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Abstract

Objective—Little is known about the effect of social context and gender on ADHD persistence
in children of early and middle school years. The study compares persistence of DSM-1V
attention-deficit/hyperactivity disorder (ADHD) and ADHD not otherwise specified (NOS) over
two years, in two groups of Puerto Rican children.

Method—A three wave study obtained data on Puerto Rican children aged 5 through 13 years at
baseline. Samples were drawn in the south Bronx in New York (N = 1,138) and two metropolitan
areas in Puerto Rico (N = 1,353). The Diagnostic Interview Schedule for Children-1V was used to
diagnose ADHD and ADHD-NOS.

Results—ADHD or ADHD-NOS diagnosis at wave 1 strongly predicted disorder at waves 2 and
3. ADHD has a significantly stronger predictive effect than ADHD-NOS consistently across site
and gender. There is a significant interaction with baseline age. For those younger at baseline the
strength of the prediction of ADHD-NOS is relatively weak; for older children the presence of
ADHD-NOS at baseline predicts risk of subsequent ADHD or ADHD-NOS.

Conclusions—~Persistence of ADHD in children of similar ethnicity does not manifest
differently across context and gender. Results suggest that age-specific symptom criteria and
modification of age of onset criteria should be considered for the diagnosis.
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Attention-deficit hyperactivity disorder (ADHD) can affect individuals across the life span.!
The Fourth Edition of DSM (DSM-1V)! vaguely defines a subthreshold condition, ADHD
not otherwise specified (ADHD-NOS), as “disorders characterized with prominent
symptoms of inattention or hyperactivity-impulsivity that do not meet criteria” for ADHD.
The number of symptoms required for “prominence” or the degree of impairment necessary
for the diagnosis are not provided. Discussions about how to deal with these aspects of
ADHD continue as the proposed edition (DSM-V) is being prepared. In the methods section
we provide the operational definition of ADHD-NOS that is used in this study.

ADHD is considered to be a persistent disorder. Persistence has been studied using different
diagnostic criteria and assessment procedures. Most existing studies were carried out using
clinical samples without strictly applying DSM-IV criteria at baseline and/or follow-up
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assessments.? In a meta analysis of over thirty studies, Faraone, Biederman and Mick3
reported that persistence rates varied from less than 5% to more than 85%, a variability
partly due to methodological issues such as how diagnosis was made (whether ADHD
involved only a full threshold diagnosis or included subthreshold ADHD), the interval
between measurements and the age at initial assessment. In general, studies of older children
found less persistence than those of younger children. Greater persistence was found when
the follow-up criterion included subthreshold as well as full diagnosis.

Most studies in the meta-analysis3 involved treated cases, and emphasized persistence from
childhood to adulthood. Whether subjects are treatment referred or randomly drawn from the
community is of critical importance, as both prevalence and persistence are found to be
lower in community samples. Clinic-referred subjects have more symptomatology and
impairment.# Other characteristics of referred samples have been associated with persistence
of ADHD, including psychiatric comorbidity, psychosocial adversity, and early childhood
hyperactivity.>~" Presumably clinical treatment affects the presence or absence of
subsequent symptoms and could confound the results when persistence is studied in clinic-
referred samples. Even in community studies, a proportion of children with the diagnosis
will be receiving treatment, as was true in our sample.8

Symptoms of ADHD decline with age,62:10 and lower rates of persistence during
adolescence and adulthood may not reflect a true decline of the disorder. The decline may be
an artifact of DSM-IV symptom criteria in that characteristics typical of older adolescent or
adult ADHD are not specified in the manual. Current criteria require 6 of 9 symptoms of
inattention or 6 of 9 symptoms of hyperactivityimpulsivity. Older individuals may cope
better with the disorder and report fewer symptoms. Some adolescents and adults may
seemingly have remitted because established symptom thresholds are insufficiently sensitive
to detect the disorder at older ages, because a different symptom typology in older age
groups involves symptoms that are not elicited,311 or possibly because of a different age of
onset. Such issues have forwarded a discussion of whether DSM-V should lower symptom
thresholds for older adolescents and adults or whether they require a different
operationalization of the disorder. The discussion, nevertheless, highlights the importance of
considering both a lower threshold and an older age of onset in the definition of ADHD.12

