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Abstract

Objective—To evaluate the effect of menarche before 11 years of age on the incidence of 

wheezing/asthma in girls 11 to 18 years of age.

Methods—The study sample comprised 1,350 girls from a birth cohort that started in 1993 in the 

urban area of the city of Pelotas, southern Brazil; this cohort was followed until 18 years of age. 

We assessed wheezing by the question, “Have you ever had wheezing in the chest at any time in 

the past?,” from the International Study of Asthma and Allergies in Childhood (ISAAC) 

questionnaire. Early menarche was defined as occurring before 11 years of age. We estimated the 

cumulative incidence of wheezing excluding from the analysis all those participants who reported 

wheezing before age of 11 years. We performed the chi-square test to assess the association 

between ever wheezing and independent variables. Poisson regression models with robust 

variance were used to estimate cumulative incidence ratios.

Results—The average age at menarche in the cohort girls was 12 years (95% CI: 11.1–12.1). 

The prevalence of early menarche before 11 years of age was 11% (95% CI: 9.7–12.3). The 

cumulative incidence of wheezing from 11 to 18 years of age was 33.5% (95% CI: 30.9– 36.0). 

The crude association between ever wheezing in adolescence and early menarche before age 11 

was 1.19 (95% CI: 0.96–1.48). After adjusting for early childhood and contemporaneous 

variables, no significant association for early menarche before 11 years of age and wheezing 

during adolescence was found (CIR: 1.18; CI95%: 0.93-1.49).

Conclusion—Early menarche before 11 years of age is not associated with an increased risk of 

wheezing during adolescence.
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Introduction

Asthma is the most common chronic disease in children and adolescents. It has a major 

impact on quality of life and increases the demand for health care (1, 2). Clinical 

manifestations of asthma include recurrent episodes of wheezing, shortness of breath, dry 

cough, and chest discomfort or tightness especially at night or early morning hours (3). It is 

a potentially serious condition if not properly treated (3, 4). The pathogenesis of asthma is 

multifactorial and involves environmental, sociocultural, ethnic and genetic factors (2, 5).

Asthma affects around 300 million people worldwide, accounting for more than 250,000 

deaths (1, 6). About one-third of those affected are younger than 18 years (6). Data from the 

World Health Organization (WHO) have shown that, in Western Europe, the incidence of 

asthma has doubled over the past 10 years (7).

Asthma is also a major public health concern in Brazil. It is the fourth leading cause of 

hospitalizations in the Brazilian National Health System (SUS) (2.3%) and the third leading 

cause among children and young adults (8). Data from the 2012 National Household Sample 

Survey (PNAD) showed annual percent increases of asthma in children and adolescents in 

many macro-regions in Brazil (9).

Several theories have been postulated to explain the phenomenon of increasing incidence 

and prevalence rates of wheezing/asthma in children and adolescents, but there is no 

consensus (10, 11). Because there is no gold-standard approach for the diagnosis of asthma, 

different studies are not comparable making it difficult to further understand the increasing 

prevalence of this condition (10, 12). In light of that, the term wheezing/wheeze has been 

used in several epidemiological studies as a proxy for “asthma” in children and adolescents 

and is the preferred term for this condition in the International Study of Asthma and 

Allergies in Childhood (ISAAC) (2, 13, 14). In the present study, wheezing and wheeze are 

used interchangeably.

Among a number of factors described to be associated with the development of asthma/

wheezing in female adolescents is the age at menarche (13, 15). Menarche is the first 

menstrual cycle that usually occurs two to three years following puberty in female 

adolescents, around 11–13 years of age (16). Although there is no consensus (17-19), some 

authors define early menarche as occurring before 11 years of age (13, 20).

The average age at menarche fell from 16–17 years to under 13 years over the past 100 years 

(21-23). Studies conducted in South Korea showed that, from 1920 to 1925, the average age 

at menarche was 16.9 years, and from 1980 to 1985, it fell to 13.8 years (21). Data from 

WHO (1995) show that, in Brazil, the average age at menarche was 12.2 years in 

adolescents from families with high socioeconomic status and 12.8 in those from poor 

families in the city of São Paulo in 1978 (24). In a 2010 study, in Brazil, Martínez et al. 

reported that the average age at menarche was 12.4 years (25).

