
Journal  of  Obesity  and  Complications Open Access
JOC@scientificeminencegroup.com

Cite this article: Bianka Bonilla. J Obes Comp (2:101).

Research Article

Prevalence and Determinants of Overweight; Obesity; and Weight Gain among Young
Women in Costa Rica

Bianka Bonilla1*, Romain Fantin1, Carolina Porras1, Juan Carlos Vanegas1, Juan José Romero-Zúñiga2, Aimée R
Kreimer3, Allan Hildesheim1 and Rolando Herrero1

1Agencia Costarricense de Investigaciones Biomédicas-Fundación Inciensa (ACIB-FUNIN). San José, Costa Rica
2Programa de Investigación en Medicina Poblacional, Escuela de Medicina Veterinaria, Universidad Nacional (UNA). Heredia,

Costa Rica
3Division of Cancer Epidemiology and Genetics, National Cancer Institute, Bethesda, Maryland

*Corresponding Author

Bianka Bonilla, Agencia Costarricense de Investigaciones
Biomédicas-Fundación  Inciensa  (ACIB-FUNIN).  San
José,  Costa  Rica,  Tel:  (506)  86642192,  E-mail:
biankabc08@gmail.com

Citation

Bianka  Bonilla,  Romain  Fantin,  Carolina  Porras,  Juan
Carlos Vanegas, Juan José Romero-Zúñiga (2025) Preva-
lence  and  Determinants  of  Overweight;  Obesity; and
Weight Gain among  Young  Women  in  Costa  Rica. J
Obes Comp 1: 1-24

Publication Dates

Received date: November 18, 2025
Accepted date: December 05, 2025
Published date: December 20, 2025

Abstract

Background: Obesity is a critical public health issue world-
wide,  with Latin America among the most  a�ected re-
gions. Early adulthood is a key period to prevent excess
weight gain, particularly in women.

Methods:  We  analyzed  data  from  7,465  women  aged
18–25 in the Costa Rica HPV Vaccine Trial. Body Mass In-
dex  (BMI)  classi�ed  overweight  (25–29.9)  and  obesity
(≥30). Prevalence was assessed among the same women at
baseline (2004/2005) and follow-up (2010/2011). Logistic
regression identi�ed determinants of overweight/obesity
and ≥20% weight gain.

Results: Prevalence of overweight/obesity increased from
35% to 56% over �ve years. In adjusted models, older age,
lower education, early menarche (≤10years), irregular peri-
ods, pregnancies, injectable contraceptive use and smok-
ing increased risk, while being single was protective. Coas-
tal regions had higher prevalence than mountainous areas.
Weight gain was associated with early menarche, new preg-
nancies, oral contraceptive use and marriage, whereas preg-
nancies before enrollment lowered risk.

Conclusions:  Rapid  increases  in  overweight/obesity
among young women underscore the in�uence of social
and reproductive factors. Interventions addressing educa-
tional  and  geographic  di�erences  are  needed.  Further
studies on diet and physical activity will strengthen preven-
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tion and guide public health policy.

Keywords:  Epidemiology, Observational Study, Sociode-
mographic Factors, Reproductive Health, Body Mass In-
dex, Inequities.

Introduction

Obesity is a complex, global health crisis characterized by ex-
cessive body fat accumulation, that a�ects individuals with a
BMI ≥30 and is associated with type 2 diabetes, heart disease,
13 types  of  cancer  [1],  anemia [2],  aging [3],  increased bone
fragility [4], infections, and alterations of the immune system
[5]. Furthermore, obesity can a�ect fertility and in�uence the
quality  of  life,  potentially  hampering  sleep  and  mobility  [6].
Beyond  its  direct  health  implications,  obesity  is  associated
with a range of  economic consequences,  including increased
healthcare  expenditures  and  potential  productivity  losses  [7,
8].

�e prevalence of overweight and obesity has reached epidem-
ic  proportions  worldwide.  Globally,  in  2022,  43%  of  adults
were classi�ed as people with overweight, and approximately
16%  as  people  with  obesity  [9].  In  Latin  America  and  the
Caribbean, 63% of adults are people with overweight and 27%
are  people  with  obesity  [10].  Costa  Rica  is  not  exempt  from
this  trend:  63% of  adult  men and 65% of  adult  women aged
18  and  older  are  classi�ed  as  people  with  overweight  [11].
Notably, obesity is more prevalent among Costa Rican wom-
en, a�ecting 34% compared to 25% of men [11]. According to
statistics of the Costa Rican Social Security Fund (Caja Costar-
ricense  de  Seguro  Social,  CCSS),  the  Greater  Metropolitan
Area  around  the  capital  exhibits  the  highest  rates  of  over-
weight  and  obesity  [12].

�e  early  adult  years  (18-25)  are  considered  a  critical  life
stage for preventing and controlling weight gain [13]. During
this period, individuals undergo signi�cant physical, emotion-
al, and social changes related to education, employment, and
personal  life,  which  can  create  challenges  for  maintaining  a
healthy  weight  [13].  Also,  young  adults  o�en  face  a  lack  of
time [14], motivation, and social support [15], which makes it
di�cult to maintain healthy behaviors. Academic and occupa-
tional changes bring challenges that can in�uence dietary be-
haviors  and  food  choices.  As  a  result,  young  adults  o�en
adopt less healthy eating patterns and daily activities to main-

tain a healthy weight [13].

During this critical period of life, women are more likely than
men to drop out of sports [16] and interrupt athletic training
[17]. Motherhood o�en reduces the time women dedicate to
self-care, including physical activity [14, 18].

Previous research in Costa  Rica has  examined obesity  in the
general  population  [19,  20],  but  there  is  limited  data  on
weight  gain  among  young  women.

To address this gap, we aimed to assess the prevalence and de-
terminants  of  overweight  and  obesity,  as  well  as  to  evaluate
the determinants associated with weight gain in Costa Rican
young  women  between  two  time  points:  2004–2005  and
2010–2011.

Methods

Study Population and Data Collection

Data are from the “Phase III e�cacy study of the Human Pa-
pillomavirus  (HPV)  16/18  vaccine  for  the  prevention  of  ad-
vanced  cervical  neoplasia  associated  with  HPV  16  or  HPV
18”, also known as the Costa Rica Vaccine Trial (CVT). It was
a  community-based,  double-blind,  controlled,  randomized
clinical  trial  conducted on healthy young adult  women from
the provinces of Guanacaste and Puntarenas in Costa Rica, re-
cruited from June 2004 to December 2005.

