
Attention-deficit/hyperactivity disorder
(ADHD) is the most commonly diag-
nosed neurobehavioural disorder in

children and is widely treated with stimulant
and nonstimulant medications.1,2 Although the
specific causes of the disorder are unknown,
both genetic and environmental factors are
thought to contribute and may interact.3,4 Several
studies have investigated the potential associa-
tion between season of birth and incidence of
ADHD.5–9 Season of birth has been studied for a
number of mental and behavioural disorders,
including schizophrenia, for which an associa-
tion is well -established,10 and autism, for which
the evidence of an association is weaker.11–13

Among studies hypothesizing a causal relation
between season of birth and ADHD, a consistent
seasonal pattern has not been found.5–9

Two recent studies using survey and private
health plan data in the United States reported
that date of birth was a predictor of diagnosis
and treatment of ADHD based on the age at
which the patient started school.14,15 Because of

the cut-off dates of birth for entry to kinder-
garten, children within the same grade may be
almost one year apart in age; that is, children
with birthdates just before the cut-off will be
younger and may be less mature than their
classmates born at other times of year. These
studies found that children who were relatively
younger than their peers within the same grade
were more likely to receive a diagnosis or a pre-
scription for the pharmacologic treatment of
ADHD. This pattern persisted across states with
school entry dates at different times of year and
depended on the cut-off date rather than the sea-
son in which the child was born. This phenome-
non has been termed the relative-age effect and
has been found to affect outcomes in education
and  athletics.16,17

There have been few studies of the potential
effect of children’s relative age within a grade on
the treatment and diagnosis of ADHD, and it has
not been analyzed in populations outside of the
US. The reported prevalence of ADHD in the US
is high relative to international comparisons, and
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Background: The annual cut-off date of birth
for entry to school in British Columbia,
Canada, is Dec. 31. Thus, children born in
December are typically the youngest in their
grade. We sought to determine the influence
of relative age within a grade on the diagnosis
and pharmacologic treatment of attention  -
deficit/ hyperactivity disorder (ADHD) in
 children.

Methods: We conducted a cohort study
involving 937 943 children in British Columbia
who were 6–12 years of age at any time
between Dec. 1, 1997, and Nov. 30, 2008. We
calculated the absolute and relative risk of
receiving a diagnosis of ADHD and of receiv-
ing a prescription for a medication used to
treat ADHD (i.e., methylphenidate, dextroam-
phetamine, mixed amphetamine salts or ato-
moxetine) for children born in December com-
pared with children born in January.

Results: Boys who were born in December were
30% more likely (relative risk [RR] 1.30, 95%
confidence interval [CI] 1.23–1.37) to receive a
diagnosis of ADHD than boys born in January.
Girls born in December were 70% more likely
(RR 1.70, 95% CI 1.53–1.88) to receive a diagno-
sis of ADHD than girls born in January. Similarly,
boys were 41% more likely (RR 1.41, 95% CI
1.33–1.50) and girls 77% more likely (RR 1.77,
95% CI 1.57–2.00) to be given a prescription for
a medication to treat ADHD if they were born
in December than if they were born in January.

Interpretation: The results of our analyses show
a relative-age effect in the diagnosis and treat-
ment of ADHD in children aged 6–12 years in
British Columbia. These findings raise concerns
about the potential harms of overdiagnosis and
overprescribing. These harms include adverse
effects on sleep, appetite and growth, in addi-
tion to increased risk of cardiovascular events.
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American use of medications to treat ADHD
exceeds that of other developed countries, such
as Canada.18,19

We were interested in knowing whether the
effect of relative age was inherent in the Ameri-
can context (owing to underlying factors such as
differences in the health care system, cultural
attitudes or marketing by the pharmaceutical
industry), or whether it would be present in the
different context of Canada. We conducted a
cohort study to explore the influence of relative
age on the diagnosis and treatment of ADHD in
a large sample of children with data from a
nearly universal public health plan in British
Columbia, Canada. The cut-off date of birth that
allows entry into kindergarten or grade 1 in this
province is December 31. Consequently, chil-
dren born in December are typically the
youngest in their grade. We hypothesized that the
younger children within each grade would be
more likely to have a diagnosis of ADHD and to
have received prescriptions for the medications
used to treat ADHD.