Presence and persistence of symptoms may manifest differently across context and gender
due to sociocultural variations in what is considered normative behavior.13 Persistence may
be greater in contexts where chronic stress from discrimination or economic disadvantage
exists. Despite the fact that ADHD is viewed as a neurobiological disorder, its persistence,
comorbidity, and the degree of associated impairment may be influenced by contextual
factors, such as psychosocial adversity.>’ To our knowledge no studies have systematically
studied the effects of psychosocial variables on the persistence of ADHD. Gender may
further moderate the influence of contextual factors over time. Little is known about gender
differences in the trajectory of ADHD or subthreshold ADHD. Existing evidence does not
support gender differences in persistence over time 1415

There are important gaps in the current literature on persistence of ADHD among children.
Only three studies reviewed employed DSM-IV diagnostic assessments both at baseline and
follow-up,®16:17 with only one carried out on a non-clinical sample.1” The latter was a twin
study to test stability of ADHD subtypes, with a sample not representative of children in the
community. The literature does not contain information about the persistence of ADHD
among school age children who may or may not have been assigned to treatment.

In this report we address this gap using existing data from the Boricua Youth Study
(BYS).18-20 These data provide an exceptional opportunity to study how context can
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influence the presence and persistence of ADHD symptoms across development over a
three-year period. The assessments at three time points, one year apart, can shed light on the
timing of changes in the frequency of ADHD diagnosis. This is the first study to evaluate the
persistence of ADHD and ADHD-NOS in a community sample using DSM-1V diagnostic
assessments at both baseline and follow-up. The study considers the influence of context,
baseline age, and gender on the persistence of the disorder.

Previous reports provide the parent study's methodology and findings.8:18-20 In brief, the
longitudinal study was designed to assess prevalence, associated comorbidities and risk
factors of disruptive behavior disorders among Puerto Rican children in two contexts: The
South Bronx (SB) in New York City (N=1,138) and the Standard Metropolitan Areas in San
Juan and Caguas, Puerto Rico (PR) (N=1,353). Children aged 5 to 13 years at baseline were
followed over three waves one year apart (mean 349.6 days; SD 54.6). Each sample is a
multistage probability sample of households of the target populations, and each can be
weighted to represent the populations of Puerto Rican children in the SB and PR. A
household was eligible if: (1) there was at least one child residing in the household aged 5
through 13 years identified as being of Puerto Rican background and (2) at least one of the
child's parents or primary caretakers also self-identified as being of Puerto Rican
background. Up to three eligible children per household were selected at random to
participate.

Children and caretakers were interviewed in English or Spanish, using the Diagnostic
Interview Schedule for Children (DISC-1V)21:22 and other measures previously described by
Bird et al.18 The DISC was not administered to children under 10 years because the
reliability of younger informants' responses to the DISC is questionable.2324 In order to
have the same information base for all subjects aged 5 through 13 years, cases of ADHD
were defined using only data obtained from the adult informant on the DISC-1V.

Test-retest reliability of parent reports for ADHD diagnosis is acceptable (K=0.49 for the
Spanish DISC-1V and K=0.60 for the English DISC-1V), representing fair to good
agreement.21:22 For the ADHD schedule, agreement between lay interviewer and clinician
administered DISC-1V as well as agreement with clinical judgment has fluctuated from fair
to good.2425

Adult informed consent and youth assent used forms and procedures approved by the New
York State Psychiatric Institute and the University of Puerto Rico Medical School
Institutional Review Boards. Characteristics of the interviews have been previously
reported.18.19 Data collection for the three-wave study spanned a period of almost four years
averaging approximately one year between waves for each respondent. Attrition was low
with subject retention over three waves approximately 90%.20 Because all study data were
computerized, interviewers were blind to any results from previous waves of the study.