Study methods have been reported [21, 22]. Brie�y, CVT en-
rolled  7465 healthy  women aged 18  to  25  years  who resided
in Guanacaste  Province or  selected areas  of  Puntarenas dur-
ing 2004–2005. Women were included if  they were born be-
tween July 1978 and November 1987, were able to speak and
understand Spanish, appeared mentally competent, and were
willing  to  use  contraception.  Women  were  excluded  if  they
had a history of chronic diseases, cervical cancer, a history of
hysterectomy, or prior HPV vaccination.

Prospective  participants  were  identi�ed  through  door-to-
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door survey.  At enrollment participants  were randomized to
receive  the  HPV  or  control  (Hepatitis-A)  vaccine  and  were
followed  annually  for  4  years,  with  high  participation  rates.
At the completion of CVT in 2010, participants were individu-
ally unblinded and cross-over vaccination (XO visit)  was of-
fered.  Participation  in  enrollment  was  30.5%  among  invited
women  and  59.1%  among  eligible  women.  �e  study  pro-
duced extensive information on vaccine e�cacy and other as-
pects of HPV infection and associated conditions.

In addition, we compared selected demographic variables be-
tween  study  participants  and  women  of  the  same  age  group
and  geographic  area  based  on  national  census  data.  Com-
pared with the census population, CVT participants had high-
er  educational  level,  and  a  lower  proportion  were  married,
but the age distribution was very similar, with median ages of
21.0 years in the CVT cohort and 21.1 years in the census pop-
ulation [21].

At  enrollment,  a  physician  completed  a  medical  history  and
physical  exam  that  included  measurement  of  weight  and
height.

At each visit, from enrollment (EV) through the 48-month fol-
low-up visit (M48), a trained interviewer administered a risk
factor interview. �e questionnaire asked about years of edu-
cation, marital status, income, household amenities, menstru-
al  history,  sexual,  reproductive,  and  contraceptive  history,
and smoking  status.  Blood and cervical  specimens  were  col-
lected  at  each  visit  during  CVT  to  evaluate  the  main  objec-
tives of the trial.

A�er the blinded phase of the study was completed, crossover
vaccination was o�ered. At the �rst cross-over (XO) visit, the
study  doctor  measured  weight.  No  risk  factor  questionnaire
was  administered  at  the  XO  visit  (Supplementary  Figure  1).
�erefore,  the  M48  data  were  used  as  the  best  available  ap-
proximation of participants’ status at the time of XO. Indeed,
the M48 questionnaire represents the closest available risk-fac-
tor assessment, with a mean interval of only 1.1 years between
M48 and XO. Given this short gap and the relative stability of
the  risk-factor  variables  collected  in  our  adult  cohort,  using
M48 responses allows us to reasonably infer participants’ risk
pro�les at the time of XO.

Figure 1: Consort Diagram



Page 4 J Obes Comp

SCIENTIFIC EMINENCE GROUP | www.scientificeminencegroup.com Volume 2 Issue 1

Figure 1 presents the CONSORT diagram illustrating partici-
pant inclusion across the study. A total of 7,465 women were
enrolled in the Costa Rica HPV Vaccine Trial (CVT) and in-
cluded in the prevalence analysis at enrollment. At the cross-
over  visit,  2,025  participants  did  not  attend.  Among  those
who attended (n = 5,440), 264 were excluded due to missing
Month-48 questionnaires (n = 249) or missing anthropomet-
ric  measures  (n  =  15),  yielding  a  �nal  analytical  sample  of
5,176 women.

�e prevalence of overweight/obesity was estimated at enroll-
ment (2004–2005) among the 7,465 women and at follow-up
(2010–2011) among the 5,176 women who completed the vis-
it, who were also included in the weight gain analysis.

Outcomes

Weight and height were used to calculate body mass index (B-
MI)  at  enrollment  (2004-2005).  At  cross  over  visit
(2010–2011), weight was measured, but not height. Given the
participant´s age at enrollment (over 18 years), no change in
height  was  expected  between  enrollment  and  XO  visit.  BMI
was used to classify participants as underweight (< 18.5), nor-
mal weight (18.5-24.9), overweight (25.0-29.9) or obesity (B-
MI ≥30).

Weight gain was de�ned by comparing weight at  XO and at
enrollment. For the analysis, we used a dichotomic indicator
describing a relative weight increase >=20% from enrollment
to the XO visit. A similar analysis was conducted using a di-
chotomic  indicator  describing  an  absolute  weight  gain
>=10kg.

Independent Variables

For  the  prevalence  analysis,  we  used  sociodemographic,  be-
havioral,  hormonal,  and reproductive  covariates  as  indepen-
dent  variables  strongly  associated  with  BMI  previous  litera-
ture  review.  Regions  were  classi�ed into  three  categories  ac-
cording  to  their  prevalence  of  overweight/obesity:  low
(<25%),  medium  (25%  to  <35%),  and  high  (≥35%).

For  the  weight  gain  analysis,  we  also  added  time-dependent
covariates,  including  marital  status  (separation,  marriage),
menstrual cycle regularity, and reproductive behaviors (num-
ber  of  spontaneous  abortions/pregnancies  during  follow-up,
change in contraceptive use). �e information from the inter-
views  applied  at  enrollment  and  at  the  48-month  follow-up

visit  of  CVT  was  used,  since  at  the  XO  visit  the  risk  factor
questionnaire was not applied.

Statistical Analysis

Association between Age and Overweight/Obesity

�e  crude  association  between  age  and  overweight/obesity
prevalence  was  analyzed  using  both  enrollment  and  cross-
over  visits.  We tested non-linearity  associations between age
and overweight/obesity prevalence by testing the existence of
signi�cant joinpoints [23].

To avoid selection bias, we also impute BMI categories for the
2,289 participants who were not included in follow-up analy-
sis, as a sensitivity analysis. Imputation was based on BMI at
enrollment, age and socioeconomic characteristics (including
educational level, marital status and age at menarche).

Incidence Rates

We  calculated  the  follow-up  incidence  rates  of  overweight
and obesity.  We also estimated the annual incidence rates of
overweight and obesity as the annual risk of developing these
conditions, assuming a constant rate of change over the peri-
od. �e rates were estimated by dividing the number of inci-
dent  cases  of  overweight  or  obesity  between  enrollment  and
XO by the total number of person–years of follow-up among
participants without overweight or obesity at enrollment.

Determinants of Overweight/Obesity

�e analysis of the determinants of overweight/obesity at en-
rollment  included  7,465  women who  participated  in  the  en-
rollment  visit.  We  used  a  fully  adjusted  logistic  regression
model using all the independent variables measured at enroll-
ment. We analyzed the determinants of obesity at enrollment;
and the  determinants  of  overweight/obesity  at  the  follow-up
visit as complementary analysis.

