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Abstract

Objective—Age at menarcheis critical in research and clinical settings, yet there is a dearth of
studies examining its reliability in adolescents. We examined age at menarche during adolescence,
specificaly, 1) average method reliability across three years, 2) test-retest reliability between time
points and methods, 3) intrarindividual variability of reports, and 4) whether intraindividual
variability differed by setting or individual characteristics.

Methods—Girls (n = 253) were enrolled in a cross-sequential study in age cohorts (11, 13, 15,
and 17 years). Age at menarche was assessed using three annual, in-person clinician interviews
followed by nine quarterly phone interviews conducted by research assistants.

Results—Reliahility of age at menarche across time was moderate and varied by method. In-
person interviews showed greater reliability [intraclass correlation coefficient (ICC) = .77)] versus
phoneinterviews (ICC = .64). Test-retest reliability in reports did not decrease across time.
However, average differences in reported age varied as much as 2.3 years (SD = 2.2 years), with
approximately 9% demonstrating differences greater than 4.5 years. Pubertal timing category (i.e.,
early, late) changed for 22.7% if categorized at the final versusthe first report of age at menarche.

Conclusions—Reliability was moderate, but average differences in reported age are notable and
concerning. Using in-person clinician interviews may enhance reliability. Researchers and
clinicians should be cognizant of the implications of using different methods measuring age at
menarche when interpreting research findings.
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Age at menarche is collected during routine adolescent or adult health care visits, but itisa
key variable in social-behavioral aswell as clinical research studies. For example, studies
focusing on the secular trend of early maturation use age at menarche to describe pubertal
differences across cohorts (Chumlea et al., 2003), whereas biobehavioral studies use age at
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menarche to categorize pubertal timing (e.g., “early”, “on-time”, “late”) (Deardorff,
Gonzales, Christopher, Roosa, & Millsap, 2005; Marklein, Negriff, & Dorn, 2009; Mendle,
Turkheimer, & Emery, 2007; Obeidallah, Brennan, Brooks-Gunn, & Earls, 2004).
Alternatively, clinical studies use age at menarche to describe risk associated with certain
diseases asillustrated by literature showing girls with earlier menarche may be at greater
risk for cardiovascular disease (Remsberg et a., 2005) or adult breast cancer (Apter, Reinila,
& Vihko, 1989; Hamilton & Mack, 2003). On an individua level, age at menarche can
provide critical input into clinical decision making, whereas findings from research studies
about risks associated with timing of menarche can be used to direct patient care or inform
community-wide prevention.

With the application of age of menarche for numerous purposes and settings, it is critical to
note the dearth of research describing the reliability of age at menarche across time or
whether reliability varies across methods of assessment. Age of menarche is a marker that
must rely on self-report, or in some cases parent report, since identifying the actual onset
objectively would require tracking efforts prior to the event that would be labor intensive
and virtually prohibitive. Thus, in the strictest sense, no real “gold standard” exists for
determining age at menarche. Using correlations, studies of age at menarche report
reliability across as much as 40 years range from .60 to .83(Artaria & Henneberg, 2000;
Bergsten-Brucefors, 1976; Damon & Baema, 1974; Hediger & Stine, 1987; Koo & Rohan,
1997; Koprowski, Coates, & Bernstein, 2001; Livson & McNeill, 1962; Must et al., 2002).
However, most of these studies rely on as few as two assessments, a decade or more apart.
Correlational studies do not fully address consistency in reports; in turn, they may
underestimate the degree of fluctuation in self-reported age at menarche across time. For
exampl e, kappa coefficients were reported as low to moderate (e.g., &= .35) when
comparisons included an adolescent self-report and then self-report at age 48 (Cooper et al.,
2006). Further, there may be some instances in which repeated self-report varies by several
months. The resulting error from this methodological influence may be more crucia for
certain research questions than others. For example, reports varying by ayear may be less
important for a study examining an outcome 3040 years later compared with alongitudinal
study categorizing pubertal-age girls into timing categories where the event is more
proximal. Such variability was noted by a study of 9-13 year-olds where they were asked
their age at menarche by clinician interview and then by questionnaire at baseline, 6- and
12-months | ater. Reports varied by as much as 18 months across one year (Dorn et al.,
1999). As such, different conclusions about timing of age at menarche and its effect on an
outcome (e.g., substance use, depression) will be drawn in the absence of areliable method
of assessing age at menarche.

