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OBJECTIVE: To evaluate the effects of age and season on

menstrual cycle length and basal body temperature

(BBT). We also examined the effects of climate on cycle

length and BBT, taking into account Japanese geographic

and social characteristics.

METHODS: In this retrospective cohort study, we ana-

lyzed data from 6 million menstrual cycles entered into

a smartphone application from 310,000 females from

2016 to 2017. Only those who entered more than 10

cycles in 2 years were included. Generalized estimation

equations were used to adjust for confounding factors

and for within-person correlations of multiple records.

Multiple regression analysis was conducted, with age,

external average temperature, precipitation amount, and

sunshine hours as confounding factors.

RESULTS: The mean menstrual cycle length increased

from age 15–23 years, subsequently decreased up to age

45 years, and then increased again. Average follicular

phase body temperature showed no significant age-

dependent changes, but luteal phase body temperature

gradually increased up to 29 years and then stabilized

and started to decrease after age 42 years. A significant

association between external temperature and body

temperature (follicular and luteal phase) was observed,

though menstrual cycle length did not show such an

association.

CONCLUSION: These results, derived from data self-

entered into a smartphone application, revealed under-

recognized age-dependent and seasonal changes in

menstrual cycle length and BBT, which will contribute

to a better understanding of female reproductive health

in the modern world.

(Obstet Gynecol 2020;136:666–74)
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Current understanding of menstrual cycle length
and basal body temperature (BBT) is largely

based on knowledge that was drawn from small
descriptive studies performed in the 1950s.1–3 How-
ever, women’s eating habits, educational standards,
and lifestyles have changed greatly in many countries
since then, and the background against which these
gynecologic findings were obtained has thus changed
accordingly. In addition, cycle length and BBT may
be affected by ethnic and social factors,4,5 and it is
therefore not possible to make reliable comparisons
among different countries.

Basal body temperature is controlled by the
thermoregulatory center in the preoptic anterior
hypothalamus and increases by 0.3–0.5°C after
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ovulation as a result of progesterone secretion from
the ovaries.6,7 Basal body temperature can be mea-
sured easily to provide information on ovulation,
which is, in turn, a useful index for pregnancy.8 Basal
body temperature, as a deep-body temperature, is
considered to remain stable and has recently been
used as an indicator of healthy aging and longevity.4,9

Although BBT has been considered to be relatively
unaffected by the environment, including external
temperature, sunshine duration, and precipita-
tion,10,11 the effect of regional environment and sea-
son on human health and longevity remain unknown.
The existence of any seasonality in BBT, if present,
would be expected to be very subtle, and its detection
would thus require the analysis of a large sample.5,10

Japan comprises approximately 380,000 km2,
with a population of 128 million people, mostly of
the same ethnic group and with similar educational
levels and lifestyles among the prefectures.12 More-
over, it is geographically long from north to south,
with 2,500 km and 16.85° of latitude between the
prefectures of Hokkaido and Okinawa. These north-
ernmost and southernmost regions of Japan have sub-
arctic and subtropical climates, respectively,13

providing a unique opportunity to examine the effects
of climate differences on menstrual cycle length and
BBT while excluding the effects of genetic back-
ground and socioeconomic factors.

The use of big data has recently attracted
attention in the medical field.14,15 Luna Luna is
a smartphone application, provided by MTI Ltd.,
that aims to predict menstrual cycle and ovulation
under normal physical conditions. The basic func-
tions of this application are freely available on the
Android and iOS platforms, and it is currently down-
loaded by more than 14 million females as the most
popular female health care application in Japan. This
application is used for both pregnancy planning and
contraception planning and for general health man-
agement, thus reflecting the Japanese female popula-
tion in general.16 We therefore aimed to test the
effects of age and season on menstrual cycle length
and BBT by analyzing data from 6 million anony-
mized menstrual cycles reported in this application.
We also examined the effect of climate on cycle
length and BBT by taking into account Japanese geo-
graphic and social characteristics.