�e  analysis  of  the  determinants  of  weight  gain  over  �ve
years  included the 5,176 women who participated in the en-
rollment and the cross-over visits. We used a fully adjusted lo-
gistic  regression  model  using  all  the  independent  variables
measured  at  enrollment  and  at  M48.

All  statistical  analyses  were  conducted  using  Stata  so�ware
version 18.
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Results

Table 1 shows the general characteristics of the study partici-
pants at both time points (2004–2005 and 2010–2011). Wom-
en  were  between  18  and  25  years  old  at  enrollment  and  be-
tween 22 and 32 years at the follow-up visit (FW). 40% were
married  at  enrollment  and  60%  at  the  follow-up  visit.  �e
fraction of nulliparous women decreased from 52% at recruit-
ment to 29% at the follow-up visit. At enrollment, most wom-
en had used hormonal  contraception and 7.9% were current
smokers. At enrollment, 28.2% of women had completed pri-

mary education, compared with 29.5% at follow-up. Similar-
ly,  59.4% of  women resided in cantons with high prevalence
of overweight and obesity at enrollment, and 59.2% did so at
follow-up.  Regarding  early  menarche,  7.5%  reported  having
had their �rst menstrual period at age 10 years or younger at
enrollment, compared with 7.8% at follow-up. �ese �ndings
indicate that the distribution of education level, canton of resi-
dence,  and age  at  menarche remained essentially  unchanged
throughout the study period, suggesting the absence of selec-
tion bias among the subset of the study population who parti-
cipated in the follow-up visits included in this analysis.

Table 1: Sociodemographic and Behavior Characteristics of Women Aged 18-25. Guanacaste, Puntarenas, Costa Rica, 2004-2005 and 2010-2011.

Characteristics 2004-2005 Ages 18-25 (N=7465) 2010-2011 Ages 22-32 (N=5176)

 n % n %

Age

18-19 2437 32.6   

20-21 1852 24.8   

22-23 1663 22.3 1188 23.0

24-25 1513 20.3 1371 26.5

26-27   1191 23.0

28-29   1122 21.7

30-32   304 5.9

Marital status

Married/Cohabiting 3076 41.2 3167 61.5

Single/Divorced/Separated/Widowed 4381 58.8 1987 38.5

No information 8  22  

Education Level

Primary 2096 28.2 1521 29.5

Lower Secondary 1697 22.8 1179 22.9

Upper Secondary 2246 30.2 1543 29.9

University 1396 18.8 910 17.7

No information 30  23  

Prevalence overweight/obesity by cantons

Low 573 7.7 415 8.0

Middle 2461 33 1696 32.8

High 4431 59.4 3065 59.2

Smoking History

Non-Smoker 6440 86.4 4168 80.9

Ever Smoked 427 5.7 655 12.7

Currently Smokes 590 7.9 331 6.4
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No information 8  22  

Menarche

≥14years 1472 19.8 1012 19.6

13 years 1812 24.3 1239 23.9

12 years 2315 31.1 1604 31

11 years 1293 17.4 906 17.5

≤ 10 years 560 7.5 405 7.8

No information 13  10  

Menstrual Cycle Regularity

Regular 4853 65.2 3803 75.7

Irregular 2588 34.8 1218 24.3

No information 24  155  

Number of Pregnancies (Live Births)

Nulliparous 3907 52.3 1478 28.6

1 2192 29.4 1654 32.0

2 952 12.8 1274 24.6

≥3 414 5.5 770 14.9

History of Abortions

None 6933 92.9 4540 87.7

≥1 527 7.1 636 12.3

No information 5  0  

Use of Oral Contraceptives

Never used 2942 39.5 927 18.2

Used in the pass 1374 18.5 2189 43.0

Currently using 3125 42 1980 38.9

No information 24  80  

Use of Injectable Contraceptives

Never used 5069 68.6 2426 47.7

Used in the past 1876 25.4 2044 40.2

Currently using 447 6 619 12.2

No information 73  87  

Table 2: BMI distribution of CVT participants at enrollment and follow-up

BMI Category 2004-2005 (n =
7,465) % 2010-2011

(n=5,176) %
Cumulative

Incidence over
Follow-up %

Estimated
Annual

Incidence %

Underweight 556 7.5 160 3.1 - -

Normal Weight 4306 57.7 2120 41.0 - -

Overweight 1658 22.1 1585 30.6 - -

Obesity I 603 8.1 785 15.2 - -



Page 7 J Obes Comp

SCIENTIFIC EMINENCE GROUP | www.scientificeminencegroup.com Volume 2 Issue 1

Obesity II 228 3.1 327 6.3 - -

Obesity III 114 1.5 199 3.8 - -

Obesity (all categories
combined) 945 12.7 1311 25.3 14.8 2.8

Overweight/Obesity (all
categories combined) 2603 34.9 2896 56.0 33.1 7.0

�e  prevalence  of  overweight/obesity  at  enrollment
(2004–2005)  was  35%  and  increased  at  follow-up
(2010–2011)  to  56%  (Table  2).  Among  the  participants  who
attended follow-up visit, the prevalence of overweight/obesity
at  enrolment was similar  (37%) (Supplementary Table 1).  In
addition,  the  analysis  including  imputation of  missing  BMIs
produced very similar results (54.7% of overweight/obesity at
the follow-up visit),  con�rming the absence of  selection bias
(Supplementary Table 1).

�e  cumulative  incidence  of  overweight/obesity  during  fol-
low-up  was  33.1%,  and  the  cumulative  incidence  of  obesity
during  follow-up  was  14.8%.  �e  annualized  incidence  of
overweight/obesity was 7.0%, and the annualized incidence of
obesity was 2.8% (Supplementary Table 1). Participants were
classi�ed  into  three  weight  change  categories  during  fol-
low-up: weight loss (16.0%), weight maintenance (1.4%), and
any weight gain (82.6%) (Supplementary Table 2). 19% experi-
enced a ≥20% BMI increase and 26% had an absolute weight
gain of at least 10 kg. �ese patterns indicate a general shi� to-

ward higher BMI categories over the study period.

Figure 2 shows the percentage of overweight/obesity by age. It
illustrates the signi�cant increase in overweight/obesity rates
with age. �e percentage of overweight/obesity is below 25%
at 18 years old and above 70% at 31 years old. Percentages of
overweight/obesity are similar in the EV and follow-up visits
among  the  overlapping  age  groups  (23-25.5  years  old)
(p=0.52), suggesting the absence of a secular trend during the
study period. In absence of signi�cant joinpoint, the associa-
tion  between  age  and  the  prevalence  of  overweight/obesity
can  be  described  as  linear.