To address the gap in the adolescent literature, our aims were to use two methods of
assessment (in-person, phone) to determine: 1) the average method reliability of reporting
age at menarche across the three years, 2) test-retest reliability of reports between different
time points and methods, 3) intraindividual variability of reports, and 4) whether
intraindividual variability of reports differed by method or individual characteristics (i.e.,
race, pubertal timing and gynecological age). The analytic goal was descriptive rather than
predictive. Thus, specific hypotheses were not made.

Design and Participants

This study was part of alongitudinal study that focused on the impact of depressive
symptoms and smoking on reproductive and bone health in pubertal-age girls (Dorn et a.,
2008). Two hundred sixty-two girls were enrolled by age cohort (11, 13, 15, and 17 years) in
across-sequential design (Miyazaki & Raudenbush, 2000). Between December 2003 and
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October 2007, girls were recruited from an adolescent medicine clinic in alarge Midwestern
children’s hospital and the surrounding community.

Exclusion criteriafor the parent study included: 1) pregnancy or breast feeding within 6
months, 2) primary amenorrhea (> 16 years), 3) secondary amenorrhea (< 6 cycleslyear), 4)
body mass index (BMI) for age < 13 percentile or weight > 300 pounds, 5) medication/
medical disorder influencing bone health, and 6) psychological disorders impairing
comprehension or compliance. Additionally, for purposes of this paper, girls who were
premenarcheal at the final assessment (n = 6) or girls who had fewer than two assessment
points (n = 3) by the final assessment were excluded. Thus, 253 girls were included for this
analysis.

Three annua visits were conducted in a Clinical Translational Research Center and
telephone interviews were conducted quarterly following annual visits (e.g., 3, 6, 9 months).
The focus for the current analyses was on age at menarche. The study was approved by the
Ingtitutional Review Board of the medical center. Parents provided written informed consent
and adol escents provided assent.

Measures and Procedures

Primary measures for this report focus on age at menarche assessed via two methods. First, a
trained clinician (i.e., pediatric nurse practitioner, adolescent medicine physician or fellow)
conducting the physical exam interviewed each adolescent in private using standard
guestions (e.g., How old were you when you started your first period?) to determine age at
menarche (year and month). Additional standard questions were used as necessary to probe
for amore accurate date (e.g., What grade in school were you? What season was it? Was it
near a holiday or in summer? etc.) (Dorn, Dahl, Woodward, & Biro, 2006; Dorn et al.,
1999). The second methodology included similar questions but in ayear (e.g., 2001) and
month format (e.g., In which year and month did you start your first period?) and asked via
phone by atrained research assistant. Age was then determined using probesif necessary.
Research staff was blind to earlier reports of age at menarche.

Other variables in the analyses included race (white versus other) and family socioeconomic
status (SES) (Hollingshead, 1975) with possible scores ranging from 8 (low) to 66 (high).
Both were obtained by parent report. Pubertal timing was categorized using standard criteria
(e.g., + 1 SD) for timing groups (early, on-time, and late) based on the sample distribution of
first reported age at menarche within white and black racial groupsin this study. Those
within + 1 SD (between 11.53 and 13.75 years for white girls, and between10.56 and 13.33
years for black and other girls) were considered “on-time”. Gynecological age was
calculated as age at baseline minus age-at-menarche in years and months.