METHODS

The study protocol was approved by the ethics
committee of the National Center for Child Health
and Development (ethical approved number: 1900).
We provided all current application users with in-

application notifications about the outline of the
research plan, how data collected from the application
would be used, and the required steps to opt out of the
study. For former users, MTI Ltd. published a press
release about the study, together with information on
how to opt out of the study.

In this retrospective cohort study, a total of 4.5
million application users entered their menstrual cycle
data using the smartphone application for at least 10
cycles each from January 1, 2016, to December 31,
2017. To examine the effects of age and season on
menstrual cycle length and BBT, we extracted cycle data
based on the following criteria: 1) data derived from
users with birthdate information, 2) data obtained at age
15.0–54.9 years, and 3) data derived from users who
lived in Japan with residence information (ie, prefec-
ture). As a result, data from 5,958,110 cycles derived
from 310,000 users fulfilled the criteria. We excluded
outliers for height shorter than 130 cm or taller than
200 cm (540 cycles), weight less than 30 kg or greater
than 120 kg (594 cycles), and having more than five
children (89 cycles), because this was considered unreli-
able compared with the general Japanese female popu-
lation. The remaining 5,956,886 cycles from 310,668
users were analyzed. The collected data included age
at the start of the menstruation cycle (all participants),
residence of the user (all participants), length of the men-
struation cycle (5,956,886 cycles), average follicular
phase temperature (696,784 cycles), average luteal phase
temperature (646,412 cycles), purpose of application
usage (ie, contraception or pregnancy) (644,823 cycles),
number of children (458,395 cycles), marital status
(144,352 cycles), partner status (ie, present or absent)
(149,679 cycles), weight (176,876 cycles), and height
(167,202 cycles). We also excluded cycles from the anal-
ysis if they were too short (7 days or less; 25,286 cycles)
or too long (more than 90 days; 38,715 cycles), because
it was highly likely that the data were entered incorrectly
or that the user became pregnant.

In this study, average follicular phase temperature was
defined as the average BBT over the 10-day period
from the start date of menstruation and average luteal
phase temperature as the average BBT over the 10 days
before the start date of the subsequent menstruation.
The difference between the luteal and follicular phase
temperatures was defined as DBBT. Cycles with
DBBT of at least 0.2 were defined as biphasic phase
temperature, and those with DBBT 0.1 or less were
defined as monophasic body temperature. Prefectures and
regions were classified according to the Statistics
Bureau of the Ministry of Internal Affairs and Commu-
nications.12 Spring, summer, autumn, and winter
(March–May, June–August, September–November,
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December–February, respectively) were defined ac-
cording to the classification of the Japan Meteorologi-
cal Agency.13 The external average temperature,
precipitation amount, and sunshine hours in Hokkaido
and Okinawa were extracted from the reports of the
Japan Meteorological Agency17,18 (summarized in
Appendix 1, available online at http://links.lww.com/
AOG/B904).

First, we examined the distribution of the data
characteristics, which included residence, age, marital
or partner status, distribution of menstrual cycle length,
and BBT. Because menstrual cycle length days did not
follow a normal distribution, the mean and SD were
calculated after Box-Cox transformation, a commonly
used technique that chooses and fits a power trans-
formation to change the distribution of a (nonnormal)
variable closest to normal.19 To confirm our results, we
also conducted a subanalysis in which we restricted
cycles to one cycle per woman to eliminate the bias
related to repeated sampling. Next, generalized esti-
mating equations using the identity-link function to
take into account within-person correlations of multiple
records,20,21 assuming normal distribution of the out-
come and adjusting for confounding factors, were con-
ducted to estimate the effect of age, season, and year
reported on menstrual cycle length and BBT according
to our previous reports.22,23 To minimize bias related
to residence, such as external temperature, precipita-
tion amount, and sunshine hours, we restricted data
to 798,589 cycles in Tokyo for this analysis. Third,
we examined the effect of climate on menstrual cycle
length and BBT using data obtained in Hokkaido and
Okinawa, as representative subarctic and subtropical
climates, respectively (Appendix 1, http://links.lww.
com/AOG/B904). For this we conducted multiple
regression analysis with age, external average temper-
ature, precipitation amount, and sunshine hours as con-
founding factors included by forced input method.
From this analysis, Pearson’s correlation and standard-
ized partial regression coefficients were calculated.
Finally, we repeated all analyses on menstrual cycle
length, restricting the data to those for cycles with
15–45 days, because mean menstrual cycle length is
generally considered to be about 15–45 days.24 In all
analyses, a two-tailed P value was assessed using x2 or t
test, and P,.05 was considered statistically significant.
Statistical analysis was carried out using SPSS 25,
graphs were drawn using GraphPad Prism 8, and im-
ages were adjusted using Adobe Illustrator CC.

