated to the WHO
NIBSC Reagent 93/560 standard, with an analytical sensitivity of
0.02 pg/mL, a calibration ranges up to 426 pg/mL, an intra-assay
coefficient of variation of 3.5-5.6%, and an inter-assay coefficient of
variation of 7.5-9.9%. IGF-1 concentration was expressed in terms
of standard deviation for sex and age (IGF-I SDS), according to
reference data (28). The molar ratio of IGF-1/IGFBP-3 was
calculated assuming a molecular weight for IGF-1 of 7.5kDa and
for IGFBP-3 of 42.0 kDa. The molar ratio of IGF-1 to IGFBP-3 is
considered an indicator of the bioavailability of IGF-1 (29).
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2.4 Assessment of children’s dietary habits
and type and frequency of nutrients intake

The assessment of the children’s dietary habits was carried out
through dietary survey with parent, wherein the frequency of their
offspring’s consumption of particular food categories over the preceding
month was examined. The survey was administered by a physician-
researcher. The survey was developed based on the CoCu Questionnaire
validated on a population of german children (30). After obtaining
permission from the authors to use the questionnaire, it was translated
bilaterally, and then both versions were checked for compatibility. The
survey consisted of two parts. The first part contained 14 questions
about the composition of the diet and the second part of the
questionnaire contained questions about eating habits and food
culture. The parent was asked to rate how many servings of various
foods the child consumes per day (fruits or vegetables, unsweetened
dairy products, sweetened dairy products, sweetened beverages, whole
wheat bread, white bread) or per week (meat, fish, french fries, potatoes,
rice or pasta, ready meals, pastries, sweet or salty snacks). Reference
portions were described in the text or illustrated with photos. The
selection of food items was largely based on the Food Frequency
Questionnaire FFQ and the healthy eating pyramid (31, 32). The
second part of the survey included questions about eating habits (i.e.
whether they follow any specific diet, number of meals they have per
day). The questionnaire was included in the Supplementary Materials.

2.5 Statistical analysis

Statistical analysis of the collected data was performed using
STATISTICA ver. 13.3 software (Statsoft, Poland). The Shapiro-
Wilk test was used to assess normality of distribution, and the
Levene’s test was used to assess equality of variance. Comparative
analysis was performed using non-parametric tests for independent
variables. Non-parametric The Kruskal-Wallis test by ranks and
Mann-Whitney U test were used for intergroup comparisons of
quantitative continuous variables. Intergroup comparisons of
nominal/qualitative variables were performed using the Chi-
square test. In addition, a correlation analysis of the variables was
performed (Pearson’s correlation coefficient). Continuous variables
were presented median and interquartile ranges (median (Q1-Q3))
and range, categorical variables by N (%)). Statistically significant
differences were taken as p-values below 0.05.

2.6 Ethics approval
Approval was obtained from the Bioethics Committee at the

Polish Mother’s Memorial Hospital — Research Institute in Lodz
(Opinion No. 47/2020).

2.7 Informed consent statement

The legal representatives of all patients gave their informed written
consent to participate in the study prior to their inclusion in the study.
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3 Results
3.1 Study group characteristics

There were 47 healthy children included in the study. Mean age
of children 10.35 + 2.6 years, 57,5% were male. Study group
characteristics is presented in Table 1.

3.2 The analysis of serum SIRT1
concentration in healthy children in
dependence on age, sex and stage
of puberty

Serum SIRT1 concentration in healthy children ranged from
0.04 to 0.96 ng/ml. The mean SIRT1 concentration in healthy
children was 0.29 + 0.21 ng/ml (mean + SD), while the median
value (Q1-Q3) was 0.26 (0.14-0.38) ng/ml. The normality of the
distribution of SIRT1 concentration was assessed - no normal
distribution was found (Shapiro - Wilk test, p=0.0002, Figure 1).

There was no significant correlation between SIRT1 concentration
and age of children (r=0.16), SIRT1 concentration and weight
of children (r=0.11), SIRT1 concentration and weight SDS values
(r=-0.05), SIRT1 concentration and height of children (r=0.13), as well
as SIRT1 concentration and height SDS values (r=-0.01), SIRT1
concentration and their BMI (r=0.05), SIRT1 concentration and
BMI SDS values (r=-0.04). We also did not find correlations
between SIRT1 and IGF-1 concentrations (r=0.11), SIRT1
concentration and IGF-1 SDS value (r=0.08), SIRT1 and IGFBP-3
concentrations (r=0.12), as well as between SIRT1 concentration and
IGF-1/IGFBP-3 molar ratio (r=0.06). The mentioned results are
presented in Figure 2 and Supplementary Figure 1.

