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Abstract
Background: Age of menarche is variable between women with a median age of 14 years old
worldwide, and averages ranging from 12-13 years old in developed countries to 15-16 years old
in low and middle-income countries. Precocious menarche, occurring before age 11, is rare, with
a prevalence of 1.4 to 2.3% in most worldwide populations. Precocious menarche is poorly
understood but is associated with early puberty and is a risk factor for pre-teen birth. In studying
HPV prevalence in Latin America, we identified a community with a very high rate of
precocious menarche.
Objective(s): Describe the patterns of precocious menarche in Guatemala.
Study Design: Reproductive histories were collected from 3385 cancer-free women at the time
of routine Pap smear from 4 sites in Guatemala including hospitals in Guatemala City and Puerto
Barrios, Izabal. Statistical analyses included determination of the age-specific prevalence of
menarche and linear regression to determine the effect of year of birth, study site, number of
births and miscarriages, on the age at menarche.
Results: Compared with a low prevalence of precocious menarche observed in Guatemala City
(3.1%, 88/2834), we observed a high prevalence of precocious menarche in the city of Puerto
Barrios, Izabal, Guatemala (88%, 486/551). We observed a high prevalence of precocious
menarche in Puerto Barrios across all age groups. In contrast in Guatemala City, the median age
at menarche declined from the age of 14 in 50-60-year-old women to 13 in women under 40
years of age. Hospital records show that the occurrence of both miscarriage and pregnancy under
age 14 is substantially higher in Izabal. In addition, the main public hospital in Puerto Barrios
accounts for a high fraction of the early pregnancies and miscarriages seen in Guatemala.

2

bioRxiv preprint first posted online Feb. 8, 2019; doi: http://dx.doi.org/10.1101/543090. The copyright holder for this preprint (which
was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
This article is a US Government work. It is not subject to copyright under 17 USC 105 and is also made available
for use under a CC0 license.

Conclusions: In Puerto Barrios, Izabal, Guatemala, the prevalence of menarche before age 11 is
dramatically elevated compared to Guatemala City and substantially higher than other worldwide
populations. We observed precocious menarche in Puerto Barrios in all age groups examined,
indicating that this condition has been common for decades. This finding is supported by the
comparatively higher occurrence of early pregnancy and miscarriage in Puerto Barrios compared
with Guatemala City. The cause is unknown, but precocious menarche is associated with adverse
reproductive outcome in young women and warrants further investigation.
Keywords: Guatemala, menarche, miscarriage, mycotoxins, pre-teen pregnancy, zearalenone
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Introduction
The age of first menstruation or menarche is a defining reproductive milestone in women
but is poorly understood. Biological, genetic and environmental factors influence the age at
menarche1. Nutrition and physical/athletic activity are known to alter the age at menarche. Age at
menarche varies considerably worldwide. In a meta-analysis of data from 67 countries, the mean
age at menarche was 13.5 years (SD ± 0.98) with a range of 12.0-16.1 years2, and 13-14 years in
Central America2, 3. Age at menarche has been observed to be higher in low and middle-income
countries (LMICs) and is associated with calorie consumption (higher caloric consumption
associated with earlier age at menarche)2.
Furthermore, many studies demonstrate that increased adiposity is associated with earlier
onset of menarche4-6. An older age of menarche is observed in populations with a lower rate of
literacy, and Thomas et al. suggest that this is due to the physical activity associated with child
labor2. High levels of adolescent physical activity, particularly in female athletes, is associated
with delayed menarche7.
Most countries with longitudinal data observe a decline in age at menarche over time8-10.
For example, data from the US National Health and Nutrition Examination Survey (NHANES)
demonstrates that the average age at menarche declined from 12.5 years in 1988–1994 to 12.3
years in 1999-200211. Within the NHANES data, the age of menarche was highest in nonHispanic whites (12.5) and lowest in Hispanics (12.2) and African Americans (12.0).
Precocious puberty is a complex condition and can be caused by abnormal production of
sex hormones due to gonadal or adrenal tumors or exogenous exposures. Certain genetic
conditions such as McCune–Albright syndrome or mutations in the KIN28, LEP, LEPR, and
MRKN3 genes are found in sporadic or familial cases. Also, childhood obesity is associated with
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earlier onset of female sexual development12. However, the condition is rare (1.4-2.3%) and is
not related to a geographical location or socioeconomic status11, 13-15.