RESULTS

The data were analyzed among users ranging in age
from 15.0 to 54.9 years, with most participants being

in their mid-30s (Appendix 2A, available online at
http://links.lww.com/AOG/B904). The distribution
of the participants’ residences was similar to the dis-
tribution of the general Japanese population reported
by the Ministry of Internal Affairs and Communica-
tions12 (Pearson’s correlation, r50.984, P,.001;
Appendix 2B, http://links.lww.com/AOG/B904),
suggesting that the data reflected the Japanese female
population in general. There was no clear relationship
between residence and cycle length distribution by
age (Appendix 2C and D, http://links.lww.com/
AOG/B904). We confirmed that the cycle data were
derived from participants using the application for
pregnancy planning and for contraception (Appendix
3, available online at http://links.lww.com/AOG/
B904). The number of children was significantly cor-
related with age (r50.739, P5.153). Married partici-
pants or those with partners were older than
unmarried participants or those without partners
(mean age 30.8 vs 25.5, 29.9 vs 27.7, respectively).
The mean body mass index (BMI calculated as weight
in kilograms divided by height in meters squared) of
the participants was 22.864.1, and there was no rela-
tionship between cycle length and height (Appendix
4A, available online at http://links.lww.com/AOG/
B904) or weight (Appendix 4B, http://links.lww.
com/AOG/B904).

Menstrual cycle length data were aggregated by
age at the start of each cycle, and the mean and SD
values were calculated (Fig. 1A). An increase in men-
strual cycle length was observed from age 15 years to
the early 20s. The longest mean menstrual cycle
length of 30.7 days was observed at age 23 years; this
then decreased to 27.3 days at age 45 years and then
increased. The variance in cycle length was relatively
large among participants younger than age 20 years or
older than 45 years, with the smallest variance in par-
ticipants aged 41 years.

Regarding BBT, average follicular phase temper-
ature showed no significant age-dependent changes,
with the greatest variance among teenagers (Fig. 1B).
However, luteal phase temperature showed an age-
dependent change, with values gradually increasing
up to the late 20s, peaking at 36.71°C at age 29 years,
and then stabilizing and starting to decrease after age
42 years (Fig. 1C). The variance in luteal phase tem-
perature was similar to that in follicular phase temper-
ature. The mean DBBT showed similar age-dependent
changes to luteal phase temperature, being stable from
27 to 42 years, with a maximum of +0.301°C at age 33
years (Fig. 1D). A subanalysis that restricted cycles to
one cycle per participant to eliminate the bias related
to repeated sampling showed results similar to those
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obtained from all-cycle data (Appendix 5A–C, avail-
able online at http://links.lww.com/AOG/B904). The
proportion of cycles with biphasic body temperature
varied depending on the age group: 15–19 years,
67%; 20–24 years, 78%; 25–29 years, 88%; 30–34
years, 91%; 35–39 years, 91%; 40–44 years, 89%;
45–50 years, 81%; and 50–54 years, 69%.

We investigated the effects of season on men-
strual cycle length and BBT. There was no correlation
between menstrual cycle length and season (Fig. 2A).
In contrast, BBT showed clear seasonality. Both fol-
licular and luteal phase temperatures were higher in
summer and lower in winter (Fig. 2B and C), indicat-
ing that BBT was associated with environmental fac-
tors. Generalized estimating equation analysis also
confirmed the significant effect of age on cycle length
and luteal phase temperature, as well as showed the
presence of seasonality in both follicular and luteal
phase temperature; no such seasonality was seen in
cycle length (Table 1).

