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Abstract 

 

Pubertal onset and progression are endocrine-gated energy-demanding processes 

dependent on the metabolic status with differences among sexes. Both puberty 

(through hormonal signaling, pubertal timing and tempo), metabolism and nutritional 

status, apart from sociocultural factors (socioeconomic status, parental influence), 

are individually associated with cognitive performance, but their combined role on 

cognitive development is unclear. Objective: to investigate, in a cross-sectional 

study including typically developing 9 to 15-year-old boys and girls, the relation 

between pubertal and metabolic status on cognitive maturation. Methods: 278 (166 

girls; mean ± SD age: 12.63 ± 1.79 years) adolescents participated in the study. They 

completed the Wechsler Abbreviated Intelligence Scale (WASI) subtests - Block 

Design and Vocabulary - as measures of cognitions that indicate non-verbal and 

verbal intelligence, respectively, and filled in scales to assess pubertal status (self-

assessed Tanner stages and the Pubertal Developmental Scale, PDS). For objective 

measurement of puberty biomarkers, saliva was collected to determine testosterone 

and dehydroepiandrosterone sulfate (DHEA-S) concentrations. Metabolic status was 

assessed by lipid profile and glycated hemoglobin, determined using capillary blood, 

blood pressure and anthropometric data. Correlation matrixes among the pubertal 

and metabolic factors were used to propose latent factors that were confirmed using 

Confirmatory Factor Analyses. Structural equation modeling (SEM) was used to 

describe the associations between the latent factors and cognition, controlled for 

socioeconomic status and age. Results: The resulting pubertal latent factor 

(combining measures of self-assessed gonadal and adrenal Tanner stagings, DHEA-

S concentrations and participant- and guardian-rated scores in the PDS), controlled 

for age, was related to the metabolic status latent factor (body mass index, 

percentage of body fat, waist/height ratio, triglycerides and systolic blood pressure) in 

girls only, but did not relate to the cognitive outcomes. Differently, more advanced 

pubertal status was positively associated with performance in both intelligence 

markers in boys and girls. Conclusions: Pubertal maturational stage is related to 

metabolic status only in girls and to cognitive development independently of age and 

metabolic status in both sexes. 
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Resumo 

 

O início e progressão puberal são dados por sinalização endócrina, diferente entre 

os sexos e dependente do status metabólico. Tanto o desenvolvimento puberal 

(através da sinalização hormonal, tempo e ritmo puberal) quanto o metabolismo e o 

estado nutricional, além de fatores socioculturais (nível socioeconômico, influência 

dos pais), são associados individualmente ao desempenho cognitivo, mas nenhum 

estudo determinou seu papel combinado no desenvolvimento cognitivo. Objetivo: 

investigar, em um estudo transversal, incluindo meninos e meninas de 9 a 15 anos 

de idade, a relação entre estado puberal e metabólico na maturação cognitiva. 

Métodos: 278 (166 meninas; idade média ± DP: 12,63 ± 1,79 anos) adolescentes 

participaram do estudo. Foram aplicados dois subtestes da Escala Abreviada de 

Inteligência de Wechsler, Cubos e Vocabulário, como medidas cognitivas indicativas 

de inteligência não verbal e verbal, respectivamente, bem como escalas para avaliar 

o status puberal (estágios autoavaliados de Tanner e Pubertal Developmental Scale, 

PDS). Para a medição objetiva da puberdade, foi coletada saliva para determinar as 

concentrações de testosterona e sulfato de desidroepiandrosterona (DHEA-S). O 

status metabólico foi determinado com perfil lipídico e hemoglobina glicada, 

determinados por meio de sangue capilar, pressão arterial e medidas 

antropométricas. Matrizes de correlação entre as variáveis puberais e metabólicas 

foram empregadas para construir fatores latentes cuja adequação foi comprovada 

por Análises Fatoriais Confirmatórias.  Modelagem de Equações Estruturais (MEE) 

foram usadas para descrever as associações entre os fatores latentes e cognitivos, 

controlados pelo status socioeconômico e pela idade. Resultados: O fator latente de 

status puberal (combinando medidas de autoavaliação do estadiamento de Tanner 

gonadal e adrenal, escores classificados por participante e responsáveis na escala 

PDS e concentrações de DHEA-S), controlados por idade, foi relacionado ao fator 

latente de status metabólico (índice de massa corporal, porcentagem de gordura 

corporal, razão cintura / estatura, triglicérides e pressão arterial sistólica) apenas nas 

meninas, mas não se relacionou com os resultados cognitivos. Diferentemente, o 

status puberal mais avançado foi positivamente associado ao desempenho nos 

marcadores de inteligência em meninos e meninas. Conclusão: O status puberal 

está relacionado ao desenvolvimento cognitivo independentemente da idade e das 
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alterações metabólicas em ambos os sexos, embora o status puberal e o 

metabolismo tenham relação recíproca em meninas.
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1 INTRODUCTION 

 

1.1 Introduction to the dissertation 

 

The Project that preceded this dissertation aimed to investigate biological 

measures related to the onset and progression of puberty and their relationship with 

behavior and cognition. It was motivated by the consideration that puberty is a period 

of adolescent development that involves alterations in physiology, marked changes in 

physical appearance and other social, cognitive and psycho emotional modifications. 

These objectives are pertinent given the growing importance that has only recently 

been attributed to adolescent health. Although adolescents are not a big concern for 

policymakers because they do not often become sick nor display a high mortality 

rate, their well-being and health need to be better understood because they can 

affect physical and mental health in adulthood and senescence (Gore et al., 2011). 

Hence, special attention to this phase of life is needed to improve adolescents’ 

perspectives (Sawyer et al., 2012). This is especially relevant considering the 

vulnerability of young people in the 21st century in the face of changes which have 

long-lasting negative effects, such as increased socioeconomic differences within 

and between nations, often associated with inadequate schooling and cognitive 

development, as well as the economic exploitation of this age group, which leads to 

unhealthy habits such as a sedentary lifestyle (Grant-Guimaraes et al., 2016) and 

overconsumption of unhealthy food, increasing the prevalence of overweight, obesity 

and metabolic syndrome (see Clark et al., 2020). 

 A factor that is often overlooked when considering adolescents’ health and 

cognition is the impact of puberty, which was at the center of the objective of the 

present study. The first challenge we faced was to determine how to measure 

puberty. There are no objective measures that represent all the pubertal process and 

stages, resulting in limitations to studies that focus on investigate this phase of 

development. Our main object of interest thus became to determine whether 

concentrations of kisspeptins could be potential objective indicators of the onset and 

development of puberty because in recent years it has come to light that these 

peptides are relevant for the reproductive and sexual maturation, acting as endocrine 



5 
 

 
 

regulators by signaling the hypothalamus to directly increase Gonadotropin-

Releasing Hormone (GnRH), kick-starting puberty (Seminara et al., 2003).  

When we looked at the literature regarding kisspeptins, many studies also 

pointed to the importance of nutritional status in their action. Indeed, pubertal 

processes influence and are influenced by metabolic status, important for the control 

of energy for growth and reproduction (Kaplowitz., 2008; Reinehr & Roth, 2019), as 

well as for structural and physiological changes in the body and the central nervous 

system, with behavioral/cognitive implications (Schulz & Sisk, 2016; Sisk & Foster, 

2004). In other words, when considering the impact of puberty on adolescents’ health 

and cognition it  can be considered that it not only account for the development of the 

secondary sexual characteristics, preparing youngsters for reproduction, but also 

affects and is affected by metabolic status (Bandini et al., 2008; Round et al., 1999; 

Vazquez et al., 2019). In turn, both pubertal (Blakemore et al., 2010; Steinberg, 

2005) and metabolic status (Yates et al., 2012) can independently impact cognitive 

development, all of which are moderated by environmental conditions, notably 

socioeconomic status (SES: Lupien et al., 2013; Singh-Manoux et al., 2005).  

Although puberty and metabolism are interrelated and both have been 

associated with cognitive development, we were surprised to find that few studies 

had considered all these factors jointly. This became our aim: to assess the 

intercorrelation of pubertal and metabolic status with cognition in boys and girls, 

taking age and SES into account using Structural Equation Modeling (SEM). Our 

outcome of interest was the performance in measures associated with intelligence 

due to the importance of this type of ability in adolescence in terms of educational, 

occupational, mental and physical health outcomes in later life (Plomin & Deary, 

2015). 

As it turned out, our measures of kisspeptins behaved very differently in males 

and females after around the age of 12 years, as found by Zhu et al. (2016), even 

though we measured kisspeptins in urine and they did so in blood. This sex-

difference did not allow us to include kisspeptins in our SEM because we aimed to 

test similar models of the interrelations of pubertal and metabolic status on cognition 

in boys and girls. We then opted to focus on other measures that indicate pubertal 

status in both sexes. Data on kisspeptins will not be presented in this dissertation 

although they will be the object of a separate publication.  
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Find below a detailed literature review that enables the comprehension of the 

objective of the present study. The first section discusses adolescence and the 

physiological systems of puberty. Next, we present a review about the different 

methods of measuring puberty, their advantages and disadvantages, followed by a 

section on metabolic status, covering the evidence of its association with puberty. A 

description of concepts related to intelligence and its relation to puberty and 

metabolism then follows. The last sections of the introduction describe the influence 

of SES in the variables of interest, followed by a detailed description of the 

methodological approach to the present study.  

 

1.2 Adolescence and Puberty: a phase of physical, social and 

psychoemotional changes 

 

Adolescence is a critical period that takes place between childhood and 

adulthood in which sexual maturation occurs and that involves not only physical but 

also behavioral changes, which enable people to exert their social roles in society, 

including cognitive improvement  (Crone e Dahl, 2012), although the degree to which 

the latter is related to increases in chronological age or pubertal and metabolic 

maturation is unclear.  

The onset of adolescence is associated with the signs of physical changes 

related to reproductive maturation brought about by endocrine signaling.  On 

average, puberty begins around 8-13 years in girls and a little later, around 9-14 

years, in boys, but there is considerable interindividual variation (as discussed in 

more detail in section 1.3.2). While youngster usually achieve the last stage of 

puberty around 15-16 years of age, adolescence itself, according to some 

international organizations, only ends at the end of the second decade of life 

(WHO,1986).  

In general terms, pubertal development is a complex phenomenon that occurs 

as the consequence of an integration of genetic, epigenetic and environmental 

factors, including energy availability, through diverse mechanisms (Morrison et al., 

2014; Reinehr & Roth, 2018; Sisk & Foster, 2004) modulated by endocrine signals in 

the independent gonadal and adrenal systems (Dorn, 2006), as detailed next. 
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1.3 Physical changes during adolescence 

 

The external modifications to the adolescent body that take place during 

puberty can be listed as maturation of the gonads (ovaries and testicles), 

acceleration of height growth and development of secondary sexual characteristics 

(Dorn, 2006). This set of processes is mainly coordinated by two independent 

endocrine axes, which trigger different and complementary changes: gonadal 

alterations, coordinated by Hypothalamus Pituitary Gonadal (HPG) axis, and adrenal 

changes (Dorn, 2006; Shirtcliff et al., 2009; Berenbaum et al. 2015). While the 

gonadal axis is mainly associated with the growth spurt and genital maturation in 

both sexes, breast growth and menarche (first menstruation) in females and voice 

changes and growth of facial hair in males, adrenal changes affect body hair growth, 

as well as changes in skin, such as increased acne (see Dorn, 2006).  

 

1.3.1 Physiology of puberty: Hormonal changes 

 

During early adolescence the activation of the HPG axis determines genital 

development in both sexes, growth in height (see Gluckman & Hanson, 2006), breast 

growth in females as a response to increased estrogen secreted by the ovaries, and 

changes in voice and growth of facial hair in males, in response to heightened 

testosterone concentrations (Petersen & Hamburg, 1986; Rogol et al., 2002).  

Fetal activation of the HPG axis plays an important role hypothesized to elicit 

some sex differences (Herbison, 2016) in the development of the genital and 

reproductive organs (Lanciotti et al., 2018; Renault et al., 2020) and the development 

of neuronal circuits in the central nervous system (Romeo, 2013). Central nervous 

system development is also influenced by HPG activation in the first few months in 

post-natal infants (referred to as mini-puberty), which also appears to influence linear 

growth in infancy (Kiviranta et al., 2016). After this phase of life, this axis enters a 

quiescent period (Chellakooty et al., 2003; Herbison, 2016) through mechanisms that 

are not fully understood. This system in later reawakened at the end of childhood as 

illustrated in figure 1.  
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From Bar-Sadeh et al., 2020 

Figure 1: Graphic illustration of the pattern of activation of the gonadotropin-releasing 
hormone (GnRH) secretion dictating the hypothalamic-pituitary (HPG) signaling through 
diverse stages of life. This shows an early activation (mini puberty) followed by a quiescent 
period and then a reactivation of the secretion during puberty. 

 

There are still many gaps in knowledge about what triggers HPG reactivation 

to initiate puberty (timing) and what dictates its progression (tempo). The most widely 

accepted hypothesis today is that GnRH secretion depends on central modulation 

mediated by excitatory neuropeptides (kisspeptins associated with co-expressed 

neurokinin B and dynorphin, glutamate, and norepinephrine) that stimulate GnRH-

releasing neurons, as well as permissive signals such as leptin, which indicates 

energy availability needed for reproduction (Ellison et al., 2012), mainly in girls as 

detailed in section 1.4. 

When the HPG signaling is reactivated in late childhood, there is an increase 

in the frequency of GnRH secretion pulses (Roa et al., 2010), in specialized neurons 

in the hypothalamus that induce increased production and secretion of gonadotropins 

[LH (luteinizing hormone) and FSH (follicle stimulating hormone)] by 

adenohypophysis (that is, the correspondent to the “P” of HPG axis) (Herbison, 2016; 

Tolson & Chappell, 2012) in both males and females. Gonadotropins, in turn, act on 

the testes and ovaries, respectively, leading to gamete maturation and steroid 

hormone secretion (estradiol, progesterone and other androgens mainly by the 

ovaries and testosterone, by the testes) (Tolson & Chappell, 2012). Upon the 
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reactivation of this axis, the pattern of secretion of LH and FSH are pulsatile and are 

controlled by feedback from the circulating sex steroids as illustrated in figure 2. 

 

 

Interpretation of Sisk and Foster, 2004, using open resource of https://mindthegraph.com/. 

Figure 2: Illustration of the Hypothalamus-Pituitary-Gonadal (HPG) hormonal axis for puberty 
orchestration. Puberty is triggered by conjoining factors that elicit the secretion of 
Gonadotropin-Releasing Hormone (GnRH), which induce Luteinizing Hormone (LH) and Follicle 
Stimulant Hormone (FSH) production that act on the gonads, which then secrete steroids. 

 

Changes in GnRH secretion have direct links with genetics, which have been 

found to lead to delay and precocious puberty and individual difference in pubertal 

development (Brito et al., 2015; Latronico et al., 2016; Witchel & Topaloglu, 2019). 

Although understanding the genetic underpinnings of pubertal development and its 

pathologies goes beyond the scope of the present work (for a compresensive 

analysis, see Witchel and Topaloglu, 2019), it is important to mention that: I 1) 

genome-wide association studies have shown there are common genetic bases for 

both pubertal timing and antropometric changes (height  growth and adiposity) in 

adolescence (Cousminer et al., 2013); and 2)  pubertal timing is modulated by 

epigenetic factors, such as  different methylation rates in  zinc finger genes in girls 

(Bessa et al., 2018). 
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Puberty also involves alterations in the adrenal glands which contribute to the 

growth in height and to the development of other secondary sexual characteristics 

such as pubic hair and skin changes (Berenbaum et al., 2015; Dorn, 2006; Shirtcliff 

et al., 2009) that result mainly from increases in adrenal androgen concentrations, 

especially dehydroepiandrosterone (DHEA) (Havelock et al., 2004). Both 

testosterone and DHEA are also involved in brain cortical maturation throughout 

adolescence (Nguyen et al., 2013a, 2013b), as detailed in section 1.5. 

The structures of the adrenal glands responsible for the production and 

secretion of adrenal androgens (e.g. DHEA - dehydroepiandrosterona and its 

metabolite, DHEA-S dehydroepiandrosterona sulfate) during puberty is the reticularis 

zone (Nguyen & Conley, 2008; Sklar et al., 1980). DHEA-S is the most abundant 

adrenal androgen in the circulation of adolescents and exhibits little diurnal variation 

(Sklar et al., 1980), so it is a good marker of adrenal activity.   

Like the hormones that are produced in response to the activation of the HPG 

axis, adrenal hormones also reach high serum levels in fetal and neonates during the 

first months of life (Havelock et al., 2004). In this period, these hormones are 

produced by the fetal zone of adrenals (Havelock et al., 2004) and their 

concentrations also reduce thenceforth, entering a quiescent period that remains until 

adrenal signaling for puberty begins (Figure 3), now involving another adrenal zone, 

the zona reticularis (Havelock et al., 2004). The mechanisms that trigger such 

adrenal changes, however, are still unknown (Havelock et al., 2004). Adrenarche, the 

awakening of the adrenal axis, occurs around the age of 6 years in girls and 7 in 

boys and usually antecedes gonadarche, the awakening of GnRH secretion inducing 

HPG axis (Greaves et al., 2018; Sklar et al., 1980). The first external signs of adrenal 

activation, however, appear only when adrenal hormone concentrations reach a 

certain level that triggers changes such as growth of body hair (including pubic hair), 

changes to the skin and body odor (Greaves et al., 2018; Havelock et al., 2004). 
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From Havelock et al. 2004 
Figure 3. Chart demonstrating variation of Dehydroepiandrosterone sulfate (DHEA-S) and sex 
differences during the lifespan in humans. The period of puberty is marked by a sharp rise of 
this hormone in the circulation. 

 

1.3.2 Measuring Puberty 

 

Despite chronological age being associated with pubertal development, it is 

not a good marker of pubertal development, which starts (timing) and progresses 

(tempo) with wide differences among individuals (Dorn, 2006; Joos et al., 2018; 

Parent et al., 2003). Whereas, as mentioned, the first external signs of puberty 

usually begin in girls between the ages of 8 to 13 years and a little latter in boys, 

pubertal tempo can span 18 months to 6 years (see Joos et al., 2018). These 

markers of puberty also vary widely among individuals and ethnicities (Craiu, 2013; 

Crone & Dahl, 2012; Euling et al., 2017).  

Pubertal staging is traditionally assessed by the Tanner scale by trained 

clinician [Tanner (1962), the gold standard in pubertal staging, see Dorn (2006)]. This 

method proposes a classification of puberty in 5 consecutive stages (Dorn, 2006; 

Tanner, 1962) based on the development of breasts in girls, genitalia in boys 

(gonadal changes) and pubic hair growth in both sexes (adrenal changes). Another 

common measure is the self-reported picture-based Tanner staging (Dorn, 2006; 

Morris & Udry, 1980), which also yields two different scores that range from stage 1 

(pre-pubertal) to stage 5 (post-pubertal). 

The most commonly used measures in the literature to determine pubertal 

status (see Dorn, 2006; Joos et al., 2018), however, is the self-reported pubertal 

staging using the Pubertal Development Scale (PDS; Carskadon & Acebo, 1993), 

which has good correspondence with guardian PDS scores (Koopman-Verhoeff et 

al., 2020) and assesses both gonadal and adrenal changes. It inquiries about all 
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classic physical changes related to puberty (see section 1.3 above) except that it 

does not refer to changes in genitalia.  