Materials and Methods
Guatemala is the largest country in Central America with a population of approximately
16 million. The country is divided into 21 provinces known as Departamentos (Departments).
The major population groups are indigenous Amerindians of the Mayan language groups;
Europeans, predominantly from Spain and on the Caribbean coast; African populations such as
the Garifuna16. Guatemala has a high cervical cancer incidence and mortality and a low rate of
cervical cancer screening.

Study populations
Women were recruited at three clinical centers (2 in Guatemala City, and Puerto Barrios
in the Deptartment of Izabal) to participate in a study of the HPV prevalence in Guatemala. All
healthy women (age 18-89) undergoing routine cytology screening at public clinics and hospitals
were invited to participate. Women suspected of having cervical cancer were excluded. A total of
3385 (n=2834 in Guatemala City and 551 in the city of Puerto Barrios, Izabal) women were
included as part of the HPV Prevalence in Guatemala Study17. Trained personnel administered a
questionnaire on reproductive history and lifestyle factors18 to the women at the three sites:
Insitituto de Cancerologia (INCAN), Guatemala City; Hospital General San Juan de Dios
(HGSJDD), Guatemala City, and Hospital Nacional “Amistad Japón-Guatemala,” Puerto
Barrios, Izabal, Guatemala. The questionnaire did not include questions on race or ethnic group.
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The study was approved by the relevant Institutional Review Boards (IRB) in Guatemala
and by the Office of Human Studies Research of the US National Institutes of Health and all
subjects provided written informed consent.
We obtained information on births and miscarriages from specific departamentos and
regional hospitals from the Guatemalan Ministry of Health http://epidemiologia.mspas.gob.gt
and published sources19, 20.

Statistical analyses
Statistical analyses were performed to determine the effect of year of birth, study site, the
number of births and miscarriages, on the age at menarche using a binomial regression model (R
version 3.5.0). A total of 5000 permutations were performed to estimate distribution of
standardized regression coefficients for the overlap in observed beta coefficient calculated in the
binomial logistic regression model. P < 0.05 was regarded as statistically significant.

Results
In a study of HPV prevalence among women receiving cervical cancer screening,
including 551 individuals in the city of Puerto Barrios, Guatemala and 2834 from Guatemala
City (INCAN), we noticed a large discrepancy in the age at menarche. The participants’ mean
age at enrollment was 37-45 years in Guatemala (Table 1). A total of 486 (88%, 486/551) of the
women at Puerto Barrios reported menarche at age 10 or less, whereas only 3.1% (88/2834) of
women at INCAN reported precocious menarche (Figure 1). The high proportion of precocious
menarche in Puerto Barrios remained highly significant (p-value<0.0001) after controlling for
age at enrollment, number of births, and miscarriages (Table 2). A permutation analysis
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demontrates that the precocious menarche in Puerto Barrios is unlikely to be due to chance; none
of the resampled values produced a magnitude of the correlation as large as that observed (beta
coefficient = 5.42).
To determine if age at menarche is similar in different birth cohorts, we divided the
women into four age groups as follows: 18-29, 30-39, 40-49, and ≥50 years old at enrollment. At
Puerto Barrios, menarche before age 11 was consistently high (85-91%) in all age groups and
was the highest in the 40-49 age group (91%). The median age at menarche was ten years old
across all Puerto Barrios age groups. (Figure 1B, C, Supplementary Table 1). Therefore, there
is an elevation of precocious menarche across all birth cohorts in Puerto Barrios. In Guatemala
City, age at menarche <11 years old is 2-4% in the 30-39, 40-49 and ≥50 age groups. Nine out of
95 (9%) women in Guatemala City in the 18-29 year age group had menarche under age 11.
(Figure 1B, C). The median age of menarche in Guatemala City was much higher than in Puerto
Barrios, 13 in 18-29, 30-39, 40-49 age groups; increasing to 14 in the ≥50 age group (Table 1).
To evaluate adverse pregnancy outcomes associated with precocious menarche in Puerto
Barrios and the Department of Izabal we accessed Ministry of Health data for all Deptartments
of Guatemala. As displayed in Figure 2, Izabal accounts for 26% of all births in Guatemala in
women under the age of 15, whereas this province has only 2.6% of the total births in the
country. The hospital that is the recruitment site for the women of Puerto Barrios also has a high
rate of births among females under the age of 15. This hospital reports 70% (7/10) of all births to
girls 10 and 11 years of age reported among seven national hospitals, and 56% (31/55) of girls
giving birth at age 12 (Figure 3A). There is a similarly high rate of miscarriage in girls age 1014 in Puerto Barrios (Figure 3B).
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Comment
In a survey of women receiving cytology screening at multiple hospitals in Guatemala,
we identified a city (Puerto Barrios in the Department of Izabal) in Guatemala with an
extraordinarilly high rate of precocious menarche, 88%. By contrast, precocious menarche is
only 3.0% in subjects from Guatemala City, and we can find no reports of such a high prevalence
of precocious menarche in general populations samples in any other region of the world.
Comparison of birth year cohorts in Puerto Barrios and Guatemala City shows a consistently
high rate of precocious menarche in 18-29, 30-39, 40-49 and over 50-year age groups, indicating
that this phenomenon has been occurring in Puerto Barrios for a considerable period. Consistent
with other world populations, age groups in Guatemala City show a steady decline in median age
at menarche from 14 in women over age 50 to 13 in women under age 4010.