Supplementary  Figure  2  shows  the  prevalence  of  overweight
and obesity  at  enrollment  by  region/canton of  residence,  re-
vealing  signi�cant  geographic  di�erences  (p<0.01).  Preva-
lence  ranged  from  approximately  23%  in  the  lowest-preva-
lence  areas  (Montes  de  Oro  and  Tilarán)  to  around  40%  in
the highest-prevalence areas (Puntarenas, La Cruz, Hojancha
and Liberia).

Figure 2: Representation of the percentage of overweight/obesity in relation to age for both studies:
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Table 3: Multivariate model of determinants of overweight and obesity at EV (2004-2005) of Women Aged 18-25

Characteristics Overweight/Obesity (%) (N=2603) Full Multivariate Model

Age  Trend p<0.01

18-19 25.3 1

20-21 31.9 1.2 [1.1 - 1.4]

22-23 38.8 1.4 [1.2 – 1.7]

24-25 49.6 2.1 [1.8 – 2.5]

Marital Status

Married/Cohabiting 45.7 1

Single/Divorced/Widowed 27.3 0.7 [0.6 - 0.8]

Education Level  Trend p<0.01

University 25.9 1

Upper Secondary 27.6 1.1 [0.9 - 1.3]

Lower Secondary 37.7 1.5 [1.2 - 1.8]

Primary 46.3 1.8 [1.6 - 2.2]

Prevalence overweight/obesity by cantons  Trend p<0.01

Low 23.7 1

Middle 32.7 1.4 [1.1 - 1.8]

High 37.5 1.7 [1.4 – 2.1]

Smoking History  Trend p=0.04

Non-Smoker 34.4 1

Ever Smoked 37.2 1.3 [1.0 - 1.6]

Currently Smokes 38.3 1.3 [1.1 - 1.6]

Menarche  Trend p<0.01

≥ 14 years 25.0 1

13 years 29.5 1.3 [1.1 - 1.6]

12 years 36.8 2.0 [1.7 – 2.3]

11 years 42.0 2.4 [2.1 – 2.9]

≤ 10 years 54.6 4.3 [3.4 – 5.3]

Menstrual Cycle Regularity

Regular 34.6 1

Irregular 35.6 1.2 [1.1 - 1.4]

Number of Pregnancies (Live Births)  Trend p<0.01

Nulliparous 25.5 1

1 40.2 1.2 [1.0 - 1.4]

2 50.8 1.3 [1.1 - 1.6]

≥3 58.5 1.4 [1.1 - 1.9]

History of Abortions
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None 33.8 1

≥1 48.4 1.1 [0.9 - 1.3]

Use of oral contraceptives  Trend p=0.81

Never used 26.6 1

Used in the past 42.5 1.2 [1.0 - 1.4]

Currently using 39.3 1.0 [0.9 - 1.2]

Use of injectable contraceptives  Trend p=0.38

Never used 30.0 1

Used in the past 47.6 1.2 [1.1 - 1.4]

Currently using 36.7 0.9 [0.7 - 1.1]

Bolded Odds ratio indicates signi�cant associations at 5% level.

Full Multivariate model is adjusted for all variables listed in the table.

Table  3  presents  the  multivariate  model  of  determinants  of
overweight  and  obesity  at  enrollment  (2004-2005).  It  con-
�rms that  overweight  and obesity  signi�cantly  increase  with
age  (p-trend<0.01).  Single/divorced/widowed  women  had  a
lower risk of having overweight/obesity, compared to married
women or those in cohabitation (OR = 0.7 [0.6-0.8]). Women
with primary level education had a higher risk of having over-
weight/obesity  (OR  =  1.8  [1.6-2.2])  compared  to  those  with
university level education. �e di�erences across regions still
appeared in the fully adjusted model and are therefore not ex-
plained by the model's variables. In our population of young
adult  women,  smoking,  whether  current  or  past,  increased
the  risk  of  being  overweight  and  obesity  compared  to  those
who had never smoked (OR = 1.3 [1.1-1.6]).

Having  an  early  menarche  (≤  10  years)  increases  the  risk  of
overweight/obesity  compared  to  those  who  had  late  me-
narche (≥ 14 years) (OR = 4.3 [3.4-5.3], p-trend <0.01). Wom-
en who had irregular  menstrual  periods had a higher risk of
having overweight/obesity, compared to women who had reg-

ular menstrual cycles (OR = 1.2 [1.1-1.4]). �e risk of having
overweight/obesity  also  increased  with  the  number  of  preg-
nancies (p-trend<0.01). Women who had ever used injectable
contraceptives  in  the  past  had  a  higher  risk  of  having  over-
weight/obesity  compared to  women who had never  used in-
jectable contraceptives (OR = 1.2 [1.1-1.4]), but women who
were currently using oral contraceptives did not show higher
risk of having overweight/obesity (OR = 0.9 [0.7-1.1]).

�e determinants of obesity alone were very similar to the de-
terminants  of  overweight/obesity  (Supplementary  Table  3),
except  that  the  number  of  pregnancies  was  not  a  signi�cant
determinant of obesity. �e analysis of determinants of over-
weight/obesity based on the follow-up visit con�rmed the as-
sociation between overweight/obesity and age, marital status,
education level, age at menarche, and regularity of menstrual
cycles. At the follow-up visit, overweight/obesity was associat-
ed with oral contraceptive, but not with injectable contracep-
tion,  in  opposition  to  EV  visit  results  (Supplementary  Table
4).

Table 4: Multivariate model of determinants of weight gain between 2004–2005 and 2010–2011. Based on a 20%+ Increase in BMI. Guanacaste,
Puntarenas, Costa Rica, 2004-2005 and 2010-2011.