Although the picture based self-rated Tanner staging and the PDS are based 

on subjective judgments of secondary sexual characteristic, there is evidence from 

longitudinal and cross-sectional studies that they tap pubertal development in both 

sexes by correlating with concentrations of DHEA and testosterone (Balzer et al., 

2019; Matchcock et al., 2007; Shirtcliff et al., 2009). In some cases, these 

correlations with hormones are even higher than with the gold-standard in pubertal 

development, Tanner staging by clinical examination (see Shirtcliff et al., 2009).  

No reliable biological marker is known that consistently indicates the onset of 

puberty or at which pubertal stage a young person is in (see Rockett et al., 2004). 

Even sex hormones are not good predictors of the pubertal stage, although they tend 

to increase throughout consecutive stages, such as testosterone, DHEA (Shirtcliff et 

al., 2009) and, to a lesser extent, estradiol in girls (Jenner et al., 1972; Shirtcliff et al., 

2009). Also, although testosterone and estrogen concentrations are used as 

adjuvants for the clinical diagnosis of early or late puberty, there are no concentration 

ranges that indicate pubertal stages (Ducharme & Collu, 1982). Worthman et al. 

(2019) suggest that because puberty is a multifactorial process and that pubertal 

measures are imprecise, studies on the effects of puberty should obtain various 

indicators of pubertal staging, as was done in the present study (see section 1.7 for 

details). 

 

1.4 Metabolism during puberty 

 

Along with the abovementioned endocrine and physical changes related to 

puberty, this phase of life involves other alterations in the regulation of metabolic 

systems (Dorn, 2006; Lourenço & Queiroz, 2010). Because to enter in puberty 

youngsters must have enough energy to grow and to attain reproductive capacity, it 

is not surprising that there is a cross talk between puberty and metabolism. 

Maintaining sufficient energy levels is regulated by various brain and peripheral 

pathways that differ among sexes, which have differential reproductive strategies 

(Gluckman & Hanson, 2006). In effect, compared to males, who in this phase of life 

acquire more muscle mass in great part due to testosterone production, females 
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accumulate more body fat, which is regulated mainly by estrogen secretion (Mostazir 

et al., 2016; Reinehr & Roth, 2018).  

The onset and progression of puberty are dependent on the body's energy 

reserves and sensitive to different metabolic routes, signaled by peptides such as 

leptin and ghrelin (Roa et al., 2010) which indicate to the hypothalamus the need to 

control food intake and energy expenditure, promoting metabolic homeostasis 

(Schwartz et al., 2000), which can interact with HPG axis functioning (Tena-Sempere, 

2013). These pathways are illustrated in figure 4. Peripherally, leptin also regulates 

insulin resistance and blood glucose concentrations (Ellison, 2017). These changes 

allow cellular proliferation and tissue growth by stimulating mitotic activity and 

anabolism (Sandow, 2009) needed for typical physical development.  

Insulin resistance associated with puberty is also mediated by activation of 

growth hormone (GH) and insulin-like growth factor 1 (IGF-1) axis, which has a 

suppressive effect on insulin sensitivity in diverse peripheral tissues, primarily due to 

inhibition on glucose uptake by the somatic adipose tissue, contributing to the 

accumulation of skeletal and lean body mass (Juul & Skakkebæk, 2019), necessary 

for growth. Additionally, increased adiposity is accompanied by increased aromatase 

expression and activity, which converts testosterone into estrogen, further 

augmenting this steroid in the circulation in early adolescence, contributing to the 

sex-specific body composition changes (Biro et al., 2006; Reinehr & Roth, 2019). 

Energy accumulation needed for pubertal development can also be partly 

explained by a substantial intrinsic dip, compared to children and adults (see 

Midorikawa et al., 2018), in absolute and relative [controlled for body mass index 

(BMI), fat and lean mass] resting energy expenditure that occurs during the growth 

spurt in adolescence. This dip is more pronounced in girls than boys (Mostazir et al., 

2016). The underlying mechanisms are still unknown, but do not seem to be related 

to fasting insulin, adiponectin, leptin or sex hormones (Mostazir et al., 2016). 

The importance of surplus energy needs in girls so that they can enter puberty 

is illustrated by the fact that, in this sex, being undernourished (or having low 

concentrations of leptin) or overweight/obese (or with high leptin) are interconnected 

to later and earlier pubertal timing, respectively (Ahmed et al., 2009). Differently, 

these associations are more obscure in boys, in whom pubertal timing does not seem 

to be consistently related to leptin concentrations (Ahmed et al., 2009; Vázquez et 

javascript:;
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al., 2015; Zhu et al., 2016) and is unclearly associated with childhood and adolescent 

adiposity, varying also among ethnicities (Chen et al., 2019). This scenario can be 

interpreted as a metabolic control of puberty in terms of its onset, but the full 

mechanism by which imbalance in weight affects puberty timing and tempo is not 

understood in either sex.  

                    

 

Interpretation of Roa and Tena-Sempere, 2014, using open resource of https://mindthegraph.com/. 
Figure 4. Illustration schema of how the nervous system receives signals relating to the energy 
status of adolescents’ bodies. The image includes systems related to energy balance and 
metabolism through the hypothalamic leptinergic pathway, insulin and ghrelin secretion, 
impact the Hypothalamic-Pituitary-Gonadal (HPG) axis activating energy sensors, 
Gonadotropin-Releasing Hormone (GnRH) secretion and influence on puberty development.  

 

The association of body composition and pubertal stage was investigated by 

Benedet et al. (2014) in a large sample of adolescents who were classified by age in 

years into early, normal or late puberty. In males, they found that early sexual 



15 
 

 
 

maturation was associated with increased height-for-age, while late puberty was 

correlated with decreased height-for-age; however, the authors did not find 

associations of pubertal status with excess in weigh in this sex. In contrast, early 

maturing girls showed higher prevalence of excess weight, while later maturing 

females had lower prevalence of excess weight and decreased height-for-age. This 

supports the idea that higher body mass index in early life accelerates linear growth 

and earlier onset of pubertal development, but also a slower linear growth 

thenceforth (Aris et al., 2019). Aris et al., (2019) found this association in both sexes 

with their large prospective cohort. 

New evidence reported by Chen et al. (2019) confirms, however, that being 

overweight and obese before puberty, from ages 7 to 10 years, increases the odds of 

early puberty in girls, with a much smaller effect in boys (Chen et al., 2019; see also 

Aris et al., 2019). Differently, when they obtained measures of adiposity during 

puberty, they found a positive association with earlier pubertal status only in girls 

(Chen et al., 2019), which was the measure obtained by Benedet et al. (2014) and 

Adami et al. (2020). Importantly, there was no evidence that increased adiposity and 

earlier pubertal timing were associated with genetic confounders for risk of early 

puberty indicated by a genetic scores composed by 10 single-nucleotide 

polymorphisms (SNPs) candidates found related to puberty with independent relation 

of BMI (Chen et al., 2019), so these effects seem to be independent. 

More recently, Adami et al. (2020), using the same data and method of 

pubertal staging classification as Benedet et al. (2014), confirmed that earlier 

pubertal status was associated with excess of central adiposity (waist circumference). 

This occurred in both sexes, but the relation was stronger for females.  

 Still, it is unclear if higher body mass/adiposity when measured in pubertal 

girls is the cause of earlier puberty or faster pubertal tempo or if earlier pubertal 

timing is related to weight gain, making adolescents more vulnerable to being 

overweight (Reinehr & Roth, 2019).  

 

1.4.1 Metabolic status and obesity prevalence in adolescence 

 

Metabolism, in its MESH definition, consists of biochemical reactions in living 

organisms by which energy is provided for vital processes, activities and biosynthesis 
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process. In whole organism levels, metabolic status is a variable state that 

correspond to nutritional state, energy intake and expenditure and is composed of 

factors such as glucose metabolism, lipid profile and general and visceral adiposity 

with cardiovascular consequences such as changes in arterial blood pressure.  

As discussed above, in section 1.4, there are some sexual dimorphism in the 

metabolic trajectory  during adolescence, which does not necessarily imply in 

difference in vulnerability to risks of developing metabolic dysfunctions (Calcaterra et 

al., 2020) despite factors that often accompany higher levels of abdominal adiposity, 

such as decreased sensitivity to insulin, higher fasting glucose concentration, 

dyslipidemia and hypertension are more prominent in girls and associated with higher 

chances of developing ill health (Alberga et al., 2012). Each of these changes are 

individual metabolic risk factors that, when combined, characterize what is termed 

metabolic syndrome: a condition that is related to cardiovascular and brain 

malfunctioning, osteoarthritis, certain types of cancer, decreases in mental health 

(Weihe & Weihrauch-Blüher, 2019), as well as impaired cognition. Some studies, 

however, do show that boys tend to be at higher risk of developing metabolic 

syndrome (Bastard et al., 2018; Barzin et al., 2012; Kuschnir et al., 2016). 

The metabolic syndrome is a cluster of obesity and at least two or more 

cardiovascular risk factors (Zimmet et al., 2007), that are above or below cut-off 

scores that indicate increased risk (Grundy et al., 2005). Only the first two of these 

are age and sex-specific: BMI and abdominal obesity. Others are only age-specific: 

triglycerides level greater than 75 milligrams per deciliter of plasm (mg/dL) until 9 

years of age and 90 mg/dL from 9 to 19-year-old individuals; high density lipoprotein 

(HDL) cholesterol of less than 45 mg/dL from 9 to 19 years of age; hypertension 

(systolic and diastolic blood pressure greater than 130 and 80 mmHg, respectively, 

for individuals older than 13 (before this age it is considered a percentile calculated 

considering age, sex and height higher than the 95 centile) according to the Expert 

Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in 

Children and Adolescents (2011) and Faludi et al. (2017); glycated hemoglobin 

higher than 8% until the age of 12 years and 7.5% from 12 to 19 years of age (Netto 

et al., 2009). The establishment of these parameters to characterize metabolic 

syndrome should consider that risks change not only with age but also according to 
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sex and pubertal development (Zimmet et al., 2007). However, there is a dearth of 

definitive contemporary data related to puberty and these risk factors. 

Some mentioned metabolic markers can be obtained by accessible, little-

invasive methods, which may help to understand the relationship between metabolic 

and pubertal status. An example is glycated hemoglobin, which indicates the control 

of body glucose over the last months, and lipid profile, related to adiposity levels of 

young people, all of which can be measured with low-cost peripheral blood droplets 

with point of care equipment (Ferreira et al., 2015). These assessments, together 

with anthropometric measurements, such as body mass index, waist circumference 

and blood pressure, allow the determination of changes in metabolism (Shi et al. 

2015; Sung and Rhee, 2007) that may be associated with the course of puberty. 

These indicative measures of metabolism rather than leptin concentrations were 

chosen to be assessed here because, as mentioned, leptin does not appear to be 

associated with the onset of puberty in boys, although it is in girls (Apter, 2003; Biro 

& Kiess, 2016; Zho et al., 2010). 

The relationship with energy balance and pubertal development is particularly 

relevant today, as adolescents obesity has grown exponentially worldwide (Alberga 

et al., 2012), including in Brazil (Bloch et al., 2016), where the present study took 

place, impairing health in many ways (Ebbeling et al., 2002) and affecting pubertal 

development (Kaplowitz, 2008). 

In Brazil, an extensive cross-sectional study, the “Brazilian Study of 

Cardiovascular Risks in Adolescents” – ERICA, evaluated approximately 75.000 

adolescents aged 12-17 years in schools throughout the country and presented 

epidemiological data for adolescents’ health (Bloch et al., 2016). Obesity, classified 

according to body mass index (BMI) by reference curves from the World Health 

Organization (WHO) (Onis et al., 2007) according to age and sex, had an overall 

prevalence of 8.4% (7.9-8.9 95% Confidence Interval: CI), similar to that in the 

Southeast region (8.6%, 7.8-9.5 95%CI; 9.1% for males and 8.1% for females) where 

the present study was carried out. The national prevalence of overweight was higher, 

reaching 17.1% (16.3-18.0 95%CI), which was also similar in the Southeast region 

(17.4%, 15.8-19.0%CI; 17.2% for males and 17.3% for females). 

Obesity prevalence observed in the ERICA study was higher than that 

observed in a Household Budgets Survey (“Pesquisa de Orçamentos Familiares” in 
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Portuguese) organized by the Brazilian Institute of Geography and Statistics [Instituto 

Brasileiro de Geografia e Estatística (IBGE)] between 2008-2009. This latter study 

found 4.9% of prevalence of obesity (5.8% for males and 4.0% for females) between 

the ages of 10 and19 years (IBGE, 2010). In a later IBGE study with older individual 

(13 to 17-year-olds: IBGE, 2015 national average scores), the prevalence of 

overweight (24% males and females) was higher and similar for obesity (8.3% and 

7.3% for boys and girls, respectively). There are two possible reason for why the 

ERICA study found higher rates than the 2008-2009 IBGE study: 1) The ERICA 

study was carried out after and it is known that overweight/obesity rates are 

increasing; and 2) the 2008-2009 IBGE study included younger aged individuals who 

would tend to be in different pubertal stages than those in mid adolescence assessed 

in the ERICA study, and thus present different metabolic status. Indeed, the 2015 

IBGE study with other adolescents found higher prevalence for overweight. However, 

neither of these publications reported pubertal status.  

Considering other cardiovascular risk factors in the ERICA study, there was a 

high prevalence of hypertension in 12 to 17-year-old (9.6%; Bloch et al., 2015) and of 

low HDL concentration (46.8%) (Faria Neto et al., 2016) together with a 2.6% 

prevalence of metabolic syndrome slightly higher in males and in those aged 15 to 17 

years of age in most macro-regions of the country (Kuschnir et al., 2016). The 

authors of these ERICA studies argue that factors such as high food consumption 

and low physical activity are related to these altered risk factors. 

 

1.5 Adolescent brain: cognitive and behavioral development 

 

During early adolescence there occurs a marked improvement in performance 

in cognitive skills (Barel, 2018; Karama et al., 2011). This is believed to be related to 

sexual maturation (Blakemore et al., 2010) considering that pubertal factors seem to 

be responsible for changes in brain structure, such as cortical refinement trajectories, 

gray and white matter changes, as well as brain functioning, including optimization of 

neural networks/systems (Herting et al., 2017; Koenis et al., 2015; Tau & Peterson, 

2010) and changes in number and/or sensitivity of their brain receptors, all of which 

vary depending on genetic factors (e.g. Peper et al., 2011). Indeed, some of these 

brain changes seem to be related with intelligence after, but not before puberty 



19 
 

 
 

(Brouwer et al., 2014). Nevertheless, the part played by puberty in the development 

of cognition and intelligence is not at all clear. 

 

1.5.1 Intelligence measures 

 

Theories of intelligence have a long tradition. Even as a philosophical concept, 

previous work in the field is relevant to the understanding of intelligence as it 

influenced the way it is tested. A large body of work has investigated the biological 

bases of intelligence to better explain this construct in the field of psychology, mainly 

by correlating performance in tasks that measure this construct with brain size, 

nutritional status, neural activity and connectivity. Today, intelligence is believed to 

be related to the central functioning of the prefrontal cortex and the neocortex, 

including the parietal and frontal lobes in association to occipital contribution, as well 

as by activity of subcortical regions such as the striatum (Cole et al., 2012).  

Intelligence itself is not directly observed, nor a distinct and well 

conceptualized cognitive domain in the cognitive sciences (Goldstein & Beers, 2004). 

Generally, we can define intelligence as a construct that emerges from brain 

functioning that is related to cognitive and mental capacity, generating the ability to 

think abstractly, understand complex ideas, learn, plan, solve problems, among other 

cognitive abilities (Gottfredson, 1997) and that can be measured using complex 

statistical models. The inclusion of this section in the present dissertation is not to 

point to or discuss all the definitions and theories in this field, which are many.  

Rather, our aim is to conceptualize some points about intelligence that are necessary 

to understand the study and the boundaries of this concept in our investigation. 

Probably the most influential early theories of intelligence, in “western 

American-European science”, are those developed by Galton and Spearman, who 

used quantitative methods to investigate intelligence (see Fogarty, 1999). According 

to Fogarty (1999), Galton was one of the first to scientifically investigate intelligence. 

He developed tests of intelligence considering processing speed, sensorimotor 

processing, visual, auditory, and tactile skills, but was not able to prove his model as 

very predictive of meaningful cognitive performances (Fogarty, 1999).  Spearman, in 

turn, postulated intelligence as “a central pool of energy” that was required for all 

cognitive tasks and proposed it as a general ability (Fogarty, 1999). According to 
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Spearman’s theory, intelligence should be measured with tests of comprehension, 

memory and reasoning, all of which would be related with a common factor, named 

“g”, for general intelligence (see Fogarty, 1999; Goldstein & Beers, 2004). The 

g-factor exemplifies the generalist nature of intelligence as a complex trait that 

underlies many behavioral and psychological outcomes (Deary et al., 2010).  

After these theorists, several others contributed to the development of the 

present understanding of intelligence. For example, Vernon proposed a hierarchical 

model of intelligence and showed that below the g factor there were other 

categorization of sub abilities: verbal educational and a spatial-mechanical-practical 

factor (Fogarty, 1999; Goldstein & Beers, 2004). Later Cattel, using factor analysis 

like Spearman, showed that in fact intelligence was composed of more than one sub 

factor, as proposed by Vernon; however, the sub factors differed and involved what 

Cattel called fluid and crystalized intelligence (see Fogarty, 1999; Goldstein & Beers, 

2004).  

Recent advances in intelligence research, particularly in the area of 

neurobiology of intelligence, have tended to strongly support this distinction (Blair, 

2006; Horn & McArdle, 2007): crystallized intelligence is purportedly related to the 

learned information, knowledge about the world, its nature and history, knowledge of 

word meaning, while fluid intelligence is related to solving novel problems and does 

not dependent as much on prior knowledge (Nisbett et al., 2012). Despite this, there 

is little doubt that there is also a general underlying general intelligence factor. This is 

so because tests of intelligence impose challenges that involve the use of different 

cognitive domains such as reasoning, processing speed, certain types of memory 

and spatial ability and, usually, people who perform well in one type of test also tend 

to perform well in the others, reinforcing the idea of existence of a g factor (Deary et 

al., 2010).  

There are many test batteries that measure intelligence, which varies across 

the lifespan. Raw scores in these tests tend to peak in young adulthood and decline 

thereafter (Steinberg, 2012) and are influenced by both genetic and environmental 

factors (Steinberg, 2012), including cognitive stimulation, schooling, occupational, 

mental and physical health outcomes (Plomin & Deary, 2015).  

Differently, intelligence quotient (IQ) is a concept used to describe a value that 

is calculated from task performance that indexes test takers mental abilities, or 
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intelligence, compared to age matched peers. IQ is a score derived from one or a set 

of standardized tests designed to assess human intelligence in which the raw 

scores of a typical sample are normalized so that an IQ of 100, for each of many age 

strata, corresponds to the median scores; this way half the population in each age 

range scores above or below this value considering a normal distribution.  