Methods

Data sources
We used linked data from provincial administra-
tive health databases for prescription drugs
(PharmaNet), physician services (Medical Ser-
vices Plan) and hospital admissions (Canadian
Institute for Health Information Discharge
Abstracts Database). PharmaNet contains
records of all medications dispensed at commu-
nity pharmacies in British Columbia.20 Rates of
underreporting and misclassification were ex -
pected to be minimal, because the quality of the
data is checked when claims are transmitted.20

Similarly, data on physician services and admis-
sions to hospital were expected to be reliable on
the basis of studies comparing patient charts
with administrative data in Canada.21,22 Our data
were representative of most of the province’s
population and excluded only about 4% of resi-
dents; that is, those who are federally insured
and not covered by the province’s health plan,
the British Columbia Medical Services Plan (i.e.,
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Table 1: Percentages of boys and girls aged 6–12 years who received a diagnosis of attention-
deficit/hyperactivity disorder or treatment for the condition from a cohort of 937 943 children, by birth 
month 

 Boys Girls 

Month of 
birth 

Children, 
no. 

Received 
diagnosis, 

% 

Received 
treatment, 

% 
Children, 

no. 

Received 
diagnosis, 

% 

Received 
treatment, 

% 

January    39 136  5.7 4.4    37 448  1.6 1.1 

February    36 586  5.9 4.6    34 791  1.8 1.3 

March    41 512  6.0 4.7    38 658  1.9 1.4 

April    40 605  6.1 5.0    38 529  1.9 1.4 

May    42 724  6.5 5.2    40 621  1.9 1.4 

June    40 720  6.7 5.3    38 808  2.2 1.7 

July    41 829  7.3 5.8    40 149  2.3 1.7 

August    40 859  7.3 5.9    38 670  2.4 1.8 

September    41 111  7.6 6.2    38 739  2.6 1.9 

October    39 773  7.9 6.2    37 967  2.6 1.9 

November    37 409  7.8 6.2    35 535  2.6 1.9 

December    38 977  7.4 6.2    36 787  2.7 1.9 

Overall 481 241  6.9 5.5 456 702  2.2 1.6 

Trend test 
(p value)*  

–19.7 
(< 0.0001) 

–19.3 
(< 0.0001)  

–16.5 
(< 0.0001) 

–14.1 
(< 0.0001) 

RD (95% CI) 
Dec. v. Jan.†  

1.71 
(1.36 to 2.05) 

1.80 
(1.48 to 2.11)  

1.09 
(0.88 to 1.30) 

0.84 
(0.66 to 1.01) 

RR (95% CI) 
Dec. v. Jan.†  

1.30 
(1.23 to 1.37) 

1.41 
(1.33 to 1.50)  

1.70 
(1.53 to 1.88) 

1.77 
(1.57 to 2.00) 

Note: CI = confidence interval, RD = risk difference, RR = relative risk. 
*Cochran–Armitage trend test with one-sided p value. 
†Risk of receiving a diagnosis of or treatment for attention-deficit/hyperactivity disorder for children born in December 
compared with children born in January.  



Aboriginal people, prisoners, military personnel
and members of the Royal Canadian Mounted
Police).

Study design
The study period was Dec. 1, 1997, to Nov. 30,
2008. The study cohort comprised children
between the ages of 6 and 12 years any time dur-
ing the study period and who had been registered
in the provincial health plan for at least one year
before their entry into the cohort. Children
entered the cohort when the latest of the follow-
ing events occurred: their sixth birthday, the start
of the study period or having been covered by
the provincial health plan for one year. Follow-
up continued until the earliest of the following
events occurred: the day before their thirteenth
birthday, the end of the study period or the end
of coverage under the provincial health plan.

For our analysis of prescribed medications, we
included methylphenidate, dextroamphetamine,
mixed amphetamine salts and  atomoxetine.

We placed children in categories based on
their month of birth, then calculated the propor-
tion of children who received a prescription for a
medication used to treat ADHD and the propor-
tion of patients with a diagnosis of ADHD for
each month. To estimate the influence of relative
age, we used these proportions to calculate the
absolute risk difference (RD) and relative risk
(RR) of receiving an ADHD diagnosis and of
receiving a prescription for a medication to treat
ADHD for children who were born in December

compared with those born in January. We used a
Cochran–Armitage trend test to determine the
influence of relative age on diagnosis and pre-
scribing across all months of birth.