Statistical Analyses

To estimate reliability of self-reported age at menarche across the study, we calculated the
intra-class correlation coefficient (ICC) across al assessments, and by methodology (in-
person versus phone interviews). The ICC reflects the proportion of the total outcome
variation that lies between people (or occasions) (Singer, 2003). Variance components used
to calculate the ICC were estimated using SPSS 18.0 linear mixture modeling; maximum
likelihood estimation was used to handle missing data. Bivariate correlations were used to
describe test-retest reliability of reports across time. Intrainidividual variability of reports
were calculated for each participant as difference scores between maximum and minimum
reported age at menarche across the study, across in-person interviews only, and across
phoneinterviews only. Finally, we estimated differencesin variability of reports (i.e.,
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difference scores) by race, pubertal timing and gynecological age using a combination of
univariate analysis of variance (ANOVA) and hierarchical linear regression.

Results

Descriptive Statistics

On average, the 253 girlsincluded in this study were 15.1 years old (SD =2.1 years), and the
majority were white (61.7%) or black (33.2%) with some mixed race/other (5.1%). Race
was dichotomized as white versus non-white. At baseline, most participants were in later
puberty (Tanner breast stage | = 1.5%, |1 = 1.9%, |1l = 10.3%, IV = 14.9%, and V = 71.4%),
and 80.2% were postmenarcheal. Family SES ranged from 14-66 (mean = 37.4, SD = 13.6).

Average method reliability of self-reported age at menarche

The ICC across al 12 assessments (i.€., both in-person interviews and phone interviews)
was 0.64, whereas the ICC for in-person interviews only (3 time points) and phone
interviews only (9 time points) was 0.77 and .64, respectively. The two methods were
significantly different (p < .05; using 2-tailed rto ztransformation) suggesting that across
time girls were more reliable during in-person interviews than during phone interviews.

Change in test-retest reliability in reports across time and method

Bivariate correlations across al assessment points were examined to determine whether test-
retest reliability of age at menarche decreased acrosstime (Table 1). Correlations across the
study corroborate findings from the ICC, such that greater test-retest reliability exists for in-
person clinician interviews (0.74 — 0.81) compared to phone interviews (0.55 — 0.76).
However, results do not provide evidence that test-retest reliability in reports decreased
across the course of the study. Although correlations vary within a single year and across
measurement methods, correlations between age at menarche reports do not become
progressively lower acrosstime.

Average intraindividual variability of self-reported age at menarche

Mean age of menarche as determined by first report in the study (e.g., Time 1 for girls who
were postmenarcheal at Time 1; later times for girls who were premenarcheal at Time 1)
was 12.4 years (SD = 1.25) and did not differ by age cohort (Table 2). Using difference
scores (maximum age reported — minimum age), reports of age at menarche across all
assessments (see “average difference: in-person & phone” in Table 2) varied on average by
2.3 years (SD = 2.2), with 8.8% of girls demonstrating differences greater than 4.53 years (1
SD above mean). When examined separately by method (in-person or phone interview),
reports were fairly consistent across annual visits with an average difference score of 0.58
years (7 months) and 16.4% of girls demonstrating differences greater than 1 year. In
contrast, reports were highly inconsistent for phone interviews (mean difference score = 2.2
years), with 66.3% demonstrating differences greater than 1 year.

Intraindividual variability of age at menarche differ by race, pubertal timing, and
gynecological age

Difference scores of age at menarche, aswell as reliability in self-reports, were examined by
race, pubertal timing, and gynecological age. Controlling for chronological age, white
participants reported a later age at menarche (compared to non-whites (Table 3). Although
there was no difference (p> .05) by race between mean age at menarche reported during the
in-person interviews versus phone interviews, there were significant differences by racein
intraindividual variability (i.e., the average difference score) of age at menarche.
Specifically, after controlling for family SES, difference scores for in-person interviews
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(maximum reported age at menarche - minimum reported age at menarche) were
significantly (p< .05) higher for non-whites (0.7 years, SD = .08) compared to whites (0.5
years, SD =.06). Findings suggest that non-whites were less reliable or consistent in their
reports across the in-person interviews compared to whites. This difference by race did not
emerge across al assessments (in-person and phone combined) or phone interviews only.
Additionally, lower SES was associated with higher difference scores during the phone
visits (p< .05).