The reasons for the decline in age at menarche are multifactorial and involve both genetic 

and environmental factors (19, 21, 23). Some investigators have argued that the decline in 
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the average age at menarche could be associated with increasing wheezing/asthma incidence 

in adolescent girls (15, 17, 18).

In view of data showing a decline in age at menarche and increasing asthma incidence in 

some countries, we conducted a study with participants from the 1993 Pelotas birth cohort to 

examine this relationship.

Methods

The 1993 Pelotas cohort comprised children born between January 1 and December 31, 

1993 in the city’s five maternity hospitals to mothers living in the urban area of Pelotas. Of 

5,265 eligible infants, 16 were lost or refused to participate in the study. The remaining 

5,249 infants were included in the original sample. Further details about the methods of the 

1993 birth cohort can be found in previous publications (26, 27).

Perinatal follow-up consisted of daily visits to the five maternity hospitals. Mothers were 

asked to fill a standard questionnaire to collect information on demographic, socioeconomic, 

behavioral, and reproductive characteristics, health care and family health conditions.

We followed the original cohort participants at ages 11, 15 and 18 years, with a follow-up 

rate of 87.5%, 85.7%, and 81.3% respectively. Information was collected on socioeconomic 

and behavioral characteristics, family health conditions, nutritional status, smoking, physical 

activity, puberty characteristics, and health conditions among others. Home interviews were 

carried out at ages 11 and 15. At age 18, the adolescents were asked to fill out questionnaires 

and underwent a series of assessments at the study site.

The study outcome—ever wheezing—was examined for the three follow-ups. We assessed 

wheezing by asking the question, “Has <NAME> / have you ever had wheezing in the chest 

at any time in the past?,” from the ISAAC questionnaire. This information was reported by 

the mothers at age 11 and by the adolescents at ages 15 and 18 (Annexes 1,2 3). We 

analyzed ever wheezing as a dichotomus (yes/no) variable. From the variables “cumulative 

incidence of wheezing”, we generated a new variable—cumulative incidence of wheezing in 

adolescence— based on the reporting of wheezing in the follow-ups at ages 15 and 18.

For the assessment of the association between ever wheezing and age at menarche, we 

excluded from the analysis all those girls who reported wheezing before 11 years of age.

We assessed age at menarche based on information collected in the follow-ups at ages 11, 

15 and 18 years by asking the following questions, “Have you ever had a menstrual 

period?,” with yes/no answer options, and then if yes, “How old were you when you had 

your first menstrual period?,” reported in years and months. This information was reported 

by the mother at age 11, and by the adolescents at ages 15 and 18. From the variable age at 

menarche collected at the three follow-ups (2004, 2008 and 2011), we generated a new 

variable—continuous age at menarche until age 18. This variable was then dichotomized as 

before 11 years and greater or equal to 11 years.
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Information was collected on potential confounders in the perinatal follow-up – maternal 

smoking during pregnancy (yes/no); birth weight (<2500 g, ≥2500 g); in the 2004 follow-up 

– family history of allergy/asthma or bronchitis (yes/no); household income into quintiles 

(the first quintile represented the poorest); self-reported skin color (white, black, other); 

nutritional status (body mass index [BMI]-for-age z-score by the WHO growth charts) (28); 

adolescent smoking assessed by the following question “Have you ever tried cigarette 

smoking, even one or two puffs?”, with yes/no answer options, physical activity into 

quartiles (the first quartile represented the lowest level of activity); and in the 2008 follow-

up – Tanner stages (five stages of pubic hair development).