Additionally, each standard deviation in a performance usually reflects the 

range of scores of two thirds of the population of a certain age. However, the values 

of mean and standard deviations vary among different test batteries, something that 

goes beyond the scope of this Dissertation. We mention this because in the present 

study we did not intend to compare each participant with the norms for their age, for 

which IQ would be essential. Our aim was to assess improvement in these abilities 

through early adolescence, so comparing their IQs across ages would only give us 

an indication of the level of intelligence of each participant relative to same age peers 

and not an improvement in mental abilities throughout development. We therefore 

used raw scores in the analyses because these increase as people age. 

The Wechsler Scales of Intelligence are today the most widely used 

intelligence scales.  There are many versions of this scale that were built based on 

the concept of the existence of one main factor of intelligence (g), but also take into 

account theories that subdivide intelligence into a verbal component, which evaluated 

verbal and acquired (crystallized) knowledge and the execution component, which 

measures perceptual organization, abilities to manipulate visual stimuli and other 

visuospatial/non-verbal (fluid) processes (McGrimmon and Smith, 2013; Yates et al., 

2006).  

Intelligence is a predictor of education and occupational status. Until 

adulthood, intelligence increases and people with higher intelligence tend to have 

better mental and physical health and fewer illnesses throughout the life (Plomin & 

Deary 2015). The part played by puberty in the development of cognition and 

intelligence is not at all clear, as discussed in section 1.5.2. below. Furthermore, 

most studies on intelligence were performed in western societies. This is a caveat 

because many sociocultural factors impact intelligence, such as SES background, 

schooling, etc. (Plomin & Deary 2015; Parisi et al., 2010), apart from changes across 

the lifespan. 

https://en.wikipedia.org/wiki/Standardized_test
https://en.wikipedia.org/wiki/Human_intelligence
https://en.wikipedia.org/wiki/Test_score
https://en.wikipedia.org/wiki/Test_score
https://en.wikipedia.org/wiki/Sample_(statistics)
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Here, our outcome of interest was the performance (raw score) in two subtests 

of Wechsler Abbreviated Scale of Intelligence (WASI; see by Trentini et al., 2014). 

The first test was the Block Design test, which has been found to be the best single 

subtest for predicting global intelligence ability (see Denney et al., 2015). This task 

was used in various prior studies relating metabolism and intelligence variables in 

adolescents, allowing us to compare our results directly to theirs. Vocabulary was the 

second outcome of interest. Block Design and Vocabulary were selected because 

they represent two types of abilities, fluid (non-verbal) and crystallized (verbal) 

intelligence, respectively (Cattell, 1963; Schroeders et al., 2015). Furthermore, when 

Block Design and Vocabulary test scores are combined, they account for the greatest 

amount of variance, have the highest correlations with and percentage of predicted 

scores in estimated full-scale intelligence quotient and general ability indices (see 

Denney et al., 2015).  

 

1.5.2 Puberty and markers of intelligence 

 

It has long been proposed that mental abilities that differ among sexes have 

something to do with the differential rate of maturation between boys and girls 

(Waber, 1976). Put simply, the idea was that early maturation would be related with 

higher verbal abilities, since females have better verbal skills and mature earlier, and 

late maturers would perform better in visuospatial/non-verbal abilities because boys, 

who mature later, excel in this type of task (Waber, 1976). This hypothesis has not 

been confirmed.  

Studies with large non-clinical samples on the association of pubertal timing 

and intellectual development in girls show that earlier menarche was associated with 

faster non-verbal intelligence development (Noipayak et al., 2016; Yusofi & Rajaie, 

2003). Smaller studies with clinical samples found mixed results. Rovet (1983) 

showed a complex an unclear pattern of verbal and non-verbal intelligence 

performance of individual with precocious puberty compared with controls. 

Differently, Galatzer et al. (1984) showed that girls with precocious puberty had 

higher verbal intelligence than normal developers, while Ehrhardt and Meyer-

Bahlburg (1986) found no difference in intelligence among similar groups when they 

had already reached sexual maturity.  
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This inconsistent pattern of results may have occurred for a variety of reasons. 

Firstly, past pubertal events do not inform on pubertal status at the time of cognitive 

assessment, so performance may have been assessed at different developmental 

stages of each participant and study. Menarche is also only one of many indicators of 

pubertal development. Although it occurs mostly in Tanner stage 3 (Legro et al., 

2000) or 4 (see Marshall & Tanner, 1969) in the majority of girls, it can happen in 

other pubertal stages. Therefore, this discrete marker is not even a good indicator of 

pubertal status or trajectory, especially because pubertal timing and tempo varies 

widely among individuals (see Joos et al., 2018). Furthermore, this type of relation is 

difficult to study in boys, in whom there is no clear signs of pubertal timing that 

compares to menarche (see Dorn, 2006).  

A different approach to determine the interconnectedness of pubertal status 

and cognition that avoids these shortcomings is to assess, within the same 

timeframe, performance and pubertal status with measures such as sex hormone 

concentrations and/or scores in the PDS or Tanner scales.  Regrettably, no clear 

picture has emerged by doing so. An example is the study of Davison and Susman 

(2001). These authors explored the contradictory and complex results of the relations 

of testosterone with cognition in prior investigations and tested this cross-sectionally 

and longitudinally. Although they found support for a linear positive association of 

serum testosterone concentrations and performance in a non-verbal intelligence task 

(Block Design) in boys, a much smaller effect was found in girls, apparent only at 

older ages. There was also no relation of testosterone with verbal intelligence 

(defining word meaning) cross-sectionally, not any effect longitudinally in either sex 

(Davison & Susman, 2001).  

Similarly, Herlitz et al. (2013) showed no testosterone effects on performance 

on various cognitive tasks with one exception in boys (one non-verbal, mental 

rotation task). This latter study, however, did not use scales/tests of intelligence. 

Differently, Shangguan and Shi (2009) showed that in 10-year-old (pre-pubertal) 

boys the correlation of testosterone was positive with non-verbal intelligence but that, 

at age 12, when some participants should have entered puberty, it was negative. 

However, pubertal development in this case was only inferred from participants’ age 

so it contributes little to the association of pubertal status and cognition.  
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As regards effects of pubertal status on intelligence, age must be considered 

(see Herlitz et al., 2013) because having lived longer, and/or being in higher school 

grades will evidently impact cognitive abilities. Consequently, if effects of pubertal 

development on cognition are still apparent after controlling for age, this means that 

pubertal status is an important factor to be taken into account when studying 

cognitive trajectories. Using age as a control, Davison and Susman (2001) failed to 

show effects of pubertal Tanner staging by physical examination on measures of 

non-verbal and verbal intelligence except that, after collapsing participants into three 

groups based on their pubertal scores, they found a specific effect: boys of younger 

ages with more advanced puberty performed better in the non-verbal Block Design 

task than the less mature males in the sample.  

Orr et al. (1988) also failed to find a correlation of self-rated Tanner stages 

corrected for age with a measure of general intelligence (combining verbal and non-

verbal abilities) but, in this case, pre- and early pubertal participants were very much 

underrepresented, so they may have missed the effects observed in young males by 

Davison and Susman (2001). The same can be said regarding the general lack of an 

association of testosterone and self-rated pubertal status on cognition controlling for 

age reported by Herlitz et al. (2013), who only studied 12 to 14 years old but did not 

apply intelligence tasks. Hence, there is no clear picture regarding the association of 

testosterone and/or pubertal status on the development of intelligence, nor of a 

possible mediating or moderating effects of metabolic status in this equation.  

 

1.5.3 Metabolic status and markers of intelligence 

 

Worse metabolic regulation seems to be associated with poorer cognition in 

adolescence by negatively affecting brain structure and functioning (Yates et al., 

2012). The underlying mechanisms can include factors such as impaired vascular 

reactivity, neuroinflammation, oxidative stress, abnormal brain lipid metabolism and 

impaired cerebrovascular reactivity due to insulin resistance (Yates et al., 2012). 

Prior studies on cognitive development, however, either assessed the role of puberty 

on cognition, disregarding metabolic parameters, or took into account metabolic 

markers on cognition without considering pubertal status. 
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In contrast to the lack of consistent findings regarding the association of 

pubertal development and intelligence markers, studies on the role of metabolic 

status on cognition have clearer findings, but disregard the possible impact of 

pubertal development in these results. The review by Yates et al. (2012) claims that, 

in adolescents, the majority of findings show a negative association of metabolic risk 

factors and executive functioning, cognitive abilities that are highly linked with 

intelligence (see Friedman and Miyake, 2017), although verbal (language) skills were 

seldom investigated.  

Overall, these studies seem to point mainly to impaired fluid, non-verbal 

intelligence associated with high BMI, although it is unclear if adiposity itself is the 

cause or if impairment results from other risk factors often associated with high BMI. 

Examples of studies that investigated this issue were based on data from the 

National Health and Nutrition Examination Survey (NHANES III) cohort (Lande et al., 

2003; Li et al., 2008; Rubens et al., 2016), which assessed the effects of metabolic 

risk factors on performance in the Block Design test, a test of non-verbal visuospatial 

intelligence. 

On the one hand, Li et al. (2008) showed a strong negative association of 

performance in the Block Design task and BMI, even after controlling for 

demographic and health confounders, including cardiovascular risk factors such as 

high blood pressure and serum lipid profile. Parisi et al. (2010) confirmed the BMI 

association with worse non-verbal intelligence measures in another sample of early 

adolescents, although they did not control for other metabolic risk factors; verbal 

intelligence, however, was not altered (Parisi et al., 2010).  

Corroborating the importance of high body mass on worse non-verbal 

cognitive performance, other studies using the NHANES III cohort showed that after 

controlling for BMI, among other variables, there was no independent association of 

elevated blood pressure (Lande et al., 2003) nor of many other cardiovascular risk 

factors (Rubens et al., 2016) on Block Design performance, although some of these 

risk markers were negatively associated with other cognitive abilities.  

Nevertheless, other studies suggest that metabolic risk factors often observed 

in obese individuals can also impair intelligence independently of body mass. Yau et 

al. (2010), for instance, showed that obese adolescents with type II diabetes had 

impaired general intellectual functioning, a measure that combined verbal and non-
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verbal abilities, compared to non-diabetic controls matched for BMI and waist 

circumference. Contrarily, obesity does not seem to affect cognitive function in 

individuals without significant medical or psychiatric history (Gunstad et al., 2008). 

Overall, high adiposity seems to be the most sensitive factor in determining impaired 

non-verbal intelligence markers. We stress, however, that none of these studies 

controlled for pubertal status, which is related to metabolic changes as discussed 

above, especially in girls.  

There are, however, some indications that earlier maturing girls have more 

developed non-verbal intelligence and accumulate more body fat in the post-

menarchal period (Noipayak et al., 2016; Yusofi & Rajaie, 2003), indicating a relation 

of intellectual non-verbal development and physical growth (Yusofi & Rajaie, 2003). 

However, when body mass reaches levels of obesity at this age, it is associated with 

impaired non-verbal (performance), but not verbal intelligence (Yu et al., 2010). 

  

1.6 Socioeconomic status, pubertal development, metabolic status and 

markers of intelligence 

 

Considering the above discussed issues, there seems to be sufficient grounds 

for more studies on the interdependency of cognitive markers of intelligence, pubertal 

and metabolic status. To this end, another variable that affects all these three factors 

must be considered: socioeconomic status (SES).  

SES is a general concept that represents resources that determine whether an 

individual has a prosperous, healthy and secure life, or a life surrounded by 

difficulties and vulnerabilities such as insufficient income and poor health (see Farah, 

2017). In other words, it is an integration of complex socioeconomic factors and 

emerges from material and non-material external conditions related to socialization, 

such as family structure, education, income, job prestige and structured 

neighborhood/communities (Farah, 2017).  

Socioeconomic aspects can shape individuals even before birth and continue 

to do so throughout their life because the resources available to families/communities 

determine the extent of exposure to hazards that impact health, for example. Brazil, 

the country in which the present study took place, is a developing nation in many 

respects, including its low Human Development Index 



27 
 

 
 

(http://hdr.undp.org/sites/all/themes/hdr_theme/country-notes/BRA.pdf) which reflects 

its wide disparity in the socioeconomic and educational conditions. 

In the present study, we used the Brazilian Association of Research 

Companies (Associação Brasileira de Empresas de Pesquisa) ABEP scale (ABEP, 

2019) to measure SES. This scale measures family purchasing power by inquiring 

about the number of property items, neighborhood characteristics and the 

educational attainment of parents/guardians. It was chosen because other measures 

of SES that are usually employed in the international literature, that involve 

determining earnings and parental professions, are not adequate in Brazil due to 

frequent economic oscillations, rampant unemployment and widespread informal 

work (see Colom and Flores-Mendoza, 2007). 

SES indicators have a complex relation with BMI, but this varies among 

samples and sexes (Bastos-Abreu et al., 2018). Having little financial resources can 

be either related to lack of food and low BMI in impoverished nations, or to cheap, 

fattening food that increase body mass and susceptibility to metabolic syndrome in 

middle- and high-income countries, which in turn can affect pubertal timing, together 

with aspects such as family income, parents’ schooling, living conditions and family 

composition (Krzyżanowska et al., 2016; Steppan et al., 2019).  

Importantly, SES is positively associated with cognitive abilities in both sexes 

irrespective of BMI (von Stumm & Plomin, 2015; for a different finding, see Colom & 

Flores-Mendoza, 2007), particularly in regard to verbal or crystallized intelligence 

markers such as language abilities and vocabulary (e.g. see Parisi et al., 2010; 

Spencer et al., 2012). These effects are due to various mechanisms that impact brain 

(Hackman & Farah, 2009) and cognitive development from early childhood (Hoff & 

Tian, 2005; Parisi et al., 2010; Puglisi et al., 2017; Sohr-Preston et al., 2013). By 

contrast, performance in non-verbal tasks such as Block Design is not usually found 

to be affected by SES (e.g. Spencer et al., 2012).  

 

1.7 The experimental approach to investigate the reciprocal relations 

of puberty, metabolism and cognition  

 

To reach our objective of understanding the combined role of pubertal and 

metabolic status on performance on markers of intelligence (detailed in section 2) we 

http://hdr.undp.org/sites/all/themes/hdr_theme/country-notes/BRA.pdf
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had to make a serie of decisions regarding the selection of variables and of statistical 

models. Due to the multifactorial nature of puberty and the recurrent argument 

regarding the imprecision of pubertal measures (see Worthman et al., 2019), we 

assessed pubertal status in various ways to circumvent this limitation. We then 

propose the use of statistical modeling to obtain a latent variable of pubertal status 

with a variety of minimally invasive objective measures (biomarkers) and subjective 

self- and guardian-reported measures of secondary sexual characteristics, which 

seem to reflect different aspects of general pubertal development (see Van Hulle et 

al., 2015).  

Latent variables are not directly observed, like what was discussed regarding 

intelligence but are inferred from statistical models based on variables that are 

directly measured (e.g. scores, hormone concentrations, etc.). To obtain a latent 

pubertal factor we used scales (picture based Tanner staging and PDS filled in by the 

participants and their guardians) and hormonal assays: saliva concentrations of free 

testosterone and DHEA sulfate (DHEA-S), which has lower circadian variability 

(Baulieu, 1996) and is more sensitive to pubertal staging than DHEA (Hopper & Yen, 

1975). Increases in both these hormones indicate pubertal advancement in both 

sexes (Balzer et al., 2019; Nottelmann et al., 1987; Shirtcliff et al., 2009; Soeborg et 

al., 2014) unlike estrogen, which does not show consistent effects in both sexes: this 

hormone has been shown to relate to sexual maturity cross-sectionally in girls 

(Shirtcliff et al., 2009) and longitudinally in boys (Balzer et al., 2019; for different 

findings, see Nottelmann et al., 1987). Latent variables obtained from all these 

variables could thus represent the common variance in pubertal status, constituting a 

step forward in analyzing puberty from a pool indicator that assess external 

(secondary sexual characteristics) and internal (biomarkers) changes in this phase of 

life. Age can be controlled in this type of model to determine the independent effect 

of puberty to cognitive performance.  

Regarding metabolic status, we also proposed the use of a latent factor 

including markers of metabolic and cardiovascular risk that are used to assess 

metabolic syndrome (Sung & Rhee, 2007; Shi et al. 2015). These markers were 

obtained through low cost capillary blood with point-of-care equipment (glycated 

hemoglobin, which indicates the control of body glucose over the last months, and 
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lipid profile, related to adiposity levels: Ferreira et al., 2015), anthropometric 

measurements (BMI, waist/height ration, percentage of body fat) and blood pressure.  

The importance of the use of a latent variable to assess metabolic changes is 

that most studies in adolescents determine the role of metabolic parameters on 

cognition and puberty by studying the effects of multiple individual markers one at a 

time, inflating significant effects, or dichotomizing individuals as having or not having 

the metabolic syndrome. Additionally, combining some of these metabolic measures, 

such as calculating the cholesterol ratio (total cholesterol divided by HDL) is regarded 

as a good metric for assessing metabolic syndrome in adolescents (Chu et al., 2019).  

Detecting metabolic syndrome in a sample such as ours, with typically 

developing healthy children/adolescents, would yield only a small proportion of 

individuals with this health problem, whereas a latent variable obtained from all 

studied variables allows the determination of a combined, purer measure of the 

overall metabolic status in healthy adolescence. Furthermore, because it is expected 

that metabolism changes following pubertal status, as previously discussed, even in 

healthy individuals, it was illogical to establish an age-specific cut-off score for all 

adolescents irrespective of their pubertal status. 

Our outcomes of interest were performance in two subtests of WASI: The 

Block Design and Vocabulary tests which, respectively, index fluid (non-verbal) and 

crystallized (verbal) intelligence (Cattell, 1963; Schroeders et al., 2015) as discussed 

in section 1.5.1.  

To reach our objective of identifying the reciprocal relations between pubertal 

and metabolic status and development of intelligence we assessed typically 

developing 9 to 15 years-old, which included most pubertal stages, controlling for 

SES and age. The analyses were conducted using the same models for both sexes 

separately due to their differential developmental (see Dorn, 2006) and metabolic 

trajectories (Gluckman & Hanson, 2006; Mostazir et al., 2016; Reinehr & Roth, 

2018). Separate models for verbal and non-verbal cognitive abilities were also used 

owing to the more consistent findings of metabolic effects on non-verbal measures 

and also differences in cognitive abilities between males and females, which were 

not of interest here as they occur across the lifespan and in different cultures 
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(Kimura, 2002; Linn & Petersen, 1985; Hyde, 2016); consequently, they do not reflect 

specific pubertal events.  

Based on prior findings in the literature that were discussed above, we 

hypothesized that puberty would be more associated with metabolism in girls than 

boys, due to their higher requirement of energy resources to reproduce. We also 

expected that metabolism would be associated with our measure of non-verbal 

intelligence due to this fairly consistent association in the literature, even after 

controlling for SES (ABEP scale), which does not usually alter this ability.  

However, we had not clear predictions regarding the role of pubertal status on 

metabolism, nor on markers of verbal and non-verbal intelligence after correction for 

age, as this literature is still scanty, and because it has not taken puberty into 

account. Nonetheless, we expected that higher pubertal status would contribute to 

the improvement in performance across increasing ages due to the optimization of 

brain functioning that result from sexual maturation (Blakemore et al., 2010; Koenis 

et al., 2015).
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2 OBJECTIVE 

 

2.1 General objective  

 

To evaluate the reciprocal relations between pubertal and metabolic status 

and their effect on cognitive maturation based on measures that tap intelligence 

(scores in Block Design and Vocabulary subtests) in typically developing 9 to 15-

year-olds using Structural Equation Modeling. 