Diagnostic Status

We constructed three categories of diagnostic status: (1) neither current ADHD nor ADHD-
NOS, (2) current ADHD and (3) current ADHD-NOS. The ADHD-NOS category was
operationalized assigning the diagnosis of “ADHD-NOS” both to those that meet ADHD
symptom and impairment criteria but do not meet the onset before age 7 criterion (n=56) and
those who are symptomatically subthreshold (defined below) for the ADHD diagnosis and
have associated impairment (n=176). To assess impairment, parents of children who either
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meet symptom criteria or who are subthreshold are asked a standard series of six, two-part
questions about impairment in six domains: relationship with parents/caretakers,
participation in family activities, participation in peer activities, relationship with teachers
(boss), academic (occupational) functioning, and distress. Each domain utilizes a stem/
contingent structure, where the stem determines if there is any “impairment” and the
contingent measures frequency or severity. Including impairment in the operationalization of
ADHD-NOS was considered important in order to maintain false positives at a minimum
and to be faithful to DSM-1V requirements for clinical significance. The subthreshold
grouping does not consider age of onset but follows the suggestions of the DISC developers
(P. Fisher, Personal communication). More specifically, the subject does not meet full
criteria for ADHD but needs to have at least half (3 to 5) of the symptoms present in either
ADHD dimension (inattentive or hyperactive/impulsive), needs to manifest the symptoms in
at least two settings (ADHD Criterion C) and has either a moderate rating of impairment in
at least two of the six domains measured, or a severe rating in at least one domain (Criterion
D). This definition qualifies for the vague definition of ADHD-NOS provided in DSM-1V
and fits well with the examples provided in DSM-1V Revised text (2000).26

Statistical Analyses

We adjusted for differences in the probability of selection due to sample design and
differences from the 2000 census in the age/gender distribution. For estimates of means,
rates and correlations among variables, we used SUDAAN software (release 8)%7 to
compute weighted estimates and to adjust standard errors for intraclass correlations induced
by multi-stage sampling, with children nested within households and households nested
within primary sampling units.

Because youth in the two sites might have differed in multiple ways besides living in
different locations, we carried out a propensity score adjustment in the analysis. This method
creates groups of PR and SB youth that appear to be comparable on a number of factors,
including a combination of maternal age, maternal education and family income. Using
logistic regression, we created a model that predicted who would be expected to be from PR
on the basis of youth and family characteristics. This allowed us to identify SB youth who
had characteristics similar to PR youth (i.e. would be predicted to have been in the PR
sample rather than their true SB sample), and also the opposite, PR youth who had
characteristics similar to SB youth. Following conventions five propensity score strata were
defined that contained youth who were relatively similar with regard to their mother's age,
education and family income.28 We included variables that represented these strata in the
analysis to adjust for site differences

Analytic strategy for overall persistence—The goal is to determine the degree to
which ADHD and ADHD-NQOS predict those disorders in subsequent years. The outcome is
whether a youth showed either ADHD or ADHD-NQOS at the second and/or third waves. The
independent variable is baseline diagnoses of ADHD, defined as mutually exclusive
categories of ADHD, ADHD-NQOS, or neither. Because the outcome is a binary repeated
measure, we use logistic regression with generalized estimating equations.2® Adjustments
are made for site through propensity score groups based on site, gender, and age at baseline.
Our analytic model emphasizes persistence from the baseline (wavel) assessment to later
assessments (wave 2 or 3),We include an indicator of whether the outcome is observed at
wave 2 or 3 to determine if the degree of persistence decreases as the length of follow-up
increases.

Analytic strategy to assess the influence of context, gender and age—Two
variations of the logistic model were considered. In the first, we focused on the main effects

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2011 June 21.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bauermeister et al.

Results

Page 5

of ADHD diagnosis after adjusting for the propensity score variables, demographics and
time of outcome. In the second we included interactions of ADHD diagnosis with site,
gender and age to determine whether the predictive utility of diagnosis varied by site, gender
or age. For both sets of analyses we used the GENMOD procedure of SAS with adjustments
made for the complex survey design.

