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Abstract

Objectives To evaluate whether age at menarche and time to menstrual regularity were related to cardio-metabolic risk fac-
tors in Mexican women. Methods The study population comprised 54,921 women from the 2008-2010 wave of the Mexican
Teacher’s Cohort. A modified Poisson approach was used; exposures were age at menarche and time to menstrual regularity
(<1 year vs. >1 year), and outcomes were prevalent obesity, type 2 diabetes, high blood pressure, and high cholesterol.
Results Mean (SD) age of women was 42.1 (7.6) years, and mean (SD) menarcheal age was 12.5 (1.5) years. Compared to
women with menarche age 13 years, those with menarche <9 years had a 65% (95% CI 43-90%); 27% (95% CI 4-55%);
and 23% (95% CI 1-49%) higher prevalence of obesity, high blood pressure, and high cholesterol, respectively. For dia-
betes, there was a U-shaped association; compared to menarche age 13 years, those with menarche <9 years had an 89%
higher prevalence of diabetes (95% CI 39-156%), and those with menarche > 17 years had a 65% higher prevalence (95%
CI 16-134%). Among women with regular cycles (n=43,113), a longer time to menstrual regularity was associated with
diabetes (PR =1.11 with 95% CI 1.02-1.22), high blood pressure (PR=1.11 with 95% CI 1.06—1.17), and high cholesterol
(PR=1.09 with 95% CI 1.04-1.14). Conclusions for practice Mexican women with earlier and later ages at menarche and/
or longer time to menstrual regularity may have higher risk of cardio-metabolic disease in adulthood.
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Significance

What is already known on this subject? Existing studies from
mostly European, US, or Asian populations have reported
that an earlier age at menarche predicts cardio-metabolic
risk in adulthood, yet evidence from Hispanic populations
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is lacking. Further, there is inconsistent evidence on whether
later age at menarche is also associated with cardio-meta-
bolic health in adulthood. Finally, whether the time from
menarche to regular menstrual cycling is independently
related to cardio-metabolic outcomes has not been examined.

What this study adds? Using a large dataset of Mexican
schoolteachers, we found that an earlier age at menarche was
predictive of obesity, diabetes, high blood pressure, and high
cholesterol, and a later age at menarche was predictive of
diabetes prevalence only. Further, among women who ever
had regular menstrual cycles, a longer time from menarche
to regular menstrual cycling was associated with slightly
higher prevalence of adverse cardio-metabolic health out-
comes, even after accounting for age at menarche.

Introduction

Early identification and prevention of cardio-meta-
bolic disease is a public health priority in Mexico and
other countries in nutritional transition, where rates of
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overweight, obesity and diabetes are extremely high and
likely to increase in coming years (Meza et al. 2015; Pal-
loni et al. 2015). The timing of menarche, a female’s first
menstrual period, is one early life factor that could pre-
dict cardio-metabolic risk later in life (Prentice and Viner
2013). Studies among women from Europe (Canoy et al.
2015; Peters et al. 2015), Asia (Lim et al. 2016; Won et al.
2016), the US (Dreyfus et al. 2015, 2012; Glueck et al.
2013), and Brazil (Mueller et al. 2014) have reported asso-
ciations between age at menarche and cardio-metabolic
risk factors including obesity, metabolic syndrome, and
diabetes; although the nature and extent of these associa-
tions have not been consistent. For instance, some stud-
ies in the US and UK reported that both an earlier and a
later age at menarche were positively related to diabetes
and metabolic syndrome’(Canoy et al. 2015; Dreyfus et al.
2012), whereas other studies conducted in the US (Dreyfus
et al. 2015), Korea (Lim et al. 2016), and Brazil (Mueller
et al. 2014) found that only an earlier age at menarche was
associated with higher diabetes-related risk and metabolic
syndrome. In addition, at least one US study found much
stronger associations between earlier menarche and insulin
resistance-related conditions among White women than
among African American women (Dreyfus et al. 2015),
highlighting the potential for differences by race/ethnic-
ity. Whether age at menarche is an early determinant of
cardio-metabolic risk factors in later life among Mexican
women has not been determined.

Other characteristics of early menstruation might also
be informative about later disease risk. The time to men-
strual regularity is the amount of time it takes from the
occurrence of the first menstrual period to when the men-
strual cycles occur with predictable frequency (if ever).
Given the fact that menstrual cycle regularity in adulthood
is a predictor of cardio-metabolic abnormalities (Rostami
Dovom et al. 2016), it is plausible that a longer time to
menstrual regularity could be an early indication of meta-
bolic abnormalities and predisposition to later adverse
cardio-metabolic health. To our knowledge, this study
question has not been previously addressed.

To address these gaps in the literature, we utilized data
from the Mexican Teacher’s Cohort. We first evaluated
associations between early life characteristics and men-
strual factors. However, our primary aims were to evaluate
whether early menstrual factors-age at menarche and time
to menstrual regularity-were related to cardio-metabolic
risk factors present in adulthood.