In addition to our main analysis, we con-
ducted analyses stratified by year and by age,
and a series of sensitivity analyses. In the analy-
sis stratified by year, we analyzed data in one-
year categories spanning December to Novem-
ber (e.g., 1997–98 refers to Dec. 1, 1997, to Nov.
30, 1998). In the analysis stratified by age, we
used one-year age groups from 6 to 12 years. As
sensitivity analyses, we conducted the same risk
calculations as in our main analysis, but changed
the birthdates used to define our cohorts. We
analyzed cohorts of children born Dec. 17–31 in
relation to children born Jan. 1–15 (in which a
relative-age effect was predicted) and compared
the result with control analyses comparing the
birthdate cohorts of Dec. 2–16 with Dec. 17–31,
and Jan. 1–15 with Jan. 16–30 (in which no
effect was ex pected). In addition, we analyzed
the cohort of children born Dec. 28–31 relative
to the cohort born Jan. 1–3.

Results

A total of 937 943 children were included in our
study. The percentages of children who received a
diagnosis of ADHD or a prescription for medica-
tion to treat ADHD are summarized by month of
birth in Table 1. The numbers of children in the
cohorts born in January and December were simi-
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Figure 1: Percentage of children aged 6 to 12 years receiving pharmacologic treatment for ADHD, by month
of birth. ADHD = attention-deficit/hyperactivity disorder. 



lar. Children in both groups had a mean age of
7.8 years upon entry to the cohort (data not
shown). The proportion of children receiving a
diagnosis of ADHD or treatment for ADHD in -
creased with each birth month from January to
September, for both boys and girls, then plateaued
until December (the percentage of boys receiving a
diagnosis decreased slightly in December). These
rising trends in diagnosis and treatment by birth
month were confirmed with Cochran–Armitage
tests (all one-sided p values < 0.001). The varia-
tion in ADHD treatment by birth month is pre-
sented in Figure 1, which shows an increase in the
percentage of children receiving treatment by
birth month.

The risk of diagnosis and treatment for ADHD
among children born in December versus those

born in January is reported in terms of absolute
RD and RR in Table 1. Boys who were born in
December were 30% more likely to have a diagno-
sis of ADHD than boys born in January, and girls
born in December were 70% more likely to have a
diagnosis of ADHD than girls born in January.
Similarly, boys born in December were 41% more
likely, and girls 77% more likely, to have a pre-
scription for a medication to treat ADHD than their
peers born in January.

The prevalence of diagnosis and treatment for
ADHD increased gradually from 1997–98 to
2007–08 for both boys and girls, peaking in the
most recent years (Table 2). The relative risk of
diagnosis and treatment for ADHD among chil-
dren born in December as compared with those
born in January remained relatively stable over
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Table 2: Risk of receiving a diagnosis of attention-deficit/hyperactivity disorder or treatment for the condition for children born in 
December compared with children born in January, by year  

Year of birth* 

Diagnosis Treatment  

Children, 
%† 

Risk, December v. January 
Children, 

%† 

Risk, December v. January 

RD (95% CI) RR (95% CI)‡ RD (95% CI) RR (95% CI)‡ 

Boys       

1997–98 2.6 0.62 (0.30 to 0.95) 1.30 (1.13 to 1.48) 3.4 1.04 (0.67 to 1.41) 1.39 (1.23 to 1.56) 

1998–99 2.6 0.91 (0.58 to 1.23) 1.46 (1.28 to 1.68) 3.2 0.97 (0.61 to 1.32) 1.40 (1.24 to 1.59) 

1999–00 2.6 0.72 (0.40 to 1.04) 1.36 (1.19 to 1.57) 3.1 1.07 (0.72 to 1.42) 1.47 (1.29 to 1.66) 

2000–01 2.5 0.45 (0.13 to 0.78) 1.21 (1.06 to 1.39) 3.1 0.88 (0.53 to 1.23) 1.37 (1.21 to 1.55) 

2001–02 2.7 0.78 (0.44 to 1.11) 1.36 (1.19 to 1.56) 3.2 1.28 (0.92 to 1.64) 1.56 (1.38 to 1.77) 

2002–03 3.0 0.77 (0.42 to 1.13) 1.32 (1.16 to 1.49) 3.3 1.25 (0.87 to 1.62) 1.50 (1.33 to 1.70) 