Characteristics Δ≥20% (N=977) Full Multivariate Model

BMI EV  Trend p<0.01

Underweight 25.1 1.3 [1.0 – 1.8]

Normal weight 20.3 1

Overweight 18.3 0.9 [0.8 - 1.1]

Obesity 10.6 0.5 [0.4 - 0.7]

Age at EV   Trend p=0.23
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18-19 22.1 1

20-21 20.2 1.0 [0.9 - 1.3]

22-23 16.6 0.9 [0.7 - 1.1]

24-25 15.0 0.9 [0.7 - 1.2]

Marital Status EV

Married/Cohabiting 15.1 1

Single/Divorced/Widowed 21.8 1.0 [0.8 - 1.3]

Marital status at M48  Trend p<0.01

Without changes in marital status 15.7 1

Separation between EV and M48 13.9 0.9 [0.6 - 1.2]

Married between EV and M48 29.2 1.8 [1.5 - 2.2]

Education Level EV  Trend p=0.24

University 20.0 1

Upper Secondary 20.2 1.0 [0.8 - 1.3]

Lower Secondary 18.8 1.1 [0.9 - 1.4]

Primary 16.8 1.1 [0.8 - 1.4]

Prevalence overweight/obesity by cantons  Trend p=0.08

Low 23.1 1

Middle 20.8 0.9 [0.7 - 1.2]

High 17.3 0.8 [0.6 – 1.0]

Smoking History  Trend p=0.14

Non-Smoker 18.3 1

Ever Smoked 22.6 1.2 [0.9 - 1.5]

Currently Smokes 19.3 1.1 [0.8 - 1.5]

Menarche EV  Trend p<0.01

≥ 14 years 15.5 1

13 years 17.8 1.3 [1.0 - 1.7]

12 years 20.4 1.6 [1.3 - 2.0]

11 years 20.9 1.7 [1.3 – 2.1]

≤ 10 years 20.7 1.9 [1.4 – 2.6]

Menstrual Cycle Regularity EV

Regular 19.0 1

Irregular 18.7 1.2 [0.9 - 1.6]

Menstrual Cycle Regularity M48  Trend p=0.56 

Without changes in menstrual cycle 18.5 1

Regular at M48 21.5 0.8 [0.6 - 1.0]

Irregular at M48 19.2 1.2 [1.0 - 1.5]

Number of pregnancies EV  Trend p=0.10

Nulliparous 21.9 1
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1 16.7 0.6 [0.5 - 0.8]

≥2 14.7 0.6 [0.4 - 0.8]

Number of pregnancies between EV and M48  Trend p=0.02

Nulliparous 17.7 1

1 20.2 1.3 [1.1 - 1.7]

≥2 17.1 1.5 [1.1 – 2.1]

History of Abortions EV   

None 19.0 1

≥1 16.9 1.4 [0.9 – 2.3]

Abortions between EV and M48   

None 19.1 1

≥1 17.5 0.7 [0.5 - 1.0]

Use of Oral contraceptives M48  Trend p<0.01

Never used 15.0 1

Used in the past 19.1 1.4 [1.1 - 1.7]

Currently using 20.5 1.6 [1.2 – 2.0]

Use of Injectable contraceptives M48  Trend p=0.17

Never used 18.4 1

Used in the past 18.3 1.0 [0.9 - 1.2]

Currently using 22.6 1.2 [0.9 - 1.5]

Bolded Odds ratio indicates signi�cant associations at 5% level EV (enrollment visit). M48 (4-year visit)Full Multivariate model is adjusted for all vari-
ables listed in the table.

Table  4  presents  the  determinants  of  weight  gain  between
2004–2005  and  2010–2011,  de�ned  as  a  ≥  20%  increase  in
BMI.  A total  of  977 participants  (19%) experienced a  ≥ 20%
increase  in  BMI.  Women  who  reported  having  married  be-
tween EV and M48 (OR = 1.8 [1.5-2.2]),  who had early  me-
narche (OR = 1.9 [1.4-2.6]), who were pregnant during the pe-
riod  (OR  =  1.5  [1.1-2.1])  and  who  use  oral  contraceptives
(OR = 1.6 [1.2-2.0]) had a higher probability of ≥20%-weight
gain  in  the  multivariate  model.  Also,  in  the  fully  adjusted
model, having been pregnant before the period studied was as-
sociated with a lower likelihood of  ≥20%-weight gain (OR =
0.6 [0.4-0.8]).

�e results from both the relative weight gain model (≥20%)
and the absolute weight gain model ≥10kg) were very similar,
suggesting  consistent  associations  across  both  approaches
(Supplementary  Table  5).

Discussion

In this cohort of 18-25 years old women from Costa Rica, we
observed  a  signi�cant  increase  in  the  prevalence  of  over-
weight and obesity over �ve years of follow-up, from 35% at
enrollment to 56%. �e annual incidence rates were 7.0% for
overweight and 2.8% for obesity. Overweight/obesity was asso-
ciated with older age, lower educational level, early menarche,
irregular  menstrual  periods,  pregnancies,  past  use  of  in-
jectable contraceptives and smoking history. Being single was
associated with a lower risk of overweight and obesity.

Although comparable national data are not available for Cos-
ta  Rica,  international  evidence  suggests  that  obesity  has  in-
creased  with  earlier  onset  and  greater  severity,  raising  con-
cerns  about  long-term  health  consequences  beginning  in
childhood  [24,  25].

Older age was also associated with higher prevalence of over-
weight  and  obesity  in  our  cohort.  Previous  research  has
shown that women between the ages of 18 and 35 experience
the  most  rapid  weight  gain,  with  a  progressive  increase  in
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BMI up to age 35 [26]. �is period typically involves hormon-
al stabilization following adolescence and the onset of impor-
tant lifestyle changes such as entering the workforce, forming
relationships,  and  reduced  engagement  in  physical  activity
[16,  26].

Lower educational attainment was another signi�cant predic-
tor  of  overweight  and obesity.  Our  �ndings  align  with  prior
studies  in  Costa  Rica  and other  settings,  where  women with
only  primary  education  were  more  likely  to  have  obesity
[27–29].  Education  is  o�en  correlated  with  higher  socioeco-
nomic  status,  greater  health  literacy,  and  better  access  to
health-promoting resources [16]. However, some studies con-
ducted in Costa Rica have reported no signi�cant di�erences
in anthropometric indicators by education level among adult
women [19]. Interestingly, Costa Rican data also show that in
childhood, overweight and obesity are more prevalent among
those  from higher  socioeconomic  backgrounds,  suggesting  a
possible reversal of the social gradient during the transition to
adulthood [30]. An interesting �nding of this study is that ear-
ly  menarche  (≤10  years)  was  signi�cantly  associated  with
overweight and obesity.  �is result is  consistent with several
previous studies showing that early pubertal timing is linked
to greater adiposity, higher BMI, and increased waist circum-
ference  throughout  adulthood  [31–34].  �e  association  may
be partly explained by early activation of estrogen and gona-
dotropin-releasing  hormone  secretion,  which  can  be  trig-
gered by elevated BMI in childhood [35]. However, even a�er
adjusting for childhood BMI, early menarche has been associ-
ated with higher adult BMI, suggesting an independent contri-
bution to weight outcomes [36].