For assessing potential selection bias, we carried out a comparative analysis of selected 

perinatal and household income variables collected in the 2004 follow-up between the 

sample of adolescents enrolled in the study at age 11 and those from the original cohort 

using the chi-square test. We compared the following variables: gestational age according to 

the method of Dubowitz (29), maternal parity, maternal BMI at the beginning of pregnancy 

according to WHO (30), type of birth, family history of allergy/asthma or bronchitis, 

household income and birth weight of the adolescents.

Descriptive analyses were performed on all independent variables. Any association with 

incidence of wheezing from 11 to 18 years was assessed using the chi-square test. We used 

Poisson regression models with robust variance to estimate crude and adjusted cumulative 

incidence ratios (CIRs) according to the variable age at menarche before 11 years old. Two 

models were constructed for adjusted analyses. Model 1 was adjusted for household income, 

family history of allergy, maternal smoking during pregnancy, birth weight and self-reported 

skin color. Model 2 was adjusted for model 1 by adding the variables nutritional status, 

physical activity, smoking, and Tanner stages. With a sample size of 1004 people, 

considering a 5% significance level, the statistical power for the present analysis was 92%. 

All statistical analyses were conducted using Stata software version 12.1.

The 1993 Pelotas Birth Cohort Study was approved by the Ethics Committee of the Federal 

University of Pelotas. A free informed consent form was signed before participating in the 

follow-ups by all participants (mothers and adolescents).

Results

Of 2,609 female infants in the original cohort, information was collected for 2,235 in the 

follow-up at age 11. Of these, 1,350 were eligible to participate in the study, as they reported 

no wheezing ever. The cumulative incidence of wheezing from 11 to 18 years of age was 

33.5% (95% CI 30.9–36.0) (Figure 1). Of the 1350 girls eligible in the study, information’s 

on age at menarche were missing for about 3.4%. The average age at menarche in the cohort 

girls was 12 years (95% CI 11.1–12.1). The prevalence of menarche before 11 years of age 

was 11% (95% CI 9.7–12.3).

Table 1 shows the general characteristics of our sample and the cumulative incidence of 

wheezing from 11 to 18 years of age according to the main exposure variables, i.e., 

menarche before 11 years. Most adolescents reported white skin color (66.3%) and nearly 
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half reported a family history of allergy, asthma or bronchitis. Almost one-third of the 

mothers reported smoking during pregnancy. About 3.5% of the girls reported smoking 

experience at age 11, and only 3% were in the first Tanner stage of pubertal development at 

age 15. The cumulative incidence of wheezing in girls with menarche before age 11 was 

40.3%.

Table 2 shows a comparative analysis of our sample with the original cohort. We found no 

statistically significant differences except for family history of allergy, asthma or bronchitis 

(p = 0.002).

In Figure 2, the cumulative incidence ratio (CIR) between ever wheezing in female 

adolescents and early menarche before 11 years was 1.19 (95%IC: 0.96-1.48). After 

adjusting for early childhood and contemporaneous confounding variables (model 2), no 

significant association for early menarche before 11 years of age and wheezing during 

adolescence was found (CIR: 1.18; CI95%: 0.93-1.49).

Discussion

This study examined the relationship between age at menarche and ever wheezing from 11 

to 18 years of age in female adolescents from the 1993 Pelotas birth cohort study, and found 

no significant association between menarche before age 11 and the incidence of wheezing 

during adolescence, both in the crude as in the adjusted analysis taking into account 

confounding factors.

Few studies have examined the association between early menarche and incidence of 

wheezing and they have used different definitions of age at menarche (13, 15, 17-20).

In a cohort study in Australia, Burgess et al. reported that age at menarche (<11 years) was 

not associated with asthma onset during adolescence (OR 0.99; 95% CI 0.73–1 33) or during 

adulthood (OR 0.96; 95% CI 0.70–1.30) (31). In another cohort study, Galobardes et al. 

found that girls reporting later age at menarche (>12 years) were more likely to develop 

atopic asthma (RR 1.37; 95% CI 1.03–1.81) (32).