 

 

2.2 Specific objectives  

 

2.2.1. To determine the feasibility of constructing two independent latent 

factors for both sexes jointly: one for pubertal and other for metabolic status; 

  

2.2.2. To determine the relation of pubertal and metabolic status latent factors 

and their effects per sex, controlling for per capta SES and age, with the raw scores 

in: 

- the Block Design WASI test; 

- the Vocabulary WASI test. 
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3 MATERIALS AND METHODS 

 

This study is part of an umbrella Thematic Project supported by FAPESP (The 

São Paulo Research Foundation), which aims to evaluate the relation between the 

pubertal status and the development of behavioral self-regulation during adolescence 

(process FAPESP 2016/14750-01).  

 

3.1 Participants 

 

Participants were 278 (166 females) healthy native Portuguese-speakers aged 

9 to 15 years in order to include the full range of pubertal development stages. They 

had normal or corrected vision and were of different SES backgrounds. Data was 

collected between October 2018 and December 2019. Exclusion criteria were (based 

on reports given by guardians – Annex 1): 1) use of chronical medication, to rule out 

the presence of clinical disorders, and use of drugs that could impact cognition, 

pubertal development and metabolism; 2) having been held back at school for a year 

or more and being a student with special needs, which indicative of presence of 

possible clinical and/or cognitive limitations. 

 

3.2 Procedure 

 

The study protocol was approved by the Ethic Committee of the University 

where it took place (CEP/UNIFESP, project nº: 3.274.750 CAAE 

56284216.7.0000.5505; Annex 2). This was a cross-sectional design study including 

a convenience sample. Participants were recruited from and tested at their own 

school. Private or public institutions from different regions of the extended 

metropolitan area of the city of São Paulo, a megalopolis in Brazil, were contacted 

and invited to take part in the study. There was an effort of the team to make contact 

with a broad range of schools from different neighborhoods. The study was 

conducted in the schools which accepted taking part in the project, shown in figure 5: 

10 schools [2 private (one from the south/central area of the city and one from the 

east area); 8 public (four from the south, one from the north, one from the west area 

and two from the metropolitan region of São Paulo)]. After obtaining authorization 
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from each school, arrangements were made with the staff to invite potential 

participants and their families for enrollment. To this end, youngsters and their 

guardians were shown a four-minute video [different versions for youngsters 

(https://www.youtube.com/watch?v=w-5KuX8J6VM&rel=0 or 

https://www.youtube.com/watch?v=1PgntvMkc7w&rel=0) and guardians 

(https://www.youtube.com/watch?v=WYdhljro_uU&rel=0)] that contained all 

information about the study described in the assent and consent forms. Those 

interested in participating took home envelopes with printed details, consent forms 

(annex 3) and questionnaires to be filled in by one of the guardians [about 

sociodemographic and medical history, and the PDS (annex 1)]. Participants were 

only included after signed informed consent from their guardians and their own 

assent was obtained (Annex 3).   

 

 

From: GoogleMyMaps tool. 

Figure 5. Map of the city of São Paulo and surrounding urban area in which different regions 
are indicated by different colors and icons represent the contacted schools (those indicated 
with “x” in black did not accept to participate; the ones that did are marked as red icons).  
Note: In the map, the purple area corresponds to the west region, the green, to the north, the 
red, to the east, and the blue, to the south/central areas of the city. Some schools from the 
extended metropolitan area were also included. 

 

Each participant was invited to participate in two sessions. The first was an 

individual session in which they answered questionnaires (including self-rated Tanner 

North 

region West 

region 

South 

region 

East 

region 

https://www.youtube.com/watch?v=w-5KuX8J6VM&rel=0
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and the PDS) and cognitive tests (starting with the WASI subtests: Vocabulary 

followed by Block Design). The second session happened in groups, to obtain 

anthropometric measurements, capillary blood (for the determination of lipid profile 

and glycated hemoglobin with point-of-care equipment that provided results in 

minutes) and saliva (for determination of testosterone and DHEA-S). Saliva was 

collected by passive drool 10 minutes after a light mouthwash with water and was 

free of visual blood traces.  

Participants were reminded a day before the second session to avoid eating, 

brushing their teeth, chewing gum in the last hour before this session because this 

could interfere with saliva production and contamination of blood. For the following 

measures each participant was identified by the experimenter he or she met in the 

first session. At this point he/ she also responded to information regarding the day of 

the experiment to verify compliance with all the instructions (Annex 4).  

The team involved in data collection was trained and some simulations were 

prepared to establish the collection dynamics. Figure 6 presents an overall flowchart 

of the data collection to facilitate the understanding of the following description of the 

experimental design, procedure and measures.  

Collected biological samples were transported in ice-cooled Styrofoam and 

aliquots were stored in a freezer at -80 oC until analyzed. Weight (kg), height (m), 

waist circumference (cm), percentage of body fat and blood pressure were obtained 

in duplicate and the average of the two measurements were computed.  

In order to control for circadian variation, we established that samples would 

be collected between 10:00-12:00h. However, to adapt to school schedules we also 

had to collect material in the afternoon in some cases, between 13:00-16:00h. Note 

that most Brazilian students study either in the morning shift, beginning at around 

07:00h, or in the afternoon shift, starting around 12:30h. Hence, not all were at the 

schools at a certain fixed time of day.  

Other information was obtained from the guardians and participants in these 

experimental sessions and results will be described elsewhere, as they are part of 

other objectives of the umbrella project of which the present study was part of. 
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Figure 6. Fluxogram of data collection and material used in the study.  

Note: a. tape for measuring waist circumference; b. Portable Stadiometer; c. Digital Balance OMRON 
HBF-514C for measuring weight and % body fat; d. CardioChek PA PTS Diagnostic, lipidic profile 
equipment; e. Blood pressure monitor OMRON, model HEM-7122; f. Equipment for measuring 
glycated hemoglobin (A1CNow System PTS Diagnostic). 
 

Our sample was composed by participants of 10 different schools, more than 

764 individuals were invited to participate. Figure 7 shows the number of invites and 

participants included from each site of collection, their mean age, pubertal status by 

PDS and SES. There is a perceived difference between the age and pubertal 

development of the participants between schools due to the organization of the 

students cycles and the age group covered in the study. For example, in an 

elementary school there were potential participants aged 9-10 years, in contrast, in 

schools only of secondary education older participants, aged 14-15 years were 

invited. Statistical data were not presented to show this difference. In the result 

section (4.1) a general and more detailed sample description are presented.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Duration: ± 30-50 min per participant 

Material: 

Printed questionnaires     

Tablet for WASI stimuli  

 

  

 

Day 1: Individual Session 

 

Maximum 

3 months 

interval 

 

Objective:  

 
 

• Cognitive tests 
 

 

• Pubertal 
questionnaires 

 

Objective: 

• Collection of saliva 
samples 

 

 
 

• Collection of 
anthropometric 
measures 

 
 
 
 
• Metabolic profile 

(lipidic profile and 
glycemic measure) 

 
 

 

 

 

Material:  

 

               

 

 

 

 

Obtained Measures 
 

WASI – block design 
and vocabulary 
 
PDS scale (Pubertal 

developmental Scale)  
 
Self-evaluation of 
Tanner  
 

 

Day 2: In Group Section (10-30 participants) 

 

Weight, height: BMI 
% body fat 
Abdominal circumference 

 

Arterial Blood Pressure 
 

 

 
Total cholesterol, 
Fractions HDL, LDL, 
Triglycerides 
 
Glycated hemoglobin 

 

 

 

 

Obtained Measures 
 
DHEA-S 
Testosterone  

Requirement for guardians: Terms of informed consent (also responded Demographic questionnaire). 

 

a. b. c. d. e. f. 

Duration: ± 90-120 min 
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Figure 7: Descriptive data [Mean, ±SD, min-max] of the sample’s age, PDS Score and SES by school or collection place.   

Mean [(SD) min-max]: 

Age 

13.2 [(1.5) 

11-15] 

 

PDS Score 

2.6 [(0.6) 

1.2-3.8] 

 

SES 

8.25[(3.18)3

.60-17.92 

 

School 1 

Nº invited students: 85 

Included participants: 34 

(14 girls and 20 boys) 

Mean [(SD) min-max]: 

Age 

12.5 [(1.6) 

10-15] 

 

PDS Score 

2.41 [(0.7) 

1.5-3.6] 

 

SES 

11.56[(2.32) 

7.5-14.33] 

 

School 2 

Nº invited students: 70 

Included participants: 8 

(4 girls and 4 boys) 

Mean [(SD) min-max]: 

Age 

13.2 [(1.5) 

11-15] 

 

PDS Score 

2.7 [(0.6) 

1.3-3.8] 

 

SES 

8.04[(2.82)

3.5-16.0] 

 

School 3 

Nº invited students: 198 

Included participants: 41 

(19 girls and 22 boys) 

Mean [(SD) min-max]: 

Age 

10.9 [(1.5) 

9-14] 

 

PDS Score 

2.2 [(0.8) 

1-3.8] 

 

SES 

5.60 [(2.19) 

2.00-10.50 

 

School 4 

Nº invited students: 138 

Included participants: 43 

(26 girls and 17 boys) 

Mean [(SD) min-max]: 

School 5 

Nº invited students: 53 

Included participants: 1 

(girls) 

Age 

15  

 

PDS Score 

3.4 

 

SES 

7.67 

Mean [(SD) min-max]: 

Age 

13.1 [(1.5) 

11-15] 

 

PDS Score 

2.7 [(0.7) 

1.2-4] 

 

SES 

6.71 [(2.20) 

3.00-13.50] 

 

School 6 

Nº invited students: 173 

Included participants: 41 

(34 girls and 7 boys) 

Mean [(SD) min-max]: 

Age 

13.7 [(0.9) 

12-15] 

 

PDS Score 

2.9 [(0.7) 

1.4-3.8] 

 

SES 

10.87[(2.81)

6.67-14.50] 

 

School 7 

Nº invited students: 47 

Included participants: 11 

(6 girls and 5 boys) 

Mean [(SD) min-max]: 

Age 

11.9 [(0.9) 

11-15] 

 

PDS Score 

2.3 [(0.7) 

1.2-3.8] 

 

SES 

8.06 [(2.99) 

4.25-19.67] 

 

School 8 

Included participants: 50 

(30 girls and 20 boys) 

Nº invited students:       
not estimated 
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continuation Figure 7: Descriptive data [Mean, ±SD, min-max] of the sample’s age, PDS Score and SES by school or collection place.

Mean [(SD) min-max]: 

Age 

14.8 [(0.7) 

12-16] 

 

PDS Score 

3.3 [(0.5) 

2.0-4.0] 

 

SES 

8.32 [(2.48) 

3.40-13.67] 

 

School 9 

Included participants: 30 

(23 girls and 7 boys) 

Mean [(SD) min-max]: 

Age 

10.3 [(0.5)  

10-11] 

 

PDS Score 

1.8 [(0.4) 

1.2-2.6] 

 

SES 

6.89 [(1.45) 

5.33-9.32] 

 

School 10 

Included participants: 8 

(3 girls and 5 boys) 

Mean [(SD) min-max]: 

Age 

12.1 [(2.9) 

9-15] 

 

PDS Score 

2.7 [(0.9) 

1.2-3.8] 

 

SES 

6.38 [(2.20) 

3.83-10.00] 

 

External school participants 

Nº invited students:       
not estimated 

Included participants: 7 

(4 girls and 3 boys) 

Mean [(SD) min-max]: 

Age 

10.3 [(1.0) 

9-11] 

 

PDS Score 

2.04 [(0.6) 

1.6-3.0] 

 

SES 

12.17 [(2.93) 

8.50-15.67] 

 

External school participants 

 Nº invited students:       
not estimated 

 

Included participants: 4 

(2 girls and 2 boys) 

Nº invited students:       
not estimated 

Nº invited students:       
not estimated 
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3.3 Description of tests and measures 

 

3.3.1 Demographic characteristics 

 

Participants’ age (in years and months), sex, the number of family members 

and SES were reported by the guardians (see this questionnaire in Annex 1). SES 

was assessed with a questionnaire that measures family purchasing power by 

inquiring about the number of items present at participants’ homes (i.e., number of 

cars, motorcycles, bathrooms, refrigerators, freezers, computers, DVDs, washing and 

drying machines, dishwasher, microwave, housemaid who works on all days in a 

week), neighborhood characteristics (whether the street where the family lives is 

paved or not, if the house has or does not have piped water) and the mean 

educational attainment of parents/guardians (instead of education of the breadwinner 

of the household, proposed in this scale, because many families expressed difficulty 

determining who plays this part). Scores are determined following guidelines of the 

Brazilian Association of Market Research (see 

http://www.abep.org/Servicos/Download.aspx?id=11: ABEP, 2019). We then divided 

the score by the number of individual living in the participants’ home to attain a per 

capta measure of SES.  

 

3.3.2 Pubertal measures 

 

3.3.2.1 Subjective measures of pubertal status (based on secondary 

sexual characteristics) 

 

3.3.2.1.1. Picture based self-reported Tanner staging - (adapted from 

Morris and Udry, 1980): Participants self-classified their development into one of five 

stages (pre- to post-pubertal) according to genital development in boys and breast 

development in girls, which reflect gonadal changes, as well as pubic hair in both 

sexes, which indicated adrenal functioning. This staging can be classified in pre-

pubescent (stage 1) to full development (stage 5) (Marshall & Tanner, 1969). The 

ratings were made based on online drawings developed from descriptions of the 
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characteristics of each stage available in the literature and supported by clinicians 

specialized in Adolescent Medicine (this was part of my undergraduate study at 

UNIFESP and results are being prepared for publication). To ensure adequate 

ratings, a description of the main characteristics of each stage were added (annex 5). 

We did not use Morris and Udry’s (1980) drawings because we found many 

inconsistencies in the illustrations and classic definitions of each stage.  

 

3.3.2.1.2. Pubertal Development Scale [PDS: Adapted from Carskadon and 

Acebo (1993) for local use by Pompeia et al., 2019)]: The scale was answered by the 

participants (annex 6) and their guardians (annex 1) regarding the youngsters 

secondary sexual characters combining both gonadal and adrenal outcomes: body 

hair development, growth spurt and skin changes for participants of both sexes, voice 

changes and facial hair growth for boys, and breast growth in girls, all measured in 4-

point Likert scale (ranging from 1 “not yet started” at 4 “seems complete”; and 0 “I 

don't know”, coded as missing). For girls, it is also questioned, this time with a 

dichotomous answer, about the occurrence of menarche (score 1 = no; 4 = yes). The 

scores were the mean ratings in all five sex-specific questions as described by 

Carskadon and Acebo (1993). When pertinent in order to obtain a categorical 

classification as with the Tanner stage [pre (or early); mid; and late pubescent] we 

classified the PDS score so the ones between 1 and 2 points would be classified as 

early, 2.1 and 3 points, mid and 3.1 to 4 points, late puberty. 

 

3.3.2.2 Biomarkers related to pubertal status 

 

Free testosterone and DHEA sulfate (DHEA-S) concentrations: The 

participants' passive saliva was collected as described by the kit. The instructions 

were to salivate passively, without forcing it by asking participants to think of their 

favorite foods and presented olfactory stimuli by edible artificial essences (flavors: 

lemon, pineapple, raspberry and vanilla), expected to increase saliva to their mouth 

and then requiring them to tilt their heads down and drop the saliva in the collectors 

without sputum. The collector was then inspected, and samples were discarded and 

recollected or whenever they were found to be contaminated with blood or sputum. 
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Hormone concentrations were obtained from saliva aliquots (700 μl) using an 

enzyme-linked immunosorbent assay (ELISA) kit in uniplicate following supplier 

guidelines (Salimetrics, State College, PA). The kits for DHEA-S (Lot 4926B) and 

testosterone (Lot 66K069) were provided by DRG Diagnostics- (MARBURG-

German), and tests were performed within their validity period. Absorbance was 

measured using a spectrophotometer reader Stat Fax model 2100 (Awareness 

Technology). The analyst concentrations were calculated in relation to the standard 

curves and expressed in pg/mL for testosterone and ng/mL for DHEA-S. The test 

sensitivities were 0.94 pg/mL and 0.05 ng/mL, respectively. Randomized samples 

were chosen to be tested in duplicates, 2 for testosterone and 10 for DHEA-S. In 

these the mean coefficients of variation were in average 4.4% for testosterone 

samples and 2.8% for DHEA-S. 

 

3.3.3 Metabolic related measures 

 

3.3.3.1. Anthropometrical measures: obtained with calibrated instruments 

according to a standardized protocol following Frisancho (1990) using means of 

duplicate measurements:  

Body Mass Index (BMI), calculated with weight (kg), determined with an 

OMRON HBF-514C Body Control scale, after participants had removed coats and 

shoes, divided by squared standing height (cm2); standing height was measured 

using a portable stadiometer;  

Body fat percentage (Fat %) was estimated with an OMRON HBF-514C Body 

Control scale by bioelectrical impedance across hands and feet considering 

participant age, gender and height following the equipment manual;  

Waist/Height ratio (WHtR), with waist circumference (cm) measured with a tape 

over the navel, to indicate the mid-way between the lowest rib and the iliac crest, 

divided by height (cm). 

 

3.3.3.2. Diastolic and Systolic blood pressure: measured using an Automatic 

Arm Blood Pressure Monitor model HEM-7122 ® that uses the oscillometric method 

of blood pressure measurement.  
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3.3.3.3. Lipid profile (total cholesterol and fractions, triglycerides) and glycated 

hemoglobin (HbA1c): obtained with point-of-care Cardiocheck PA ® and A1CNow 

SystemPTS Diagnostic® equipment 

(http://www.mexglobal.com/index.php/en/products/pts-diagnostics), respectively. 

Capillary blood (40 μl for each equipment) was collected with a tube after puncturing 

a finger with a lancet, following recommendations of Krleza et al. (2015). The 

quantitative results for the lipid profile given by the Pts Strip panel vary in 100-400 

mg/dl for total cholesterol, 15-100 mg/dl for HDL fraction and 50-500 for triglycerides, 

which comprised the measurements in our sample. Lower levels were considered 

these minimum values. In Annex 7 find a technical description, suppliers instructions 

for collection and management of the equipment. 

 

3.3.4 Cognitive measures 

 

3.3.4.1. Sub-tests of the abbreviated Wechsler Intelligence Scale (WASI), 

standardized scale for use in Brazil by Trentini et al. (2014) and scored following the 

scale’s manual:  

3.3.4.2. The Block design task: assesses non-verbal, fluid intelligence and 

visuospatial organization. It includes 13 trials that involve rearranging four and next 

then 9 cubes, which have different red and white patterns on each side, to form two-

dimensional red-and-white geometric models that are shown to testees. Each trial 

has a specified time limit. Testees are awarded points according to success in 

recreating the models and the speed with which they do so. The test is discontinued 

after failures on recreating three consecutive models in their allotted time limit. The 

measure of interest was the raw score in the test (sum of correct answers). 