Methods
Study Design and Population

The Mexican Teachers’ Cohort (MTC) is a prospective
study established in 2006 when 28,345 female teachers
aged > 35 years in the Mexican states of Jalisco and Verac-
ruz responded to a baseline questionnaire. The cohort was
expanded in 2008-2010 to teachers aged > 25 years from
10 additional Mexican states, to include a total of 115,315
participants. Detailed methods are described elsewhere
(Lajous et al. 2017). The study was approved by the insti-
tutional review board at the National Institute of Public
Health in Mexico, and informed consent was obtained from
all participants.

A total of 106,493 women responded to the 2008-2010
questionnaire. We excluded women with missing infor-
mation for menarche (n=1709). In addition, we excluded
women with missing information for correlates including
region of residency (n=11,669), birth weight (n=29,321),
breastfed as an infant (n=29,694), number of older siblings
(n=29,196), body silhouette before menarche (n=4500),
and three proxies for childhood SES: occupation of the
household head (n=25,010), participant or parents spoke
an indigenous language/dialect (n=1253), and frequency of
meat consumption as a child (n=23,300). The percentage of
missing correlate data ranged between 1% (indigenous lan-
guage spoken) and 28% (birthweight). In the analyses with
obesity as the outcome, we further excluded women without
information on current height and/or weight (n=4262). In
the time to menstrual regularity analyses, we additionally
excluded women who reported never having regular men-
strual cycles (n=6221) or who did not answer the question
(n=2840), yielding a final analytic sample of 43,113 women.

Exposures: Menarche and Time to Menstrual
Regularity

From the 2008-2010 self-administered questionnaire, we
obtained information on age at menarche and time to men-
strual regularity. Women were asked to report the age of
their first menstrual cycle to the nearest year (range <9 to
> 18 years). Menarche ages <9 years (y) were collapsed into
one category as were menarche ages > 17. Women were also
asked how long it took for their period to occur at regular
intervals. Six multiple-choice answers were possible: <1
year, 1-2 years, 3—4 years, > 5 years, never, and “I do not
remember.” As women who reported never having regular
menstrual cycles may have had underlying metabolic condi-
tions present in childhood (e.g. 18% reported having poly-
cystic ovaries compared to 8% of women who had regu-
lar cycles within 1 years), we excluded those women from
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analysis. Among women who reported ever having regular
periods, we categorized them into two groups: <1 years to
regular menstrual cycling and > 1 years to regular menstrual
cycling.

Outcomes: Adult Cardio-Metabolic Disease Markers

Participants self-reported height (cm) and weight (kg) in
the same 2008-2010 questionnaire. Standardized techni-
cian measurements were well correlated with self-reported
weight (r=0.92) and height (r=0.86) in a subset of 3413
participants (Ortiz-Panozo et al. 2017). Body mass index
(BMI) was calculated as weight in kilograms divided
by the square of height in meters. Obesity was defined
BMI > 30 kg/m®. Women also self-reported if they have ever
been diagnosed by a physician with type 2 diabetes, high
blood pressure and high cholesterol; thus, each of these were
binary outcomes.

Early Life Sociodemographic and Anthropometric
Covariates

Potential confounding variables were selected a priori based
on knowledge of predictors of cardio-metabolic risk and
from previously reported associations with menarche in
other populations (Al-Sahab et al. 2011; Jansen et al. 2015).
They include the following: year of birth, region of residence
at birth, birth weight, breastfed as an infant, number of older
siblings, occupation of the household head during infancy,
participant or parents spoke an indigenous language/dialect,
frequency of meat consumption as a child, and body size
before menarche. Covariates were categorized as shown in
Table 1.

Statistical Analysis

Associations Between Early Life Characteristics
and Menstrual Factors

We first estimated average age +SD of menarche according
to categories of early life sociodemographic and anthropo-
metric characteristics. We also conducted adjusted multi-
variable regression analysis with age at menarche as the
continuous outcome and all sociodemographic and anthro-
pometric variables as mutually-adjusted predictors. To
evaluate associations between sociodemographic and anthro-
pometric characteristics and time to menstrual regularity,
we compared the proportion of women who took > 1 year
for menstrual cycles to become regular by categories of the
sociodemographic and anthropometric correlates, as well as
age at menarche. In adjusted analysis, we used a modified
Poisson regression approach with time to menstrual cycling
as a dichotomous outcome to compute prevalence ratios and
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95% confidence intervals (CI). We chose the modified Pois-
son regression approach due to our non-rare outcome (Bar-
ros and Hirakata 2003).

Primary Analysis

To evaluate associations between age at menarche or time
to menstrual regularity and adulthood cardio-metabolic risk
factors, we used a modified Poisson regression approach. We
ran separate models for each of the dichotomous outcomes.
Adjusted models included all potential confounders except
for birthweight, as adjusting for both birthweight and pre-
menarcheal body size was deemed unnecessary. Models for
time to menstrual regularity were also adjusted for age at
menarche.

Due to the high degree of missingness in potential con-
founders, sensitivity missing-indicator analyses were con-
ducted to assess robustness of the estimates. In this method,
a category for missing values is created in each potential
confounder, with the assumption that missing values are
missing completely at random and that the participants
within the indicator variable are unconditionally exchange-
able (Toh et al. 2012). We also performed supplemental
analyses in which we compared the mean values of soci-
odemographic and anthropometric characteristics among
women with no missing information to women with at least
one missing variable. To assess potential misclassification of
self-reported diagnosis of diabetes, hypertension, and high
cholesterol, we ran models where the outcome was receipt
of treatment for these outcomes. Finally, sensitivity analyses
adjusting for self-reported polycystic ovaries (PCO) in all
models were conducted. All analyses were performed with
SAS version 9.4 (SAS Institute, Cary, NC).