Nevertheless, other studies have shown different results (13, 18, 20). In a study conducted in 

Mexico, Herrera et al. showed a significant association between menarche (≤11 years) and 

wheezing during adolescence (OR 1.31; 95% CI 1.01–1.73) (13). Similarly, Macsali et al., 

in a cohort study including 3,335 women aged 27–57 years, in Norway, found a significant 

association between early age at menarche (<11 years) and incidence of asthma (OR 1 80; 

95% CI 1.09–2.97) (20).

In a United States cohort study, Salam et al. followed a sample of 905 women and found that 

women with menarche before 12 were twice as likely (OR 2.08, 95% CI 1.05 -4.12) to 

develop asthma in adult life compared to those with menarche at 12 years of age or older 

(18). However, it should be noted that had a low response rate (≈50%) (18).

Several hypotheses of the mechanisms involved have been proposed to explain the 

relationship between early menarche and incidence of asthma in adolescence or young 
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adulthood. Some authors have argued that female hormones play a major role in the 

development of asthma (13, 15). Girls with early age at menarche are exposed to higher 

levels of estrogen and progesterone at an earlier age, which would increase their risk of 

asthma (13, 15, 18, 20, 33). Many cells with immune regulatory function have estrogen 

receptors and may produce a shifted immune response toward allergic and chronic 

conditions such as asthma (34). Other studies have suggested a role of progesterone in the 

development of asthma (35, 36). Progesterone increases expression of ß-2 receptors which 

results in reduced bronchial smooth muscle relaxation (35, 36), although the study of Barnes 

showed progesterone as a protective factor for wheezing (37). The relationship between 

female hormones and asthma is complex, and further studies are needed to investigate it.

The age at menarche has declined considerably over the past 100 years (21, 22) while the 

prevalence of wheezing/asthma in adolescents has increased (7, 9). The main reasons for this 

decline in age at menarche include environmental toxins, socioeconomic conditions, 

perinatal health, nutritional status, maternal smoking, ethnicity, among others (19, 21, 23). 

Besides family history of allergy or asthma, these are other known risk factors for wheezing/

asthma during adolescence (38, 39).

A number of limitations of this study need to be considered. Among these, we highlight the 

fact that we used the question on “wheezing in the past” from the ISAAC questionnaire to 

assess the presence of asthma. According to the literature, this symptom can be considered a 

proxy for the diagnosis of asthma especially during childhood and adolescence with little 

possibility of memory bias (6, 14). Furthermore, the ISAAC questionnaire has been 

validated and used in several countries including Brazil (14). Another limitation of the study 

is referred to the intensity of wheezing episodes that occur in these adolescents. Mild and 

occasional attacks of wheezing could not have been remembered or even noticed by the 

mothers of teenagers. Therefore, the actual incidence of wheezing in adolescents could have 

been underestimated in the study.

Age at menarche—the main exposure of this study—may be subject to recall bias. However, 

Must et al. showed that menarche is an important life event and not prone to bias (40).

Despite these limitations, the present study makes noteworthy contributions. It is one of few 

studies conducted in Brazil on this subject using data from a population-based birth cohort 

with high follow-up rates in its three waves and with information collected prospectively. 

Also, we highlight the high statistical power obtained for the present analysis. Moreover, 

information collected throughout childhood and early adolescence allowed to controlling for 

confounding factors in the analyses.

Further epidemiological investigations especially longitudinal studies with female 

adolescents may help better understand the relationship between age at menarche and the 

incidence of wheezing during adolescence.

Implications and contributions

This is one of few studies conducted in Brazil to investigate the relationship between age at 

menarche and the incidence of wheezing during adolescence, using data from a population-
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based birth cohort, and showed no significant association between menarche before age 11 

and the incidence of wheezing during adolescence, both in the crude as in the adjusted 

analysis for confounding factors. Further epidemiological investigations especially 

longitudinal studies are needed to assess the relationship between age at menarche and the 

incidence of wheezing during adolescence.