We also compared the SIRT1 concentration in individual
subgroups of children, differentiated by gender (girls vs boys), age
(younger than 10 years vs older or equal to 10 years old), stage of
puberty (prepubertal vs pubertal), body weight and height (BMI
SDS/hSDS greater or equal to 0 vs less than 0) and IGF1
concentration (IGF-1 SDS above or equal to 0 vs below 0). There
were no statistical differences between SIRT 1 levels in the analysed
subgroups (Table 2).

3.3 Dependence of SIRT1 concentration on
the frequency of consumption of particular
types of food

Based on the declared daily fruits and vegatables intake
estimated in the overview survey described in Materials and
methods, we found that children who consumed at least 4-5
portions of fruits or vegetables per day had significantly higher
levels of SIRT1 than children who consumed less (0-3 portions per
day) [0.41 (0.23 - 0.6) ng/ml vs 0.2 (0.1 - 0.34) ng/ml, p=0.02,
Figure 3]. A tendency towards higher SIRT1 concentration was also
found in the group of children eating at least 2-3 or more servings of
fruits and vegetables, compared to those eating 0 or a maximum of 1
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TABLE 1 Study group characteristics.

Variable VIR 22 D Range
Median (Q1 - Q3) E
age [years] 10. 4 + 2.6 42 - 144
10.6 (8.37 - 12.78) 42 -144
M 10.8 + 2.7 5.3 -13.9
F 9.7 £24
sex M; N (%) 27 (57.5%)
F; N (%) 20 (42.5%)
Tanner stage 1; N (M, F) 24 (15, 9)
22N (M, F) 23 (12, 11)
height SDS 0.52 + 1.02 -1.07 - 29
0.48 (-0.4 - 1.1)
weight SDS 048 £ 1.3 -2.08 - 3.5
0.26 (-0.4 - 1.4)
BMI SDS 0.18 £ 1.3 -225-28
-0.05 (-0.8 -1.1)
IGF-1 [ng/ml] 270.5 + 183.4 36.6 - 679.4
203.9 (119.5 - 404.2)
IGF-1 SDS -0.39 £ 1.14 -3.66 — 141
-0.16 (-1.33 - 0.47)
IGFBP-3 [ng/ml] 4316.6 £ 1434.9 1542 - 6336
4721 (2905 - 5438)
IGF1/IGFBP-3 m.r. 0.32 £ 0.16 0.11 - 0.7
0.24 (0.19 - 0.43)

M, male; F, female; SDS, standard deviation score; BMI, body mass index; IGF-1, insulin like
growth factor 1; IGFBP-3, IGF-binding protein 3; m.r., molar ratio.

serving per day [0.29 (0.18 - 0.44) ng/ml vs 0.17 (0.14 - 0.3) ng/
ml, p=0.068].
Moreover, SIRT1 concentration increased with declared
frequency of fruits and vegetables consumption (Figure 4).
Although no correlation was observed between SIRT1 and IGF-1
levels in the whole analysed group, after dividing children into groups

22
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according to the amount of vegetables and fruits consumed, we found
that children eating more fruits and vegetables (at least 2-3 servings
per day), despite higher levels of SIRT1, had also significantly lower
IGF-1 concentration ([149.6 (87.4 - 349.8) ng/ml vs 379 (156.2 -
502.3) ng/ml, p=0.01, Figure 5], and IGF-1 SDS values [-0.69 (-1.59 -
0.2) vs 0.37 (-0.4 - 0.68), p=0.006, Figure 5], as well as decreased IGF-
1/IGFBP-3 molar ratio [0.22 (0.18 - 0.38) vs 0.4 (0.22 - 0.5), p=0.02].
Furthermore, those children were found to have lower BMI [16.64 (15
- 18.67) vs 18.24 (16.22 - 21.2), p=0.056, Figure 5] and BMI SDS
[-0.39 (-0.92 - 0.31) vs 0.3 (-0.34 — 1.6), p=0.088, Figure 5].
Nevertheless, they did not differ with respect to height, gender and age.

SIRT1 concentration was also slightly but significantly higher in
the group of children consuming unsweetened dairy products more
frequently; that is, with consumption at least 2-3 times a day
compared to consumption of 0-1 once a day [0.34 (0.2 - 0.54)
ng/ml vs 0.18 (0.14 - 0.29) ng/ml, p=0.018, Figure 6]. There were no
significant differences in height, weight and IGF-1 concentration
with respect to the frequency of the consumption of dairy products.

No differences in SIRT1 levels were detected with respect to the
consumption frequency of bread, rice, pasta, fish, meat, sweets and
sugary drinks, nor in relation to a specific diet or a number of daily
meals. Data on those individual food groups that were compared in
the survey are included in the Supplementary Materials.