3.3.4.3. The Vocabulary task accesses verbal comprehension by asking 

participants to define the meaning of 38 words presented one by one. Participants 

are awarded two points for correct definitions, one point for intermediate level 

definitions or zero points for incorrect or poor definitions. The test is discontinued 

after five consecutive words are awarded zero points. There is no determined time 

limit to complete this test. The measure of interest was the raw score in the test (sum 

of correct answers). 
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3.4 Ethical Issues 

 

The present study involved filling out questionnaires (parents and children / 

adolescents), carrying out cognitive tests, and measuring weight, height, and waist 

circumference which have the potential to cause fatigue and/or embarrassment. The 

study also involved obtaining blood pressure, samples of saliva and collection of 

capillary blood (about 5 drops) with a single lancet hole, which were carried out by 

trained health professionals to minimize discomfort. This last procedure could have 

minimal adverse effects, which were avoided following the recommendations of 

Krleza et al. (2015: http://www.biochemia-medica.com/2015/25/335). Schools and 

families provided informed consent/assent and the latter received a written report 

regarding data from the participants (cognitive performance, anthropometric report 

and results of biological tests). Participants and schools also received a science 

partner certificate and testees were reimbursed for transport costs. A Medical Doctor, 

member of the research team, referred participants to a general practitioner or 

neuropsychologist when results were indicative of health/cognitive problems.  

  

3.5 Statistical analysis 

 

Descriptive analysis are presented by mean, standard deviation (SD), 

Minimum (Min), Maximum (Max) of all variables by sex. Additionally, we present 

intercept and non-standardized regression coefficients (B) with respective 95% 

Confidence Interval (CI) of all variables regressed on scores in the self-assessed 

Pubertal Development Scale as an independent variable, because it combines 

gonadal and adrenal changes and is thus a better indicator of general pubertal 

development, the effect of interest in this study.  

For the inferential analysis, based on previous literature, first we determined 

the variables that would compose the best fitting latent factors for pubertal and 

metabolic status (separately) that could then be used in Structural Equation Models 

(SEM) to assess their interrelations and their effects on performance in the Block 

Design and Vocabulary tests.  

To this end, we explored which among the following variables, selected based 

on theory, would compose the best latent variable(s): 1) for the pubertal latent 
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factor(s) we considered self- and guardian-rated PDS scores, picture based Tanner 

rating of gonadal (breasts in girls and genitals in boys) and adrenal development 

(pubic hair in both sexes), testosterone and DHEA-S concentrations (see Dorn, 

2006); 2) for the metabolic status latent factor(s) we, a priori, based on known 

indicators of metabolic syndrome (Giannini et al., 2010; Zimmet et al., 2007), 

considered BMI, percentage of body fat, Waist/Height ratio, diastolic and systolic 

blood pressure, cholesterol ratio and triglycerides. Due to lack of prior studies that 

have used latent factors approach to guide which variables would compose the latent 

factor, we inspected ordinary correlation matrixes to determine how the above cited 

measures intercorrelated with each other (a necessary condition to build latent 

factors).  

We considered both sexes jointly so that the same SEM models could be 

constructed to enable comparisons of the importance of the pubertal and metabolic 

factors between sexes. Initially, we chose intercorrelations higher than 0.3 as a cutoff 

value to guide our selection of variables to form each latent factor (Ellis, 2010). We 

then used Confirmatory Factor Analyses (CFA) to determine the adequacy of the 

latent factor. If the model did not converge or had inadequate fit indices, we removed 

the variables with lower factor loadings until a convergent model with acceptable fit 

was obtained, including adjustments of residuals among variables to improve fitting, if 

necessary.  

After establishing the variables that would compose each latent factor for 

pubertal and metabolic status, we built separate SEMs for each sex. In the first set of 

models we included only the pubertal latent factor with a direct path to Block Design 

performance scores. To determine independent effects of pubertal status on 

cognitive performance, age in months was used as a control on the pubertal latent 

factor. SES scores were also entered into the model because they can affect 

cognitive outcomes, pubertal timing and metabolism as described above. Similar 

models were run substituting Block Design with Vocabulary scores.  

We also explored whether model fits could be improved by theory driven 

corrections of covariance residuals. The second set of models were the same as 

those described above except that we included both pubertal and metabolic status 

latent factors. These were bidirectionally related because the cause and effect 

relations between these factors is still unclear (see Chen et al., 2019). 
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All models were run using Mplus Software (Muthén & Muthén, 2017) and 

missing data were dealt with via Full Information Maximum Likelihood. Model fit 

measures and their cut-off were evaluated as proposed by Schermelleh-Engel et al. 

(2003). These authors propose the following values: comparative fit index (CFI) and 

Tucker-Lewis Index (TLI) should be greater or equal to 0.95 for an acceptable or 0.97 

for a good index; root mean square error approximation (RMSEA) should be equal to 

or smaller than 0.08 for acceptable and, for a good index, 0.05; standardized root 

mean square residual (SRMR) value should be smaller than 0.10 for acceptable and, 

for a good index, 0.05; χ² P-value should be > 0.05.
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4 RESULTS  

 

4.1 General Sample description 

 

All participants included in this study were declared healthy by their guardians. 

Our sample was composed by 166 females and 112 males, with mean age of 12.6 

years old (SD=1.8). For a descriptive analysis mean, deviation standard, minimum 

and maximum values were determined separately by sex (Table 1). Regression 

coefficients are also presented according to self-assessed scores in the PDS 

because our objective was to study the effect of pubertal status on cognitive 

outcomes, this way readers can assess the changes in each variable according to 

pubertal status. Concerning to metabolic measures, in cases in which the lipid profile 

equipment accused values below the minimum of detection (for five participants 

regarding total cholesterol and 10 for triglycerides), minimum values of biomarkers 

were considered. There were also some sporadic missing data due to imprecision in 

equipment measurement.  

The sample represented participants in various stages of sexual maturation, 

age groups, SES and BMI. Participants with Tanner's initial stage were less 

represented, especially for females. For this sex, participants in Tanner stages 4 and 

5 prevailed (together these two groups represent more than 50% of the sample) for 

both pubic hair and breast growth (figure 8). For males, the distribution between the 

Tanner stages was broader, which is expected given that they mature later than girls 

in the same age group. This pattern of latter maturing in boys can also be seen 

regarding the PDS distribution. There was, however, a balanced distribution in mid-

pubertal stages: based on the total scores on PDS youngsters were classified into 

early (scores ≤2: 18% girls; 49% boys), mid (scores between 2.1 and 3: 42% girls; 

41% boys) and late (scores>3: 40% girls; 10% boys)  
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Table 1. Descriptive data [mean, standard deviation (SD), Minimum (Min), Maximum (Max)] per variable [pubertal, demographic (demogr.), 
metabolic and cognitive (cogn.)]  by sex and Intercept and unstandardized coefficients B with respective 95% Confidence Interval (CI) regressed on 
scores in the self-assessed Pubertal Development Scale (PDS). 

    girls   boys 
   Variables N Mean SD Min Max Intercept Interc. ±95% CI B  B ±95% CI   N Mean SD Min Max Intercept Interc. ±95% CI B  B ±95% CI 

P
u

b
e

rt
a
l  

PDS (escore) 166 2.8 0.7 1.2 4.0        111 2.2 0.7 1.0 3.8       

PDS guardian's report 
(escore) 166 2.9 0.7 1.0 4.0 0.45 0.23 0.68 0.85 0.77 0.93  112 2.1 0.7 1.0 3.4 0.23 -0.07 0.52 0.83 0.71 0.96 
Tanner Stage (pubic hair) 166 3.7 1.2 1.0 5.0 0.69 0.09 1.29 1.06 0.85 1.26  109 3.1 1.4 1.0 5.0 0.14 -0.56 0.84 1.36 1.05 1.67 
Tanner Stage (male 
genital/breast) 165 3.6 1.0 1.0 5.0 1.21 0.72 1.71 0.84 0.67 1.01  108 3.2 1.2 1.0 5.0 0.89 0.20 1.58 1.02 0.72 1.33 
Testoterone (pg/ml) 140 29.03 19.41 4.18 112.83 11.126 -2.256 24.509 6.497 1.779 11.214  91 53.06 50.54 3.13 254.12 -48.494 -77.592 -19.396 48.289 35.041 61.536 
S-DHEA (ng/ml) 140 2.63 1.78 0.36 11.58 0.709 -0.509 1.928 0.694 0.265 1.124  90 2.92 1.96 0.12 11.28 0.905 -0.461 2.271 0.965 0.339 1.591 

D
e
m

o
g

r.
 

 

Age (years) 166 12.8 1.7 9.0 16.0 8.03 7.20 8.86 1.69 1.41 1.98  112 12.4 1.9 9.0 16.0 7.99 7.11 8.87 2.00 1.62 2.39 
Age (months) 166 160 21 111 193 101.8 92.1 111.5 20.5 17.2 23.9  112 154 22 114 197 102.8 92.7 113.0 23.5 19.1 28.0 
Socioeconomic 
(score)/residents 165 7.49 2.76 2.00 15.67 5.982 4.197 7.768 0.536 -0.08 1.152  112 8.03 3.28 2.38 19.67 5.085 2.983 7.187 1.356 0.429 2.282 

M
e

ta
b

o
lic
 

Body mass index (kg/m²) 145 21.2 4.1 14.5 37.3 16.34 13.57 19.10 1.78 0.80 2.75  96 21.0 4.2 13.7 32.8 17.86 14.93 20.79 1.48 0.16 2.80 
Body Fat (%) 145 29.9 13.5 5.2 142.7 13.56 4.46 22.66 5.95 2.73 9.16  70 19.1 9.3 5.6 38.6 26.09 17.48 34.71 -3.03 -6.64 0.59 
Waist/Height ratio 144 0.47 0.06 0.32 0.61 0.457 0.417 0.496 0.004 -0.01 0.018  96 0.48 0.07 0.38 0.65 0.507 0.46 0.553 -0.014 -0.035 0.007 
Systolic bp (mmHg) 146 104.2 10.2 82.5 131.5 101.06 93.90 108.21 1.12 -1.41 3.65  97 107.9 11.2 82.0 135.5 97.83 90.23 105.43 4.76 1.33 8.18 
Diastolic bp (mmHg) 146 70.0 7.7 53.0 99.5 68.18 62.75 73.62 0.66 -1.26 2.58  97 70.2 7.3 56.0 90.5 69.53 64.38 74.68 0.32 -2,00 2.64 
Total cholesterol/HDL ratio 137 3.0 0.7 1.8 5.7 3.55 3.02 4.08 -0.22 -0.41 -0.03  94 3.1 0.8 1.4 6.3 3.29 2.67 3.90 -0.11 -0.38 0.17 
Triglycerides (mg/dl) 137 99.6 50.8 49.0 365.0 90.71 53.85 127.58 3.25 -9.91 16.41  94 104.1 49.4 4.0 278.0 110.84 74.66 147.03 -3.16 -19.45 13.13 
Glycated haemoglobin (%) 141 5.26 0.47 3.99 7.50 5.521 5.185 5.858 -0.094 -0.213 0.025  93 5.29 0.46 3.99 6.9 5.325 4.99 5.66 -0.17 -0.167 0.133 

C
o
g

n
.  WASI Vocabulary (raw 

score) 165 43.2 10.4 7.0 62.0 25.09 18.93 31.26 6.42 4.29 8.54  112 43.4 10.1 12.0 61.0 29.43 23.35 35.51 6.40 3.72 9.08 
WASI Cubes (raw score) 166 30.0 15.1 5.0 65.0 6.68 -2.40 15.75 8.27 5.15 11.40   112 33.0 15.7 4.0 70.0 10.87 1.47 20.27 10.11 5.97 14.26 

 

Note: DHEA-S= dehydroepiandrosterone sulfate; BP=blood pressure, WASI= Wechsler Abbreviated Scale of Intelligence.  



47 
 

 
 

  

  

 

Figure 8: Distribution (frequency in %) of the sample by age and pubertal measures (Tanner stages [pubic hair and breast/genitals] and PDS 

classifications). Note: for PDS classifications total scores 1.0 to 2.0 corresponded to early, 2.1 to 3.0, to mid, and 3.1 to 4.0, to late puberty. 
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According to BMI (Table 2) participants were classified based on the z-

score used in the nutritional diagnosis of children and adolescents, considering 

the number of standard deviations above or below the population average for 

the same age and sex referenced by the World Health Organization (Onis et al., 

2007), calculated using WHO AnthroPlus, a free internationally software of the 

WHO (2007). Participants were mostly eutrophic, as expected. Among girls, 

24% were overweight and 13% were obese, while the prevalence for boys were 

24% for both overweight and obesity.  

 

Table 2. Frequency (counts and %) of body mass index z-scores grouped by age and sex. 

  

Age 

Z-escore groups 

Low weight Eutrophy Overweight Obesity 

Counts % Counts % Counts % Counts % 

Girls 9 0 0 2 67 1 33 0 0 

 10 0 0 9 69 1 8 3 23 

 11 0 0 17 63 8 30 2 7 

 12 0 0 15 52 8 28 6 21 

 13 0 0 16 67 5 21 3 13 

 14 0 0 14 64 5 23 3 14 

 15 1 4 18 67 6 22 2 7 

 all 1 1 92 63 34 23 19 13 

Boys 9 1 33 2 67 0 0 0 0 

 10 0 0 7 58 3 25 2 17 

 11 0 0 5 26 4 21 10 53 

 12 1 4 14 56 4 16 6 24 

 13 0 0 4 57 2 29 1 14 

 14 0 0 9 56 6 38 1 6 

 15 1 7 6 43 4 29 3 21 
  all 3 3 47 49 23 24 23 24 

 
Note: classification for z-scores: low weight= less than -2; eutrophy= between -2 and 1; 
overweight= between 1-2; obesity= 2 or higher (Onis et al., 2007). 
 

Data of frequency of dyslipidemia (Table 3) into the sample were 20% 

(20% for girls and 19% for boys) levels of total cholesterol over 170 mg/l; 35% 

(29% for girls and 43% for boys) levels of HDL lower than 45 mg/l; 9% (10% for 

girls and 8% for boys) presented LDL levels over 110 mg/l; and 0.44% (0% for 

girls and 1% for boys) for triglycerides levels higher than 90 mg/l, or 75 mg/l for 

those individuals younger than 9 years old. For HbA1c, there were no cases of 

levels higher than 7.5%. 

We observed 12.55% of participants (11.67% for girls and 13.83% for 

boys) presenting at least 2 concomitant type of dyslipidemia, and 3.11% (3.03% 

for girls and 3.22% for boys) more than 2 parameters altered. Only considering 

those who were in the overweighted group (z-score o BMI >2), 46% (40% for 
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girls and 54% for boys) of also presented any kind of dyslipidemia, and 17% of 

individuals in the overweighted group (13% for girls and 21% for boys) in those 

case with two or more concomitant item of dyslipidemia. 

 

Table 3. Frequency (counts and %) of dyslipidemia in measurements of lipidic profile 

(Total cholesterol, HDL, LDL, Triglycerides) grouped by age and sex. 

  

Age 

Lipidic profile 

Total cholest. HDL LDL Triglycerides 

Counts % Counts % Counts % Counts % 

Girls 9 0 0 1 33 0 0 0 0 

 10 3 23 4 31 1 8 0 0 

 11 8 30 9 33 3 12 0 0 

 12 8 29 9 32 4 15 0 0 

 13 2 8 5 21 1 5 0 0 

 14 5 24 6 29 3 15 0 0 

 15 2 10 6 29 1 5 0 0 

 all 28 20 40 29 13 10 0 0 

Boys 9 0 0 0 0 0 0 0 0 

 10 0 0 7 58 0 0 0 0 

 11 9 45 9 45 4 21 0 0 

 12 6 25 11 46 1 5 1 4 

 13 1 14 1 14 0 0 0 0 

 14 0 0 7 47 0 0 0 0 

 15 2 15 5 39 2 15 0 0 
  all 18 19 40 43 7 8 1 1 

 
Note: classification of dylipidemia: total cholesterol levels higher than 170 mg/l, HDL levels 
lower than 45 mg/l, LDL levels higher than 110 mg/l and Triglycerides levels higher than 90 or 
75 for those individuals younger than 9 years old (Expert Panel on Integrated Guidelines for 
Cardiovascular Health and Risk Reduction in Children and Adolescents [2011] and Faludi et al. 
[2017]). 
 

 

4.2 Latent factor for puberty and metabolism 

 

4.2.1 Pubertal status latent factor 

 

The correlation matrices for the pubertal and metabolic variables are 

displayed in Table 3. For pubertal markers, all of the subjective ratings of 

pubertal status [self- and guardian-rated PDS scores, picture based Tanner 

rating of gonadal (genitals for boys, breasts for girls)] and adrenal development 

(pubic hair for both sexes) correlated among each other with r values greater 

than 0.3, indicating that they would compose a latent factor. DHEA-S also 

correlated to testosterone concentrations with a r value higher than 0.3 so all 

these variables were included in a factor because prior studies have shown 
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hormonal concentrations to correlate in a non-redundant manner with self- and 

clinically assessed pubertal stages in both sexes (Shirtcliff et al., 2009; Van 

Hulle et al., 2015), and due to the importance of combining biomarkers of 

puberty with indirect self- and guardian-reported measures of gonadal and 

adrenal development progression (Worthman et al., 2019). This model did not 

show adequate fit indices (data not shown).  

 

Table 4. Linear Pearson correlation (r) matrices among pubertal and metabolic status 

variables. 

   Correlations     

Pubertal status variables 
  
  

 

 I II III IV V VI   

I- PDS (guardian-rated score) 1        

II – PDS (self-rated score) 0.860 1       

III - Tanner (pubic hair stage) 0.656 0.652 1      

IV -Tanner (genit./breast stage) 0.602 0.605 0.576 1     

V –DHEA-S (ng/ml) 0.249 0.215 0.119 0.231 1    

VI- Testosterone (pg/ml) 0.203 0.211 0.240 0.221 0.414 1   

 
Metabolic status variables  

 

 A B C D E F G H 

A – Body mass index (kg/m2) 1        

B - Body fat (%) 0.575 1       

C – Waist/height (ratio) 0.681 0.375 1      

D - Systolic BP (mmHg) 0.325 0.057 0.213 1     

E - Diastolic BP (mmHg) 0.209 0.140 0.185 0.659 1    

F – Triglycerides (mg/dl) 0.385 0.274 0.381 0.163 0.042 1   

G – Total cholesterol/HDL (ratio) 0.119 0.035 0.151 0.024 0.015 -0.073 1  

H – Glycated hemoglobin (%) -0.115 -0.170 -0.044 0.011 -0.020 0.035 0.082 1 

 
Note:  BP=blood pressure. Values in bold indicate correlation (r) values higher than 0.3 with more 
than one similar variable, selected to build the latent factors used in the Structural Equation 
Models (see Figure 7).  

 

After removing testosterone, which showed very low loading on the 

pubertal latent factor, the model approached acceptable indices which were 

improved by adding theory driven corrections for residuals among some 

pubertal variables: between both PDS scores because they involve the same 

scale and are interrelated (see Koopman-Verhoeff et al., 2020) and DHEA-S 

and Tanner ratings for pubic hair, because they indicate adrenal signaling while 

the other Tanner measure indicates independent gonadal changes (e.g. Dorn, 

2006). The CFA fit indices were: RMSEA= 0.000 (90% CI: [<0.000; 0.076]); 
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SRMR=0.008; CFI=1.000; TLI=1.000; 𝜒2(3)= 1.465, p=0.690. The model with 

factor loadings is represented in Figure 8A. 