Acknowledgments

The cohort is currently supported by the Wellcome Trust initiative entitled Major Awards for Latin America on 
Health Consequences of Population Change. The European Union, the Brazilian National Program for Centers of 
Excellence, the Brazilian National Research Council (CNPq), the Brazilian Ministry of Health, the Foundation for 
Research Support of the State of Rio Grande do Sul (FAPERGS) supported phases of the study. Prof. J. Patrick 
Vaughan and Dr Dominique Behague of the London School of Hygiene and Tropical Medicine and Dr Maria del 
Mar Garcia of the Escuela Andaluza de Salud Publica participated in the early phases of the study.

Abbreviations

BMI Body Mass Index

CI Confidence Interval

CIR Cumulative Incidence Ratio

CNPq Brazilian National Research Council

FAPERGS Foundation for Research Support of the State of Rio Grande do Sul

ISAAC International Study of Asthma and Allergies in Childhood

OR Odd Ratio

PNAD National Household Sample Survey

SUS National Health System

WHO World Health Organization

References

1. Asthma GIf, National Heart L, Institute B. Global strategy for asthma management and prevention. 
National Institutes of Health, National Heart, Lung, and Blood Institute; 2002. 

2. Bousquet J. Global initiative for asthma (GINA) and its objectives. Clinical and Experimental 
Allergy. 2000; 30(6; SUPP/1):2–5. [PubMed: 10849466] 

3. Diagnóstico e Tratamento da Asma Brônquica. Jornal brasileiro de pneumologia : publicacao oficial 
da Sociedade Brasileira de Pneumologia e Tisilogia. 2001; (Suppl 7):447–74. S447–74. PubMed 
PMID: 17420905. Epub 2007/04/11. IV Diretizes Brasileiras para o manejo da asma. 

4. Kelly W, Hudson I, Raven J, Phelan P, Pain M, Olinsky A. Childhood asthma and adult lung 
function1±3. Am Rev Respir Dis. 1988; 138:26–30. [PubMed: 3059867] 

5. Santana J, Afonso J. Fisiopatologia da asma bronquica. J pneumol. 1983; 9(4):210–25.

6. Masoli M, Fabian D, Holt S, Beasley R. The global burden of asthma: executive summary of the 
GINA Dissemination Committee report. Allergy. 2004; 59(5):469–78. [PubMed: 15080825] 

7. WHO. 2014. http://www.who.int/mediacentre/factsheets/fs206/fr/

8. Ministério da Saúde.Secretaria Nacional de Aţões Básicas. Ministério da Saúde. 2005. p. 249-60.

9. Wehrmeister FC, Menezes AMB, Cascaes AM, Martínez-Mesa J, Barros AJ. Time trend of asthma 
in children and adolescents in Brazil, 1998-2008. Revista de Saúde Pública. 2012; 46(2):242–50. 
[PubMed: 22310651] 

Joseph et al. Page 7

Clin Res Pulmonol. Author manuscript; available in PMC 2016 February 09.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

http://www.who.int/mediacentre/factsheets/fs206/fr/


10. Pizzichini MMM. Definir asma para estudos epidemiológicos: essa meta pode ser alcanţada. J Bras 
Pneumol. 2005; 31(6)

11. Yunginger JW, Reed CE, O’Connell EJ, Melton LJ III, O’Fallon WM, Silverstein MD. A 
community-based study of the epidemiology of asthma: incidence rates, 1964–1983. American 
Review of Respiratory Disease. 1992; 146(4):888–94. [PubMed: 1416415] 

12. Sole D, Yamada E, Vana A, Werneck G, Solano de Freitas L, Sologuren M, et al. International 
Study of Asthma and Allergies in Childhood (ISAAC): prevalence of asthma and asthma-related 
symptoms among Brazilian schoolchildren. Journal of investigational allergology & clinical 
immunology: official organ of the International Association of Asthmology (INTERASMA) and 
Sociedad Latinoamericana de Alergia e Inmunologia. 2001; 11(2):123. [PubMed: 11642571] 

13. Herrera-Trujillo M, Barraza-Villarreal A, Lazcano-Ponce E, Hernández B, Sanín LH, Romieu I. 
Current wheezing, puberty, and obesity among Mexican adolescent females and young women. 
Journal of Asthma. 2005; 42(8):705–9. [PubMed: 16266963] 

