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ABSTRACT

BACKGROUND
Younger children in a school grade cohort may be more likely to receive a diagnosis
of attention deficit-hyperactivity disorder (ADHD) than their older peers because
of age-based variation in behavior that may be attributed to ADHD rather than to
the younger age of the children. Most U.S. states have arbitrary age cutoffs for
entry into public school. Therefore, within the same grade, children with birthdays
close to the cutoff date can differ in age by nearly 1 year.

METHODS
We used data from 2007 through 2015 from a large insurance database to compare
the rate of ADHD diagnosis among children born in August with that among
children born in September in states with and states without the requirement that
children be 5 years old by September 1 for enrollment in kindergarten. ADHD
diagnosis was determined on the basis of diagnosis codes from the International
Classification of Diseases, 9th Revision. We also used prescription records to compare
ADHD treatment between children born in August and children born in September
in states with and states without the cutoff date of September 1.

RESULTS
The study population included 407,846 children in all U.S. states who were born in
the period from 2007 through 2009 and were followed through December 2015. The
rate of claims-based ADHD diagnosis among children in states with a September 1
cutoff was 85.1 per 10,000 children (309 cases among 36,319 children; 95% confi-
dence interval [CI], 75.6 to 94.2) among those born in August and 63.6 per 10,000
children (225 cases among 35,353 children; 95% CI, 55.4 to 71.9) among those
born in September, an absolute difference of 21.5 per 10,000 children (95% CI, 8.8
to 34.0); the corresponding difference in states without the September 1 cutoff
was 8.9 per 10,000 children (95% CI, —=14.9 to 20.8). The rate of ADHD treatment was
52.9 per 10,000 children (192 of 36,319 children; 95% CI, 45.4 to 60.3) among those
born in August and 40.4 per 10,000 children (143 of 35,353 children; 95% CI, 33.8
to 47.1) among those born in September, an absolute difference of 12.5 per 10,000
children (95% CI, 2.43 to 22.4). These differences were not observed for other
month-to-month comparisons, nor were they observed in states with non-September
cutoff dates for starting kindergarten. In addition, in states with a September 1 cut-
off, no significant differences between August-born and September-born children
were observed in rates of asthma, diabetes, or obesity.

CONCLUSIONS
Rates of diagnosis and treatment of ADHD are higher among children born in
August than among children born in September in states with a September 1 cutoff
for kindergarten entry. (Funded by the National Institutes of Health.)
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ADHD AND MONTH OF SCHOOL ENROLLMENT

ARIABLE RATES OF DIAGNOSIS AND
treatment of attention deficit-hyperactivity
disorder (ADHD) across the United States
have aroused concern about overdiagnosis, under-
diagnosis, and appropriate treatment.® Over the
past two decades, rates of diagnosis and treat-
ment of ADHD have increased. Among children
2 to 5 years of age, the rate of diagnosis in-
creased by more than 50% from 2007 to 2012/
In 2016, 5.2% of all children 2 to 17 years of age
in the United States were taking medication to
treat ADHD.®
The increasing rates and the geographic varia-
tion in the prevalence of ADHD have generated
controversy about the basis of clinical diagnosis
and treatment of the disorder.*® The main factor
that may contribute to the probability that a child
will receive a diagnosis of ADHD is the child’s
behavior, as observed by teachers or parents,
relative to the behavior of other children in the
same school grade. Some evidence suggests that
teachers or school personnel are more likely
than parents or physicians to first suggest a diag-
nosis of ADHD.? In the classroom setting, teach-
ers and parents may presume that all children
should behave in a similar manner; therefore,
behavior that appears to be anomalous relative
to the behavior of other children in the same peer
group stands out. In any classroom, there is likely
to be a range of normal behavior among the
children, given the 12-month span of ages within
a grade. It is possible that younger children
within a grade cohort may be more likely to re-
ceive a diagnosis of ADHD than older children
in the same grade because inattentive behavior
that is developmentally determined may be attrib-
uted to ADHD rather than to younger age.
Previous studies in the United States and
elsewhere have suggested that younger children
within a grade cohort are more likely to receive
a diagnosis of and treatment for ADHD than
older children in the same cohort.* These
studies were based on data that are more than a
decade old and relied on survey responses, which
may be vulnerable to recall bias. To study whether
the rates of ADHD diagnosis and treatment dif-
fer among otherwise similar children who have
been arbitrarily assigned to different grade co-
horts, we made use of the fact that many state
public school systems require that children be
5 years old before September 1 to be eligible to
start kindergarten during that year. As a conse-