 

4.2.2 Metabolic status latent factor 

 

For metabolic status we built a single factor based on the correlation 

matrix (Table 3), with the following variables with intercorrelations higher than 

0.3: BMI, percentage of body fat, waist-height ratio, systolic blood pressure and 

triglycerides. An acceptable model was not initially obtained (data not shown), 

so we included a correction for residuals between BMI and percentage of body 

fat, yielding a good fitting model for almost all indices except for RMSEA and 

TLI, which were acceptable. The CFA fit indices were: RMSEA= 0.068 (90% CI: 

[<0.001; 0.132]); SRMR=0.027; CFI=0.985; TLI=0.963; χ^2 (4)= 8.615, p=0.072 

and the model with loadings is represented in (Figure 8B). 

 

A. Latent Measurement Model for Puberty  B. Latent Measurement Model for Metabolism 

     

       

Figure 9. Latent measurement model for pubertal (A) and metabolic (B) status, where 
ellipses indicate latent variables and rectangles indicate observed variables.  
Note: PDS_P=parental assessment with the Pubertal Development Scale (PDS); PDS=PDS 
assesses by adolescents; Tanner_P= Tanner ratings for pubic hair (adrenal); Tanner-G=Tanner 
ratings for gonadal development (genitalia in boys and breasts in girls); DHEA-S= 
dehydroepiandrosterone sulfate; BMI=body mass index; FAT=% of body fat; WHR=waist-height 
ratio; Systol = systolic blood pressure, Triglyc = triglycerides. Continuous single-headed arrows 
indicate relations between observed and latent variables (numbers are standardized factor 
loadings) and curved double arrows between observed variables indicate expected associations 
(numbers indicate residual covariances). Fit indices were acceptable to good and are presented 
in the text. 
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4.3 Association between metabolism, puberty and intelligence 

measures 

 

  Next, the same SEMs were built for both sexes. The first set of models 

included only the pubertal status latent factor and their effects on Block Design 

and Vocabulary scores (in separate models). SES was used as a general 

control and age was corrected for on the pubertal latent variable.   

All models presented good fit indices according to Schermelleh-Engel et 

al. (2003) (see Figure 9; Table 4) except for the model for boys with Vocabulary 

as an outcome, which showed acceptable fit for RMSEA and TLI, while chi 

square was not adequate. This latter metric, however, is dependent on sample 

size and the complexity of the models and low p-values do not invalidate the 

model fit (see Schermelleh-Engel et al., 2003). SES was also negatively related 

to Block Design scores for boys and girls, but not for Vocabulary. The 

percentage of explained variance (R2) of pubertal status corrected for age on 

the outcomes reached medium to high effect sizes (Ellis, 2010). For boys on the 

Block Design and Vocabulary outcomes models R2 were, respectively, 26.7% 

and 23.5%. For girls, they were 19.3% and 31.8%, respectively. 

The second set of SEM models were similar to the first except that they 

included metabolic status with reciprocal relations with the pubertal latent 

variable. The models with data of boys did not converge, even after trying to 

account for residual differences among some variables. Differently, the model 

for girls converged although it showed worse (but acceptable) fit indices 

compared to the models that did not include metabolism (see Table 4 and 

Figure 10). Although the metabolic status factor was weakly positively and 

significantly related to pubertal status in females, it was not associated with the 

cognitive outcomes, which were again found to be significantly and positively 

related to the pubertal latent variable, even with the correction for the effect of 

age.  

The non-convergence in the models for boys and lack of relations of 

metabolism and cognition for girls indicate that metabolic status does not take 

part or is not the driver in this equation. Furthermore, for girls, SES displayed a 

similar behavior than in the first set of models, having again been significantly 
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interrelated only to Vocabulary scores. For this sex, the percentage of explained 

variance (R2) of pubertal status corrected for age on performance on the Block 

Design and Vocabulary tests corrected for SES, were 18.5% (medium effect 

size) and 29.2% (high effect size), respectively, very similar values to those in 

the models without the metabolic latent factor. 

This shows that even accounting for the positive association of age and 

pubertal development, and the SES effect on Vocabulary scores, pubertal 

status measured with a latent factor contributed to the maturation of cognitive 

abilities in measures that are regarded as good indicators of intelligence, while 

the latent metabolic risk factor did not show this effect even though it was 

related to puberty in girls.  

Table 5. Fit indices of the Structural Equation Models that explored the effects of pubertal 

status and the intercorrelations of pubertal and metabolic status latent factors on Block 

Design and Vocabulary scores per sex with general corrections for per capta family 

socioeconomic status and for age on the pubertal factor. 

  Girls Boys 

  Block Design Vocabulary Block Design Vocabulary 

With pubertal status 
only     

CFI 0.991 0.997 0.988 0.965 

TLI 0.985 0.995 0.980 0.941 

RMSEA 0.043 0.026 0.053 0.092 

90% RMSEA CI [<0.000; 0.089] [<0.000; 0.079] [<0.00; 0.108] [0.042; 0.140] 

SRMR 0.040 0.037 0.029 0.038 

𝜒2 statistic 20.915 17.747 21.034 31.217 

𝜒2 degrees of freedom 16 16 16 16 

𝜒2 p-value 0.181 0.339 0.177 0.013 

With pubertal status 
and metabolism     

CFI 0.971 0.972 - - 

TLI 0.961 0.963 - - 

RMSEA 0.050 0.049 - - 

90% RMSEA CI [0.020; 0.073] [0.019; 0.073] - - 

SRMR 0.083 0.084 - - 

𝜒2 statistic 80.458 80.031 - - 

𝜒2 degrees of 

freedom 57 57 - - 

𝜒2 p-value 0.022 0.023 - - 

Note: - indicates a non-convergent model. For acceptable fits of the models (Schermelleh-Engel 
et al., 2003): Comparative Fit Index (CFI) and Tucker-Lewis Index (TLI) should be greater than 
0.95. Root Mean Square Error of Approximation (RMSEA) should be smaller than 0.08 (CI=90% 
confidence interval). Standardized Root Mean Square Residual (SRMR) should be smaller than 
0.1. Chi-square (χ^2) p value should be smaller than 0.05, although the latter depends on the 
complexity of the model and sample size.
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Models with pubertal status only: 

A. Model with pubertal status and Block Design outcome in girls 

 

B. Model with pubertal status and Block Design outcome in boys 

 

 

Figure 10. continue next page 
 

 

 

 

 

 



55 
 

 
 

C. Model with pubertal status and Vocabulary outcome in girls 

 

D. Model with pubertal status and Vocabulary outcome in boys  

 

Figure 10. Structural Equation Models regarding effects of pubertal (Puberty) status latent 
variables (in ellipses) formed by observed measures (in squares) on performance on the Block 
Design test (outcome: A: girls; B: boys) and the Vocabulary (outcome; C: girls; D: boys) 
corrected for age on the pubertal factor and general correction for socioeconomic status 
(SES). Note: PDS_P=parental assessment with the Pubertal Development Scale (PDS); PDS=PDS 
assesses by adolescents; Tanner_P= Tanner ratings for pubic hair (adrenal); Tanner-G=Tanner 
ratings for gonadal development (genitalia in boys and breasts in girls); DHEA-S= 
dehydroepiandrosterone sulfate; BMI=body mass index; FAT=% of body fat; WHR=waist-height ratio; 
Systol = systolic blood pressure, Triglyc = triglycerides. Solid lines indicate significant relations while 
dashed lines indicate non-significant relations. Continuous single-headed arrows indicate relations 
between observed and latent variables (numbers are standardized factor loadings) and curved double 
arrows between observed variables indicate expected associations (numbers indicate residual 
covariances). R2 indicate the variance of the outcome information explained by the pubertal factor. 
See Table 4 for fit indices. 
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Models with both pubertal and metabolic status for girls 

 

A. Model with the Block Design outcome 

 

B. Model with the Vocabulary outcome 

 

Figure 11. Models of reciprocal effects of pubertal and metabolic status latent factors on Block 
Design (A) and Vocabulary (B) for girls (for boys, the model did not converge).  
Note: PDS_P=parental assessment with the Pubertal Development Scale (PDS); PDS=PDS assesses 
by adolescents; Tanner_P= Tanner ratings for pubic hair (adrenal); Tanner-G=Tanner ratings for 
gonadal development (genitalia in boys and breasts in girls); DHEA-S= dehydroepiandrosterone 
sulfate; BMI=body mass index; FAT=% of body fat; WHR=waist-height ratio; Systol = systolic blood 
pressure, Triglyc = triglycerides. Solid lines indicate significant relations while dashed lines indicate 
non-significant relations. Continuous single-headed arrows indicate relations between observed and 
latent variables (numbers are standardized factor loadings) and curved double arrows between 
observed variables indicate expected associations (numbers indicate residual covariances). R2 
indicate the variance of the outcome information explained by the pubertal factor. See Table 4 for fit 
indices. 
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5  DISCUSSION 

 

In this study, which investigated the reciprocal relations of pubertal and 

metabolic status latent factors on markers of intelligence in a typically developing 

sample of early adolescence, we found that metabolic status was associated with 

pubertal status only in girls and that, against our predictions, was not significantly 

correlated with cognitive performance in either sex. Contrarily, in both boys and girls, 

Block Design and Vocabulary scores were positively associated with pubertal status, 

even after correcting for participants’ age and SES and taking into account the 

association of metabolic and pubertal status in girls. Find below a detailed discussion 

about each of these results. 

 

5.1 Adequacy of the pubertal status latent factor 

 

Regarding the pubertal latent factor, we included hormones and subjective 

reported measures, which are not entirely redundant (Van Hulle et al., 2015; 

Worthman et al., 2019; see also Byrne et al., 2019). Additionally, Van Hulle et al. 

(2015) showed that despite the positive correlation of sexual hormones with pubertal 

status, they do not occur in parallel with changes in secondary sexual characteristics 

measures by subjective scales, nor seem to share the same mechanisms in males 

and females (Van Hulle et al., 2015). The latent factor found here included 5 out of 

the 6 explored markers of sexual maturation with acceptable factor loadings and fit 

indices, confirming findings of Shirtcliff et al. (2009) regarding the associations of 

Tanner ratings, PDS scores and DHEA-S, but not their findings of significant relations 

of most of these variables with testosterone. These authors, however, separated 

PDS scores into gonadal and adrenal indicators, so their results cannot be directly 

contrasted with ours. 

Testosterone did not correlate well with the other measures except for DHEA-

S, a correlation that is commonly found (Matchcock et al., 2007; Shirtcliff et al., 2009; 

Van Hulle et al., 2015) but that seems to differ widely among studies. Matchcock et 

al. (2007) showed, for instance, that it occurred only in the earlier stages of puberty, 

while Van Hulle et al. (2015) found these markers to be associated in older 

adolescents. Despite the fact that testosterone and DHEA (and/or its metabolite 
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DHEA-S) concentrations seem to increase throughout pubertal stages (e.g. Balzer et 

al., 2019; Nottelmann et al., 1987; Shirtcliff et al., 2009; Soeborg et al., 2014), only 

the latter shared enough variance with subjective pubertal status measures to yield a 

convergent latent factor. These findings are not surprising considering that the 

pattern of covariance of DHEA and testosterone is complex, varies among males and 

females and that the production of both these steroids are differently affected by 

genetic, shared and non-shared environmental factors (Van Hulle et al., 2015). 

Additionally, Van Hulle et al. (2015) showed that despite the positive correlation of 

sexual hormones with pubertal status, they do not occur in parallel with changes in 

secondary sexual characteristics measures by subjective scales, nor seem to share 

the same mechanisms in males and females (Van Hulle et al., 2015). In our case, by 

establishing a pubertal status latent variable that was comparable between boys and 

girls we may have masked a possible association of testosterone with subjective 

measures of reproductive maturation that are sex-specific for boys. Note also that the 

abovementioned publications on the relations among different pubertal markers used 

single, dichotomous or composite measures of hormones and/or pubertal status 

unlike our latent variable approach.  

To the best of our knowledge, a latent factor using various subjective and 

objective pubertal indicators has only been built once, in a recent non-peer reviewed 

preprint (Byrne et al., 2019) that sampled 10 to 13-year-old girls and used different 

pubertal indicators, thus not directly comparable to our own work. Therefore, there 

are no prior studies that can be used as references for replicability regarding the 

adequacy of our pubertal latent factor. However, we provide evidence based on 

internal consistency of our pubertal model (i.e. results from CFA analyses) and also 

on its relation to other variables (cognition and metabolism) that make sense based 

on the literature, as discussed next. 

 

5.2 Pubertal status and markers of intelligence 

 

The main finding of this study is that the pubertal latent factor was positively 

related to scores on measures of intelligence, even after correcting for age and SES, 

pointing to the need to assess adolescents’ sexual maturation to determine their 

cognitive development (Barel, 2018; Karama et al., 2011). This can be easily 
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explained in terms of the brain changes that take place in this phase of life, which 

seem to be driven more by sexual maturation than age (Blakemore et al., 2010; 

Koenis et al., 2015; Nguyen et al., 2013a, 2013b). The association of pubertal status 

and cognitive performance found here confirms results regarding better verbal  

(Galatzer et al., 1984) and non-verbal intelligence (Noipayak et al., 2016; Yusofi & 

Rajaie, 2003) in girls who had earlier pubertal timing but does not support the lack of 

effects of pubertal timing (Ehrhardt & Meyer-Bahlburg, 1986) or pubertal status on 

cognition after controlling for age reported by Herlitz et al. (2013) for the majority of 

their sample, although they did not assess measures of intelligence per se, nor the 

data of Orr et al. (1988) and Davison and Susman (2001), who did.  

These differences between findings can be explained by two non-mutually 

exclusive issues: 1) prior studies employed nominal and/or individual measures of 

pubertal status and separation of scores into bins, in contrast to our latent variable 

approach, indicating that the latter is more sensitive to pubertal status; and 2) studies 

relating pubertal status and cognition used sample of a narrower age range than 

ours, which better spanned the whole of pubertal development. Both these factors 

may have enabled us to detect performance increments that the other studies did 

not. 

Our findings of the positive association of pubertal status (measured as a 

latent variable controlled for age) and performance in tasks used to assess 

intelligence in both sexes illustrates the advantage in capturing changes in cognitive 

development by determining pubertal status using a combination of various 

measures (see Worthman et al., 2019). Because general intelligence predicts many 

outcomes in adult life, such as educational and professional success, mental and 

physical health (Plomin & Deary 2015), identifying factors that influence its 

development can lead to interventions that maximize opportunities of youngsters and 

improve their future perspectives.  

Consider, for example, that adolescents with lower pubertal status, compared 

to their age-matched peers, may present more cognitive difficulties that will, 

nonetheless, resolve once their sexual maturation catches up. These individuals may 

be at a higher risk of presenting academic difficulties and can be made less 

vulnerable by receiving support to make them less prone to being left behind in 

academic terms. Our data also show that adolescents who are less pubertally 
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developed and of low SES may be at a higher risk of having cognitive problems, 

particularly in regard to verbal abilities. This is so because SES was found to be 

significantly positively related to Vocabulary scores, confirming prior reports of 

language problems in those with low SES (Parisi et al., 2010; Spencer et al., 2012; 

von Stumm & Plomin, 2015). These effects result from many factors, such as 

inadequate adult investments in communicating and training children (Puglisi et al., 

2017; Sohr-Preston et al., 2013), which in part stems from low parental schooling 

(Hoff & Tian, 2005; Parisi et al., 2010), and difficulties in acquiring new vocabulary in 

late childhood and adolescence (Maguire et al., 2014). Taking these findings into 

account and intervening when necessary may prevent school dropout, which is in 

turn associated with even worse cognitive outcomes (Ritchie & Tucker-Drob, 2018). 

 

5.3 Adequacy of the metabolic status latent factor 

 

It is of note that from all the variables explored to compose the metabolic 

latent factor, glycated haemoglobin, cholesterol ratio and diastolic blood pressure 

were not included in the metabolic factor. Why systolic rather than diastolic blood 

pressure was more associated with the other variables is unclear, since both seem to 

proportionally related to metabolic syndrome, even in normotensive individuals (see 

Jung et al., 2019). Nonetheless, systolic blood pressure had the smallest factor 

loading, contributing little to the metabolic status latent factor. Note that if we had 

used a clinical sample with metabolic syndrome, the variables that were left out could 

have been part of the metabolic latent factor as well. 

We found a higher prevalence of obesity in boys (24%) and girls (13 %) 

compared with previous national surveys for the southeastern region of Brazil, where 

the City of São Paulo is located [ERICA studies, for 12 to 17-year-olds age group –

age that is similar to that of our sample: 9.1% (95%CI 8.0-10.4) for boys and 8.1% 

(95%CI 7.1-9.2) for girls; Bloch et al., 2016], possibly a reflection of the trend in body 

mass index increase in Brazil (Conde et al.,2010; Schmidt et al., 2011) and across 

the globe (WHO, 2013) since the ERICA study was conducted. 

 The prevalence of overweight was also higher: 24% for boys and 23% for 

girls, compared to Southeastern data in Brazil of, respectively, 17.1% (95%CI 14.3-

20.3) and 18.4% (95%CI 15.5-21.6) (Bloch et al., 2016). However, our results 
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corroborate data of another recent Brazilian study (13-17 years old: IBGE, 2015) that 

identified almost 24% of overweighted boys and girls. This indicates that Brazilian 

adolescents are potentially exposed to disfavorable metabolic conditions which 

should gain the attention of public health sectors and involve drastic changes in 

educational development policies. Dyslipidemia, also presented a similar prevalence 

showed in those studies  

Despite the higher prevalence of obese individuals compared to published 

regional data, our findings indicate that changes in measures such as glycated 

haemoglobin and cholesterol ratio did not associate with the metrics that composed 

the metabolic status latent factor, suggesting that despite the high number of obese 

individuals, these metabolic risk markers were little altered and that they were, in 

general, metabolically uncomplicated overweight/obese individuals (see Osadnik et 

al., 2020), at least at their age. This may relate to their nutritional habits and levels of 

physical activity, which were not assessed here. It is important to consider, however, 

that the point-of-care equipment for the lipid profile are usually used for tracking 

indices for those who are already diagnosed with some chronic disease and are well 

indicated for following of the individual’s conditions. The tests are not indicated for a 

final clinical diagnostic, they are well correlated with laboratory protocols (Ferreira et 

al., 2015) which is adequate for screenings and research proposal. 

 

5.4 Metabolic status and markers of intelligence 

 

Unlike the clear association between pubertal status and cognition, the 

metabolic status factor was not significantly related to measures of non-verbal 

intelligence, thus contradicting our hypothesis regarding effects on the Block Design 

task based on the majority of published studies on this issue.  

The lack of association of metabolic status and Vocabulary scores found here 

confirms that language skills are not very sensitive to BMI (see Noipayak et al., 2016; 

Parisi et al., 2010; Yu et al., 2010; Yusofi & Rajaie, 2003).  In regard to non-verbal 

measures, results are more complex. Like us, regarding the metabolic factor, 

Gunstad et al. (2008) found no association of high BMI with various cognitive 

measures in children and adolescents who were not from a clinical sample. Studies 

that assessed performance on the Block Design task and controlled for body mass 
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(among other confounders) also failed to show an association of other metabolic risk 

markers and impairment in this non-verbal cognitive measure (Lande et al., 2003; 

Rubens et al., 2016). In contrast, other authors found this negative association with 

non-verbal skills, including Li et al. (2008), who controlled for various other metabolic 

risk factors, and Parisi et al. (2010), Noipayak et al. (2016), Yu et al. (2010), Yusofi & 

Rajaie (2003), who made no such corrections.  