Results

The mean + SD age of the women at baseline (2008-2010)
was 42.1 +7.6 years (y). Seventy-six percent of the sample
were pre-menopausal, 15% were postmenopausal, and 9%
were of unknown status. The mean + SD age at menarche
was 12.5+ 1.5 years. After mutual adjustment, an earlier age
at menarche was associated with being born more recently,
not being breastfed as a child, higher frequency of meat
consumption as a child, a larger pre-menarcheal body size,
being born in Mexico City, having fewer older siblings, and
growing up in a household that did not rely on manual work
or farming (Table 1).

Among the women who reported that their menstrual
cycle became regular, 31.1% of women said it took > 1 year.
In mutually-adjusted analysis of early life factors and time
to menstrual regularity, a longer time to menstrual regular-
ity was associated with being born in Mexico City, lower
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Table 1 Early life sociodemographic and anthropometric correlates of age at menarche among 54,921 Mexican teachers

Early life sociodemographic and anthropometric correlates N Mean =+ SD age at Multivariable adjusted differ-
menarche, years ence in menarche, years (95%
CD?

Year of birth
1926-1944 195 13.13+1.63 0.38 (0.14, 0.62)
1945-1949 606 12.77+1.54 Reference
1950-1954 1956 12.71+1.52 —0.07 (-0.21, 0.07)
1955-1959 6403 12.63+1.53 —0.16 (-0.29, —0.04)
1960-1964 15,814 12.57+1.51 —0.22 (-0.34, - 0.10)
1965-1969 12,687 12.51+1.48 —0.26 (-0.38, —0.14)
1970-1974 7698 12.40+1.49 —0.35(=0.47,-0.23)
1975-1979 6843 12.31+1.47 —-0.43 (-0.56, —0.31)
>1980 2719 12.23+1.43 —0.47 (- 0.60, —0.34)
P-trend® <0.0001 <0.0001

Region of residence at birth
North 10,557 12.52+1.48 0.13 (0.08, 0.17)
Central 12,707 12.56 +1.51 0.16 (0.12, 0.20)
Mexico City 9540 12.35+1.50 Reference
South 22,117 12.52+1.50 0.09 (0.06, 0.13)
P value <0.0001 <0.0001

Birthweight
Less than normal 3551 12.51 £1.60 —0.01 (=0.06, 0.04)
Normal 49,629 12.50+1.49 Reference
Higher than normal 1741 12.37+1.59 —0.08 (—=0.15,—-0.01)
P-trend 0.002 0.29

Breastfed as an infant
Yes 48,456 12.52+1.50 Reference
No 6465 12.33+1.53 —0.10 (= 0.14, - 0.06)
P value <0.0001 <0.0001

Number of older siblings
0 14,048 12.37+£1.51 Reference
1 11,325 12.48 +1.53 0.11 (0.07, 0.14)
2 8295 12.52+1.48 0.11 (0.07, 0.15)
3 6153 12.54+1.50 0.09 (0.05, 0.14)
4 4650 12.61+1.46 0.15 (0.10, 0.20)
5 or more 10,450 12.60+1.48 0.10 (0.07, 0.14)
P trend <0.0001 <0.0001

Occupation of the household head
Retail or private sector employee 16,734 12.44+1.49 Reference
Manual worker or farmer 19,853 12.67+1.49 0.12 (0.09, 0.15)
Government employee or teacher 12,749 12.33+1.50 —0.08 (=0.11, - 0.04)
Other 5585 1247+1.52 —0.01 (—0.06, 0.03)
P value <0.0001 <0.0001

Parents or participant spoke indigenous language
Yes 3848 12.67+1.50 0.10 (0.05, 0.15)
No 51,073 12.49+1.50 Reference
P value <0.0001 <0.001

Frequency of meat consumption as a child
Never or < 1 time per month 2645 12.84+1.55 Reference
1-3 times per month 8620 12.62+1.51 —0.14 (- 0.20, - 0.07)
1 time per week 15,881 12.55+1.48 —0.19 (-0.25, - 0.13)
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Table 1 (continued)

Early life sociodemographic and anthropometric correlates N Mean +SD age at Multivariable adjusted differ-
menarche, years ence in menarche, years (95%
CD?
2-4 times per week 22,510 12.41+1.49 —0.28 (—=0.34, -0.22)
5-6 times per week 3611 12.35+£1.55 —-0.34 (=042, -0.27)
> 1 time per day 1654 12.44+1.54 —0.27 (-0.36, —0.18)
P-trend <0.0001 <0.0001
Body size before menarche®
Figure 1 (slimmest) 23,420 12.63+1.51 0.23 (0.20, 0.27)
Figure 2 12,375 12.55+1.45 0.16 (0.12, 0.20)
Figure 3 9747 12.38+1.46 Reference
Figure 4 6104 12.20+1.51 -0.17 (-0.21, -0.11)
Figure 5 1288 12.33+1.51 —0.01 (-0.09, 0.08)
Figure 6 816 12.26 +1.56 —0.06 (-0.17, 0.05)
Figure 7 886 12.27+1.66 —0.05 (-0.15, 0.05)
Figure 8 228 12.25+1.72 —0.06 (-0.26, 0.13)
Figure 9 (largest) 57 12.60+1.96 0.29 (=0.09, 0.68)
P-trend <0.0001 <0.0001