Visualization of the external average temperature
of Hokkaido and Okinawa and the average follicle

phase body temperature of females living in these
prefectures both showed a similar seasonality (Appen-
dix 6A and B, available online at http://links.lww.
com/AOG/B904). The correlation between climate
and menstrual cycle length and BBT estimated using
multiple regression analysis adjusted for age is shown
in Table 2. There was little association between cli-
mactic factors and cycle length. External average tem-
perature was weakly correlated with BBT (beta50.128
and 0.088 in the follicular and luteal phases,
respectively) and cycle length (beta5 20.016), and
sunshine hours were weakly correlated with follicular
phase temperature (beta5 20.016) and cycle length
(0.009); there were no significant correlations between
BBT and precipitation amount.

A subanalysis focusing on cycles with 15–45 days
showed results similar to those from all data with
cycles with 7–90 days. Age-dependent changes in
menstrual cycle length were comparable with those
calculated from all data (Appendix 7A, available on-
line at http://links.lww.com/AOG/B904). Results
from the generalized estimating equation analysis

Fig. 1. Age-dependent changes of menstrual cycle length (A), follicular phase temperature (B), luteal phase temperature (C)
and D basal body temperature (D). Five percent trimmed means (lines) and SDs (shaded area) are shown.
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(corresponding to Table 1, Appendix 8, available on-
line at http://links.lww.com/AOG/B904) and multi-
ple regression analysis (corresponding to Table 2,
Appendix 9, available online at http://links.lww.
com/AOG/B904) were also similar. Interestingly, his-
tograms on DBBT showed similar distributions, with
a peak around 0.4°C (Appendix 7B and C, http://
links.lww.com/AOG/B904), suggesting that most fe-
males with cycle lengths of 45–90 days probably have
delayed ovulation (oligo-ovulation) but not
anovulation.

DISCUSSION

We observed in our present study that menstrual
cycle length changed with age, but it was not
associated with season or other climatic factors.
Luteal, but not follicular, phase temperature changed
with age, and both follicular and luteal phase BBTs
were associated with environmental temperature. We
analyzed data from 6 million menstrual cycles derived
from 310,000 active application users to add to
current knowledge concerning characteristics associ-
ated with cycle length and BBT.

The human menstrual cycle is regulated by the
hypothalamus-pituitary-gonad axis.25 Menstruation is
irregular in girls in their early teens because secretion
of gonadotropins (ie, luteinizing hormone and follicu-
lar stimulating hormone) from the pituitary is sup-
pressed owing to the immature gonadotropin-

releasing hormone pulse from the hypothalamus.26

Pulsatile gonadotropin-releasing hormone secretion
matures during adolescence, sex steroid secretion in-
creases, and the menstrual cycle becomes stabilized.
The increase in menstrual cycle length in teenagers
likely reflects the maturation of the hypothalamus-
pituitary-gonad axis. Polycystic ovarian syndrome
(PCOS), with an estimated prevalence of 5–20%
among reproductive-aged females, causes defective
ovulation, resulting in elongation of the menstrual
cycle, which stabilizes when women are in their
30s.27,28 This age-dependent change helps to explain
the shortened mean cycle length for women in their
30s. Another possible explanation is an increase in
early-onset primary ovarian insufficiency in women
in their 30s. This disease occurs in 1% of women in
their 30s, with increasing frequency throughout the
30s,29 and could be associated with shortening of the
menstrual cycle. Women in their 40s have fewer ovar-
ian follicles, and their cycles therefore tend to be
shortened.25 Collectively, we demonstrated age-
dependent change in menstrual cycle length, from rel-
atively short in the teens, stable in the 20s, shortened
in the 30s and early 40s, and patchy in the 50s. These
findings are in agreement with current knowledge on
physiology and pathology involving the menstrual
cycle. Interestingly, the mean menstrual cycle length
peaked at 23 years, which was consistent with the
peak age of fecundability (22–23 years)30 and the