Rates of ADHD Disorders over Time

In Table 1 we report the rates of ADHD and ADHD plus ADHD-NOS (which we call
ADHD+) at follow-up for groups of children defined on the basis of their diagnostic status at
wave 1. For those who were diagnosed with ADHD or ADHD-NOS at wave 1 the rates that
appear in the Table indicate the rate of persistence. Overall the persistence of either baseline
ADHD or ADHD-NOS is higher when the outcome is ADHD+. Among those with wave 1
ADHD (only) there is a median persistence rate of 50% when the outcome is ADHD+
(Wave 1 ADHD to Wave 2 or 3 ADHD+). When the outcome is restricted to ADHD (Wave
1 ADHD to Wave 2 or 3 ADHD) the median persistence rate is 37%. Persistence of those
with wave 1 ADHD-NOS is lower: the median rate is 30% when the outcome is ADHD+
(Wave 1 ADHD-NOS to Wave 2 or 3 ADHD+) and is 8% if the outcome is defined as
ADHD (Wave 1ADHDNOS to Wave 2 or 3ADHD). Among those with neither ADHD nor
ADHD-NOS at wavel, the median rate of ADHD at either follow-up was 2% and 5% for the
broader outcome (ADHD+).

Persistence among males is generally higher than among females. For ADHD the level of
persistence diminished from wave 2 to 3, but for ADHD-NOS the level of persistence
remains generally constant over time. The comparison of rates across sites shows no simple
pattern.

Multivariate analyses—To further investigate the patterns of persistence over Waves 2
and 3, we carried out logistic regression analyses predicting overall ADHD+. These analyses
showed the degree to which rates of persistence noted in Table 1 were statistically stable
after adjustment for other variables. We included ADHD-NQOS in the outcome to fully
consider symptomatic persistence and to have a comprehensive understanding of the
progression and outcomes of the disorder.

Table 2 shows the results of the model predicting persistence of ADHD as a function of site,
gender, age, and ADHD status at baseline. The results of the main effect model are shown
on the left hand column. Even after adjusting for baseline diagnosis of ADHD or ADHD-
NQOS, girls were about half as likely to be diagnosed with either ADHD or ADHD-NOS
(ADHD+) than boys (B (SE) = ~0.589 (0.135), odds ratio [OR] = 0.55). There was also a
trend for youth in Puerto Rico to have slightly less ADHD+ at follow-up after adjusting for
disorder at baseline (B (SE) = ~0.24 (0.136), p =0.070, OR = 0.78). Finally, there was an
indication that the risk of ADHD+ decreased from wave 2 to wave 3 (B (SE)= ~0.334
(0.086), p<. 0001). The rate of disorder at wave 3 is on average, 72% of what it was in wave
2.

Persistence involves the relation of wave 1 diagnosis with disorder at follow-up. There is
significant persistence at waves 2 and 3. Those who had a diagnosis of ADHD at wave 1
were over 14 times more likely to have a diagnosis of ADHD or ADHD-NOS than those
with no disorder at Wave 1(B (SE) = 2.674 (0.179), p <. 0001), whereas those who had a
diagnosis of ADHD-NOS were about 6 times more likely to have the ADHD+ diagnosis at
waves 2 or 3. Although both baseline diagnoses were related to persistence, the full ADHD
diagnosis had a significantly stronger effect (32 (1) = 17.78, < p 0.001) than ADHD-NOS.
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To test whether persistence was consistent across site, gender and age we included
interactions of wave 1 diagnosis in the model (Model 2). There was no evidence of
interactions for site and gender, but there was a significant interaction for baseline age (x?
(2)=8.6, p <. 015). For those younger at baseline the strength of the prediction of ADHD-
NOS was relatively weak, but for older children the presence of ADHD-NOS at baseline
predicted risk of subsequent ADHD or ADHD-NOS that was similar to the prediction
strength of ADHD itself (Table 2).