CI confidence interval

Data come from the Mexican Teachers’ Cohort, a prospective study of 115,315 female teachers’, initiated in 20062008 among women from two
states and expanded in 2008 to include women from 10 additional states across Mexico. After exclusions, the final study population included

54,921 women (complete case analysis)

*From a linear regression model adjusted for all other covariates, with the exception that in the model for birthweight, the variables for breast-
feeding and pre-menarcheal body size were not included because they are potential intermediates on the causal pathway

®For ordinal predictors, a P test for trend was obtained by including in the linear regression model a continuous variable representing the ordinal
categories of the predictor. For nominal correlates, a type III Wald test was used

“Based on 9 pictorial figures, with 1 corresponding to the slimmest figure and 9 to the largest figure

birthweight, not being breastfed as a child, smaller number
of older siblings, lower frequency of meat consumption as
a child, larger body size before menarche, and later age at
menarche (Table 2).

In 2008-2010, 24.1% of the women were obese, 4.9%
had type 2 diabetes, 14.8% had high blood pressure, and
16.8% had high cholesterol. The age at menarche was
inversely and monotonically associated with prevalence of
obesity (Table 3). After adjustment for potential confound-
ers, women whose menarche occurred at 9 or less y of age
had a 65% higher prevalence of obesity than women with
menarche at age 13y (95% CI 43-90%; P <0.0001). After
adjustment for potential confounders, every year later of
menarche was associated with 0.38 lower BMI (95% CI
0.35-0.40; P-trend <0.0001). There was a U-shaped asso-
ciation between age at menarche and diabetes (Fig. 1), with
the highest prevalence of diabetes among those with the ear-
liest and latest ages at menarche. After confounder adjust-
ment, women with menarche <9 years had an 89% higher
prevalence of diabetes (95% CI 43-90%; P <0.0001) and
women with menarche > 17 years had a 65% higher preva-
lence of diabetes (95% CI 16-134%; P=0.005) than women
with menarche at 13 years. Earlier ages at menarche were
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associated with higher prevalence of high blood pressure
and high cholesterol in adulthood, although these associa-
tions were of lower magnitude than those with obesity and
diabetes. After adjustment for confounders, women with
a menarche <9 years of age had a 27% higher prevalence
of high blood pressure than women with a menarche of
13y (95% CI 4-55%; P=0.02). Similarly, women with a
menarche <9 years of age had a 23% higher prevalence of
high cholesterol than women with a menarche of 13 years
(95% CI 1-49%; P=0.04).

Taking longer to reach menstrual regularity was posi-
tively associated with prevalence of diabetes, high blood
pressure, and high cholesterol (Table 4). In adjusted analysis,
women who took > 1 y after menarche to have regular men-
strual cycles had a 13% higher prevalence of diabetes (95%
CI 3-23%; P-trend < 0.0001), an 11% higher prevalence of
high blood pressure (95% CI 6-17%; P-trend < 0.0001),
and an 11% higher prevalence of high cholesterol (95%
CI 6-16%; P-trend <0.001) than women who experienced
regular menstrual cycles < 1 year after menarche. Time to
menstrual regularity was not associated with prevalence
of obesity in adulthood. Supplemental analysis investigat-
ing associations between categories of time to menstrual
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Table 2 Early life correlates of greater time to menstrual regularity (> 1 year) among 43,113 Mexican teachers
Early life sociodemographic and anthropometric correlates N Proportion of women with time Unadjusted Preva-  Adjusted Preva-
to menstrual regularity > 1 year lence Ratio (95% lence Ratio (95%
CI)?* cnb
Year of birth
1926-1949 616 323 1.10 (0.95, 1.26) 1.10 (0.96, 1.26)
1950-1954 1550 29.5 Reference Reference
1955-1959 5070 309 1.05 (0.96, 1.14) 1.05 (0.97, 1.15)
1960-1964 12,624 30.9 1.05 (0.97, 1.14) 1.07 (0.98, 1.16)
1965-1969 9994 314 1.07 (0.98, 1.16) 1.07 (0.98, 1.16)
1970-1974 5903 32.1 1.09 (1.00, 1.19) 1.07 (0.99, 1.17)
1975-1979 5250 29.9 1.02 (0.93,1.11) 1.01 (0.93,1.11)
>1980 2106 31.7 1.08 (0.97, 1.19) 1.07 (0.97, 1.18)
P-trend® <0.0001 0.76
Region of residence at birth
North 8511 254 0.79 (0.75, 0.82) 0.80 (0.76, 0.83)
Central 10,148 28.8 0.69 (0.66, 0.73) 0.70 (0.67, 0.73)
Mexico City 7716 36.6 Reference Reference
South 16,738 32.8 0.89 (0.86, 0.93) 0.89 (0.85, 0.92)
P value <0.0001 <0.0001
Birthweight
Less than normal 2716 334 1.03 (1.02, 1.14) 1.06 (1.00, 1.12)
Normal 39,056 31.0 Reference Reference
Higher than normal 1341 28.6 1.04 (0.85, 1.01) 0.95 (0.87, 1.03)
P-trend <0.0001 0.01
Breastfed as an infant
Yes 68,094 30.9 Reference Reference
No 5019 324 1.05 (1.02, 1.09) 1.04 (1.00, 1.09)
P-trend <0.0001 0.05
Number of older siblings
0 10,898 33.2 Reference Reference
1 8901 31.5 0.95 (0.91, 0.99) 0.95 (0.91, 0.99)
2 6560 30.3 0.91 (0.87, 0.95) 0.91 (0.87, 0.96)
3 4822 304 0.91 (0.87, 0.95) 0.92 (0.88, 0.97)
4 3664 303 0.91 (0.86, 0.96) 0.92 (0.87,0.97)
5 or more 8268 29.0 0.87 (0.84,0.91) 0.89 (0.85, 0.93)
P-trend <0.0001 <0.0001
Occupation of the household head
Retail or private sector employee 13,305 31.2 Reference Reference
Manual worker or farmer 1541 30.5 0.98 (0.95, 1.01) 0.99 (0.96, 1.03)
Government employee or teacher 9994 32.1 1.03 (0.99, 1.07) 1.02 (0.98, 1.06)
Other 4323 304 0.98 (0.93, 1.03) 0.99 (0.94, 1.05)
P value 0.06 0.55
Parents or participant spoke indigenous language
Yes 2850 34.1 1.11 (1.05, 1.17) 1.04 (0.98, 1.10)
No 40,263 309 Reference Reference
P value 0.002 0.18
Frequency of meat consumption as a child
Never or <1 time per month 1983  34.7 Reference Reference
1-3 times per month 6743 33.0 0.95 (0.89, 1.02) 0.94 (0.88, 1.01)
1 time per week 12,399 30.8 0.89 (0.83, 0.95) 0.88 (0.83, 0.94)
24 times per week 17,865 30.5 0.88 (0.82, 0.94) 0.87 (0.81, 0.93)
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Table 2 (continued)