14. Solé D, Vanna A, Yamada E, Rizzo M, Naspitz C. International Study of Asthma and Allergies in 
Childhood (ISAAC) written questionnaire: validation of the asthma component among Brazilian 
children. Journal of investigational allergology & clinical immunology. 1997; 8(6):376–82. 
[PubMed: 10028486] 

15. Al-Sahab B, Hamadeh MJ, Ardern CI, Tamim H. Early menarche predicts incidence of asthma in 
early adulthood. Am J Epidemiol. Jan 1; 2011 173(1):64–70. [PubMed: 21036953] 

16. Calvo MM, Román JP. Pubertad normal y sus variantes. PediatríaIntegral. 2011:507.

17. Fida, NG. Association of age at menarche and menstrual characteristics with adult onset asthma 
among reproductive age women. 2012. 

18. Salam MT, Wenten M, Gilliland FD. Endogenous and exogenous sex steroid hormones and asthma 
and wheeze in young women. J Allergy Clin Immunol. May; 2006 117(5):1001–7. [PubMed: 
16675325] 

19. Windham GC, Bottomley C, Birner C, Fenster L. Age at menarche in relation to maternal use of 
tobacco, alcohol, coffee, and tea during pregnancy. Am J Epidemiol. May 1; 2004 159(9):862–71. 
[PubMed: 15105179] 

20. Macsali F, Real FG, Plana E, Sunyer J, Anto J, Dratva J, et al. Early age at menarche, lung 
function, and adult asthma. American journal of respiratory and critical care medicine. 2011; 
183(1):8–14. [PubMed: 20732985] 

21. Cho GJ, Park HT, Shin JH, Hur JY, Kim YT, Kim SH, et al. Age at menarche in a Korean 
population: secular trends and influencing factors. European journal of pediatrics. 2010; 169(1):
89–94. [PubMed: 19504269] 

22. Clavel-Chapelon F. Evolution of age at menarche and at onset of regular cycling in a large cohort 
of French women. Human Reproduction. 2002; 17(1):228–32. [PubMed: 11756393] 

23. McDowell MA, Brody DJ, Hughes JP. Has age at menarche changed? Results from the National 
Health and Nutrition Examination Survey (NHANES) 1999–2004. Journal of Adolescent Health. 
2007; 40(3):227–31. [PubMed: 17321422] 

24. OMS CDE. El estado físico: uso e interpretación de la antropometría. OMS; Ginebra: 1995. 

25. Martínez J, Araújo C, Horta BL, Gigante DP. Growth patterns in early childhood and the onset of 
menarche before age twelve. Revista de saude publica. 2010; 44(2):249–60. [PubMed: 20339624] 

26. Araújo CL, Menezes A, Vieira MdFA, Neutzling MB, Gonţalves H, Anselmi L, et al. The 11-year 
follow-up of the 1993 Pelotas (Brazil) birth cohort study: methods. Cadernos de Saúde Pública. 
2010; 26(10):1875–86. [PubMed: 20963284] 

27. Victora CG, Hallal PC, Araujo CL, Menezes AM, Wells JC, Barros FC. Cohort profile: the 1993 
Pelotas (Brazil) birth cohort study. Int J Epidemiol. Aug; 2008 37(4):704–9. [PubMed: 17846051] 

28. Group WMGRS. WHO Child Growth Standards based on length/height, weight and age. Acta 
Paediatrica (Oslo, Norway: 1992). 2006; 450(Supplement):76.

29. Dubowitz L, Dubowitz V, Goldberg C. Clinical assessment of gestational age in the newborn 
infant. The Journal of pediatrics. 1970; 77(1):1–10. [PubMed: 5430794] 

30. Organization, WH. Physical status: The use of and interpretation of anthropometry, Report of a 
WHO Expert Committee. 1995. 