Other factors associated with overweight, and obesity includ-
ed irregular menstrual cycles, recent pregnancies, past use of
injectable contraceptives and smoking history. Also, being sin-
gle was associated with lower likelihood of having overweight
or  obesity.  �ese  associations  are  consistent  with  �ndings
from  other  populations.  Menstrual  irregularity  has  been
linked to anovulation and excess weight [37]. Pregnancies dur-
ing  follow-up  were  linked  to  weight  gain,  while  pregnancies
prior to enrollment were not, suggesting that recent pregnan-
cies  contributed  more  strongly  to  incident  overweight  and
obesity,  in  line  with  literature  on  postpartum  weight  reten-
tion [38, 39]. Past use of injectable contraceptives was also as-
sociated  with  overweight  and  obesity  at  enrollment,  consis-
tent  with  studies  reporting  weight  gain  linked  to  hormonal

contraceptive use [40-42].  Smoking has been associated with
altered eating behavior and weight regulation [43]. Single wo-
men were associated with a lower risk of overweight and obe-
sity compared to married women. Women may maintain less
healthy  eating  patterns  a�er  entering  marriage  or  cohabita-
tion, regardless of whether they have children [29]. Marriage
during follow-up was associated with greater weight gain com-
pared to single women, as previously reported in longitudinal
studies  that  observed  increased  BMI  a�er  entering  marriage
or cohabitation [26, 44, 45].

We  also  observed  geographic  di�erences  in  overweight  and
obesity,  with  higher  prevalence  in  coastal  regions  (e.g.,
Puntarenas,  La  Cruz)  and  lower  prevalence  in  mountainous
regions (e.g., Montes de Oro, Tilarán). �ese di�erences were
not  explained  by  the  variables  included  in  our  models  and
may  relate  to  population  composition  or  regional  environ-
mental factors, as previously described in Costa Rican studies
[46–49].

�is study, based on a large, population-based trial of young
Costa Rican women followed over �ve years, provides strong
evidence of rising overweight and obesity during young adult-
hood.  Its  strengths  include  the  large  sample  size,  long  fol-
low-up,  and  consideration  of  sociodemographic,  behavioral,
hormonal, and reproductive factors. �ese �ndings highlight
education, regional disparities, and early-life determinants as
critical targets for prevention.

However, limitations include reliance on BMI (which cannot
distinguish fat from lean mass), lack of data on diet and physi-
cal activity, and restricted generalizability due to study popula-
tion  characteristics  and  inclusion/exclusion  criteria.  Given
that the CVT sample had a higher level of education than the
national  census  population  and  considering  that  the  data
were  collected  nearly  two  decades  ago,  the  reported  preva-
lence of  overweight and obesity is  likely underestimated and
may not fully re�ect current population prevalence. Neverthe-
less,  these  limitations  do  not  a�ect  the  analysis  of  determi-
nants or the study of weight gain.

Overall,  the  study  demonstrates  a  signi�cant  increase  in
weight  during  young  adulthood,  driven  by  a  complex  inter-
play  of  sociodemographic,  reproductive,  behavioral,  and  re-
gional factors. �ese patterns highlight the need for more geo-
graphically  tailored interventions and suggest  that  hormonal
and  reproductive  determinants  merit  further  investigation.
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Broader  analyses  of  obesity  incidence  in  women  and  in  the
general Costa Rican population would also help contextualize
these �ndings and guide future prevention strategies.

Importantly,  these  results  carry  substantial  implications  for
public health policy. Women in this age range are at high risk
for  developing obesity  and related complications,  o�en even
before clinical manifestations become evident. �is makes ear-
ly  adulthood  a  critical  window  for  prevention.  Our  �ndings
underscore  the  need  for  targeted  interventions  such  as  age-
speci�c  obesity  screening  and  postpartum  programs  to  help
mitigate long-term weight gain among young women.

Acknowledgements

We  are  grateful  to  all  the  young  women  of  Costa  Rica  who
participated in the CVT study, who gave of themselves in par-
ticipating in this e�ort. In Costa Rica, we acknowledge the tre-
mendous  e�ort  and  dedication  of  the  sta�  involved  in  this
project;  we would like to speci�cally acknowledge the mean-
ingful contributions by Carlos Avila, Loretto Carvajal, Rebeca
Ocampo, Cristian Montero, Diego Guillen and Mario Alfaro.
In the United States, we extend our appreciation to the team
from  Information  Management  Services  (IMS)  responsible
for the development and maintenance of the data system used
in the trial and who serve as the data management center for
this e�ort, especially Jean Cyr, Julie Buckland, John Schussler,
and Brian Befano. We thank Dr. Diane Solomon (CVT: medi-
cal  monitor  &  QC  pathologist)  for  her  invaluable  contribu-
tions in the design and conduct of the trial and Nora Macklin
(CVT) and Kate Torres (LFU) for the expertise in coordinat-
ing the study. We thank the members of the Data and Safety
Monitoring Board charged with protecting the safety and in-
terest  of  participants  during  the  randomized,  blinded  phase
of our study (Steve Self, Chair, Adriana Benavides, Ruth Kar-
ron, Ritu Nayar, and Nancy Roach) and members of the exter-
nal Scienti�c HPV Working Group who have contributed to
the  success  of  our  e�orts  over  the  years  (Gypsyamber  D’-
Souza, Chair, Ruanne Barnabas, Karla Chavez, Diane Davey,
Michelle Khan, Silvia Lara, Henriette Raventós, Wasima Rida,
Richard  Roden,  Maria  del  Rocío  Sáenz  Madrigal,  and  Mar-
garet Stanley). We thank all the people who worked with a lot
of  energy  and  enthusiasm  on  the  original  project.  ACIB--
FUNIN dedicates this study to the memory of our beloved col-
league  and  friend  Dr.  Paula  González  Maya,  a  distinguished
researcher  in  the  �eld  of  cervical  cancer  prevention.  Dr.

González Maya also recognized the importance of addressing
emerging  public  health  challenges  in  cancer  prevention  and
control,  including  her  early  suggestion  to  study  the  growing
epidemic of obesity. Her advice and support are gratefully ac-
knowledged. She passed away on March 26, 2020.

Con�ict of Interest Statement

�e Costa Rica HPV Vaccine Trial is a long-standing collabo-
ration between investigators in Costa Rica and the NCI. �e
trial  is  sponsored  and  funded  by  the  NCI  (contract  N01-
CP-11005), with funding support from the National Institutes
of  Health  O�ce  of  Research  on  Women's  Health.  Glaxo-
SmithKline  Biologicals  (GSK)  provided  vaccine  and  support
for aspects of  the trial  associated with regulatory submission
needs of the company under a Clinical Trials Agreement (F-
DA BB-IND 7920) during the four-year, randomized blinded
phase of our study. �e NCI and Costa Rica investigators are
responsible  for  the  design  and  conduct  of  the  study;  collec-
tion,  management,  analysis,  and  interpretation  of  the  data;
and preparation of the manuscript.  Registered with Clinical-
trials.gov NCT00128661. �e authors declare no con�ict of in-
terest.