Early life sociodemographic and anthropometric correlates N Proportion of women with time Unadjusted Preva-  Adjusted Preva-
to menstrual regularity > 1 year lence Ratio (95% lence Ratio (95%
CI)? ()
5-6 times per week 2862 304 0.88 (0.81, 0.95) 0.87 (0.80, 0.95)
> 1 time per day 1261 27.3 0.79 (0.71, 0.88) 0.80(0.72, 0.89)
P-trend <0.0001 <0.0001
Body size before menarche?
Figure 1 18,560 31.1 1.02 (0.98, 1.07) 1.03 (0.99, 1.07)
Figure 2 9809 30.2 0.99 (0.95, 1.04) 1.00 (0.95, 1.04)
Figure 3 7584 30.4 Reference Reference
Figure 4 4688 32.5 1.07 (1.01, 1.13) 1.07 (1.01, 1.13)
Figure 5 980 33.7 1.11 (1.01, 1.22) 1.11 (1.01, 1.22)
Figure 6 611 329 1.08 (0.96, 1.22) 1.09 (0.97, 1.22)
Figure 7 667 32.5 1.07 (0.95, 1.20) 1.09 (0.97, 1.22)
Figure 8 or 9 214 36.5 1.20 (1.00, 1.44) 1.21 (1.01, 1.44)
P-trend 0.02 0.03
Age at menarche, years
<9 442 335 1.08 (0.94, 1.23) 1.07 (0.93, 1.22)
10 2620 319 1.03 (0.96, 1.09) 1.01 (0.94, 1.07)
11 7884 30.6 0.98 (0.94, 1.03) 0.97 (0.92, 1.07)
12 12,946 28.9 0.93 (0.89, 0.97) 0.92 (0.88, 0.96)
13 8628 31.1 Reference Reference
14 6124 31.1 1.00 (0.95, 1.05) 1.00 (0.96, 1.05)
15 3622 357 1.15 (1.09, 1.21) 1.14 (1.08, 1.20)
16 557 427 1.38 (1.24, 1.52) 1.35(1.22, 1.49)
>17 290 50.7 1.63 (1.45,1.84) 1.60 (1.43, 1.80)
P-trend <0.0001 <0.0001

CI confidence interval

Data come from the Mexican Teachers’ Cohort, a prospective study of 115,315 female teachers’, initiated in 2006-2008 among women from two
states and expanded in 2008 to include women from 10 additional states across Mexico. After exclusions, the final study population included
43,113 women (complete case analysis)

*Estimates were obtained using a modified Poisson regression approach, with time to menstrual regularity (<1 or >1 year) as a dichotomous
outcome and early life characteristics as categorical variables. A Poisson distribution with a log link and robust error variance were specified for
each model

®Adjusted for all other covariates except for age at menarche because it is a potential intermediate on the causal pathway. In the model for birth-
weight, the variables for breastfeeding and pre-menarcheal body size were not included because they are potential intermediates on the causal
pathway

For ordinal predictors, a P test for trend was obtained by including in the modified Poisson regression model a continuous variable representing
the ordinal categories of the predictor. For nominal correlates, a type III Wald test was used

9Based on 9 pictorial figures, with 1 corresponding to the slimmest figure and 9 to the largest figure

regularity and cardio-metabolic risk factors showed that
longer time to menstrual regularity was linearly associated
with high blood pressure, high cholesterol, and diabetes,
but not obesity (Online Resource 3). Analysis that included
women who never had regular menstrual cycles showed
similar trends (data not shown).

