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Abstract

Objective: Attention deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder with a risk factor for a broad range
of negative outcomes, and therefore places a high financial burden on the healthcare system, families and society. Breastfeeding has
been found to be a reducing factor of ADHD. The intended duration of breastfeeding has been found to be a strong predictor. Early
return to work after birth has been associated with a shorter duration of breastfeeding and poor maternal-infant bonding. Our
objective is to find out if maternal post-delivery leave policies in various countries has significant impact on breastfeeding duration
and the incidence of ADHD.

Methods: A systematic search of the medical literature using medline, pubmed, Cochrane review, google scholar and embase in
which the largest available study for each country in each category (ADHD, breastfeeding and maternal leave) between 1989 to 2015

was selected.

Spearman Ranks correlation analysis was used to analyze the association between ADHD prevalence, length of paid maternity

leave, initiation of breastfeeding, and breastfeeding for 6 six months or more.

Results: A negative correlation between duration of paid leave and ADHD prevalence (Rs -0.54, p < 0.05) and between initiation of

breastfeeding and ADHD prevalence (Rs -0.57, p < 0.05). There was also a positive correlation between duration of paid leave and

breastfeeding-ever (Rs = 0.4, p < 0.05), i.e. the longer the paid leave duration, the longer the duration of proper breastfeeding.

Conclusion: Paid maternity leave has a very strong negative association with ADHD. Therefore, providing mothers with sufficient

paid maternity leave leads to proper breastfeeding within a long period of time and thus reducing the incidence of ADHD.
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) is the most
common neurodevelopmental disorder of childhood, affecting 3.4
- 7.2% of children and adolescents worldwide [1,2]. Clinical and ba-
sic research studies, from genes to higher order neural networks,
support a strong genetic contribution for ADHD [3]. Neverthe-
less, environmental factors are known to have an important role
in ADHD etiology, maybe through epigenetic or other mechanisms
[3,4]. ADHD has lifelong consequences, associated with a range of

adverse short and long term outcomes including higher rates of

injury [5], teen pregnancies [6], increased numbers of vehicle ac-
cidents [7], poor educational outcomes [8], as well as risk of sub-
stance abuse [9], criminal activity [10], decrease in workplace ef-

fectiveness [11] and other mental disorders [12] as adults.

Because ADHD might be rooted in altered neural development,
early experiences supporting neural development such as breast-

feeding are of particular interest [13].

Breastfeeding is promoted internationally as the preferred
method of feeding for infants [14]. Among the factors related to the
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success of breastfeeding are maternal age and level of education
[15,16]. The intended duration of breastfeeding has been found to
be a strong predictor of the actual duration of breastfeeding and
of initiation of breastfeeding [15,16]. Maternal breastfeeding self-
efficacy is also a strong predictor of breastfeeding duration, and
studies have shown that the integration of strategies to improve
self-efficacy would help clinicians increase the quality of care while
boosting the confidence of new mothers in their breastfeeding
skills [15-17].

At the same time, being employed and early return to work af-
ter giving birth have been associated with a shorter duration of
breastfeeding and poor maternal-infant attachment. This finding
suggests that more flexible working conditions and more generous
maternity leave would help women stay home longer with their
infants and prolong the duration of breastfeeding [16]. Studies in
Scotland and the United Kingdom recommended that health and
employment policies be better coordinated to provide working
mothers with adequate support to meet the conflicting demands of
employment and motherhood [18,19].

Targeting attention processes early can bring about fundamen-
tal alterations in the pathogenesis of ADHD, and thus prevent or
moderate the course of the disorder [13,19]. There are clear evi-
dences of the sustained, positive effects from early intervention on
long-term behavioral outcomes in high risk groups [19,20]. In the
case of ADHD, early intervention approach may provide ways in
which multiple risk and protective factors transact to impact ADHD
development [19-21]. Moreover, since ADHD by itself is conceived
as a broad risk factor for a range of negative outcomes (i.e. comor-
bid behaviors), then these co-morbidities might also be affected or
modified [20-22].