To clarify the nature of the age and NOS interaction we divided the NOS group into those
who did not meet the necessary symptom criteria (Sx Sub; n=176) and those who met
symptom criteria but not the age of onset criterion (Sx Pos, AOC Neg; n=56). We then re-
estimated the interaction model presented in Table 2. Again there were no statistically
significant interactions between the ADHD diagnostic groups and site and gender. The only
statistically significant interaction was between age and the Sx Pos, AOC Neg group (B (SE)
=0.42(0.14), OR = 1.52, p < .01). The interaction in Table 2 can be attributed to the group
who did not meet criteria for ADHD due to the age on onset criteria (Figurel). We also
explored psychopharmacological treatment effects. In this model both stimulants (3 (SE)
=1.74 (0.24), OR = 5.67, p < .0001) and other medications (B (SE) =1.12 (0.43), OR = 3.05,
p < .01) were associated with higher persistence at follow up. The mean age of the 56 Sx
Pos, AOC Neg cases (10.87; SE=0.31) was significantly higher than the mean age of the Sx
Sub cases in the NOS group (9.38; SE=0.23) (t=3.44; < p .001). These two groups did not
differ significantly by gender (66.6% vs. 56.8%). About half (48.6%) of the Sx Pos, AOC
Neg cases were inattentive type, 36.9% were hyperactive-impulsive type, and 14.5% were
combined type. There were a significantly higher proportion of inattentive cases than
combined cases (p < .05). No significant differences were found in the proportion of
hyperactive-impulsive and combined cases (p >.05).

Finally, we checked if the associations in Table 2 were influenced by the definition of the
outcome as ADHD+. When the analyses were repeated using ADHD alone as outcome
(excluding ADHD-NOS), we obtained similar findings, although the overall level of
persistence was reduced (results from authors by request).

Discussion

Persistence of ADHD can be defined in several ways. In our assessment, we use a definition
that includes not only the full diagnosis as per DSM-1V, but also those with ADHD-NOS.
There is controversy in the field as to whether ADHD should be defined categorically or on
a continuum. In the authors' opinion, both approaches are equally important and each one
contributes to the conceptualization of the disorder. We recommend that clinicians,
educators and parents attend to children with a history of ADHD who continue to have
attention and impulse control problems, even when they fall short of a diagnosis. We found
that fewer than half of the youth with baseline DSM-1VV ADHD continued to have the full
disorder one year later, but a majority of these youth had persistent disorder with a more
inclusive decision rule that combines ADHD and ADHD NOS. ADHD defined more
stringently at Time 1 was the strongest predictor of persistence, regardless of how
persistence was defined. Furthermore, the combination of ADHD and ADHD-NOS
diagnosis at wave 1 was strongly predictive of persistence at waves 2 and 3. Although full
ADHD diagnosis was the strongest predictor, baseline ADHD-NOS was also a strong
predictor that added information even after adjusting for full ADHD. ADHD-NOS children
were 6 times more likely to have ADHD or ADHD-NOS diagnoses at follow-up. These
findings are consistent with Faraone et al.'s® conclusion, on a meta analysis of mostly
clinical studies, that persistence of ADHD is greater when cases identified as presenting
impairing symptoms such as ADHD in partial remission (a concept akin to ADHD-NQOS) are
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included in the follow-up. These findings argue for considering the continuum of ADHD
symptoms, even when categorical definitions are employed.

While ADHD is considered a chronic condition that theoretically should persist once
diagnosed, the persistence rates obtained are lower than anticipated. To our knowledge, no
other studies exist addressing this issue systematically in community samples, using DSM-
IV diagnostic instruments, so comparison with similar studies is not possible. In general
rates of persistence of ADHD in community samples tend to be considerably lower7:30-32
than those in clinical samples.3 Conceivably this finding is related to disorders in
community samples being generally less severe (fewer symptoms and less impairment) than
among subjects who seek clinical services; therefore the diagnosis of both ADHD and
ADHD-NOS in community subjects is probably less stable and subject to minor fluctuations
in both symptom levels or impairment. Community subjects that persist are in all likelihood
those requiring services, but our previous report8 showed that few subjects with the
diagnosis receive services, and among those, even fewer receive psychotropic medication
which is an important component in the treatment of ADHD. Receiving medication was not
an explanation for lower persistence. Paradoxically children receiving medication appear as
more persistent in waves 2 and 3, implying not so much that medication was not working
but that possibly that the more severe cases received treatment.