Evidence supporting early fertility in this region is demonstrated via national data in
Guatemala in which 26% of the under 15 births occur in the Department of Izabal but only 2.6%
of the total births. Furthermore, data from the same Puerto Barrios hospital show a high
percentage of the births and miscarriage in 10-14-year-old females reported by national
hospitals. This trend is continuing as data on registered births to adolescent women in Guatemala
show that Izabal has an excess of births to women age 10-14 compared to Guatemala City or the
rest of the country (data not shown, https://osarguatemala.org/embarazos-y-partos-de-madresentre-10-y-19-anos-enero-a-junio-2018/).
Precocious puberty is a rare outcome in women worldwide4, 21 and is infrequently caused
by genetic conditions, such as McCune Albright syndrome with mutations in the GNAS gene or
mutations in the KIN28, LEP, LEPR, and MRKN3 genes12, 22. Precocious puberty can also be due
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to abnormal production of sex hormones or to gonadal or adrenal tumors or hyperplasia23, 24.
Also, childhood obesity is associated with earlier onset of female sexual development, but
typically not a reduction in the age of menarche below 11 years25. Precocious menarche is a risk
factor for early teen or pre-teen births and confers considerable morbidity and mortality. A study
of 2 million women across Latin America shows that births in women age 15 and below have a
four-fold higher risk of maternal death when compared to women age 20-24, and a 3.8-fold
higher risk of puerperal endometritis (uterine infection)26.

We do not currently have detailed data on the reproductive or dietary history of our
subjects or on circulating hormone levels. The population sample is from a public, urban hospital
in a city of over 106,000 inhabitants, made up of admixed Amerindian/Europeans, Native
Mayans (mostly speaking Q’eqchi’) and Garifuna, a population of African origin. Puerto Barrios
is located on the Caribbean coast of Guatemala, adjacent to Honduras. A search of the literature
does not reveal a population of either Caribbean, Central American, Garifuna or Maya with a
similarly high prevalence of precocious menarche2. A genetic cause seems unlikely as this is not
a homogenous population. Therefore, we suspect there is likely an environmental cause to the
elevated level of precocious menarche. Puerto Barrios is geographically isolated from the rest of
Guatemala, and it is possible there is a water contaminant in this region that may contribute to
the earlier ages at menarche that we observed. The region has a warm, coastal climate and
elevated rates of tropical, infectious, and sexually transmitted diseases. The area is also culturally
unique with a strong influence of afro-Caribbean culture, and there may be a dietary explanation
for this phenomenon. A potential environmental estrogenic toxin is zearalenone (ZEA), a
mycotoxin produced by numerous species of Fusarium growing on corn and other food crops.
Fusarium toxins have been found predominantly in the lowlands of Guatemala27, an area that
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would include the Department of Izabal, and are associated with precocious pubertal
development28.