quence, children born shortly after September 1
are arbitrarily assigned to grade cohorts in which
they are the oldest children in their class, and
children born shortly before September 1 are
assigned to grade cohorts in which they are the
youngest children in their class. This technique
of comparison has been used in other studies of
ADHD." Using data from 2007 through 2015
from a large insurance database, we compared
rates of ADHD diagnosis and pharmacologic
treatment among children born in August with
those of children born in September.

METHODS

DATA SOURCES

We analyzed data from the Truven Health
MarketScan Research Database, a large health
insurance claims database that contains deidenti-
fied, individual-level information on more than
80 million enrollees in all U.S. states from
approximately 100 commercial payers and self-
insured corporations, not including Medicaid
claims. The database has been described previ-
ously.’>!¢ Cutoff dates for kindergarten entry for
each state were obtained from the Education Com-
mission of the States” and the National Center
for Education Statistics.”® The study was approved
by the institutional review board at Harvard
Medical School.

STUDY POPULATION

The study population was restricted to children
born from 2007 through 2009, which meant that
all children completed at least 1 year of elemen-
tary school by 2015, the last year of data collec-
tion. Children were linked to parents within the
database, and the location of the family was re-
corded as the last state in which the family was
insured. Children were linked by state to cutoff
dates for kindergarten entry in the respective
state. Children and their parents were matched
with all outpatient, inpatient, and drug claims
for all years included in the analyses.

STUDY MEASURES

We sought to determine whether, in the 18 states
that use the September 1 cutoff for school entry,
the rate of ADHD diagnosis among children
born in August (wWho are the youngest in their
grade cohort) was higher than the rate among
those born in September (Who are the oldest in
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their grade cohort). Data from children in other
states, which either use different cutoffs state-
wide or allow local jurisdictions to decide cutoff
dates for school entry, were used in sensitivity
analyses. The primary outcome was a diagnosis
of ADHD, defined on the basis of International
Classification of Diseases, 9th Revision (ICD-9), code
314.01 (attention deficit disorder with hyperactiv-
ity) or 314.00 (attention deficit disorder without
hyperactivity) or on the basis of any prescription
filled for a stimulant (either an amphetamine or
another type) in any insurance claim for a health
care encounter between the child’s date of birth
and the end of the study period. The second
criterion was added to account for potential un-
dercoding of ICD-9 ADHD codes in claims data.
Details regarding diagnosis and classification are
provided in the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org.
A secondary outcome was treatment for ADHD.
We also assessed the intensity of treatment
among children who received ADHD medication
by determining the total number of days of ADHD
medication supplied to each child throughout all
years of the study period.

For children in a birth-year cohort who were
born before September 1, we excluded diagnoses
from 2015 so that children with August birth-
days, who entered kindergarten at a younger age
than their peers, would have the same number
of school years to potentially receive a diagnosis of
ADHD as those with September birthdays, who
entered kindergarten at an older age than their
peers. This ensured that any difference in diag-
nosis rates between children born in August and
children born in September was due to relative age
within the child’s grade rather than to August-
born children having spent more years in school,
which would have provided a longer period dur-
ing which the diagnosis could be given.