The significant interaction between ADHD-NOS and age at wave 1 suggests that persistence
of ADHD-NOS is greater among older than younger children. It is possible that a subset of
the older NOS cases are not diagnosed as full ADHD because DSM-IV symptom threshold
or content are not appropriate to the child's age or developmental level.3 In our analyses this
age interaction was better explained by cases with 6 or more inattention or hyperactivity-
impulsivity symptoms with a later age of onset. It has been argued that the age of onset
criterion should be revised and raised to at least 14 to 16 years.12 Presently the DSM 5
ADHD Workgroup considers changing this criterion to onset on or before 12 years. Other
authors question the clinical utility and validity of the age of onset criterion.12:33 As was true
in our findings, other research suggests that a sizeable proportion of those that meet
symptom criteria but are classified as ADHD-NOS because their onset is after age 7, involve
children with ADHD inattentive type. However, finding that 37 % of children that did not
meet AOC were ADHD Hyperactive-Impulsive was unexpected given previous findings and
lacks a clear explanation at present.3435 In brief, although both research and clinical
experience indicate that a lower symptom cut-off may be appropriate for older adolescents
and adults, our findings lend even greater support to the argument made by clinicians and
researchers alike that the onset criterion be raised to an older age regardless of the threshold.

As noted, differences in sampling, diagnostic criteria and ascertainment procedures make it
difficult to compare findings across published studies. From the literature reviewed, it could
not be determined whether other studies have considered context, site, or gender. Our study
is the first to examine these issues and the results indicate that persistence of ADHD in
children of similar ethnicity does not manifest differently across context and gender.

Psychosocial risk factors have been associated with ADHD persistence over time.® Children
in the South Bronx are exposed to more psychosocial risk factors than in Puerto Rico.18:19
However, contrary to our expectation, we did not find greater persistence of ADHD and
ADHD-NOS among Puerto Rican children in the South Bronx than those in P.R.

At any time point girls were about half as likely to be diagnosed with ADHD or ADHD-
NOS, however the pattern of persistence was the same for both genders. This finding is
consistent with a previous community study indicating that males and females present
similar risk factors and clinical profiles, including comorbidty,36 and that gender does not
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moderate the course of ADHD.15 Nevertheless, it is important to study the variables that
may influence the likelihood of persistence or may be masking absence of gender
differences in persistence.

A limitation of our study is that it can only address short-term persistence in relatively
young children. The study bears replication with other populations over a longer time span.
Also, direct teacher reports were not available. Our findings about school behaviors came
from parents who may not have been fully cognizant of their child's behavior at school. The
reliability for ADHD DISC diagnoses, as with similar diagnostic instruments, represents
only fair to good agreement, and this reliability level may influence persistence findings.

Our findings however, have important implications. Persistence can be underestimated in
longitudinal studies that measure and report only the full syndrome of ADHD. A subgroup
of adolescents or adults that are true clinical cases but with a diagnosis of ADHD NOS may
not be identified as persistent.337 While the diagnosis of ADHD NOS identifies cases that
do not have full ADHD status, symptomatic persistence, that is, maintenance of
subthreshold symptoms with impairment, is important to fully understand the progression
and the outcomes of the disorder.3 Clinicians need to consider that impaired ADHD-NOS
cases also need early identification and possibly treatment, given their persistence over time
and potentially disabling consequences.

The DSM-IV ADHD-NOS category needs to be further studied and better operationalized in
light of the current revisions considered for DSM 5 and other classification systems. Our
criteria for ADHD-NOS not only qualify for the vague definition in DSM-IV, but highlight
the need for more precise requirements (number of symptoms in the two dimensions and
degree of impairment in two settings) that can be used to operationalize an NOS syndrome
with greater specificity. Our results indicate that ADHD-NOS predict both ADHD and
ADHD-NOS at follow up. This finding argues in favor of better operationalization of NOS
syndromes in DSM 5, not only for ADHD but for other disorders as well.
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Probability of Disorder at Follow-up

Figure 1.

Relation of baseline age to probability of broadened ADHD+ (ADHD plus ADHD NOS) at
follow-up broken down by ADHD; NOS symptom subthreshold (NOS Sx Sub); NOS
symptom positive, negative age of onset criterion (NOS Sx Pos, AOC negative); and No
diagnosis (No Dx) at baseline
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