Data Availability

Participant data can be shared with outside collaborators for
research  to  understand  more  about  the  performance  of  the
HPV vaccine,  immune response  to  the  vaccine,  and broader
study factors associated with the natural history of HPV infec-
tion and risk factors for infection and disease. Outside collabo-
rators  can  apply  to  access  our  protocols  and  data  from  the
blinded  phase  of  the  Costa  Rica  Vaccine  Trial  (NC-
T00128661). For the trial summary, current publications, and
contact  information  for  data  access  see:
https://dceg.cancer.gov/research/who-we-study/cohorts/costa
-rica-vaccine-trial.

�e Costa Rica HPV Vaccine Trial Group:

Bernal Cortés1; Paula González1,10; Rolando Herrero1; Caroli-
na Porras1; Allan Hildesheim2; Aimée R. Kreimer2, Douglas R.
Lowy2;  Mark  Schi�man 2,  John  T  Schiller2,  Sholom
Wacholder2,10,  Ligia  A Pinto3;  Troy  J  Kemp3;  Mary  K.  Si-
dawy4; Wim Quint5,10; Leen-Jan van Doorn5; Linda Struijk5;
Joel M Palefsky6, Teresa M Darragh6; Mark H Stoler7; Ana Ce-



Page  14 J Obes Comp

SCIENTIFIC EMINENCE GROUP | www.scientificeminencegroup.com Volume 2 Issue 1

cilia Rodríguez8; Silvia E Jiménez8; Mark Sherman9

1.  Agencia  Costarricense  de  Investigaciones  Biomédicas  (A-
CIB),  formerly  Proyecto  Epidemiológico  Guanacaste,  PEG,
Fundación  INCIENSA,  San  José,  Costa  Rica

2.  United  States  National  Cancer  Institute,  Bethesda,  MD,
USA

3. Leidos Biomedical Research, Inc., Frederick National Labo-
ratory for Cancer Research, Frederick, MD, USA

4.  Medstar  Georgetown  University  Hospital,  Washington,
DC,  USA

5. DDL Diagnostic Laboratory, Netherlands

6. University of California, San Francisco, CA, USA

7. Emeritus, University of Virginia, Charlottesville, VA, USA

8. Independent Consultant, San José, Costa Rica

9. Mayo Clinic, Jacksonville, FL, USA

10. Deceased

Supplementary Information

Supplementary Figure 1: Timeline of Data Collection in the original study

Supplementary Figure 2: Prevalence of overweight/obesity at enrollment visit according to canton of residence



Page  15 J Obes Comp

SCIENTIFIC EMINENCE GROUP | www.scientificeminencegroup.com Volume 2 Issue 1

Supplementary Table 1: BMI distribution of CVT participants at enrollment and follow-up including imputation of missing BMIs.

BMI Category
2004-2005

(n =
7,465)

%

2004-2005
In those
who did

follow-up
visit

(n=5,176)

% 2010-2011
(n=5,176) %

2010-2011
with

imputation
(%)

Cumulative
Incidence

over
Follow-up

%

Estimated
Annual

Incidence
%

Underweight 556 7.5 379 7.3 160 3.1 3.1 - -

Normal Weight 4306 57.7 2902 56.1 2120 41 42.1 - -

Overweight 1658 22.1 1181 22.8 1585 30.6 30.7 - -

Obesity I 603 8.1 448 8.7 785 15.2 14.6 - -

Obesity II 228 3.1 173 3.3 327 6.3 5.0 - -

Obesity III 114 1.5 93 1.8 199 3.8 4.4 - -

Obesity (all
categories
combined)

945 12.7 714 13.8 1311 25.3 24.1 14.8 2.8

Overweight/Obesity
(all categories

combined)
2603 34.9 1895 36.6 2896 56 54.7 33.1 7.0

Supplementary Table 2: Distribution of Weight Change Categories during Follow-up

Weight Change Category (N) % Cum (%)

Weight Loss 826 15.96% 15.96%

Weight Maintenance 73 1.4% 17.37%

Weight gain 4277 82.63% 100%

Total 5176 100%  

Supplementary Table 3: Multivariate model of determinants of obesity at EV (2004-2005) of Women Aged 18-25.

Characteristics Obesity (%) (N=945) Full Multivariate Model

Age  Trend p<0.01

18-19 8.8 1

20-21 11.1 1.2 [1.0 - 1.5]

22-23 14.7 1.5 [1.2 – 1.9]

24-25 18.6 2.0 [1.6 – 2.5]

Marital Status

Married/Cohabiting 17 1

Single/Divorced/Widowed 9.6 0.7 [0.6 - 0.9]

Education Level  Trend p<0.01

University 8.2 1



Page  16 J Obes Comp

SCIENTIFIC EMINENCE GROUP | www.scientificeminencegroup.com Volume 2 Issue 1

Upper Secondary 9.6 1.2 [1.0 - 1.6]

Lower Secondary 13.3 1.5 [1.2 – 2.0]

Primary 18.4 2.1 [1.6 - 2.7]

Prevalence overweight/obesity by cantons  Trend p<0.01

Low 7.5 1

Middle 11.4 1.5 [1.0 – 2.1]

High 14 1.8 [1.3 – 2.5]

Smoking History  Trend p<0.01

Non-Smoker 12.2 1

Ever Smoked 15.5 1.6 [1.2 – 2.1]

Currently Smokes 16.1 1.6 [1.2 – 2.0]

Menarche  Trend p<0.01

≥ 14 years 7.3 1

13 years 10.2 1.5 [1.2 – 2.0]

12 years 13 2.1 [1.6 – 2.6]

11 years 17.4 3.0 [2.3 – 3.8]

≤ 10 years 23 4.3 [3.2 – 5.7]

Menstrual Cycle Regularity

Regular 11.8 1

Irregular 14.3 1.4 [1.2 - 1.7]

Number of Pregnancies (Live Births)  Trend p=0.92

Nulliparous 9 1

1 14.7 1.1 [0.8 - 1.3]

2 19 1.0 [0.8 - 1.4]

≥3 22 1.0 [0.7 - 1.4]

History of Abortions

None 12.3 1

≥1 17.5 1.0 [0.8 - 1.4]

Use of oral contraceptives  Trend p=0.72

Never used 9.6 1

Used in the past 16.3 1.1 [0.9 - 1.4]

Currently using 13.9 1.0 [0.8 - 1.2]

Use of injectable contraceptives  Trend p=0.48

Never used 10.5 1

Used in the past 18.5 1.3 [1.1 - 1.6]

Currently using 12.3 0.8 [0.6 - 1.1]

Bolded Odds ratio indicates signi�cant associations at 5% level.