2003–04 3.2 0.75 (0.37 to 1.12) 1.27 (1.13 to 1.43) 3.5 1.02 (0.63 to 1.41) 1.36 (1.21 to 1.53) 

2004–05 3.4 1.01 (0.62 to 1.40) 1.36 (1.21 to 1.54) 3.6 1.22 (0.82 to 1.62) 1.42 (1.27 to 1.60) 

2005–06 3.5 1.04 (0.64 to 1.44) 1.35 (1.20 to 1.52) 3.6 1.05 (0.64 to 1.45) 1.35 (1.20 to 1.51) 

2006–07 3.7 0.94 (0.54 to 1.35) 1.31 (1.17 to 1.47) 3.7 1.01 (0.59 to 1.42) 1.32 (1.17 to 1.47) 

2007–08 3.7 0.62 (0.20 to 1.03) 1.19 (1.06 to 1.34) 3.7 1.02 (0.61 to 1.44) 1.33 (1.18 to 1.49) 

Girls       

1997–98 0.7 0.31 (0.13 to 0.48) 1.58 (1.21 to 2.06) 0.8 0.36 (0.18 to 0.55) 1.65 (1.27 to 2.13) 

1998–99 0.7 0.36 (0.19 to 0.53) 1.78 (1.35 to 2.36) 0.8 0.33 (0.16 to 0.50) 1.72 (1.30 to 2.28) 

1999–00 0.7 0.29 (0.12 to 0.47) 1.57 (1.19 to 2.06) 0.8 0.38 (0.19 to 0.56) 1.70 (1.31 to 2.21) 

2000–01 0.7 0.32 (0.14 to 0.50) 1.61 (1.23 to 2.10) 0.8 0.37 (0.19 to 0.56) 1.69 (1.30 to 2.19) 

2001–02 0.8 0.36 (0.18 to 0.55) 1.69 (1.30 to 2.21) 0.8 0.49 (0.30 to 0.68) 1.94 (1.49 to 2.52) 

2002–03 0.9 0.35 (0.15 to 0.55) 1.55 (1.21 to 1.99) 0.9 0.50 (0.29 to 0.70) 1.79 (1.41 to 2.29) 

2003–04 1.0 0.51 (0.30 to 0.72) 1.80 (1.41 to 2.29) 1.0 0.43 (0.21 to 0.64) 1.57 (1.25 to 1.98) 

2004–05 1.1 0.57 (0.35 to 0.78) 1.83 (1.44 to 2.31) 1.1 0.63 (0.41 to 0.85) 1.93 (1.53 to 2.44) 

2005–06 1.1 0.48 (0.26 to 0.70) 1.64 (1.30 to 2.06) 1.1 0.61 (0.39 to 0.84) 1.86 (1.48 to 2.36) 

2006–07 1.1 0.69 (0.45 to 0.92) 1.97 (1.56 to 2.48) 1.1 0.67 (0.44 to 0.90) 1.96 (1.55 to 2.48) 

2007–08 1.2 0.63 (0.38 to 0.87) 1.74 (1.40 to 2.18) 1.1 0.75 (0.51 to 0.98) 2.06 (1.63 to 2.60) 

Note: CI = confidence interval, RD = risk difference, RR = relative risk. 
*Data are grouped from December to November of the following year (e.g., 1997–98 refers to Dec. 1, 1997, to Nov. 30, 1998). 
†Children born in any month of the year who received a diagnosis of or treatment for attention-deficit/hyperactivity disorder. 
‡χ2 tests for heterogeneity of relative risk across yearly strata. Among boys, χ2 = 8.3 (p = 0.6) for diagnosis and χ2 = 7.6 (p = 0.7) for treatment; among girls, χ2 = 3.7 
(p > 0.9) for diagnosis and χ2 = 5.1 (p = 0.9) for treatment.   



time, with no statistically significant heterogeneity
in risk across yearly strata (Table 2). An elevated
risk of diagnosis and treatment for ADHD among
children born in December compared with Janu-
ary was present for all ages from 6 to 12 years
(Table 3). The RR for girls born in December
diminished at the higher end of this age range for
both diagnosis and treatment (χ2 tests for hetero-
geneity of RR p < 0.05 for diagnosis and p <
0.001 for treatment).