Sensitivity analyses using missing indicators for miss-
ing covariates did not substantially alter findings (available
upon request). Furthermore, a comparison of mean values
of sociodemographic and anthropometric characteristics

among women with no missing information compared to
women with at least one missing covariate did not reveal
notable differences (Online Resources 1 and 2). In sensi-
tivity analysis that replaced self-reported diabetes, high
blood pressure, or high cholesterol with whether or not
the woman had received treatment for these conditions,
associations were either similar or slightly strengthened.
Finally, sensitivity analyses accounting for PCO did not
alter estimates.
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Table 3 Prevalence of
cardiovascular disease risk
factors among 54,921 Mexican
teachers according to age at
menarche

Cardio-metabolic risk factor Age of N Prevalence Unadjusted preva-  Adjusted preva-
menarche, of outcome lence ratio (95% lence ratio (95%
years CI? CcIP

Obesity
<9 542 389 1.69 (1.27, 2.26) 1.65 (1.43, 1.90)
10 3081 36.2 1.53 (1.29, 1.80) 1.50 (1.39, 1.61)
11 9277 29.0 1.36 (1.19, 1.55) 1.30 (1.23, 1.38)
12 15,170 23.8 1.18 (1.04, 1.34) 1.09 (1.04, 1.15)
13 10,131 21.7 Reference Reference
14 7033 19.6 1.04 (0.89, 1.22) 0.92 (0.86, 0.98)
15 4317 18.7 0.93 (0.78, 1.13) 0.88 (0.82, 0.96)
16 730 16.7 0.79 (0.43, 1.43) 0.78 (0.65, 0.94)
>17 378 249 1.07 (0.72, 1.57) 1.10 (0.89, 1.35)
P, trend® <0.0001 <0.0001

Diabetes
<9 569 79 1.75 (1.31, 2.35) 1.89 (1.39, 2.56)
10 3341 6.7 1.49 (1.28, 1.74) 1.49 (1.28, 1.75)
11 9993 54 1.19 (1.06, 1.34) 1.28 (1.13, 1.44)
12 16,453 4.7 1.03 (0.93, 1.15) 1.10 (0.98, 1.23)
13 11,006 4.5 Reference Reference
14 7670 4.5 1.00 (0.88, 1.15) 0.99 (0.86, 1.13)
15 4690 4.1 0.90 (0.77, 1.06) 0.87 (0.74, 1.03)
16 785 54 1.18 (0.87, 1.61) 1.09 (0.79, 1.49)
>17 414 8.2 1.82 (1.30, 2.53) 1.65 (1.16, 2.34)

High BP
<9 569 18.1 1.19 (0.97, 1.45) 1.27 (1.04, 1.55)
10 3341 18.3 1.20 (1.09, 1.31) 1.22 (1.11, 1.34)
11 9993 15.1 0.99 (0.92, 1.06) 1.05 (0.98, 1.13)
12 16,453 14.2 0.93 (0.88,0.99) 0.98 (0.92, 1.05)
13 11,006 15.2 Reference Reference
14 7670 13.5 0.89 (0.82, 0.96) 0.88 (0.81, 0.95)
15 4690 144 0.94 (0.86, 1.03) 0.92 (0.84, 1.01)
16 785 144 0.94 (0.78, 1.14) 0.88 (0.73, 1.07)
>17 414 147 0.97 (0.75, 1.25) 0.93 (0.72, 1.20)
P, trend <0.0001 <0.0001

High cholesterol
<9 569 18.5 1.12 (0.92, 1.36) 1.23 (1.01, 1.49)
10 3341 17.0 1.03 (0.94, 1.13) 1.08 (0.98, 1.18)
11 9993 17.0 1.03 (0.97, 1.10) 1.09 (1.02, 1.17)
12 16,453 15.8 0.96 (0.91, 1.02) 1.01 (0.95, 1.07)
13 11,006 16.5 Reference Reference
14 7670 155 0.94 (0.88, 1.01) 0.93 (0.87, 1.00)
15 4690 159 0.96 (0.89, 1.05) 0.94 (0.86, 1.02)
16 785 16.6 1.01 (0.84, 1.20) 0.94 (0.79, 1.13)
>17 414 19.1 1.16 (0.93, 1.45) 1.13 (0.90, 1.42)
P, trend <0.0001 <0.0001

CI confidence interval, BP blood pressure

Data come from the Mexican Teachers’ Cohort, a prospective study of 115,315 female teachers’, initiated
in 2006-2008 among women from two states and expanded in 2008 to include women from 10 additional
states across Mexico. After exclusions, the final study population included 54,921 women (complete case
analysis)
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Table 3 (continued)

“Estimates were obtained using a modified Poisson regression approach, with cardio-metabolic risk factor
as a dichotomous outcome and age at menarche as a categorical variable. A Poisson distribution with a log
link and robust error variance were specified for each model

bAdjusted for birth cohort, region of birth, occupation of household head during childhood, indigenous
language spoken, breastfed as an infant, frequency of meat consumption as a child, body size before
menarche, and number of older siblings