Next, pubertal timing differencesin reliability of age at menarche, as well as difference
scores, were examined. After controlling for chronological age, no pubertal timing
differences were observed for age at menarche difference scores across all methodol ogies
(in-person, phone). Important to note, in this study, pubertal timing groups were calculated
based on first report of age at menarche, with most girls reporting age at menarche at the
Year 1 annual visit. However, these categorizations are likely to vary depending on which
assessment point is used. Hence, for purposes of comparison, pubertal timing groups were
also estimated based on the Y ear 3 annual visit reports. Cut-off ranges varied slightly
between Year 3 and Y ear 1 annual reports. Overal, cutoffs were younger for Year 1 (“on-
time” categorization ranged between 11.74 and 13.88 years for white girls, and between
10.96 and 13.58 years for black and other girls) compared to Y ear 3 (“on-time”
categorization ranged between 11.53 and 13.75 years for white girls, and 10.56 and 13.33
yearsfor black and other girls). Asaresult of these differences, 46 (22.7%) of the 203 girls
who reported age at menarche at the Y ear 3 annual visit fell within different timing groups
from the original categorization; 14 of these girls (6.9% of the 203 girls) were categorized as
“early” after originally falling within the “on-time” group. (Table 4). Change in timing
categories indicated that actual counts differed from expected counts (X2 (4) = 125.3, p <.
001).

The relationship between gynecological age and difference scores for reporting age at
menarche were examined via hierarchical linear regression controlling for chronological
age. Fifty girls were pre-menarcheal at baseline; for exploratory purposes, these girls were
assigned a negative gynecological age representing age until menarche. Controlling for age
at the Year 1 annual visit, gynecological age was positively associated with difference
scores across all assessments (B = .34, p< .01), clinician interviews (p = .31, p<.01), and
phone interviews (p = .25, p< .05). However, when premenarcheal girls at the baseline visit
were removed from the analyses, effects were no longer significant.

Discussion

To our knowledge, thisis the first report to examine reliability and intraindividual variability
of self-reported age at menarche in adolescents that were repeatedly sampled across three
years. Additionally, two methodol ogies were utilized; in-person clinician interviews and
phone interviews by research assistants. Earlier reports on age at menarche included
primarily adult women utilizing two pointsin time to look at reliability where correlation
coefficients ranged from .60-.83 (Artaria & Henneberg, 2000; Bergsten-Brucefors, 1976;
Cooper et a., 2006; Damon & Bajema, 1974; Hediger & Stine, 1987; Livson & McNaeill,
1962; Must et a., 2002). However, in the study at hand, reliability coefficients acrossall 12
time points and both methodol ogies (i.e., in-person and phone interviews combined) was
moderate (Cohen & Cohen, 1983) (ICC = 0.64), as was the reliability for phone interviews
(ICC =0.64). However, reliability for the in-person interviews was identified as strong (ICC
=0.77). Similarly we found that test-retest reliability was greater for in-person interviews
compared to phone interviews suggesting investigators may want to consider utilizing in-
person interviews by trained cliniciansin order to obtain the most reliable reports of age of
menarche. Our methodology also included probes (with both in-person and phone
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interviews) that might enhance the recollection of the event. Although not tested by this
research, this methodology may have contributed to obtaining higher test-retest reliability
and greater method reliability for in-person interviews. Alternatively, future studies could
test whether differences lie with method of delivery (in-person vs. phone) or experience
(clinician vs. research assistant).

It also was surprising to see such large discrepancy across methodology and'time,
particularly since menarche was such arecent event for most girls. On average, differences
in reports varied by 2.3 years, with nearly 9% of girls demonstrating differences over 5
years. Again discrepancies were smaller across in-person interviews (average 7 months)
compared to an average 2.2 years across the phone interviews, with nearly 67% of the girls
being “off” by more than one year.