Sensitivity analyses
In our sensitivity analyses, children born during
the last two weeks of the year were at higher risk
of receiving a diagnosis of ADHD or treatment
for the condition than were children born in the
first two weeks of the year (analysis 1 in Table
4), in results similar to those of our main analy-
ses. Our control analyses of periods within
December and January produced results close to
the null (analyses 2 and 3 in Table 4). When we
considered cohorts of children born within three
days before and after the cut-off for entry to
school, the results were similar to those of our
main analyses (analysis 4 in Table 4). Risk of
diagnosis and treatment among boys was compa-

rable with the results of our analysis by birth
month; for girls, the risks were in the expected
direction, but our sample was small and the risk
of treatment was not statistically significant.

Interpretation

Main findings
Our results show a pattern of treating and diag-
nosing ADHD among children aged 6–12 years
in British Columbia that is consistent with a
 relative-age effect. Children born during the
month preceding the province’s cut-off date for
entry to school are typically the youngest and
least mature within their grade, and are at a
higher risk for treatment and diagnosis of
ADHD. Our sensitivity analyses support this in -
terpretation and discourage the alternative inter-
pretation that an underlying seasonality re lated
to the cause of the disorder is producing this
effect. A sudden change in risk appears to coin-
cide with the cut-off date for entry to school at
the end of the calendar year. Even children born
during the three days before the end of the calen-
dar year had a higher risk than children born dur-
ing the first three days of the following year,

Research

CMAJ, April 17, 2012, 184(7) 759

Table 3: Risk of receiving a diagnosis of attention-deficit/hyperactivity disorder or treatment for the condition for children born in 
December compared with children born in January, by age 

  Diagnosis Treatment 

  Risk, December  v. Jananuary  Risk, December v. January 

Age, yr 
Children, 

%*  RD (95% CI) RR (95% CI)† 
 Children, 

(%)* RD (95% CI) RR (95% CI)† 

Boys       

6 2.3 0.82 (0.56 to 1.08) 1.48 (1.31 to 1.68) 1.6 0.71 (0.48 to 0.93) 1.59 (1.37 to 1.85) 

7 3.1 0.96 (0.65 to 1.26) 1.38 (1.25 to 1.53) 2.6 1.02 (0.75 to 1.30) 1.53 (1.36 to 1.72) 

8 3.4 1.12 (0.81 to 1.43) 1.42 (1.28 to 1.56) 3.4 1.30 (0.99 to 1.62) 1.50 (1.36 to 1.65) 

9 3.6 0.90 (0.58 to 1.22) 1.30 (1.18 to 1.43) 4.0 1.24 (0.91 to 1.57) 1.41 (1.29 to 1.54) 

10 3.5 0.60 (0.29 to 0.92) 1.20 (1.09 to 1.31) 4.3 1.24 (0.90 to 1.58) 1.37 (1.26 to 1.49) 

11 3.3 0.73 (0.43 to 1.03) 1.27 (1.15 to 1.40) 4.3 1.32 (0.97 to 1.66) 1.38 (1.27 to 1.50) 

12 3.0 0.63 (0.35 to 0.92) 1.25 (1.13 to 1.38) 4.2 1.14 (0.81 to 1.48) 1.34 (1.23 to 1.46) 

Girls       

6 0.7 0.39 (0.24 to 0.54) 1.83 (1.44 to 2.32) 0.4 0.21 (0.10 to 0.33) 1.74 (1.28 to 2.37) 

7 0.9 0.41 (0.24 to 0.57) 1.68 (1.36 to 2.08) 0.7 0.45 (0.30 to 0.59) 2.04 (1.60 to 2.60) 

8 1.0 0.68 (0.50 to 0.86) 2.11 (1.73 to 2.57) 0.9 0.62 (0.45 to 0.79) 2.19 (1.76 to 2.71) 

9 1.1 0.67 (0.49 to 0.86) 1.90 (1.59 to 2.28) 1.2 0.87 (0.68 to 1.06) 2.25 (1.88 to 2.70) 

10 1.0 0.43 (0.26 to 0.60) 1.60 (1.32 to 1.93) 1.2 0.74 (0.55 to 0.93) 2.01 (1.68 to 2.41) 

11 0.9 0.38 (0.21 to 0.54) 1.54 (1.27 to 1.87) 1.2 0.55 (0.37 to 0.74) 1.69 (1.41 to 2.01) 

12 0.8 0.20 (0.04 to 0.36) 1.29 (1.06 to 1.57) 1.1 0.25 (0.08 to 0.43) 1.29 (1.08 to 1.54) 

Note: CI = confidence interval, RD = risk difference, RR = relative risk. 
*Children born in any month of the year. 
†χ2 tests for heterogeneity of relative risk across age strata. Among boys, χ2 = 12.2 (p = 0.06) for diagnosis and χ2 = 7.7 (p = 0.3) for treatment; among girls, χ2 = 15.3 
(p = 0.02)  for diagnosis and χ2 = 26.5 (p < 0.001) for treatment.     



despite being born in the same season (i.e., they
were all born within a six-day period).