We believe there are two issues that can explain these contradictory findings 

in terms of the role of metabolic status on non-verbal skills. The first is that metabolic 

syndrome itself, and not variables that indicate adiposity, may be the main driver of 

impaired intellectual functioning in samples with unhealthy overweight/obesity, who 

may present higher metabolic risks (Yau et al., 2010; Yu et al., 2010). We cannot 

confirm this hypothesis as ours was a non-clinical sample. The second factor that 

can explain conflicting findings is the lack of control for pubertal status in prior 

studies, which may have masked or inflated the association of adiposity and 

cognition.  

 

5.5 Reciprocal interaction of pubertal and metabolic status and 

markers of intelligence 

 

In our full SEMs including pubertal and metabolic status, despite the lack of 

evidence of a direct metabolic effect on cognition in boys (non-converging model) 

and girls (no significant correlation), the metabolic status latent factor was positively 

associated with pubertal status, but only in girls. This shows the sex-specific 

intercorrelation of body composition and pubertal timing found by Chen et al. (2019) 

when these measures are obtained at the same age (see also Noipayak et al., 2016; 

Yusofi & Rajaie, 2003). This can be explained by the higher energy requirement in 

this sex (Gluckman & Hanson, 2006), which involves what seem to be pubertally 

associated mechanisms including: higher activation of the hypothalamic leptinergic 

pathway (Ellison et al., 2017), increased anabolism (Sandow, 2009), and decreased 

resting energy expenditure (Mostazir et al., 2016), all of which result in a higher 

accumulation of body fat (Mostazir et al., 2016; Reinehr & Roth, 2018) compared with 

boys.  
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Hence, our data suggest that previous associations of adiposity and cognition 

(Li et al., 2008; Parisi et al., 2010; Noipayak et al., 2016; Yusofi & Rajaie, 2003; 

Yates et al., 2012) might have been driven, at least in part, by its relation with 

pubertal status in girls, who accumulate more body fat and are also at a higher risk of 

developing overweight and obesity (Alberga et al., 2012). Controlling for age in these 

studies would not necessarily have eliminated these effects because boys and girls 

do not seem to have the same metabolic trajectories during puberty. In other words, 

in the absence of evidence of invariance to sex of each variable in a model, boys and 

girls should not even be included in the same statistical analysis. It is, however, of 

note that the non-clinical nature of our sample does not allow us to inform on the role 

of other metabolic syndrome components on general cognitive performance, which 

are known to impair other cognitive skills (e.g. Lande et al., 2003; Rubens et al., 

2016; Yates et al., 2012). 

These results indicate the need to control for sexual development in all studies 

that relate metabolic markers with cognition in adolescents because we found that 

pubertal status in typically developing girls and boys accounted for a significant 

portion of effect on scores in the intelligent markers, even after controlling for 

metabolic status, age and SES. Future studies in this field should also consider 

building sex-specific models, not only because metabolism changes differently in 

pubertal boys and girls, as discussed, but also due to the differential mechanisms 

underlying hormone secretion and the trajectory of development of secondary sexual 

characteristics in both sexes (see Van Hulle et al., 2015). 

  

5.6 Limitations 

 

Our results might have been different if we had: tested other cognitive abilities 

and alternative intelligence markers; used a longitudinal design; and not used a 

convenience sample and/or participants had come from different sociocultural 

backgrounds and presented more metabolic risk factors. We did not control for 

genetic predispositions to metabolic syndrome and altered pubertal timing (see Chen 

et al., 2019; Worthman et al., 2019), and a larger and more diversified sample would 

possibly have been more sensitive to subtle metabolic and pubertal parameters, 

particularly if it included more boys, who were less likely to volunteer for our study 
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than girls, as often reported (e.g. Cemalcilar, 2009). Therefore, our findings must be 

replicated in other contexts and populations.  

We also did not consider possible moderating/mediating effects of ethnicity on 

measures of intelligence (Plomin & Deary 2015) as phenotype shows little or no 

association with ethnic ancestry in the Brazilian population, which is highly admixed 

(Pena et al., 2011) and where classifying or self-reporting skin color is influence by 

interviewers’ and interviewees’ notions of "color/race" (see Bastos et al., 2009).  

Although specific phenotypic characteristics may be associated with racial 

discrimination differently from SES (Hackman & Farah, 2009), in Brazil SES is highly 

related to phenotype/ancestry (e.g. Travassos & Williams, 2004). Furthermore, we 

did not analyze psychosocial factors that can influence cognitive development, such 

as psychological maturity and drug use (see Galambos et al., 2005), or diet and 

sedentarism, which may affect both cognition and metabolic status (Alberga et al., 

2012). Taking more measurements of each participant’s hormones concentrations or 

using biological samples other than saliva and capillary blood, and different essay 

methods, would also have been more informative (see Dorn et al., 2006; Peper et al., 

2011).  

Lastly, future studies in this field should consider building SEM models with 

different variables for each sex because metabolic alterations are much more 

associated with puberty in girls than boys, as discussed. Additionally, the 

mechanisms underlying hormone secretion and the trajectory of development of 

secondary sexual characteristics are different in males and females (see Van Hulle et 

al., 2015). Testosterone, for instance, may be more important to characterize puberty 

for boys, while estrogen (e.g. Herlitz et al., 2013; Shirtcliff et al., 2009) and leptin 

might be essential to understand pubertal and metabolic status in girls (Ahmed et al., 

2009; Vazquez et al., 2015, 2019). 

On the upside, our sample was from a developing nation with a wider range of 

SES (known to impact cognition, metabolism and puberty) than most populations 

described in international publications. Furthermore, instead of using observed 

variables, our SEM approach enabled us to examine purer measures of metabolic 

and pubertal status in relation to cognition. 
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6 CONCLUSION 

 

6.1 General 

 

We found reciprocal relations between pubertal and metabolic status only in 

girls, that metabolic status was not associated with cognitive performance in either 

sex and that, in contrast, there was a positive, medium to large effect association of 

pubertal status and improvement in scores in measures that tap non-verbal and 

verbal intelligence.  

 

6.2 Specific 

 

6.2.1. We were able to build latent variables to assess the reciprocal relations 

of pubertal and metabolic status as these latent factors presented acceptable to good 

fit index using Confirmatory Factor Analysis. The pubertal factor was composed of 

self-assessed gonadal and adrenal Tanner stagings, participant- and guardian-rated 

scores in the Pubertal Development Scale and dehydroepiandrosterone sulfate 

concentrations; The metabolic factor was composed of body mass index, percentage 

of body fat, waist/height ratio, systolic blood pressure and triglycerides. 

 

6.2.2. Metabolic status was only related to pubertal status in girls and did not 

relate to measures of intelligence performance. Differently, the pubertal factor, 

independently of age and SES, taking into account its relation with metabolic status 

in girls, was associated with improvement in raw scores for both sexes in tasks that 

tap non-verbal (Block Design test of the WASI) and verbal intelligence (Vocabulary 

test of the WASI). 
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ANNEX 

Annex 1 – Sociodemographic and health questionnaire  

 

QUESTIONÁRIO DE SAÚDE E FAMÍLIA 

1. Quem está preenchendo? (   ) mãe  (   ) pai  (   ) outro (grau de parentesco) 
___________________    

2. Seu nome: ___________________________________________ 

3. Endereço completo: ____________________________________ 
4. Nome completo do jovem:  _______________________________ 

5. Data de nascimento do jovem: ____________idade: _________  

6. Sexo: masculino    feminino  

7. Qual ano da escola o(a) jovem está cursando? ______________    

8. Se lembrar, o(a) jovem nasceu com quantas semanas (tempo de gestação)? 
__________ semanas 

9. Se lembrar, informe qual foi o peso do(a) jovem ao nascimento 
(aproximado)?    ________gramas 

10. Com que idade o(a) jovem entrou na escola/maternal? ________ anos   

11. O(a) jovem mora ou morou com alguém que bebe muito em casa? sim   
não     

12. Com que frequência isso ocorre? _____________________________ 

13. O médico do(a) jovem já disse se ele/ela teve ou tem: 
a. Diabetes? sim   não  
b. Dificuldades de atenção ou hiperatividade? sim    não    
c. Problemas de fígado (incluindo hepatite)? sim    não  
d. Insuficiência respiratória? sim   não  
e. Problemas nos rins? sim   não  
f. Problemas do coração? sim  não  
g. Problemas hormonais (ex. tireoide, hormônio de crescimento)?sim   não  
h. Problemas neurológicos? sim    não  
i. Problemas psiquiátricos (ex. depressão)? sim    não  
j. Convulsões, incluindo epilepsia? sim   não  
k. Já desmaiou? sim   não  Caso afirmativo, qual o motivo e quantas vezes 
__________________________________________________________________
_ 
 
14. Já fez alguma cirurgia? sim   não    Qual? 
_____________________________________ 

15. Já ficou hospitalizado? sim    não    Por quanto tempo e por que? 
__________________________________________________________________
_ 

16. Já teve algum acidente grave? sim    não    Descreva como 
foi____________________ 

17. O(a) jovem está fazendo algum tratamento (médico, psicólogo, 
fonoaudiólogo, etc.)?  
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sim    não    Se sim, qual? _____________________________________ 

18. O(a) jovem tem visão: boa    usa óculos/lente     

 

19. O(a) jovem tem ou teve algum problema de audição? sim   não     

Se sim, favor explicar:_____________________________ Ele(a) teve muitas 
otites? sim   não     

 

20. Faça um “X” na tabela abaixo na alternativa que melhor descreve como 

está o(a) jovem em termos de desenvolvimento do corpo [responda de 

acordo com o sexo do “seu(sua)” jovem]. 

Perguntas sobre meninas 
a. 

Ainda não 
Começou 

b. 
Parece que 
começou 

c. 
Começou 

com certeza 

d. 
Parece 

completo 

e. 
Não sei 

1. Você diria que o crescimento rápido em altura 
(estirão de crescimento) dela... 

      

Não está 
crescendo 
mais tão 
rápido 

  

2. Você diria que o crescimento dos pelos no corpo 
dela (como embaixo dos braços, sem considerar 
cabelos na cabeça)... 

      
Parou de 
aumentar 

  

3. Você notou mudanças na pele, especialmente 
espinhas? 

      
Não está 

mais 
aumentando 

  

4. Você notou que os peitos (seios ou mamas) 
começaram crescer? 

      
Não estão 

mais 
crescendo 

  

5. Ela já menstruou? 

Não ( ) Não sei ( ) 
Sim  (  ) Que idade tinha?__    Lembra o mês?_____ Ano?_____ 
Ela está tomando pílula anticoncepcional? Não (    )   Sim (     ) 
Se sim, há quanto tempo? ___________________ 
Ela pinta o cabelo? Não (   )      Sim (     ) 

 

Perguntas sobre meninos 
a. 

Ainda não 
Começou 

b. 
Parece que 
começou 

c. 
Começou 

com certeza 

d. 
Parece 

completo 

e. 
Não sei 

1. Você diria que o crescimento rápido em altura 
(estirão de crescimento) dele... 

  

  

  

Não está 
crescendo 
mais tão 
rápido   

2. Você diria que o crescimento dos pelos no corpo 
dele (como embaixo dos braços, sem considerar 
cabelos na cabeça)...   

  
  

Parou de 
aumentar 

  

3. Você notou mudanças na pele, especialmente 
espinhas? 

  
  

  

Não está 
mais 

aumentando   

4. Começou a crescer pelos no seu rosto? 
 

 
 

Não está 
mais 

aumentando  

5. Você notou engrossamento da voz? 
  

  
  

Não está 
mais 

engrossando   

 6. Se a voz já começou a engrossar (“desafinar”), 
quando começou? 

Que idade tinha? _____  Lembra o mês? _____  
Ano?_____ 

Ele pinta o cabelo? Não (    )      Sim (     ) 
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21. Responda abaixo sobre o pai e a mãe do jovem (ou pessoas nesses 
papéis, similares):  

Grau de escolaridade da MÃE ou similar e  Grau de escolaridade do PAI ou similar 
- O jovem tem mãe (ou similar): sim   não           Ela estudou? sim   não                                                                   
- O jovem tem pai (ou similar):   sim   não           Ele estudou? sim   não  
 

-Marque abaixo um “x” no quadradinho (um para a mãe ou similar e um para o pai ou similar) que indica até 

que ano estudou:  

   

 
 *se na graduação você estudou mais de quatro anos, por favor anote aqui quantos anos você fez: 

______________ 
**se na pós-graduação você estudou mais de quatro anos, por favor anote aqui quantos anos você fez: 

___________  

 

Profissão Mãe (última ou atual):  

Profissão Pai    (última ou atual): 

 
22. Assinale quais e quantos desses itens sua família possui?  

 
23. A água utilizada no seu domicílio é proveniente de:  
a.  Rede geral de distribuição; b.  Poço ou nascente; c.  outro meio 
24. Considerando o trecho da rua do seu domicílio, você diria que a rua é:  
a.  Asfaltada/ Pavimentada; b.  Terra/ Cascalho 
25. Quantas pessoas da família vivem em sua casa (incluindo menores de 
idade)? __________ 
26. Em geral a renda da família é suficiente para pagar as contas?  sim    
não 

Acha essa renda:  

ITENS Número 

1. Banheiros  0  1  2  3  4 ou + 

2. Empregados domésticos (que trabalham 5 x 
semana ou mais) 

 0  1  2  3  4 ou + 

3. Carro/ automóvel  0  1  2  3  4 ou + 

4. Computadores (de mesa, notebooks, etc.; tablets 
não contam) 

 0  1  2  3  4 ou + 

5. Lava-louças  0  1  2  3  4 ou + 

6. Geladeiras  0  1  2  3  4 ou + 

7a. Freezers (independente da geladeira)  0  1  2  3  4 ou + 

7b. Freezers (que faz parte da geladeira)  0  1  2  3  4 ou + 

8. Lava roupas (desconsidere tanquinho)  0  1  2  3  4 ou + 

9. DVDs, videogame, etc.  0  1  2  3  4 ou + 

10. Micro-ondas   0  1  2  3  4 ou + 

11. Motocicletas  0  1  2  3  4 ou + 

12. Secadora de roupas (junto ou separada da 
máquina de lavar) 

 0  1  2  3  4 ou + 
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a. □ Muito inadequada   b. □ Inadequada   c. □ Parcialmente adequada                    

d. □ Adequada   e. □ Muito adequada 

 
27. A criança vive (marque uma opção):  
a.  sem a mãe (biológica ou de adoção)  
b.  sem o pai (biológico ou de adoção)  
c.  sem a mãe e o pai (biológicos ou de adoção)  
d.  com a mãe e o pai (biológicos ou de adoção) 
 
28. A mãe e/ou o pai [ou cuidador(a)] da criança/adolescente estão ou 
estiveram desempregados durante a vida do(a) jovem? (marque todas que se 
aplicam) 
a.  mãe ou similar desempregada agora. Desde quando:_____ 
b.  pai ou similar desempregado agora. Desde quando:_____ 
c.  mãe ou similar desempregada no passado, depois do nascimento do(a) jovem. 
Por quanto tempo:_____ 
d.  pai ou similar desempregado no passado, depois do nascimento do(a) jovem. 
Por quanto tempo:_____ 
e.  mãe ou pai são “do lar” 
f.   mãe ou pai estão empregados 
 
29. A família recebe ou recebeu bolsa família ou auxílio doença:  sim    não.  
Se sim, por qual período: ano _____ até ano _____ 
 
30. A família usa ou usou o SUS?  sim  não. Se sim, por qual período: ano 
_____ até ano _____ 
 
31. Quantos livros há na sua casa, incluindo livros de criança: 
a.  0-10    b.  11-25     c.  26-100    d.  101-200    e.  201-500     f. mais 
de 500 
 

32. Se as pessoas forem classificadas em 5 categorias de salário, em qual 

categoria você colocaria sua família?  a. □ Muito baixa         b. □ Baixa          c. □ 

Média          d. □ Alta         e. □ Muita alta 

 

33. O(a) jovem mora (a maior parte do tempo) em casa/apartamento 
própria(o) da família  
não          sim    
 
                Se sim, quanto acha que o imóvel custa?   
                a. □ Muito pouco  b. □ Pouco   c. □ Médio   d.  □ Muito  e. □ Muitíssimo 

 
Se não, qual acha que é a possibilidade da família de comprar um imóvel ?   

a. □ Muito baixa        b. □ Baixa           c. □ Média       d. □ Alta        e. □ Muito alta 
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Instruções: Leia cada tarefa e escolha uma opção de resposta que 

descreve o que seu(sua) jovem faz a maior parte das vezes, variando entre NÃO 
FAZ até FAZ por iniciativa própria.  

 
 
TAREFAS NÃO faz FAZ a tarefa 
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1. Guarda os próprios brinquedos/jogos depois de usar                   

□sim    □não 

            

2. Arruma o próprio quarto                                               

□sim    □não 

            

3. Arruma a própria cama                                                  

□sim    □não 

            

4. Guarda as próprias roupas                                           

□sim    □não 

            

5. Prepara coisas para beliscar (lanchinho)                              

□sim    □não 

            

6. Prepara refeições frias para si mesmo (sem fogão/micro)                       

□sim    □não 

            

7. Prepara refeições quentes para si mesmo (com fogão/micro)                

□sim    □não 

            

8. Coloca a própria roupa suja no local determinado   

□sim    □não 

            

9. Guarda sua roupa limpa                                                

□sim    □não 

            

10. Varre ou passa pano no próprio quarto                          

11. Tira a poeira do próprio quarto                                        

12. Organiza seu material escolar                                    

□sim    □não 

            

13. Organiza pertences para eventos extraescolares   

□sim    □não 

            

14. Cuida das unhas                                                                        

15. Cuida do cabelo                                                                    

16. Toma banho                                                                          

17. Escova os dentes        
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INFORMAÇÕES REFERENTES AO DIA DO EXPERIMENTO  

(a ser perguntado para o participante quando chega para a sessão de 

testes): 

 

 

Trouxe óculos/lente? sim    não    não necessário  

Dormiu quantas horas ontem? _________________________________ 

Usou algum medicamento/remédio/pílulas nesta semana? sim  não     

Quanto / o que? ______________________________ 

Qual a última vez que você comeu e o que? 

___________________________________ 

Qual foi a última vez que você consumiu cafeína (chá, café, energético, 

chocolate, cappuccino, remédio para dor de cabeça)? 

____________________________________ 

 

 

 

Nome: _______________________________________________ 

Data: ___________________ 

Horário da avaliação: ___________________________________ 

Avaliador: ____________________________________________ 

Necessitou dar biscoito e aceitação: _________________________________ 
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Annex 3- Consent and Assent informed terms  

 
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (para 

responsáveis)  

Título da pesquisa: “Efeito do desenvolvimento puberal na autorregulação 

do comportamento e suas relações com as condições de vida atual e pregressa” 

Informações sobre a pesquisa  

Estamos convidando o Sr./Sra. e a criança/adolescente por quem é responsável para 

participar como voluntários de uma pesquisa. O objetivo dessa pesquisa é saber como o 

desenvolvimento físico (puberdade) está associado ao comportamento dele/dela, à sua 

memória e atenção. O estudo envolverá jovens de cerca de 9 a 15 anos, saudáveis e que 

não tenham problemas escolares, de vários contextos e tipos de escola. 