ADHD places a high financial burden not only on the health-
care system but also on families and society as a whole [23]. In the
United States, analyses based on diagnostic and medical procedure
codes estimate the annual cost of this disorder at approximately
$1,500 per patient, for a total of about $42.5 billion [24]. Due to
these reasons, for the first time the Global Burden of Disease Study
2010 (GBD 2010) has included ADHD in its scope [25]. Better un-
derstanding of the epidemiological aspects of the disorder would
provide insight into its distribution, etiology, and risk factors and
might help health and government authorities allocate mental

health services more effectively [23-25].

While there has been substantial focus on perinatal and delivery
problems in ADHD [26,27] early postnatal correlates are less well
studied [13]. Epidemiological analysis regarding ADHD prevalence
identified that study location was associated with heterogeneity

especially when estimates from Africa and the Middle East were
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compared with estimates from North America and Europe. Perhaps
the best-studied early postnatal influence, aside from socialization

itself, is initiation and duration of breastfeeding [2,13].

A number of articles have reported that a longer duration of
breastfeeding may be related to a lower risk of ADHD in children,
suggesting that breastfeeding may have a preventive effect on the
development of ADHD [13,28-30]. However, it remains unclear if
countries with a high prevalence of ADHD have lower rates of ini-
tiation of breastfeeding and/or shorter durations of breastfeeding
and if maternal leave policy at places of employment affects the risk
of children to acquire ADHD. The aim of the present study was to

examine these issues.

Materials and Methods

We conducted a systematic search of the medical literature
using the following data sources: MEDLINE, PubMed, UpToDate,
Google Scholar, Clinical Key, AccessMedicine and Cochrane Re-
views, in addition to specialized textbooks. Key words/terms
were child, adolescent, epidemiology, prevalence, ADHD rate, ADD,
attention-deficit, attention-deficit hyperactivity disorder, hyperac-
tivity, overactivity, hyperkinetic disorder, parental leave, maternity
leave, breastfeeding, breastfeeding duration, duration of maternal
leave, paid maternal leave, unpaid maternal leave, and country. Spe-
cial attention was addressed to comprehensive literature reviews,
original population-based investigations of ADHD prevalence,
large studies with a sufficient sample size, and studies using DSM
diagnostic criteria for ADHD, in addition to large population-based
studies of breastfeeding prevalence and duration and unbiased
breastfeeding studies reflecting practices in the general population.
The studies were categorized by country, and the largest available
study for each country in each category (ADHD, breastfeeding) was
selected for inclusion in the review. Two authors (Lucas EE, Linder
N) independently selected the appropriate articles; disagreements
regarding inclusion/exclusion were resolved by consultation with
a third author (Kachevanskaya A).

Spearman correlation analysis was used to analyze the associa-
tion of ADHD prevalence with length of paid maternity leave, un-
paid maternity leave, breastfeeding-ever and breastfeeding for 6

six months or more.

Results

Of the total 211 articles reviewed, 20 met the inclusion crite-
ria for ADHD prevalence and 20 for breastfeeding rates/duration
(one from each category for 20 countries). However, studies from
5 countries in which the unemployment rate was above 25 were
subsequently excluded because the effect of maternal leave could
not be estimated. The remaining countries were Australia, Canada,

Denmark, France, Germany, Israel, Italy, Netherlands, New Zealand,
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Norway, Russia Spain, Sweden, United Kingdom, and United States.

The data extracted spanned a 14-year period, from 1991 to 2014.

Table 1 summarizes the characteristics of the studies used to
analyze ADHD prevalence; by country (Supplementary file refer-
ences #1-15). Most of the studies based the diagnosis of ADHD on
the DSM-IV. The pooled prevalence of ADHD was 7.67% (95% CI
7.5 - 8.2), with significant heterogeneity across studies (p < 0.05).
The lowest prevalence rate of ADHD was found in Norway (0.95%)
and the highest, in the United States (9.6%).
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Table 2 summarizes the characteristics of the studies used to
analyze breastfeeding initiation/duration in the same countries
(Supplementary file references #16-30). The pooled prevalence of
breastfeeding-ever was 88.78% (95% CI 87.34 - 89.54%). Norway
had the highest rate of initiation of breastfeeding (breastfeeding-
ever) (99%) and France had the lowest (70.8%). The pooled rate
of breastfeeding for 6 months or more was 44.71% (95% CI 43.78 -
45.89%), with Norway having the highest rate (80%) and Denmark
the lowest (7%).