°A P test for trend was obtained by including age at menarche in the modified Poisson regression model as

a continuous variable

Fig. 1 Prevalence of Type 2
Diabetes by Age at Menarche
among Mexican Teachers

Menarche age
<9 years
10 years

11 years
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13 years (ref) [

14 years B

15 years [

16 years B

>17 years

0.7 09 1.1

[

1.3 1.5 1.7 19 21 23 25 27

Prevalence Ratio (95% Confidence Interval)

Discussion

In this cross-sectional analysis of a large cohort of Mexican
teachers, we found that self-reported age at menarche was
associated with cardio-metabolic disease markers in adult-
hood. Specifically, we found that earlier age at menarche
was associated with higher prevalence of obesity, high blood
pressure, and high cholesterol in a linear fashion, while both
earlier and later ages at menarche were related to higher
prevalence of diabetes. Among women who reported achiev-
ing menstrual regularity, a longer time to menstrual regu-
larity was a predictor of diabetes, high blood pressure, and
high cholesterol independently of age at menarche and other
confounders, although the magnitudes of these associations
were modest. In this analysis, we also found that a number of
early life socioeconomic and nutritional factors were associ-
ated with age at menarche and menstrual regularity; in par-
ticular, factors associated with higher SES during childhood
were related to earlier age at menarche. Altogether, the find-
ings indicate that age at menarche and, to some extent, time
to menstrual regularity are salient markers of adult cardio-
metabolic risk in the Mexican female population.

Our finding that an earlier age at menarche is related to
higher prevalence of cardio-metabolic risk factors among

@ Springer

Mexican women is in line with findings from other pop-
ulations. Although varying statistical approaches make
direct comparisons difficult, the direction and magnitude
our findings were comparable to previous studies (Drey-
fus et al. 2015, 2012; Lim et al. 2016; Mueller et al. 2014;
Peters et al. 2015) that have linked earlier age at menarche
with higher BMI, and increased risk of obesity, metabolic
syndrome, and/or diabetes. For example, a meta-analysis
on early puberty and cardio-metabolic risk that summa-
rized studies-mostly from the US and UK-found that a
menarche < 12 years of age was related to a twofold greater
odds of obesity than menarche 12 years or later (Prentice and
Viner 2013). We similarly found an almost twofold greater
probability of obesity comparing women with menarche at
age 13 years to those with menarche <9 years. Consider-
ing diabetes, we found an approximately 1.5 times higher
probability of diabetes comparing menarche < 12 years
to menarche at 13 years, while a recent study from Brazil
reported a 34% greater risk of diabetes among women with
amenarche < 11 years compared to menarche at 13—14 years
(Mueller et al. 2014). The observed association between later
age at menarche and higher prevalence of diabetes is consist-
ent with some findings from the US (Glueck et al. 2013) and
UK (Canoy et al. 2015), although it has not been noted in
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Table 4 Prevalence of cardio-metabolic risk factors among 43,113 Mexican teachers according to time to menstrual regularity
Cardio-metabolic risk factor Time to menstrual N Prevalence of Unadjusted prevalence Adjusted preva-
regularity outcome ratio (95% CI)* lence ratio (95%
cn®
Obesity
<1 year 27,436 233 Reference Reference
>1 year 12,371 235 1.01 (0.97, 1.05) 1.01 (0.99, 1.03)
P value® 0.65 0.46
Diabetes
<1 year 29,720 4.5 Reference Reference
>1 year 13,393 5.1 1.13 (1.03, 1.23) 1.11 (1.02, 1.22)
P value <0.0001 0.02
High BP
<1 year 29,720 14.0 Reference Reference
>1 year 13,393 15.6 1.11 (1.06, 1.17) 1.11 (1.06, 1.17)
P value <0.0001 <0.0001
High cholesterol
<1 year 29,720 15.6 Reference Reference
>1 year 13,393 17.3 1.11 (1.06, 1.16) 1.09 (1.04, 1.14)
P value <0.0001 0.002

CI confidence interval, BP blood pressure

Data come from the Mexican Teachers’ Cohort, a prospective study of 115,315 female teachers’, initiated in 2006-2008 among women from two
states and expanded in 2008 to include women from 10 additional states across Mexico. After exclusions, the final study population included

43,113 women (complete case analysis)

*Estimates were obtained using a modified Poisson regression approach, with cardio-metabolic risk factor as a dichotomous outcome and time to
menstrual regularity as a dichotomous predictor. A Poisson distribution with a log link and robust error variance were specified for each model

®Adjusted for age at menarche, birth cohort, region of birth, occupation of household head during childhood, breastfed as an infant, frequency of
meat consumption as a child, body size before menarche, and number of older siblings

