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Abstract

Numerous researchers have examined the effect of diet on Attention Deficit Hyperactivity Disorder (ADHD). The purpose
of this study is to compare the symptoms of ADHD in children fed horse milk versus conventionally fed cow's milk. Thirty
patients aged 6 to 14 with ADHD were randomly selected and divided into two groups in this randomized double-blind cross-
over study. All patients completed a 45-day period of consuming 250 mL horse or cow milk, as well as continued Ritalin
(1 mg/kg) treatment. The wash out period was considered one week. Symptoms are recorded using the Conners rating scale
(CS). The CS of the parents decreased significantly (P value<0.001) in the group that first received horse milk, but increased
(P value=0.007) after consuming cow's milk. After consumption of horse milk, the parent's CS was significantly different
from that of cow milk (P value= 0.001). Teachers' CS decreased significantly following horse milk consumption (P=0.001)
and increased significantly following cow milk consumption (P=0.028) in this group. The average teacher's CS after cow
milk differed significantly from that after horse milk (P value= 0.024). The CS of the parents did not change significantly
(P value=0.913) in the group that first consumed cow's milk. However, it was significantly decreased (P value=0.004) after
receiving horse milk. The CS of the teachers in this group did not change after the cow's milk (P value=0.282). However,
following the administration of horse milk, the mean of CS decreased significantly (P=0.003). The average of the teacher's
CS after consuming cow milk differed significantly from that of horse milk (P value= 0.010). In both groups, there was no
significant difference in the mean of parents and teachers CS before and after the washout period (P>0.05). According to the
study, horse milk consumption was significantly more effective than cow milk at lowering scores.
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Introduction trol [2]. Age, sex and ethnicity affect the prevalence
Attention deficit hyperactivity disorder (ADHD) is of this disorder [3,4]. ADHD is more prevalent in
one of children's most frequent neurodegenerative males and affects between 5-10% of children in ele-
disorders [1]. It is characterized by difficulties paying mentary school [5]. In Iran, this disorder affects 9.7%
attention, excessive activity, and a lack of self-con- of the population [6]. This disorder usually starts at
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2-4 years of age and continues frequently until adult-
hood [1,7,8]. ADHD is a multi-factorial disorder that
is influenced by both genetic and environmental fac-
tors [9]. A number of studies have shown that genes
associated with serotonin, dopamine, and norepineph-
rine receptors and transporters are involved in the dis-
ease [9,11-13], despite the fact that the precise bio-
logical nervous mechanism of the disease is still not
well understood [10]. Environmental factors that may
contribute to ADHD include thyroid diseases, hypox-
ia, and fever, as well as exposure to chemicals, heavy
metals, and organic pollutants. Additionally, nutri-
tional factors affecting the infant following birth have
been linked to ADHD [14-17]. Aside from that, diet
has been implicated as a contributing factor to ADHD
[6,18-20]. Currently, treatment options for ADHD
include behavioral therapy, psychotherapy, and med-
ication treatment. Typically, drug treatment entails
long-term use of stimulants such as methylphenidate,
dexamphetamine, and their derivatives, which increase
dopamine and norepinephrine activity [21,22]. Around
30% of patients treated with stimulants do not improve
clinically or do not tolerate the drug [23]. On the other
hand, there are some adverse effects associated with
drug use, including appetite and weight loss, growth
disorders, abdominal pain, headaches, sleeping prob-
lems, and even elevated blood pressure [24,25]. The
long-term results of treating and not treating ADHD
children in adulthood are disappointing [26,27]. Some
families are hesitant to use stimulant drugs, or to dis-
continue them abruptly, or to experiment with com-
plementary and alternative medicine (CAM) [28,29],
herbal therapies [30,31], and dietary supplements [32-
34]. Studies have shown that using a proper diet may
reduce ADHD symptoms and that it can be used in
conjunction with drug treatment as a support [35,36].
Humans have long consumed horse milk. In the clinic,
we observed that symptoms of hyperactivity, asthma,
and acne improved in children who used horse milk for
various reasons. Therefore, to further investigate and
reduce the possibility of bias, we decided to measure
the validity of this hypothesis through a clinical trial
in ADHD patients.

The amount of fat, cholesterol, and casein (milk pro-
tein) in horse milk is lower than in cow's milk. The dis-
tribution of triglycerides and diglycerides in horse and
human milk is similar, and the proportion of PUFA
in horse milk is higher than that of human and cow
milk. According to its structural characteristics, it is
possible that horse milk is more suitable for humans
and feeding human babies than cow milk [37]. Also,
horse milk has more amounts of alpha-linoleic acid
and linoleic acid, which are the precursors for the pro-
duction of omega 3 and 6 [38]. In general, horse milk
is rich in essential fatty acids, especially linoleic acid,
which is beneficial for human health because the body

is unable to produce it [38]. Mare milk is a suitable
alternative for children properties with beneficial ef-
fects on the intestinal microbiome; these are just a few
of the benefits of the milk chosen for this trial [41].
The purpose of this study is to compare the efficacy
of horse and conventionally fed cow milk in treating
ADHD symptoms.

Materials and Methods

This study is a double-blind randomized clinical tri-
al on ADHD patients. The RCT has been registered
with the Iranian Registry of Clinical Trials (IRCT)
and has been assigned the registration number
IRCT20170823035862N1 (https://www.irct.ir/search/
result?query=IRCT20170823035862N1). The proto-
col has been approved by the Ethics Committee of Sha-
hid Sadoughi University of Medical Sciences (Ethics
Committee Approval Code: IR.SSU.REC.1396.52).
Parents signed the informed consent, and patients over
the age of ten also signed the informed consent.