4 Discussion

SIRT1 is a protein that is primarily localized intracellularly (in a
nucleus of liver, muscle, and white adipose tissue and in a cytoplasm
of pancreatic and endothelial cells) (3, 5). It has been detected in the
human adult serum (33) and its concentration appears to be altered
in various disease states. SIRT1 serum reduction was shown in
Alzheimer’s disease and mild cognitive impairment (33), obesity
(34) and lung diseases (35), suggesting that serum SIRT1 may be a
potential biomarker for various aging-associated diseases. On the
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FIGURE 1

Distribution of sirtuin 1 concentration in a group of healthy children. SIRT1, sirtuin 1.

Frontiers in Endocrinology

frontiersin.org


https://doi.org/10.3389/fendo.2024.1356612
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Fedorczak et al.

Correlation of SIRT1 and age
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FIGURE 2

Correlations between SIRT1 concentration and individual analysed parameters (A) age, (B) height SDS, (C) BMI SDS, (D) weight SDS, standard

deviation score; BMI, body mass index.

other hand, increased serum SIRT1 levels were noticed in acute
ischemic stroke (36), asthma (37) systemic lupus erythematosus
(38) and frailty (39). To quantify SIRTI levels in serum samples
enzyme-linked immunosorbent assays (ELISA) technique was used
most frequently.

To our knowledge, this study represents the first attempt to
assess the serum concentration of SIRT1 in children and to explore
the potential influencing factors. When compared to studies

10.3389/fendo.2024.1356612
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conducted in the adult population, the levels of SIRT1 observed
in children within our study exhibited slightly lower concentration
(35, 37, 40-43). There was one earlier study (44) focusing on SIRT1
levels in children in the context of growth. In this study SIRT1 levels
were notably higher than the values reported in our observation.
However, the authors of the cited report presented a small sample
size with only male children and did not refer to other potential
factors that may influence SIRT1 concentration in a population of

TABLE 2 SIRT1 concentration in healthy patients with respect to various parameters.

Variable Variable
female 21 0.24 (0.15 - 0.38) 0.9
Sex
male 26 0.26 (0.14 - 0.37)
<10 21 0.28 (0.17 - 0.37) 0.84
Age [years]
=10 26 0.23 (0.14 - 0.46)
=1 24 0.29 (0.14 - 0.38) 0.52
Puberty [Tanner stage]
22 23 0.21 (0.14 - 0.37)
<0 24 0.26 (0.16 - 0.38) 0.55
BMI SDS
>0 23 0.20 (0.10 - 0.38)
<0 15 0.20 (0.14 - 0.31) 0.9
height SDS
>0 32 0.27 (0.1 - 0.41)
<0 26 0.28 (0.14 - 0.37) 0.43
IGF-1 SDS
>0 21 0.26 (0.14 — 0.44)
BMI, body mass index; SDS, standard deviation score; IGF-1, Insulin-like growth factor 1.
Frontiers in Endocrinology 05 frontiersin.org
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healthy children (44). Nevertheless, the observed differences in
serum concentration could be attributed to variations in the assay
sources or the laboratory techniques (35, 37, 40-43).

It was proven that, SIRT1 play an important role in detection of
cellular energy levels and regulation of energy metabolism and
increase in response to fasting, caloric restriction and malnutrition
(3). Several reports have shown that serum SIRT1 levels correlated
negatively with BMI and were elevated in patients with anorexia
nervosa (1, 45). It is well known that caloric restriction contributes
to a state of growth hormone resistance and is associated with a
decrease in serum IGF-1 levels, which is a main mediator of growth
hormone (GH) action in peripheral tissues. SIRT1 is known to
influence the process of intracellular GH signal transduction for
IGEF-1 synthesis (46). In situations of fasting or nutrient deficiencies,
SIRT1 has been found to decrease the release of IGF-1 from the liver
through the STAT5 pathway and enhance resistance to GH by

promoting the release of GH from the pituitary gland (13, 47, 48).
Furthermore, the presence of SIRT1 in the hypothalamus,
particularly in neurons expressing the growth hormone receptor
(GHR), and in chondrocytes, suggests potential relevance to the
context of growth regulation (12, 14, 15, 49). It has been also
suggested that SIRT1 regulate kisspeptin expression in the
hypothalamus, affecting the timing of puberty onset (20).
Therefore, it seemed to us that SIRT1 levels might vary
depending on child height, or pubertal stage. However, we did
not observe any significant differences in serum SIRT1 levels in
relation to, age, height and IGF-1 levels as well as pubertal
development. Although it has been found that SIRT1 levels
decrease with age (50), in our paediatric cohort with a limited age
range these differences may not be apparent.