Country Author Year Sample Size Diagnosis ADHD/HD Prevalence (%)
Australia Gomez., et al. 1999 1275 DSM-IV 9.35
Canada Szatmari., et al. 1989 2722 DSM-III 5.8
Denmark Petersen., et al. 2006 751 DDSM-IV 6.4
France Lecendreux,, et al. 2011 1012 DSM-1V 5.6
Germany Niemczyk. et al. 2015 1676 DSM-1V 6.4
Israel Farbstein., et al. 2010 951 DSM-1V 3
Italy Mugnaini., et al. 2006 1891 DSM-IV 7.1
Netherlands Verhulst,, et al. 1997 116 DSM-III 9.5
New Zealand Fergusson,, et al. 1993 986 DSM-III-R 3
Norway Ullebg., et al. 2011 6233 DSM-IV 0.95
Russia Ruchkin,, et al. 2008 536 DSM-IV 6.34
Spain Ferain., et al. 2012 13026 DSM-IV 6.8
Sweden Giacobini,, et al. 2011 71,127 DSM-IV 4.8
UK Russell, G 2014 14,043 DSM-IV 1.4
United States SN Visser,, et al. 2010 73,123 DSM-IV 9.6

Table 1: Studies assessing the prevalence of ADHD/HD.

Country Author Year Sample size | Breastfeeding-ever (%) Breastfeeding > 6 mos. (%)
Australia Amir, et al. 2008 NHS 87.8 50.4
Canada Al-Sahab., et al. 2010 5615 90.3 50
Denmark Kronborg, et al. 2015 4526 97 7
France Labarere,, et al. 2001 353 70.8 12.2
Germany Rasenack,, et al. 2012 443 92 61
Israel Shani.,, et al. 2003 515 87 25
Italy Giovannini., et al. 2003 2450 91.1 50
Netherlands Bulk-Bunschoten., et al. 2001 4438 76 30
New Zealand Vogel,, et al. 1999 350 97.4 30
Norway Lande., et al. 2003 2383 99 80
Russia Baturin 2011 2500 96 60
Spain Cuadron.,, et al. 2013 1602 82.5 54.3
Sweden Aarts,, et al. 2000 Pop-based 98 72
UK Bolling,, et al. 2007 NHS 76 25
United States Grummer-Strawn,, et al. 2008 NHS 83 50

Table 2: Studies assessing breastfeeding rates.

NHS: National Health Survey; Pop-based: Population-Based Survey.
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Table 3 shows the number of weeks of paid leave allocated by
each country. Sweden and Germany provided the most leave (47
weeks) and Australia and the United States the least (0).
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Spearman rank correlation test yielded a negative correlation
between duration of paid leave and ADHD prevalence (Rs -0.54,

p < 0.05) and between breastfeeding-ever and ADHD prevalence

Breastfeeding ADHD
Country P?Vivilias‘;e . Breast-feeding-ever | Breast-feeding > | Sample
Sample size (%) 6 mos. (%) size ADHD prevalence

Australia 0 NHS 87.8 50.4 1275 9.35
Canada 28 5615 90.3 50 2722 5.8
Denmark 20 4526 97 7 751 6.4
France 22 353 70.8 12.2 1012 5.6
Germany 47 443 92 61 1676 6.4

Israel 14 515 87 25 951 3
Italy 25 2450 91.1 50 1891 7.1
Netherlands 16 4438 76 30 116 9.5

New Zealand 14 350 97.4 30 986 3
Norway 44 2383 99 80 6233 0.95
Russia 20 2500 96 60 536 6.34
Spain 18 1602 82.5 54.3 13026 6.8
Sweden 47 Pop-based 98 72 71,127 4.8
UK 13 NHS 76 25 14,043 1.4
United States 0 NHS 83 50 119367 9.6

Table 3: Summary table showing paid leave, breastfeeding rates, and ADHD prevalence.

NHS: National Health Survey; Pop-based: Population-Based Survey.

(Rs -0.57, p < 0.05). There was also a weak positive correlation
between duration of paid leave and breastfeeding-ever (Rs = 0.4,
p < 0.05). There was no correlation between breastfeeding for 6
months or longer and ADHD (Rs =-0.12, p < 0.05 and no correla-
tion between unpaid maternal leave and breastfeeding (Rs =-0.07,
p <0.05).