Our study has several limitations that would require a more in-depth analysis of age at
menarche. We do not have detailed information on additional markers of female development
such as age at thelarche, Tanner stage, or genetic ancestry. The sample is a convenience sample
from a public hospital of women attending a cervical cancer screening clinic and may be biased
by socioeconomic factors and language barriers. Our sample has an incomplete collection of
menarche information. In total, 192 of 738 (26%) women in Puerto Barrios did not provide age
at menarche data, whereas at INCAN, this rate is 413 of 3028 (1.7%) women. However, this
missing data was not limited to a single age group and did not affect the overall trend in Puerto
Barrios of elevated cases of precocious menarche; and a permutation analysis supports this
conclusion. Strengths of the study include relatively large sample sizes and confirmatory data
from independent databases.

In conclusion, we have identified a city in Guatemala that has a high rate of precocious
menarche compared with the main city center (Guatemala City) as well as a high rate of births to
women under 15 years of age. Understanding the factors contributing to precocious menarche in
this population may be useful in helping to reduce adverse reproductive outcomes in young
women in Guatemala.
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Tables

Table 1. General characteristics of the samples
Hospital

INCAN

HGSJDD

HGSJDD

Hospital
Nacional

City

Guatemala City

Guatemala City

Guatemala City

Puerto Barrios

Location type

Urban

Mixed

Urban

Urban

Sample number

2618

145

71

551

Mean age (SD)

44.8 (10.1)

40.8 (11.6)

41.8 (11.0)

36.6 (11.5)

Median Age, min-max

44, 21-84

41, 19-87

41, 18-75

35, 17-79

Mean age at
menarche (SD)

13.3 (1.6)

13.1 (1.4)

13.0 (1.6)

9.8 (0.72)

Median number of
births, min-max

3, 0-20

3, 0-13

3, 0-11

2, 0-14

Median number of
miscarriages, minmax

0, 0-6

0, 0-3

0, 0-3

0, 0-7

Data on the subjects from the four sample populations are shown. SD= standard deviation, Min=minimum,
Max=maximum, INCAN, Instituto de Cancerologia; HGSJDD=Hospital General San Juan de Dios.
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Table 2. Regression coefficient and 95% confidence interval for the effect of year of birth,
study site, number of births and miscarriages on precocious menarche (outcome).

Outcome:
Precocious Menarche

Model including age and study site
Regression
coefficient

95% CI

p value

Age at enrollment

-0.011

(-0.03, 0.01)

0.26

Study site: Puerto
Barrios

5.42

(5.06, 5.81)

<0.001 ***

No. births

-0.024

(-0.11, 0.06)

0.60

No. miscarriages

0.010

(-0.15, 0.37)

0.44

Menarche was defined as a binary variable: Precocious menarche below age 11, Non-precocious
menarche age 11 and above; and a binomial logistic model was used for regression. The data
from both INCAN Guatemala City and Puerto Barrios were used concurrently in these models.
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Figure Legends

Figure 1. Age at menarche in women from Puerto Barrios (PB) and Guatemala City. A) the
number of samples by age at menarche is shown for the two cities. B and C) The data is
displayed by age group and by the age of menarche categories <age 11, age 11, and greater than
11 for Puerto Barrios (B) and Guatemala City (C).

Figure 2. Map of the Departamentos of Guatemala and adolescent births. A), A map
of Guatemala showing the location of the Departamentos of Izabal and Guatemala, and the
collection sites. The location of Puerto Barrios, the site with elevated precocious menarche, is
highlighted within Izabal. B) Births in Women under age 15 compared to all births in Guatemala
(from Guatemalan Ministry of Health http://epidemiologia.mspas.gob.gt and published
sources19, 20).

Figure 3. The number of births and miscariages in selected hospitals in Guatemala. A)
Number of births to women under age 15 age for hospitals in Izabal, Guatemala City and four
other Departaments. B) miscarriages for women age under age 15.
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