Full Multivariate model is adjusted for all variables listed in the table
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Supplementary Table 4: Multivariate model of determinants of overweight and obesity at M48 visit (2010-2011) of Women Aged 18-25.

Characteristics Overweight/Obesity (2896) % Full Multivariate Model

Age  Trend p = 0.000

22-23 45.8 1

24-25 52.6 1.3 [1.1 - 1.5]

26-27 56.9 1.4 [1.2 - 1.7]

28-29 65.7 2.0 [1.7 - 2.4]

30-32 71.1 2.5 [1.8 - 3.3]

Marital status   

Married/Cohabiting 61.3 1

Single/Divorced/Widowed 47.6 0.8 [0.7 - 0.9]

Education Level  Trend p = 0.000

University 46.4 0.6 [0.5 - 0.7]

Upper Secondary 49.6 0.7 [0.6 - 0.8]

Lower Secondary 59 0.9 [0.7 - 1.0]

Primary 65.6 1

Smoking History   

Non- Smoker 55.1 1

Ever Smoked 58.3 1.1 [0.9 - 1.3]

Currently Smokes 62.8 1.4 [1.1 - 1.8]

Menarche  Trend p =0.000

≥ 15 years 45.5 0.3 [0.2 - 0.4]

14 years 43.9 0.3 [0.2 - 0.4]

13 years 51.3 0.4 [0.3 - 0.5]

12 years 57.3 0.5 [0.4 - 0.7]

11 years 66.1 0.8 [0.6 - 1.1]

≤ 10 years 71.4 1

Menstrual Cycle Regularity   

Regular 53.9 1

Irregular 61.9 1.4 [1.2 - 1.6]

Number of Pregnancies  Trend p = 0.097

Nulliparous 44 1

1 54.6 1.1 [0.9 - 1.3]

2 62.4 1.2 [0.9 - 1.4]

≥3 71 1.4 [1.0 - 1.8]

History of Abortions  Trend p=0.455

None 55 1
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1 62.3 0.9 [0.7 - 1.1]

≥2 67.4 0.9 [0.6 - 1.5]

Use of oral contraceptives  Trend p=0.106

Never used 44.6 1

Used in the past 61.7 1.4 [1.2 - 1.7]

Currently using 55.1 1.3 [1.1 - 1.6]

Use of injectables contraceptives  Trend p=0.903

Never used 50.5 1

Used in the past 62.1 1.1 [1.0 - 1.3]

Currently using 56.5 0.9 [0.7 - 1.1]

Bolded Odds ratio indicates signi�cant associations at 5% level.

Full Multivariate model is adjusted for all variables listed in the table.

Supplementary Table 5: Multivariate model of determinants of weight gain between 2004–2005 and 2010–2011. Based on a 10 kg absolute weight
gain. Guanacaste, Puntarenas, Costa Rica, 2004-2005 and 2010-2011.

Characteristics Gained 10K+
(1355) Full Multivariate Model

BMI EV  Trend p<0.01

Underweight 19.3 0.8 [0.6 - 1.0]

Normal weight 23.7 1

Overweight 31.5 1.6 [1.3 - 1.8]

Obesity 31 1.6 [1.3 - 1.9]

Age EV   Trend p=0.33

18-19 27.8 1

20-21 27.7 1.1 [0.9 - 1.3]

22-23 24 0.9 [0.7 - 1.1]

24-25 24.3 1.1 [0.8 - 1.2]

Marital Status EV

Married/Cohabiting 24.1 1

Single/Divorced/Widowed 27.8 0.9 [0.7 - 1.1]

Marital status at M48  Trend p<0.01

Without changes in marital status 22.8 1

Separation at M48 21.5 0.8 [0.6 - 1.1]

Married at M48 37.1 2.0 [1.7 - 2.4]

Education Level EV   Trend p=0.46

University 25.5 1

Upper Secondary 26.4 1.0 [0.8 - 1.2]
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Lower Secondary 26.9 1.1 [0.9 - 1.3]

Primary 26 1.1 [0.8 - 1.3]

Prevalence of overweight/obesity by cantons  Trend p=0.083

Low 28.9 1

Middle 28.4 1.0 [0.8 - 1.3]

High 24.6 0.8 [0.6 – 1.0]

Smoking History  Trend p=0.02

Non-Smoker 25.2 1

Ever Smoked 31.2 1.2 [1.0- 1.4]

Currently Smokes 29.3 1.3 [1.0 - 1.6]

Menarche EV  Trend p<0.01

≥ 14 years 21.7 1

13 years 24.5 1.2 [1.0 - 1.5]

12 years 26.7 1.3 [1.1 – 1.6]

11 years 30 1.5 [1.2 – 1.9]

≤ 10 years 32.4 1.7 [1.3 – 2.2]

Menstrual Cycle Regularity EV Regular 26.8 1

Irregular 25.1 1.1[0.9 - 1.4]

Menstrual Cycle Regularity M48  Trend p=0.35 

Without changes in menstrual cycle 26.3 1

Regular at M48 23.5 0.8 [0.6 - 1.0]

Irregular at M48 30.4 1.2 [1.0 - 1.4]

Number of pregnancies EV  Trend p=0.08

Nulliparous 27.4 1

1 25.9 0.7 [0.6 - 0.9]

≥2 23.5 0.6 [0.4 - 0.8]

Number of pregnancies between EV and M48  Trend p=0.15

Nulliparous 22.3 1

1 29.1 1.4 [1.1 - 1.7]

≥2 24.2 1.4 [1.1 - 1.9]

History of Abortions EV

None 26.1 1

≥1 27.3 1.3 [0.9 - 1.9]

Abortions between EV and M48   

None 26 1

≥1 27.4 0.9 [0.6 - 1.2]

Use of Oral contraceptives M48  Trend p=0.007
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Never used 20.8 1

Used in the past 27.4 1.2 [1.0 - 1.5]

Currently using 27.5 1.3 [1.1 - 1.7]

Use of injetable contraceptives M48  Trend p=0.36

Never used 24.3 1

Used in the past 27.1 1.1 [0.9 - 1.3]

Currently using 29.9 1.2 [0.9 - 1.4]

Bolded Odds ratio indicates signi�cant associations at 5% level. EV (enrollment visit), M48 (4-year visit)

Full Multivariate model is adjusted for all variables listed in the table.
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