STATISTICAL ANALYSIS

For our primary analysis, we used multivariable
linear regression to compare the rate of ADHD
diagnosis among children born in August with
the rate among children born in September, and
we evaluated statistical differences with t-tests.
This analysis relied on the assumption that chil-
dren born in August and September were similar
both in known demographic and clinical charac-
teristics and in unobserved factors that could
influence rates of ADHD diagnosis, given that

the September 1 cutoff is arbitrary, and parents
most likely do not systematically plan births to
occur in a particular month in preference to an-
other. To validate this assumption, we compared
rates of childhood health conditions other than
ADHD among August-born and September-born
children and assessed the characteristics of the
parents of children born in August and the parents
of children born in September with chi-square
and t-tests where appropriate; all these variables
should have been similar in these two groups.
We also plotted birth months to ensure an even
distribution of children in each month; an un-
even distribution would suggest unobserved dif-
ferences between groups.

In addition to comparing rates of ADHD diag-
nosis between children born in August and those
born in September, we investigated the age at
which the difference in ADHD diagnosis between
August-born and September-born children ap-
peared, using outcome variables indicating ADHD
diagnosis in 1-year age groups from ages 4
through 7. We compared these age-specific rates
of ADHD diagnosis and treatment with the use of
methods similar to those used in our analyses
of overall rates of diagnosis and treatment; we
hypothesized that there would be no difference
in ADHD diagnosis between August-born and
September-born children by age 4 (before the
start of kindergarten) but that there would be a
difference by age 7 (after school entry).

We investigated differences in the intensity of
ADHD treatment between children born in August
and children born in September to determine
whether the August-born children who received
a diagnosis of ADHD but who may not have re-
ceived this diagnosis if they had been born in
September (and therefore would have started
school later) received less intensive treatment,
which would have occurred if the diagnosis had
been less certain for these children. A finding
that August-born children received fewer days of
medication than September-born children would
indicate that these children at the margin for
ADHD diagnosis and treatment may receive treat-
ment of lesser duration than those born in Sep-
tember; this might occur if children born in Au-
gust have symptoms that resolve with age, which
would lead to earlier discontinuation of therapy.

We conducted several additional analyses to
ensure that differences in ADHD diagnosis rates
between August-born and September-born children
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were not spurious. First, we compared differ-
ences in diagnosis rates between other consecu-
tive birth months (e.g., between January and
February and between February and March), ex-
pecting no between-month differences in diagno-
sis rates.”” Second, we assessed ADHD diagnosis
rates among children who lived in states without
a September 1 cutoff, expecting no difference in
diagnosis rates between August-born and Sep-
tember-born children. Third, we compared rates
of asthma, diabetes, and obesity among August-
born and September-born children in an addi-
tional sensitivity analysis; these rates should not
have been affected by birth in August as com-
pared with birth in September because the diag-
nosis of those conditions is not influenced by
the relative behavior of a child within a class.?
Fourth, we modified our baseline analysis with
the use of a multivariable linear-regression model,
with adjustment for a detailed set of covariates,
including the sex of the child, the age of each
insured parent, and the Charlson comorbidity in-
dex for each parent. (The Charlson comorbidity
index includes 19 conditions and is used to pre-
dict 10-year mortality; values range from 0 to 37,
with higher values indicating more coexisting
conditions.?) We also adjusted for indicator vari-
ables for status with respect to asthma, anxiety,
depression, obsessive—compulsive disorder, bipolar
disorder, obesity, and diabetes in children and
parents. Fixed effects for the year of birth and
state of residence of each child were also included.
Finally, we performed a regression-discontinuity
analysis (see the Supplementary Appendix). Analy-
ses were performed with Stata software, version
15 (StataCorp). The 95% confidence interval
around the reported estimates reflects an alpha
level of 0.025 in each tail (or P<0.05). P values
were calculated with the use of t-tests of the
coefficients from linear-regression models.

RESULTS

STUDY POPULATION

The study population included 407,846 children
who were born in the period from 2007 through
2009 and were entering kindergarten from 2012
through 2014. There were no significant differ-
ences between August-born children and Septem-
ber-born children in identifiable characteristics
such as sex or status with respect to chronic
diseases or in the parents’ ages or status with

respect to chronic diseases (Table 1). The distri-
bution of births across months was even, and no
discontinuous cutoffs in births occurred around
September 1 (Fig. S1 in the Supplementary Ap-
pendix).