Joseph et al. Page 8

Clin Res Pulmonol. Author manuscript; available in PMC 2016 February 09.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



31. Burgess JA, Walters EH, Byrnes GB, Giles GG, Jenkins MA, Abramson MJ, et al. Childhood 
adiposity predicts adult-onset current asthma in females: a 25-yr prospective study. European 
Respiratory Journal. 2007; 29(4):668–75. [PubMed: 17251231] 

32. Galobardes B, Patel S, Henderson J, Jeffreys M, Smith GD. The Association Between Irregular 
Menstruations and Acne With Asthma and Atopy Phenotypes. American journal of epidemiology. 
2012; 176(8):733–7. [PubMed: 23028012] 

33. Jartti T, Saarikoski L, Jartti L, Lisinen I, Jula A, Huupponen R, et al. Obesity, adipokines and 
asthma. Allergy. 2009; 64(5):770–7. [PubMed: 19210351] 

34. Bonds RS, Midoro-Horiuti T. Estrogen effects in allergy and asthma. Current opinion in allergy 
and clinical immunology. 2013; 13(1):92. [PubMed: 23090385] 

35. Hellings P, Vandekerckove P, Claeys R, Billen J, Kasran A, Ceuppens J. Progesterone increases 
airway eosinophilia and hyper-responsivness in a murine model of allergic asthma. Clinical and 
Experimental Allergy. 2003; 33(10):1457–63. [PubMed: 14519155] 

36. Tan KS, McFarlane LC, Lipworth BJ. Paradoxical down-regulation and desensitization of β2-
adrenoceptors by exogenous progesterone in female asthmatics. CHEST Journal. 1997; 111(4):
847–51. [PubMed: 9106558] 

37. Barnes P, Woolcock A. Difficult asthma. European Respiratory Journal. 1998; 12(5):1209–18. 
[PubMed: 9864023] 

38. Bedolla-Barajas M, Morales-Romero J, Robles-Figueroa M, Fregoso-Fregoso M. Asthma in late 
adolescents of Western Mexico: prevalence and associated factors. Arch Bronconeumol. Feb; 
2013 49(2):47–53. [PubMed: 23121875] 

39. Breda D, Freitas PF, Pizzichini E, Agostinho FR, Pizzichini MMM. Prevalência de sintomas de 
asma e fatores de risco associados em adolescentes escolares de 13 e 14 anos dos municípios de 
Tubarão e Capivari de Baixo, Santa Catarina, Brasil. Cad. Saúde Pública. 2009; 25(11):2497–506. 
[PubMed: 19936487] 

40. Must A, Phillips S, Naumova E, Blum M, Harris S, Dawson-Hughes B, et al. Recall of early 
menstrual history and menarcheal body size: after 30 years, how well do women remember? 
American journal of epidemiology. 2002; 155(7):672–9. [PubMed: 11914195] 

Joseph et al. Page 9

Clin Res Pulmonol. Author manuscript; available in PMC 2016 February 09.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Figure 1. 
Sample size for the analysis between age at menarche before age 11 and the incidence of 

wheezing during adolescence. The 1993 Pelotas (Brazil) birth cohort study.
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Figure 2. 
Unadjusted and adjusted analyses between menarche before age 11 and the incidence of 

wheezing during adolescence. The 1993 Pelotas (Brazil) birth cohort study.
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Table 1

Description of the variables studied and the cumulative incidence of wheezing (from 11 to 18 years) according 

to the main exposure variables of the study. The 1993 Pelotas (Brazil) birth cohort study.