O Sr./Sra. e a criança/adolescente não têm que participar se não quiserem. Se 

resolverem que não querem participar, não haverá nenhuma consequência negativa para 

nenhum de vocês. Se achar que o jovem poderá participar, deve saber que poderão desistir 

a qualquer momento, que seus nomes ou imagens não serão divulgados, que não 

receberão nenhuma compensação (dinheiro) e que também não terão nenhum gasto. A 

participação da criança ou adolescente, porém, será muito importante para ajudar outras 

pessoas da mesma idade que têm problemas de comportamento, memória e atenção. Com 

base nas respostas dos testes, daremos dicas para o jovem, se ele ou ela quiserem, de 

como poderá estudar melhor e explicaremos em que tipo de atividade deve melhorar 

naturalmente com seu crescimento. Isso poderá ser feito da forma que preferirem: 

pessoalmente em outra ocasião, por telefone (por nossa conta) ou por e-mail. 

O estudo é assim: Primeiro vamos pedir que o Sr./Sra. ou outro responsável pelo(a) 

jovem responda várias perguntas sobre a saúde, o humor e comportamento da 

criança/adolescente em casa, sobre sua família e sua casa. O Sr./Sra. pode responder 

quando e da forma que quiser: em casa só com os formulários, pelo telefone (sem custos; 

nós ligamos para você se preferir) ou na escola. Somente crianças ou adolescentes que não 

têm problemas escolares e que são saudáveis poderão participar deste estudo. Isto ocorre 

porque não queremos prejudicar o rendimento escolar de ninguém.  

Se o jovem puder participar considerando sua saúde e se o Sr./Sra. autorizar e se 

ele/ela quiserem participar, marcaremos dois dias para fazer várias atividades na escola.  

1/3 
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Daremos uma ajuda de custo para pagar o transporte do jovem nesses dias.  

No primeiro dia, estas atividades devem demorar no máximo 90 min e serão 

individuais (uma criança ou adolescente por vez). O aplicador será sempre um profissional 

da saúde treinado. As atividades a serem feitas envolvem lembrar de figuras, números, 

contar uma história (vamos gravar a voz) e coisas assim.  

Basta que o(a) jovem responda da melhor forma que puder. Muitas tarefas são 

cheias de pegadinhas e isso será explicado para os(as) jovens, para que não sintam que 

foram mal nos testes. Os(as) jovens também responderão vários questionários sobre seu 

comportamento, sono, etc. Nenhum teste causa sofrimento, mas o(a) jovem pode ficar 

com um pouco de vergonha ou cansado(a). Por isso daremos pausas para ele/ela 

descansar. Se a criança/adolescente ficar muito cansado poderemos pedir para ele/ela 

responder os questionários outro dia, contanto que concordem, é claro.  

Outro dia será marcado com o jovem, na escola, para avaliar parâmetros de saúde e 

desenvolvimento. Pediremos que os participantes falem num gravador para medir 

mudanças de voz, cuspam em potinhos, doem um pouco de urina e cabelo. Para isso 

devem ficar sem comer ou escovar os dentes por uma hora antes da coleta. A coleta de 

urina será feita pelas próprias crianças, respeitando sua privacidade e será explicado 

direitinho quais os procedimentos. Faremos também um furinho (só um!) em um dedo 

do(a) jovem para colher algumas gotas de sangue (como se faz para dosar o “açúcar do 

sangue”, ou glicemia). Esses procedimentos serão feitos com luvas e todos os cuidados 

necessários para uma coleta segura, por profissionais da área de saúde treinados. Isto 

servirá para dosar marcadores de desenvolvimento neuronal (como hormônios), o 

metabolismo do jovem (controle do açúcar do sangue) e o sistema imune (capacidade de 

responder a infecções). Vamos também tirar a pressão dos participantes, medir e pesá-los 

e cada um receberá folhas nas quais deverão avaliar o desenvolvimento do seu corpo 

(sozinhos na sala para não ficarem com vergonha). Acreditamos que essas medidas podem 

ajudar a caracterizar o desempenho e comportamento dos jovens. Passaremos os 

resultados dos exames de saúde (colesterol, triglicérides, etc.) gratuitamente para vocês. 

Se por acaso os pesquisadores acharem algum indicador de problemas nestes exames (raro 

que isso aconteça), vocês serão avisados e o(a) jovem será encaminhado(a) para uma 

investigação mais detalhada.  

 

 

1

/3 
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É possível que convidemos os jovens para fazer outras medidas se eles quiserem. 

Além disso, a pesquisa pode continuar por alguns anos. O Sr./Sra. autoriza que um dos 

pesquisadores entre em contato com sua família daqui há um tempo para vermos como 

anda o desenvolvimento do(a) jovem? Sim o Não o.  

O principal investigador deste estudo é a Dra. Sabine Pompeia, que pode ser 

encontrada no endereço: Rua Napoleão de Barros, 925 - Vila Clementino - São Paulo, SP – 

Brasil. Telefone(s) (11) 2149-0155, 963977776 (celular; recebe ligações a cobrar); email: 

spompeia@gmail.com. É compromisso nosso usar os dados que vamos obter somente para 

esta pesquisa.  

Se o Sr./Sra. tiver alguma consideração ou dúvida sobre a ética da pesquisa, entre em 

contato com o Comitê de Ética em Pesquisa (CEP) da Universidade Federal de São Paulo 

(UNIFESP): Rua Francisco de Castro nº 55, Vila Clementino, São Paulo, SP. Tel. 5571-1062, 

FAX: 5539-7162 – E-mail: cepunifesp@epm.br. O horário de atendimento é das 9:00 h às 

12:00 h nos dias de semana, exceto quarta-feira.  

Se entendeu como é o estudo e decidiu se o Sr./Sra. e o(a) jovem por quem você é 

responsável pode participar, por favor assine esse termo que leu, ou que foi lido e 

explicado para o Sr./Sra.  O Sr./Sra. receberá uma via deste termo para guardar. Rubrique 

todas as folhas, por favor (isto é, faça um visto em todas as folhas). Conversaremos com o 

jovem para ver se ele/ela aceitam participar também. Lembre-se que o Sr./Sra. e o(a) 

jovem podem retirar seu consentimento a qualquer momento, que a participação e o 

nome dos participantes jamais será divulgado, que serão ressarcidos as despesas de 

transporte coletivo para participação e que não terão nenhuma vantagem financeira em 

participar, tampouco custos. 

Nome do jovem: _____________Cel. do jovem (se houver): ___________Data  

___/___/___   

_______________________________________        

Nome e assinatura do responsável pelo jovem 

Meio de contato de preferência (telefone fixo, celular, email, whatsapp): ______________ 

_______________________________________       Data  ___/___/___    

    Nome e assinatura do responsável pelo estudo 

______________________________________         Data  ___/___/___    

    Nome e assinatura de testemunha      3/3 

2

/3 

3

/3 

mailto:cepunifesp@epm.br
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TERMO DE ASSENTIMENTO  

(Menores de 18 anos; será feito um vídeo contendo estas informações para 

facilitar o entendimento da pesquisa)  

Título da pesquisa: “Efeito do desenvolvimento puberal na autorregulação do 

comportamento e suas relações com as condições de vida atual e pregressa”  

Informações sobre a pesquisa  

Estamos convidando você a participar de uma pesquisa. Os seus responsáveis 

disseram que eles concordam que participe, se você quiser. Estamos estudando como o 

crescimento (puberdade) muda o comportamento, a memória e a atenção de pessoas da 

sua idade.  

Você não tem que participar e não tem problema nenhum se não quiser. Se quiser 

participar, deve saber que poderá desistir a qualquer momento (antes, durante, depois). 

Saiba também que as respostas que der não vão ser contadas para ninguém! Seu nome 

nunca vai ser divulgado e você, e quem cuida de você, não terão nenhum gasto.  

E o que você ganha com isso? Bom, com sua participação poderemos entender 

melhor como pessoas da sua idade se comportam e isso pode ajudar outras crianças e 

adolescentes que tem problemas na escola. Além disso, com base nas suas respostas, 

daremos dicas de como você pode estudar melhor, se você quiser.  

O estudo é assim: Primeiro vamos fazer várias perguntas para quem cuida de você 

sobre sua saúde, sobre sua casa, o trabalho deles e coisas assim. Depois disso, marcaremos 

um dia para você fazer uns testes na escola, fora do horário da aula. Estes testes devem 

demorar no máximo uma hora e meia. Eles envolvem lembrar de figuras, números e 

palavras, apertar botões e responder questionários sobre seu corpo e seu comportamento, 

o risco que associa a várias atividades e coisas assim. Basta que responda da melhor forma 

que puder. Lembre-se que ninguém que conhece saberá o que respondeu. Os testes tem 

um monte de pegadinhas, então é normal que cometa vários erros. Isto é normal! Não 

fique achando que foi mal, ok? O que queremos ver é se esses erros diminuem quando as 

pessoas ficam mais velhas.  

Nenhum teste causa sofrimento, mas você pode ficar com um pouco de vergonha 

ou ficar cansado de responder os testes. Por isso, inventamos vários jeitos de não deixar 

você com vergonha e daremos pausas para você descansar. Se você ficar muito cansado 

poderemos pedir que responda algumas perguntas outro dia se você puder.   

            1/2  
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Durante os testes vamos pedir que coloque um algodão na sua boca para colher sua 

saliva (cuspe). Vamos também fazer um furinho (só um!) no seu dedo para colher algumas 

gotas de sangue. Isso pode doer um pouco, mas em nossa experiência dói bem pouquinho 

mesmo. O seu cuspe e sangue vão servir para medirmos algumas substâncias como 

hormônios, como está seu metabolismo e sua capacidade de evitar infecções como gripe. 

Vamos também tirar sua pressão. Os experimentadores são craques em fazer estes testes, 

então não vão machucar você!!! Todos os resultados vão ser passados para você e seus 

responsáveis, se quiserem. Também vamos medir e pesar você para poder lhe contar qual 

será sua provável altura quando for adulto. Vamos também tirar sua pressão 3 vezes.  

Depois, entregaremos para você um envelope lacrado que contém uma folha com 

umas representações de partes “íntimas” do seu corpo e algumas perguntas sobre seu 

crescimento (por exemplo, se sua voz já engrossou). O experimentador vai explicar como a 

folha deve ser respondida antes que você abra o envelope. Em seguida, o experimentador 

vai sair da sala e você deverá responder as folhas do envelope e coloca-lo numa urna. 

Assim, o experimentador que está fazendo os testes com você não vai ver a resposta para 

que você não tenha que ficar com vergonha. É bem importante que responda 

corretamente, porque só assim poderemos usar seus dados para ajudar outros jovens que 

poderão ter problemas que você não tem.  

.  

Se achar legal participar desta pesquisa, por favor assine este termo que tem duas 

páginas e que leu ou que foi lido e explicado para você. Você receberá uma via dele para 

guardar.  

_______________________________________ Data ___/___/___  

Nome e assinatura do participante  

_______________________________________ Data ___/___/___  

Nome e assinatura do responsável pelo estudo  

______________________________________ Data ___/___/___  

Nome e assinatura de testemunha  

2/2 
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Annex 4 – Screening questions about the experimental day    

 

INFORMAÇÔES REFERENTES AO DIA DO EXPERIMENTO 

Nome:____________________________________ 

Data: ___/____/____ 

Horário da avaliação:  _____:______ 

Usou algum medicamento/remédio/pílulas nesta semana? Sim   □      Não     □ 

Quanto/ o que? _____________________________ 

Qual foi a última vez que consumiu cafeína (chá, café, energético, chocolate, 

cappuccino) ou álcool (bebidas alcoólicas)? 

__________________________________________ 

 

Tem algum problema de saúde oral (na boca)? 

__________________________________________ 

Lesão oral?   Sim   □      Não     □ 

Aparelho dentário?  Sim   □      Não     □ 

Fez algum tratamento dentário nos últimos 2 dias?  Sim   □      Não     □ 

 Se sim qual? 

_________________________________________ 

Costuma usar fio dental? Sim   □      Não     □  

Passou hoje? Sim   □      Não     □ 

Mascou chicletes hoje?  Sim   □      Não     □ 

Qual a última vez que comeu e o que? 

_________________________________________ 

 

Realizou alguma atividade física intensa nos últimos 2 dias? Sim   □      Não     

□ 

Se sim qual? 

_________________________________________ 

E nas duas últimas horas? Sim   □      Não     □ 

 

Quantos cigarros fuma por semana? 

________________________________________
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Annex 5 – Method to Tanner stage self-assessment       
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Annex 6 – Pubertal Development Scale for self-report    

         

  Nome _______________________________ Data____/____/____ Data de Nascimento____/____/____ 

Idade (meses) _______; Ano escolar________; Escola _______________________pública        privada     

Turno:  manhã  tarde   outro  ;  Início da tarefa (hora/min): ___ Término da tarefa (hora/min): ____ 

Instruções: As próximas 5 perguntas são sobre as mudanças que podem estar acontecendo com o seu 
corpo. Essas mudanças normalmente acontecem de forma diferente em cada pessoa e idade. Por favor, 
faça um “X” na alternativa que melhor reflete as mudanças que você está percebendo. Se não entender 
uma pergunta ou não souber a resposta, marque um x em “não sei” ou pergunte se houver alguém 
aplicando a escala. 

PERGUNTAS PARA GAROTAS  

a. 
Ainda não 
Começou 

b. 
Parece que 
começou 

c. 
Começou 

com certeza 

d. 
Parece 

completo 

e. 
Não sei 

1. Você diria que seu crescimento rápido em altura (estirão de 
crescimento)... 

  
  

  

Não estou 
crescendo mais 

tão rápido   

2. Você diria que o crescimento dos pelos no seu corpo (como 
embaixo dos braços, sem considerar cabelos na cabeça)...   

  
  

Parou de 
aumentar   

3. Você notou mudanças na pele, especialmente espinhas? 
  

  
  

Não está mais 
aumentando   

4. Você notou que seus peitos (seios ou mamas) começaram a 
crescer?   

  
  

Não estão mais 
crescendo   

5. Você já menstruou? 

Não (  )   
Sim  (  ) Que idade tinha? _____  Lembra o mês? _____  Ano?_____ 
-Qual a data da última menstruação?__________ 
 
-Está tomando pílula anticoncepcional? Não (    )   Sim (     ).  
Há quanto tempo? ___________________ 

 
-Você pinta o cabelo? Não (    )      Sim (     ) 
-Você se depila na região pubiana?  Não (    )      Sim (     ) 

 

PERGUNTAS PARA GAROTOS 
  

a. 
Ainda não 
Começou 

b. 
Parece que 
começou 

c. 
Começou 

com certeza 

d. 
Parece 

completo 

e. 
Não sei 

1. Você diria que seu crescimento rápido em altura (estirão de 
crescimento)... 

  
  

  

Não estou 
crescendo mais 

tão rápido   

2. Você diria que o crescimento dos pelos no seu corpo (como 
embaixo dos braços, sem considerar cabelos na cabeça)...   

  
  

Parou de 
aumentar   

3. Você notou mudanças na pele, especialmente espinhas? 
  

  
  

Não está mais 
aumentando   

4. Começou a crescer pelos no seu rosto? 
 

 
 

Não está mais 
crescendo  

5. Você notou engrossamento da voz? 
  

  
  

Não está mais 
engrossando   

 Se a voz já começou a engrossar (“desafinar”), quando 
começou? 

Que idade tinha? _____  Lembra o mês? _____  Ano?_____ 
 

 
-Você pinta o cabelo? Não (    )      Sim (     ) 
-Você se depila na região pubiana?  Não (    )      Sim (     ) 
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Annex 7 – Suppliers instructions for collection and management of 

the equipaments for lipid profile and Glycated hemoglobin measurement 
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DESCRITIVO TÉCNICO 
 

A1CNow+ Professional Use 
Registro Anvisa: 80812770022 

 
Apresentação do Produto 
O teste A1CNow+ fornece a medição quantitativa dos níveis percentuais da 

hemoglobina glicosilada (% A1C ou % HbA1c) em amostras de sangue capilar (ponta 
de dedo) ou sangue venoso. O teste destina-se ao uso profissional para monitorar o 
controle glicêmico em pacientes portadores de diabetes, é um teste TLR (teste 
laboratorial remoto) ou Point of Care Testing (POCT). 

 
 Especificações Técnicas 
 

 
 
 
 
 
 

   
A1CNow+ 

10 testes Ref. 
3024 

20 testes Ref. 
3021 

 

Dimensões: 
      Largura ≈ 1,4 cm 
      Comprimento ≈ 5 cm 
      Altura ≈ 8 cm 
      

Indicações de uso: 
       Uso profissional 
       Sem necessidade de jejum 
       Condições de transporte e armazenamento: 
Conservar de 2°C a 8°C 
       Condições de operação: 18°C a 28°C. 
 

Vantagens do Sistema   
       Resultados em 5 minutos 
       5 µL de amostra de sangue capilar  
       Portátil 
       Fácil de usar  
       Disponível nas apresentações de 10 ou 20 testes 
       Livre de manutenção 
       Não é necessário pilhas ou baterias 
       Tabela de correlação IFCC (mmol / mol) disponível 
       Tecnologia de imunoensaio e tecnologia química 
para medir A1C e hemoglobina total, respectivamente. 
 

Apresentações 
Sistema completo disponível em: 
       Apresentação para 10 testes: 1 medidor, 10 
cartuchos de teste, 10 kits de diluição e 1 manual com 
instrução de uso. 
       Apresentação para 20 testes: 1 medidor, 20 
cartuchos de teste, 20 kits de diluição e 1 manual com 
instrução de uso. 
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Full document can be seen in https://ptsdiagnostics.com/wp-content/uploads/2018/09/ps-002461-en_rev._4_user_guide_cardiochek_pa.pdf 

 

 

 

 

 

 

 

 

https://ptsdiagnostics.com/wp-content/uploads/2018/09/ps-002461-en_rev._4_user_guide_cardiochek_pa.pdf


115 
 

 
 



116 
 

 
 

https://ptsdiagnostics.com/wp-content/uploads/2018/09/ps-

002575_e_rev._6_pkg_insert_lipid_panel.pdf; see also 

https://ptsdiagnostics.com/2019/07/22/clsi-procedure-cardiochek-pa-test-system-pts-

panels-lipid-panel-test-strips/ and https://ptsdiagnostics.com/wp-

content/uploads/2018/09/ps-002461-en_rev._4_user_guide_cardiochek_pa.pdf 

https://ptsdiagnostics.com/wp-content/uploads/2018/09/ps-002575_e_rev._6_pkg_insert_lipid_panel.pdf
https://ptsdiagnostics.com/wp-content/uploads/2018/09/ps-002575_e_rev._6_pkg_insert_lipid_panel.pdf
https://ptsdiagnostics.com/2019/07/22/clsi-procedure-cardiochek-pa-test-system-pts-panels-lipid-panel-test-strips/
https://ptsdiagnostics.com/2019/07/22/clsi-procedure-cardiochek-pa-test-system-pts-panels-lipid-panel-test-strips/