Discussion

We conducted a systematic review of studies investigating
prevalence rates of ADHD breastfeeding, and maternity leave. We
identified an inverse relationship between the duration of paid
maternity leave and breastfeeding and between breastfeeding and
ADHD. These findings suggest that paid maternity leave encour-
ages breastfeeding which in turn might be connected to lower rate
of ADHD in children.

The “developmental programming” is an important term in
modern medical research [31]. This term describe the finding that
at early development stages certain foods or nutrients, fed dur-
ing limited sensitive periods, may determine developmental asset
leading to clinical alterations that take place decades later and are
capable of pre-programming brain development and be related
to adult functional disturbances and diseases [31,32]. Given the

wide heterogeneity and complex manifestations of ADHD, recent

theoretical work has suggested the importance of a developmen-
tal perspective that views ADHD as a multi-factorial disorder with
multiple, causal processes, and pathways through development
[19,20]. The developmental perspective attempts to specify the de-
velopmental pathways that are associated with ADHD and to pre-
dict outcome of the disorder, by looking at the interaction of genetic
and environmental risk factors [21]. Developmental programming
has been defined as “either the induction, deletion, or impaired de-
velopment of a permanent somatic structure or the “setting” of a
physiological system by an early stimulus or insult operating at a
“sensitive” period, resulting in long-term consequences for func-
tion” [31].

Evidence is mounting for programming effects of infant feed-
ing. Studies have shown that mothers who experience financial
problems during pregnancy are more likely to return to work more
quickly after giving birth [16]. Therefore, paid maternity leave is
important because it allows mothers the time to totally commit to
the care of their newborn and develop a strong attachment to him/
her while free of distractions and financial constraints [14]. Since
its inception in 1919, the International Labor Organization (ILO)
has made the provision of child welfare and maternity protection a

primary concern. The ILO Maternity Prevention Convention, 2000
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(no. 183) and accompanying recommendations (no. 191) advise
that women get 14 weeks’ paid maternity leave, covered by social
insurance or public funds, and that “the cash benefit paid during
maternity leave should be at least two-thirds of a woman’s previ-
ous earnings - or a comparable amount if other methods are used
to determine cash benefits.” This should ensure “that the woman
can maintain herself and her child in proper conditions of health
and with a suitable standard of living” [33]. The results of the pres-
ent study support these guidelines, showing that paid leave for
new mothers may promote the health of their children in terms of
alesser risk of ADHD.

Today, nearly all countries have passed legislation for maternity
protection at work. According to recent data reported by the ILO, of
185 countries and territories investigated, 34% follow its recom-
mendations. This practice is supported in our results showing that
ADHD occurs at high rates in almost all countries that provide less
than 20 weeks’ paid leave. It is also in line with the lack of associa-
tion found in the present study between unpaid maternal leave and
breastfeeding. We speculate that providing leave without financial
insurance is of little help to mothers from low- and middle-income

families who cannot afford to take the time off [34].

In some cases, the adverse effect on breastfeeding caused by
the need to leave a very young infant at home in order to return to
work is compounded by separation anxiety [30], which may fur-
ther exacerbate the deleterious health effects on the infant. Thus, it
is noteworthy that despite the many advances in maternity leave,
the large majority of female workers worldwide -some 830 million

- still do not have adequate maternity protection [33].

The present review included a relatively large number of stud-
ies from many countries. We have found that ADHD has been well
studied in North America and Europe but fewer studies are avail-
able from Africa and Asia. To reduce bias, we included only arti-
cles that based the diagnosis of ADHD on the DSM-1V, DSM-III or
DSM-III-R. Additionally, two investigators independently selected
the best reference for each country, and any disagreements were
resolved by consulting a third investigator. However, the study was
limited by our inability to perform a meta-analysis, which would
have provided more robust information, because of variations in
selected populations and methodologies among the included stud-
ies. Moreover, most of the studies derived from western countries,

so the results may not be generalizable globally.

Conclusion

Length of paid maternity leave has a very strong negative cor-
relation with ADHD. Thus, providing mothers with sufficient paid
maternity leave may lead to closer attention given to the children
and more time for breastfeeding, which may in turn lead to a de-

crease in incidence of ADHD.
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