Description Cumulative inc. of wheezing
(from 11 to 18 years)

Variables N (%) N (%)

Birth weight (g) * ₤ p=0.874

>=2500g 1101 (89.7) 405 (33.5)

<2500g 127 (10.3) 46 (32.9)

Adolescents skin color † p=0.064

White 892 (66.3) 279 (31.3)

Black 150 (11.2) 54 (36.0)

Other 303 (22.5) 116 (38.3)

Family income(quintile of minimal wage) † p=0.114

Q1(poorest) 237 (17.6) 80 (33.7)

Q2 285 (21.1) 95 (33.3)

Q3 266 (19.7) 102 (33.4)

Q4 276 (20.4) 96 (34.8)

Q5(richest) 286 (21.2) 79 (27.6)

Maternal smoking during pregnancy ₤ p=0.807

No 838 (68.2) 308 (33.70)

Yes 392 (31.8) 144 (33.03)

BMI standard (z-score according to WHO) † p=0.058

<−2 33 (2.5) 5 (15.1)

−2 to +2 1215 (90.2) 415 (34.2)

>+2 99 (7.3) 30 (30.3)

Adolescent smoking † p=0.042

No 1290 (96.3) 425 (32.9)

Yes 49 (3.7) 23 (46.9)

Physical activity( quartile of minimal wage) † p=0.754

Q1 (less active) 320 (24.5) 99 (30.9)

Q2 334 (25.7) 116 (34.7)

Q3 335 (25.8) 114 (34.0)

Q4 (more active) 311 (24.0) 103 (33.1)

Tanner’ pubic hair stage ‡ p=0.607

Stage I 36 (2.9) 12 (33.3)

Stage II 141 (11.4) 57 (40.4)

Stage III 485 (39.3) 169 (34.8)

Stage IV 455 (36.8) 150 (33.0)

Stage V 118 (9,5) 40 (33,9)

Family history of allergy, asthma or bronchitis † p=0,755
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Description Cumulative inc. of wheezing
(from 11 to 18 years)

No 706 (52.8) 233 (33.0)

Yes 630 (47.2) 213 (33.8)

Menarche <11 years of age Ұ p=0,119

No 1162 (89.0) 392 (33.7)

Yes 144 (11.0) 58 (40.3)

₤
Variables collected during the perinatal visit

†
Variables collected during the 2004 visit

‡
Variables collected during the 2008 visit

Ұ
Variable collected during the 2004, 2008 and 2011 visits

*
Variable with maximum missing values (n=122) p: p-value of the Pearson X2 test

BMI: Body Mass Index WHO: World Health Organization
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Table 2

Comparative analysis of the sample of adolescents selected to 11 years in relation to the original cohort. The 

1993 Pelotas (Brazil) birth cohort study.

Variable Selected sample
(N%) to 11 years

Original cohort
N (%)

p-value

Birth weight (g) ₤ 0.363

<2500g. 140 (10.4) 299 (11.3)

>=2500g. 1208 (89.6) 2338 (88.7)

Maternal smoking during pregnancy ₤ 0.190

Yes 436 (32.3) 909 (34.4)

No 914 (67.7) 1736 (65.6)

Family history of allergy, asthma or bronchitis †

Yes 630 (47.2) 1165 (52.4) 0.002

No 706 (52.8) 1056 (47.5)

Family income(quintile of minimal wage † 0.056

1st (poorest) 237 (17.6) 449 (19.9)

2nd 285 (21.1) 477 (21.1)

3rd 266(19.7) 447 (19.8)

4th 276(20.4) 444 (19.6)

5th (richest) 286 (21.2) 444 (19.6)

Maternal gestational age in weeks (Dubowitz) ₤ 0.107

<37 weeks 102 (7.7) 238 (9.2)

>=37 weeks 1229 (92.3) 2351 (90.8)

BMI at the beginning of pregnancy (Kg/m2) ₤ 0.308

<18,5 103 (7.8) 204 (7.9)

18,5 to <25 896 (67.8) 1781 (69.1)

25 to <30 254 (19.2) 469 (18.2)

>=30 68 (5.2) 122 (4.7)

Mother’s delivery ₤ 0.539

Unique 1325 (98.1) 2603 (98,4)

Multiple 25 (1.9) 42 (1,6)

Maternal parity ₤ 0.903

Primiparous 469 (34.7) 924 (34.9)

Multiparous 881 (62.3) 1721 (65.1)

₤
Variables collected during the perinatal visit

†
Variables collected during the 2004 visit

p: p-value of the Pearson X2 test BMI: Body mass index
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