The attenuation in rising risk for the birth
months from October to December, seen in Fig-
ure 1 and Table 1, may suggest that children pre-
disposed to ADHD have early behaviour prob-
lems that cause them to be held back from
school for a year, thus allowing them more time
to develop sociable behaviour.

Comparison with other studies
The relative-age effect we report, based on
 population-wide public data in British Columbia,

is consistent with analyses of relative age in two
studies using survey and private health plan data
in the US.14,15

In our study, a sudden change in the percent-
age of children who received a diagnosis of
ADHD or treatment for the condition occurs
near Dec. 31, the cut-off date for entry to school
in the province of British Columbia. In the
American studies, a discontinuity occurred
around the dates for entry to school at the differ-
ent times of year for the different states. In inter-
preting their findings, the authors of those stud-
ies considered that the relative immaturity of
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Table 4: Sensitivity analyses for risk of receiving a diagnosis of attention-deficit/hyperactivity disorder 
or treatment for the condition for children aged 6–12 years who were born in different periods 

  
Exposed 
cohort 

Unexposed 
cohort RD (95% CI) RR (95% CI) 

Analysis 1, date of 
birth Dec. 17–31 Jan. 1–15   

Boys, no. 14 853 15 068   

 Diagnosis, no. (%)  1 085 (7.3) 856 (5.7) 1.62 (1.07 to 2.18) 1.29 (1.18 to 1.40) 

 Treatment, no. (%) 884 (6.0) 666 (4.4) 1.53 (1.03 to 2.03) 1.35 (1.22 to 1.49) 

Girls, no. 13 960 14 529   

 Diagnosis, no. (%) 376 (2.7) 231 (1.6) 1.10 (0.77 to 1.44) 1.69 (1.44 to 1.99) 

 Treatment, no. (%) 261 (1.9) 150 (1.0) 0.84 (0.56 to 1.12) 1.81 (1.48 to 2.21) 

Analysis 2, date of 
birth Dec. 2–16 Dec. 17–31   

Boys, no. 18 957 14 853   

 Diagnosis, no. (%)  1 420 (7.5)  1 085 (7.3) 0.19 (–0.38 to 0.75) 1.03 (0.95 to 1.11) 

 Treatment, no. (%)  1 190 (6.3) 884 (6.0) 0.33 (–0.19 to 0.84) 1.05 (0.97 to 1.15) 

Girls, no. 17 924 13 960   

 Diagnosis, no. (%) 469 (2.6) 376 (2.7) –0.08 (–0.43 to 0.28) 0.97 (0.85 to 1.11) 

 Treatment, no. (%) 347 (1.9) 261 (1.9) 0.07 (–0.24 to 0.37) 1.04 (0.88 to 1.21) 

Analysis 3, date of 
birth Jan. 1–15 Jan. 16–30    

Boys, no. 15 068 19 154   

 Diagnosis, no. (%) 856 (5.7)  1 103 (5.8) –0.08 (–0.57 to 0.42) 0.99 (0.90 to 1.08) 

 Treatment, no. (%) 666 (4.4) 837 (4.4) 0.05 (–0.39 to 0.49) 1.01 (0.92 to 1.12) 

Girls, no. 14 529 18 179   

 Diagnosis, no. (%) 231 (1.6) 276 (1.5) 0.07 (–0.20 to 0.34) 1.05 (0.88 to 1.25) 

 Treatment, no. (%) 150 (1.0) 194 (1.1) –0.03 (–0.26 to 0.19) 0.97 (0.78 to 1.20) 

Analysis 4, date of 
birth Dec. 29–31 Jan. 1–3   

Boys, no. 3 907 3 609   

 Diagnosis, no. (%) 272 (6.7) 190 (5.3) 1.70 (0.62 to 2.78) 1.32 (1.10 to 1.58) 