ADHD DIAGNOSIS AND TREATMENT

The rate of ADHD diagnosis was 85.1 per 10,000
children born in August (309 cases among
36,319 children; 95% confidence interval [CI],
75.6 to 94.2) and 63.6 per 10,000 children born
in September (225 cases among 35,353 children;
95% CI, 55.4 to 71.9) — an absolute difference
of 21.5 per 10,000 children (95% CI, 8.8 to 34.0)
and a 34% higher rate among children born in
August than among children born in September
(Fig. 1). Month-to-month differences in diagno-
sis rates were not significant for all other con-
secutive pairs of months. Rates of ADHD treat-
ment were 52.9 per 10,000 children born in
August (192 of 36,319 children; 95% CI, 45.4 to
60.3) and 40.4 per 10,000 children born in Sep-
tember (143 of 35,353 children; 95% CI, 33.8 to
47.1) — an absolute difference of 12.5 per 10,000
children (95% CI, 2.43 to 22.4) and a 32% higher
rate among children born in August. Adjustment
of the main analyses for child and parental char-
acteristics did not affect these findings. Similar
findings were also observed in an analysis that
compared trends in ADHD diagnosis within 7-day
birth cohorts from 3 weeks before to 3 weeks after
the September 1 cutoff. (For more information,
see Figs. S2 through S4 in the Supplementary
Appendix.)

In an analysis that assessed children younger
than 4 years of age (before school entry) and
younger than 7 years of age (after all children
are in school), there was no significant differ-
ence in the ADHD diagnosis rate between August-
born and September-born children by age 4 (the
diagnosis rate for August-born children was high-
er than that for September-born children by 0.2
per 10,000 children; 95% CI, -5.6 to 5.9), but there
was a significant difference by age 7 (the diag-
nosis rate for August-born children was higher
than that for September-born children by 17.8
per 10,000 children; 95% CI, 6.8 to 28.7) (Figs. S5
and S6 in the Supplementary Appendix).

We replicated the main analysis in states that
do not use September 1 as the cutoff for entry
into kindergarten. The difference in diagnosis
rates between August-born children and Septem-
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Table 1. Characteristics of the Study Population.*

Children Born in August  Children Born in September P Value for
Cohort and Characteristic (N=36,319) (N=35,353) Difference
Children
Year of birth — no. (%)

2007 11,136 (30.7) 10,244 (29.0)

2008 12,421 (34.2) 12,562 (35.5)

2009 12,762 (35.1) 12,547 (35.5) 0.32
Female sex — no. (%) 17,755 (48.9) 16,970 (48.0) 0.02
Chronic conditions — no. (%)

ADHD 268 (0.7) 176 (0.5) <0.001

Asthma 3169 (8.7) 3048 (3.6) 0.62

Anxiety 105 (0.3) 121 (0.3) 0.20

Depression 7 (<0.1) 5 (<0.1) 0.60

Obsessive—compulsive disorder 11 (<0.1) 10 (<0.1) 0.88

Bipolar disorder 4 (<0.1) 3 (<0.1) 0.73

Diabetes 37 (0.1) 47 (0.1) 0.22
Charlson comorbidity indexy 0.5 0.5 0.98
Parents
Female sex— no./total no. (%) 12,707/24,774 (51.3) 12,447/24,200 (51.4) 0.75
Chronic conditions — no./total no. (%)

ADHD 708/24,774 (2.9) 697/24,200 (2.9) 0.88

Asthma 1,547/24,774 (6.2) 1,461/24,200 (6.0) 0.34

Anxiety 3,434/24,774 (13.9) 3,317/24,200 (13.7) 0.62

Depression 1,143/24,774 (4.6) 1,068/24,200 (4.4) 0.29

Obsessive—compulsive disorder 133/24,774 (0.5) 130/24,200 (0.5) 0.99

Bipolar disorder 158/24,774 (0.6) 144/24,200 (0.6) 0.55

Diabetes 1,842/24,774 (7.4) 1,798/24,200 (7.4) 0.98
Mean age —yr 36.3 36.2 0.11
Charlson comorbidity indexy 1.03 1.02 0.21

s

attention deficit-hyperactivity disorder.