Table 1. Effects of Age, Season, and Year on Menstrual Cycle Length and Basal Body Temperature,
Adjusting for Correlations Within the Same Participant Using Generalized Estimating Equations

Characteristic

Menstrual Cycle Length (d)
(n5798,589)

Follicular Phase Temperature (˚C)
(n5108,059)

Luteal Phase Temperature (˚C)
(n5100,549)

95% CI* P† 95% CI* P† 95% CI* P†

Age (y)
19 or younger Reference Reference Reference
20–24 0.327–0.682 ,.001 20.080 to 0.062 .804 20.007 to 0.120 .080
25–29 0.272–0.621 ,.001 20.061 to 0.077 .815 0.045–0.168 .001
30–34 20.325 to 0.021 .085 20.050 to 0.088 .594 0.068–0.190 ,.001
35–39 21.32 to 20.970 ,.001 20.043 to 0.094 .469 0.071–0.194 ,.001
40–44 22.37 to 22.02 ,.001 20.043 to 0.096 .451 0.068–0.191 ,.001
45–49 22.51 to 22.14 ,.001 20.085 to 0.059 .722 20.005 to 0.126 .071
50 or older 21.23 to 20.604 ,.001 20.131 to 0.055 .420 20.154 to 0.072 .464

Season
Spring 0.008–0.054 .009 0.032–0.039 ,.001 20.017 to 20.010 ,.001
Summer 20.063 to 20.016 .001 0.066–0.075 ,.001 0.003–0.012 ,.001
Autumn 20.029 to 0.019 .698 0.024–0.032 ,.001 20.041 to 20.033 ,.001

Year
2016 Reference Reference Reference
2017 20.086 to 20.039 ,.001 0.002–0.011 .004 0.001–0.010 .011

* Adjusted for age of participant, season (dummy variables), calendar year, and correlations within the same person.
† P values for all factors were assessed using x2 or t tests.
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dip age for risk of miscarriage (23 years).31 This sim-
ilarity implies the presence of common biological fac-
tors affecting menstrual cycle, fecundability, and rate
of miscarriage.

Basal body temperature can be self-measured.
Basal body temperature is known to increase by 0.3–
0.5°C as a result of the action of progesterone on the
hypothalamic body temperature center.6,7 Because
BBT remains stable, it may be possible to predict
the date of ovulation by daily monitoring.7,8 Although
the American Society for Reproductive Medicine re-
ports that the use of BBT should be discouraged
because of its inconvenience and because it was not
useful for determining luteal phase deficiency,32 the
biphasic nature of the menstrual cycle is a useful indi-
cator for women who want to become pregnant. How-
ever, there is currently no clear age-specific standard
data, such as means and SDs, for BBT changes.5,9 The
current results revealed that follicular phase tempera-
ture did not show any significant age-dependent
changes but that luteal phase temperature gradually
increased from the teens, stabilized from the late 20s
to the early 40s, and then gradually decreased.

Information on the effects of the environmental
factors on the menstrual cycle and BBT is lack-
ing.10,11 The present study shows that BBT increased
during warm periods and decreased during cold pe-
riods and suggests that BBT may differ by climate.
The climate is mainly characterized by external tem-
perature, precipitation amount, and sunshine
hours.33,34 One strength of our study is that Japan
has wide geographical characteristics and uniquely
consists of islands with both subarctic and subtropi-
cal climates13 while also having relatively uniform
eating habits, educational standards, and lifestyle
habits throughout the country, thus making it easier
to study the effect of climate. Hokkaido, the north-
ernmost region, has a subarctic climate, with large
temperature differences from month to month and
lower annual precipitation and ultraviolet irradia-
tion; Okinawa, as the southernmost region, has a sub-
tropical, always warm climate, with fewer
temperature differences throughout the year and
higher annual precipitation and ultraviolet irradia-
tion.17,18 Confirmation of our findings is anticipated
in other populations, though it may be difficult to
find participants living in a large variety of climates
maintaining similar living habits. Although our study
suggests only an association between climate and
women’s health, a recent study reports that a lower

Fig. 2. Seasonality of menstrual cycle length (A), follicular
phase temperature (B), and luteal phase temperature (C).
Probability densities were calculated for each month, and
their distributions are shown in the heat maps.
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BBT can support a slower rate of aging.4 Such find-
ings raise an alarm that recent global warming and
environmental changes throughout the world may
have effects on human health and longevity.