P values were from a Wald test

other countries, including Brazil (Mueller et al. 2014). One
potential reason for this discrepancy is a wider range of ages
at menarche and a higher sample size in our study compared
to previous studies, which may have afforded us the power
to detect an association. Further, there is no strict definition
of late menarche, so prior studies may have masked associa-
tions by grouping a fairly wide range of ages together.
Several potential mechanisms may explain the association
between early menarche and increased risk of cardio-met-
abolic risk factors. Earlier menarcheal age has been linked
to other reproductive markers including earlier age at first
birth (Sim et al. 2015) and earlier age at menopause (Mishra
et al. 2017), which have been related to obesity (Patchen
et al. 2016) and cardiovascular disease (Clegg et al. 2017).
Girls with earlier menarche than their peers may be more
likely to exhibit unhealthy behaviors (e.g., poor diet, low
physical activity) (van Jaarsveld et al. 2007) that relate to
higher adiposity gain and insulin resistance during the post-
pubertal period (Boyne et al. 2014) and beyond. In contrast,
it is possible that an earlier age at menarche is a marker for
early life factors present prenatally or in childhood that are
responsible for both an earlier age at menarche and later

cardio-metabolic risk. Nonetheless, in our study, we found
robust associations between early age at menarche and adult
cardio-metabolic disease markers independent of multiple
early life factors including body size before menarche and
early childhood socioeconomic conditions.

Mechanisms for the associations with late menarche and
adulthood diabetes may have to do with insulin resistance
in adolescence. Girls with underlying metabolic disorders
such as polycystic ovarian syndrome (PCOS) often have
delayed puberty (Pereira et al. 2015; Rohrer et al. 2007);
and would also be pre-disposed to adulthood diabetes diag-
nosis. Adjusting for PCO in our models did not, however,
substantially attenuate the estimates (e.g. PR comparing
menarche > 17-13 years was 1.65 with 95% CI 1.16-2.34
in models without PCO adjustment versus 1.63 with 95%
CI 1.17-2.26 in models with PCO adjustment). Another
potential explanation is that delayed puberty was a sign of
nutrient deprivation during childhood and, when coupled
with overnutrition later in life, could predispose to insulin
resistance in adulthood (Vaag et al. 2012). Future directions
that include the examination of changes in weight from birth
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through childhood could help uncover mechanisms respon-
sible for the associations.

Our finding that time to menstrual regularity was associ-
ated with cardio-metabolic disease in adulthood is novel,
although it is corroborated by other literature. One study
among approximately 1600 US women showed that women
who took longer to have regular menstrual cycles had a
higher probability of experiencing irregular cycles in adult-
hood (Rockhill et al. 1998). Further, irregular menstrual
cycles among adult women have been related to metabolic
disorder (Rostami Dovom et al. 2016).

Of note, the associations between early life correlates
and age at menarche were in expected directions. Typically,
the average age at menarche is highly sensitive to socio-
economic and nutritional factors within populations and to
changes in these factors over time (Tanner 1992). Our study
findings are indicative of a country in the midst of a nutrition
transition, given the decline in average at menarche over the
birth years and the fact that the higher-income groups and
more urban regions had earlier average ages at menarche.
These associations are expected because in regions undergo-
ing nutritional transitions, higher-income and urban groups
have higher adiposity (Popkin et al. 2012), and higher child-
hood adiposity is related to earlier menarche. The associa-
tion with meat intake frequency is intriguing because it cor-
roborates findings from a prospective study linking higher
early childhood red meat intake with earlier age at menarche
among Colombian schoolgirls (Jansen et al. 2016). Although
red meat intake frequency was considered a proxy for early-
life socioeconomic status in this study, the possibility that
the association can be explained by the meat itself cannot
be ruled out.

The study had multiple strengths. A large sample size
provided us with adequate power to detect associations, and
a comprehensive survey meant we could adjust for a large
number of important potential confounders, including pre-
menarcheal body size. The fact that these women were from
a population that had gone through a nutrition transition over
the course of their lifespan means that these findings are
likely generalizable to other populations undergoing similar
transitions. Further, the fact that the associations with age at
menarche were highly consistent with other similar popula-
tions (Jansen et al. 2015) supports the validity of the data.
There were also limitations. The high level of missingness,
most notably in covariates, means there could be selection
bias if those who responded were different with respect to
menstrual factors and cardio-metabolic outcomes. The fact
that the estimates were highly similar in the missing indica-
tor analysis is reassuring, although we recognize the pos-
sibility of introducing missing indicator bias (which could
bias estimates in either direction) if the assumption of miss-
ing completely at random is not met (Greenland and Fin-
kle 1995). Nonetheless, the similarity in sociodemographic
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characteristics between the complete-case sample and the
sample with at least one missing covariate suggests the
missing completely at random assumption may not be vio-
lated. Another limitation is the fact that cardio-metabolic
outcomes were self-reported rather than physician-assessed,
although this potential misclassification of the outcome may
be non-differential. The fact that age at menarche and time to
menstrual regularity was recalled decades after their occur-
rence likely also resulted in measurement error (Cooper
et al. 2006), although this would not result in recall bias
if recall did not depend on cardio-metabolic health status.
Finally, there is the potential for unmeasured or residual con-
founding, especially given that early life confounders were
recalled retrospectively.

In summary, we found that age at menarche and time to
menstrual regularity were each associated with cardio-met-
abolic health indicators in the Mexican population. Moni-
toring early menstrual characteristics at the population level
could provide information on groups within the population
at greater risk for cardio-metabolic disease. At the clinical
level, asking women about their menstrual histories in addi-
tion to traditional risk factors may add further predictability
of future cardio-metabolic disease risk.
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