“ P values reflect t-tests for continuous variables and chi-square comparisons for categorical variables. ADHD denotes

T The Charlson comorbidity index includes 19 conditions and

is used to predict 10-year mortality; scores range from 0 to

37, with higher scores indicating more coexisting conditions.

ber-born children that was present in states with
a September 1 cutoff was not present in states
that do not use this cutoff; the absolute differ-
ence in ADHD diagnosis rates between August-
born and September-born children in states that
do not use the September 1 cutoff was 8.9 diag-
noses per 10,000 children (95% CI, -14.9 to
20.8) (Fig. 2). This suggests that unobservable
factors that differed between August-born and
September-born children that could have corre-
lated with ADHD diagnosis were probably not

responsible for the main finding of differences
in observed rates in states with a September 1
cutoff. Rates of three prespecified childhood
conditions (asthma, obesity, and diabetes), the
diagnosis and treatment of which are unlikely to
be affected by school performance and relative
age within a school cohort, did not differ be-
tween August-born and September-born children
(Fig. S7 in the Supplementary Appendix).

In an analysis that included stratification ac-
cording to sex, the rate of ADHD diagnosis
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Figure 1. Differences in Diagnosis Rates of Attention Deficit—Hyperactivity Disorder (ADHD) According to Month of Birth.

Each point represents the absolute difference in the rate of ADHD diagnosis per 10,000 children between children born in a given month
and children born in the following month. For example, the “Aug. vs. Sept.” marker indicates that the absolute difference in the diagno-
sis rate between children born in August and children born in September was 21.5 per 10,000 children (95% Cl, 8.8 to 34.0). The dashed
line indicates no difference. I bars indicate 95% confidence intervals. ADHD diagnosis was defined on the basis of a diagnosis code for

filled for an ADHD medication.

ADHD according to the International Classification of Diseases, 9th Revision (ICD-9), on billing claims or on the basis of a prescription

among boys who were born in August was
higher by 32.5 per 10,000 children (95% CI, 11.9
to 53.2) than the rate among boys born in Sep-
tember. The rate among girls born in August
was higher by 10.7 per 10,000 children (95% CI,
—3.2 to 24.6) than among girls born in Septem-
ber, but this difference was not significant
(Fig. 3).

Among children receiving medication for
ADHD, children born in August received an aver-
age of 120 more days of medication (95% CI, 40
to 200) than children born in September, which
suggests that among children who received a
diagnosis of ADHD and were treated for it, the
higher rate of ADHD diagnosis among August-
born children was not accompanied by less in-
tensive treatment (Fig. S8 in the Supplementary
Appendix).

DISCUSSION

Using data through 2015 from a large national
insurance database, we found that in states with
an age cutoff at September 1 for kindergarten
entry, children born in August were significantly
more likely to receive a diagnosis of ADHD than
children born in September. Furthermore, chil-
dren in these states who were born in August
were more likely than children born in Septem-
ber to receive medical treatment for ADHD. The
demographic and clinical characteristics were
similar in August-born and September-born chil-
dren and in their parents. There were no signifi-
cant differences in the rates of ADHD diagnosis
in any other pairs of birth months or in the rates
of various medical conditions for which diagno-
ses are not expected to be affected by child-to-
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I bars indicate 95% confidence intervals. ADHD diagnosis was defined on
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The dashed line indicates no difference. I bars indicate 95% confidence
intervals. ADHD diagnosis was defined on the basis of an ICD-9 diagno-
sis code for ADHD on billing claims or a prescription filled for an ADHD
medication.
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child comparisons of behavior in a school set-
ting. Finally, we found no significant differences
in rates of ADHD diagnosis between August-born
and September-born children who were living in
states without a September 1 cutoff for kinder-
garten entry, nor did we find, in states with a
September 1 cutoff, differences between August-
born and September-born children who had not
yet started school.