Several smartphone application–based studies
have recently reported descriptive statistics for men-
strual cycle length and BBT.35–37 However, these
studies had major limitations in terms of relatively
small numbers of cycle data and limited numbers of
cycles per person (2.5–5 cycles per person). Applica-
tion users in these studies were also biased to women
who wanted to become pregnant, resulting in very
limited generalizability. The nature of the application
used in the current study, which has been used by the
Japanese female population for both contraception
and to become pregnant, allowed us to use data that
were less prone to selection bias.

This study had some limitations. First, there could
be selection bias associated with being an active
application user. It was expected that females who
were self-motivated and could input details into the
application and those who were sexually active would
be more likely to use this application. Second, most
cycle data in our application lacked information on
body size (ie, height and weight), resulting in
decreased power to detect potential effects of body
size on cycle length and BBT. Although larger studies
are warranted to confirm our result that there is no
relationship between body size and cycle length, this
could be true considering the fact that height and

weight are not involved in irregular menstrual cycles
in PCOS.27 Third, we did not have data on ovulation;
thus, our sample may have included cycles with an-
ovulation as seen in females with PCOS, hypotha-
lamic amenorrhea, or hyperprolactinemia. However,
our subanalyses using cycle data restricted to 15–45
days also showed age-dependent changes in menstrual
cycle length and the association between external tem-
perature and BBT; thus, it is unlikely our principal
findings were driven by such outliers. Similarly, it is
possible that our sample included cycle data obtained
from those taking oral contraceptive pills (OCPs).
However, considering the very low proportion of
OCP usage for contraception in the Japanese female
population (1.0%),38 we believe the effect of data
derived from OCP users would be minimal. Fourth,
this study was conducted in a single country (Japan)
with relatively uniform genetic background. Although
it is suggested that age-dependent changes in BBT do
not depend on ethnic variations,4 and age-dependent
changes in menstrual cycle length similar to those in
our study have been reported in a recent study that
enrolled Caucasian participants,36 menstrual cycle
length and BBT are known to vary by ethnicity.39,40

Thus, our findings on BBT should be tested in other
areas and in other ethnicities to draw reliable
conclusions.

Our study found that menstrual cycle length and
BBT, both of which were previously considered to be
stable, are associated with age and external environment.

Table 2. Effects of Climate and Participant Age on Menstrual Cycle Length and Basal Body Temperature,
Multiple Regression Analysis

Characteristic Pearson’s Correlation P*
Adjusted Standard
Coefficients Beta† P* VIF

Menstrual cycle length (d) (n5320,067)
Age of participants 20.203 ,.001 20.203 ,.001 1.00
Average temperature 20.007 ,.001 20.016 ,.001 2.18
Precipitation amount 20.004 ,.001 20.003 .165 1.37
Sunshine hours 0.001 .418 0.009 ,.001 1.83

Follicular phase temperature (˚C) (n532,193)
Age of participants 20.039 ,.001 20.041 ,.001 1.00
Average temperature 0.118 ,.001 0.128 ,.001 2.12
Precipitation amount 0.049 ,.001 0.001 .928 1.34
Sunshine hours 0.062 ,.001 20.016 .037 1.82

Luteal phase temperature (˚C) (n532,223)
Age of participants 20.025 ,.001 20.026 ,.001 1.00
Average temperature 0.089 ,.001 0.088 ,.001 2.09
Precipitation amount 0.041 ,.001 0.008 .239 1.35
Sunshine hours 0.049 ,.001 20.003 .656 1.80

VIF, variance inflation factor.
* P values for all factors were assessed using x2 or t tests.
† Standardized partial regression coefficient adjusted for confounding factors.
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Additionally, our study shows how recording of serial
health data may not only help the individual, but lead to
better understanding of female reproductive health.
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