Why do girls have such difficulty remembering an event that many clinicians and parents
consider “memorable’? Indeed, for some girls menarche was memorable and they reported
the actual date and location where it occurred (e.g., October 13 at my sixth grade best
friend’ s birthday). Other girls may have been reluctant to talk about an event they view as
private or as something that they want to forget; a response style reflecting “ pubertal
amnesia’ (Petersen & Taylor, 1980). Alternatively, for some girls the “event” may be less
clear cut. Premenarcheal girls may experience light spotting on 1-2 occasions and then have
alag of several months before afull menstrual period (i.e., true menarche) occurs. In such
instances, they are confused about what constitutes their first period. Further, anecdotal
reports by study personnel suggested that many girls were not knowledgeable about other
facts related to reproductive maturity such as menstrual cycles, day in cycle, regularity and
thelike. Thislack of knowledge may complicate responding to questionsin an interview.
Thus, when ng age of menarche, clinicians and researchers should ensure that a girl
understands exactly what question is being asked of her and what does or does not constitute
amenstrua period.

Other important findings emerged from these data. For example, it is puzzling that reliability
of self-reporting during in-person interviews was lower for non-white compared to white
girls, whereas race was not a significant factor in the reliability of phone interviews. This
difference might reflect the impact of racial congruence when interviewing patients, as the
vast majority of the clinicians were white and their race would only have been identifiable
during in-person interviews. However, the impact of racial congruence on clinician-patient
interaction is not consistent within the literature. The differencesin reliability may also
reflect ethnic differences in the comfort of discussing the menstrual cycle or salience of
menarche within specific race or ethnic groups. Additionally, SES differencesin reliability
of self-reports were evident for phone interviews, such that girls with lower SES had higher
difference scores indicating less consistency in reporting. Anecdotally, many participants
used cell phones for the phone interviews. It may be that lower SES girls were not able to
devote full attention to the interview due to concerns of limited cell phone minutes.

Another important finding is that pubertal timing categorization (early, on-time, late)
changed for 22.7% of the sample depending upon whether timing was categorized from their
report at the last visit compared to the first. Other researchers have reported a similar change
in category (15-20%) (Smolak, Krieg, Hayward, Shisslak, & Taylor, 2007). This difference
has tremendous implications for those conducting and interpreting research. If large
discrepancies in categorization occur, the conclusions made about the influence of timing of
puberty on an outcome (i.e., substance use, early pregnancy, breast cancer) also may change.

Exploring recency effects on the variability of self-reported age at menarche, we found that
greater gynecological age was associated with less consistency in reports of age at
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menarche. However, this finding did not hold once girls who were premenarcheal at the first
visit were removed from analyses. Such an effect (or lack thereof) suggests that beyond an
initial recency effect to the onset of menarche, girls may be “consistently inconsistent” in
reporting. Reasons for inconsistency should be explored in future research.

In spite of the strengths of this study, limitations exist. First, determining accuracy of age at
menarche is difficult since a*“gold standard” for determining such is not readily available. A
multi-informant approach may use parent report to corroborate the child’ s report, but this
approach still lacks an objective marker and also reflects a subjective report since the
amount of communication with parents about menarche may vary widely. Some clinicians
suggest maternal involvement may be helpful in gynecological care of adolescents
(Rosenthal, Cohen, Burklow, & Hillard, 1996). Empirically, Caspi and Moffit report a
moderately sized correlation of .66 between materna report of her daughter’s menarcheal
age with daughter’ s self-report (Caspi & Moffitt, 1991). Second, the impact of the slight
inadvertent variation in questioning regarding age at menarche (i.e., agein years vs. what
year) may have influenced the results. However, in the latter we then would translate when
they said age 13 to the year (i.e., 2001) on the form.

In sum, age at menarcheisavariable that is crucia in both clinical and research settings.
This study with adolescents provides evidence that self-reported age at menarche has
moderate to strong reliability, but itsreliability is not perfect. Methods are available (i.e., in-
person clinician interview with probes) that can effectively be used and may increase
reliability and decrease discrepancy across time or method. Capitalizing on methods to
improve the reliability of reportsis essential since self-report of menarche is commonly used
in clinical and research settings. Consumers of the literature and/or those designing studies
should consider the impact of methodology and discrepancies associated with each method
asthey interpret published findings, make clinical decisions, and design new studies.
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