The results of this study suggest that a child’s
age relative to the ages of classmates could af-
fect the likelihood that the child will receive a
diagnosis of and treatment for ADHD. We found
that among children who were taking ADHD
medications, the average duration of treatment
among children born in August was significantly
longer than that for children born in September,
which suggests that the children born in August
who received a diagnosis of ADHD because of
their August birthdays received more intensive
treatment than the average child with ADHD who
was born in September.

These results emphasize the importance of
the context of other children in a child’s grade
in the diagnosis and treatment of ADHD, and
the results complement previous studies that have
shown a relationship between ADHD and birth-
month cohort.® Our study used more recent
data than other published studies and focused
on young children (4 to 7 years of age), for
whom the possibility of a diagnosis of ADHD on
the basis of child-to-child comparisons may be
most relevant. Our analyses were based on data
from insurance claims rather than on survey re-
ports, which are vulnerable to recall bias and pos-
sible overestimation of the prevalence of ADHD.

Given the potential adverse effects associated
with ADHD medications,? the possibility that a
child might receive medication as a result of an
arbitrary cutoff date for school entry may be of
interest to physicians, teachers, and parents. Be-
cause of the limitations of our method of data
collection and study design, we could not assess
the independent roles of teachers, parents, and
physicians in ADHD diagnoses. However, given
that teachers and parents observe children in the
context of their school cohort and physicians do
not, it is possible that teachers and parents may
be the first to determine that a child’s behavior
appears to be anomalous relative to peers. Previ-
ous studies have shown that there is a significant
difference in teachers’ assessments of the pres-
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ence of ADHD symptoms in children born in
August as compared with children born in Sep-
tember and that the difference is much smaller
when parents make these assessments, which
suggests that teachers have a stronger role in
ADHD diagnosis than parents.’>?* The age of the
child relative to peers may be useful to physi-
cians in assessing whether behaviors reported
by teachers and parents are indeed indicative
of ADHD.

There are several limitations of our study.
First, we were unable to assess the appropriate-
ness of an ADHD diagnosis in any child or the
outcomes related to treatment. Because of this,
we cannot conclude that ADHD is overdiagnosed
in children born in August relative to children
born in September. It is possible that the addi-
tional August-born children who receive ADHD
diagnoses are receiving the appropriate diagno-
sis, and that there are September-born children
who have ADHD that remains undiagnosed. In
addition, children born in August who are among
the youngest in their class may benefit from the
additional attention that is associated with an
ADHD diagnosis, especially given evidence that
younger children in a school cohort do not per-
form as well as older children in academic and
athletic measures, that fewer of them attend
college, and that they are more likely to engage
in juvenile criminal behavior.**% We are able to
conclude only that a child’s age relative to peers
has an association with diagnosis and treatment
rates of ADHD, not whether this association is
harmful or helpful.

Second, data from insurance claims do not

allow us to determine when a child starts school.
Parents may delay school entry for children born
in August, which would mean that those children
start school at 6 years of age rather than 5 years
of age. Because we did not directly observe chil-
dren’s ages when they entered school, we cannot
know how often this occurred. However, this
behavior on the part of parents should mean
that our results underestimate the true effects
on children of being among the youngest mem-
bers of a grade cohort as compared with the old-
est members of a grade cohort in the probability
of receiving a diagnosis of ADHD, since some of
the children with August birthdays actually start
school at the same age as the children with Sep-
tember birthdays. Finally, our claims data in-
cluded only children who had employer-provided
insurance coverage and specifically excluded
Medicaid and uninsured patients, which yielded
a selected group with a lower rate of ADHD diag-
nosis than the national average.!

In conclusion, using recent data and several
analytic approaches, we confirmed findings from
previous studies that in states with September 1
cutoffs for kindergarten entry, children born in
August are significantly more likely to receive a
diagnosis of and treatment for ADHD than chil-
dren born in September. Our findings are con-
sistent with the hypothesis that the context of
behaviors within a grade or school class influ-
ences the likelihood of a diagnosis of ADHD.
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