 Treatment, no. (%) 252 (6.5) 155 (4.3) 2.16 (1.14 to 3.17) 1.50 (1.24 to 1.82) 

Girls, no. 3 710 3 491   

 Diagnosis, no. (%) 93 (2.5) 59 (1.7) 0.82 (0.16 to 1.48) 1.48 (1.07 to 2.05) 

 Treatment, no. (%) 74 (2.0) 49 (1.4) 0.59 (0.00 to 1.19) 1.42 (0.99 to 2.03) 

Note: CI = confidence interval, RD = risk difference, RR = relative risk. 



younger students within a grade may lead to the
inappropriate diagnosis of ADHD.

Although the alternative interpretations that
underdiagnosis takes place in older children or
that the social pressures on younger children
amplify the symptoms of the disorder must also
be considered, the evidence of a relative-age
effect in our study raises the concern of overdiag-
nosis and overtreatment of ADHD in younger
children within a grade. The potential harms of
overdiagnosis and unnecessary pharmacologic
treatments are important to consider. Children
who are given medications to treat ADHD are
exposed to adverse effects on sleep, appetite and
growth, in addition to an increased risk of cardio-
vascular events.23 Inappropriate diagnosis of
ADHD in a child born late in the year might lead
parents and teachers to treat the child differently
or adversely change the child’s self-perceptions.
Our analyses add weight to concerns about the
medicalization of the normal range of childhood
behaviours, particularly for boys.

Our data underscore the dimensional and
developmental nature of the symptoms of
ADHD24 and the impact of contextual expecta-
tions on the likelihood of the diagnosis being
made. Age-corrected rating scales and develop-
mentally appropriate evaluation are therefore
essential, but such a strategy may not be enough
to fully eliminate the relative-age effect. Con-
founding influences may still exist, such as the
expectations of parents and teachers, or the
child’s self-perception in the classroom. For
example, inadvertent reinforcement may mag-
nify the apparently inattentive, distracting or
impulsive behaviours of the youngest children in
a class, such as escaping from a difficult acade-
mic task (negative reinforcement) or receiving
attention from teachers and peers for disruptive
behaviour (positive reinforcement). A previous
study found that teachers’ perceptions of child
behaviour were more strongly related to a child’s
age within a grade than were parental percep-
tions, suggesting that 

[T]eachers’ opinions of children are the key mecha-
nisms driving the relationship between school starting
age and ADHD diagnoses.14

It is possible that closer consideration of a
child’s behaviour in multiple contexts, including
those outside of school, may lessen the risk of
unnecessary diagnosis when assessing children
for ADHD.

Limitations
We aimed to determine the influence of birth
month on diagnosing and prescribing medica-

tions for ADHD, but our study faced certain limi-
tations. To interpret the increased risk of diagno-
sis and treatment among younger children within
a grade as overdiagnosis or overprescribing
implies an assumption as to appropriate levels of
diagnosis and treatment, such as that children
born in January received appropriate levels of
diagnoses and treatment. However, the true inci-
dence of ADHD is unknown. The proportion of
children born in January who received a diagno-
sis of ADHD might underestimate incidence of
the disorder if more mature children within each
grade are better able to cope with an underlying
disorder. However, it is possible that the January
proportion overestimates the incidence if a larger
issue of overmedicalization of childhood behav-
iour exists.

Conclusion
Our analyses show a relative-age effect in the
diagnosis and treatment of ADHD in children
aged 6–12 years in the province of British
Columbia. The strength of this effect remained
relatively stable for the duration of our 11-year
study. Although the prevalence of diagnosis and
treatment for ADHD remains considerably
higher among boys, it increased over time for
children of both sexes in this age range. 

Although the influence of relative age on
diagnosis and treatment may lessen for older
children, we found the effect was present at all
ages from 6 to 12 years, for girls and boys alike.
The potential harms of overdiagnosis and over-
prescribing and the lack of an objective test for
ADHD strongly suggest caution be taken in as -
sessing children for this disorder and providing
treatment. Greater emphasis on a child’s behav-
iour outside of school may be warranted when
assessing children for ADHD to lessen the risk
of inappropriate diagnosis. Further research into
the determinants of ADHD and approaches to its
assessment and treatment should consider a
child’s age within a grade.
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