As our results did not reflect associations between SIRT1 serum
levels and height, weight or puberty, the intracellular function of

daily consumption of fruit and vegetables
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FIGURE 4

Serum SIRT1 concentration according to the declared frequency of fruits and vegetables intake in healthy children and a number of children in

each group.
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SIRT1 may be defined by factors other than blood concentration.
However, taking into account data from the literature, further
investigation regarding SIRT1 involvement in growth disorders as
well as weight and pubertal disturbances is warranted.

As SIRT1 is engaged in responding to metabolic imbalances, the
amount of SIRT1 depends on the availability and type of nutrients
(51). We assessed that SIRT1 serum levels were higher in children
that consume more fruits and vegetables (at least 2-3 portions per
day). Interestingly, those children were thinner and had lower IGF-1
serum levels, whereas their height was not affected the reduced IGF-1
serum levels may be related to sirtuins (46), but too many factors
affect IGF-1 values to draw conclusions on this topic. Our outcomes
are consistent with studies showing that sirtuin 1 may be activated by
certain polyphenols, a class of naturally-occurring phytochemicals,
which are compounds of some dietary products - fruits and
vegetables in particular. The best known SIRT1 activator,
resveratrol can be found in grapes, blueberries and grape products
such as red wine (21, 23, 51-53). Piceatannol is a metabolite of
resveratrol detected in grapes, passion fruit and white tea (23, 24).
Quercetin, flavonoid polyphenol is present in fruits (peaches),
vegetables (onions, garlic) and nuts (22, 54). Other dietary
polyphenols that activates SIRT1 is fisetin, which can be found in
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FIGURE 6

Serum SIRT1 concentration in terms of dairy products consumption
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apples, kiwi, dactyls, strawberries and blueberries among others (22,
53, 55). Some data suggest that besides polyphenols, dairy
components may also serve as SIRT1 activators. Regarding our
results, children with high consumption of dairy products had
significantly increased SIRT1 serum concentration.
Correspondingly, in vitro study in muscle and adipose cells indicate
that systemic effects of high dairy feeding resulted in increased SIRT1
gene expression and activity in those cells (56). In addition, leucine,
which is present in dairy food was proven to increase SIRT1
expression (57). Despite studies indicate that both natural and
synthetic sirtuin activating compounds increase SIRT1 activity in
vivo, the precise mechanism by which they activate SIRT1 remains
unclear (58, 59). According to data from the literature resveratrol and
others sirtuin 1 activators have demonstrated promising outcomes in
a wide range of age-related diseases including obesity, diabetes,
inflammation, cardiovascular disease, among others (60-64).
Huang et al. summarized the current experience regarding
resveratrol treatment in people with obesity, finding a significant
improvement in metabolic complications and body weight reduction
(65). A favourable effect of resveratrol has also been shown in certain
diseases in children, such as ADHD or muscular dystrophies (66, 67).
Sirtfood is a novel food concept, according to which compounds
from diet can affect sirtuins (53). Sirtfoods are said to induce a
calorie restriction state and reduce nutrient consumption without
causing malnutrition (68). The vast majority of data show that foods
containing sirtuins (Sirtfoods) may produce pleiotropic, beneficial
effects on health, alleviating metabolic disorders (53). Formulating a
dietary regimen that integrates sirtuin-activating components
derived from both the Asian and Mediterranean diets presents a
potentially efficacious strategy in the prevention of chronic diseases.
This approach holds promise for fostering health and supporting
healthy aging (69). However, low bioavailability and rapid
metabolism of polyphenols are issues that need to be scientifically
addressed (70, 71). Further research is needed to evaluate dietary
impact on sirtuin 1 and Sirtfoods-associated clinical implications.
Despite our study is limited by a small sample size, it is
important to highlight that it represents the first investigation
focusing on assessing SIRT1 serum levels in children which may
offer valuable insights into the role of SIRT1 in pediatric physiology
and its potential relevance to various aspects of child health. The
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preliminary findings presented here may serve as a basis for further
research in this area and contribute to our understanding of SIRT1
implications in childhood development and disease, with an
emphasis on growth and nutrition. Future studies with larger
sample sizes and a wider age range are warranted to validate and
expand upon the findings of this pioneering investigation.

5 Conclusions/highlights

1. Serum sirtuin 1 concentrations in healthy children did not
differ with respect to sex, age, pubertal development,
axiological parameters and IGF-1 levels.

2. Higher frequency of fruits, vegetables and dairy products
consumption appeared to increase serum sirtuin 1 levels.
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