With a significance level of 0.05 and a test power of
80%, and based on previous studies, the standard de-
viation value is considered to be S=5 to achieve a clin-
ically significant difference in Conners mean score
(CS) (at least 2.5) in the two types of interventions, a
sample of 32 people was used.

2
2
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The study included patients aged 6-14 years who were
referred to Shahid Sadoughi Hospital. The initial diag-
nosis of ADHD was made using the Conners criterion
and a face-to-face interview with the patient and his
or her parents by a pediatric psychiatrist. Exclusion
criteria included autism spectrum disorder, mental re-
tardation, schizophrenia, psychosis, mood or person-
ality disorders, predominantly inattentive ADHD, and
premature or dysmature birth.

Patients were randomly assigned to one of two groups
using a random number table.

Both types of milk have the same smell, color, and
taste.

Milk bottles were coded, and patients, patients' fami-
lies, and the investigator had no idea what was in each
bottle before collecting questionnaires.

Due to irregular milk consumption, two patients were
removed from the study during the first week. All pa-
tients completed a 45-day period of consuming horse
milk and a 45-day period of consuming cow's milk,
as well as continued drug treatment (Ritalin 1 mg/kg).
Each group consumed 250 mL of pasteurized milk (63
°C/30 minutes) per day. One week passes between two
doses of milk, which is referred to as the washout pe-

n =
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riod. Since the study was cross-over and each person
is compared with himself, we did not limit the time of
consumption and the way of consumption. We only
emphasized that each person should use both kinds of
milk at the same time and if using sweetener, use the
same sweetener in both periods.

The improvement in symptoms, the dosage of the es-
sential drug for symptom control, and any complica-

tions were all documented. If there were symptoms
of cow or horse milk allergy, the study excluded the
patient and information was recorded about the con-
dition. After data collection, it was analyzed using
STAT-I-14 software and cross-over data analysis. Fi-
nally, using the data model cross over, the effects of
the two treatments were identified, and the carry-over
effect was calculated.

Enrollment

Assessed for eligibility (n=53)

Patients aged 6-14 years with ADHD

Meet exclusion criteria (n=21)

e  Autism spectrum disorder

e Mental retardation

e Schizophrenia

e Psychosis

e Mood or personal disorders

e  Predominantly inattentive ADHD

Allocation

Participants (n=32)

e Premature or dysmature birth

Randomization

l

Group 1. Period 1 (mare milk consumption for
45 days) (n=16)

Lost to follow-up (n=1) ||=

A 4

Group 2. Period 1 (cow’s milk consumption
for 45 days) (n=16)

4’| Lost to follow-up (n=1)

Follow-up

| Washout period (7 days) |

-

Group 2. Period 2 (Mare milk consumption for
45 days) (n=15)

Patients completing (n=15)

~,

Group 1. Period 2 (Cow’s milk consumption
for 45 days) (n=15)

Patients completing (n=15)

A,

Analysis

Data Analysis (n=30)

CONSORT Diagram. Legend: The diagram indicates how many individuals were screened and
¢ ompleted the intervention
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Results

Thirty ADHD patients were randomly assigned to
one of two groups. Twenty-two (73.3%) of the pa-
tients were male, while eight (26.7%) were female.
The patients' average age was 8.9 years. All patients
completed a 45-day course of horse milk and a 45-day
course of cow milk, as well as continued drug therapy.

Parents' CS

In the t-test, the average CS of parents in the group that
used horse milk first and then cow's milk was 80.13
+ 18.56, ranging from 44 to 104, which decreased to
59.80 £11.12, ranging from 40 to 79 (P value<0.001),
and the effect size was 20.33 [95% CI 11.71;28.94].
Following the washout period, the average CS in-
creased to 68.07 £17.77 (ranged from 40 to 95), while
cow's milk consumption increased the mean to 74.87+
15.84 (ranged from 47 to 98) (P value= 0.007), and the
effect size was -6.80 [95% CI -11.46; -2.13]. The av-
erage CS of parents was lower at the end of the study
than at the start, but the mean of CS was significantly
different at the end of the two milk consumption pe-
riods (P value= 0.001), and the effect size was -15.06
[95% CI -22.75; -7.37]. (Table 1).

Before and after cow's milk, parents’ CS in the group
that used cow’s milk first, the average CS of the parent
was 79.00+ 14.17 (ranged from 57 to 104) and 79.33+
15.13 (ranged from 50 to 100), respectively (P value =
0.913). Following the washout period, the average CS
was 77.60+ 14.51 (ranged from 52 to 97) after horse
milk consumption reached 64.07+ 13.55 (ranged from
34 to 83), which was lower than the study's start time
and also the end of the first milk consumption peri-

od; effect size was 13.53 [95% CI 4.97; 22.09] (Ta-
ble 1). However, following horse milk consumption,
the mean of CS was significantly lower (P = 0.004).
Additionally, the mean of CS was significantly differ-
ent at the end of the two milk consumption periods (P
= 0.003), with an effect size of 15.26 [95% CI 6.13;
24.40]. In both groups, there was no significant dif-
ference in the mean of parents' CS before and after the
washout period (first horse P value=0.059, first cow P
value=0.092).

The treatment effect, period effect, and carryover ef-
fect in the ANOVA test for CS of parents were 0.0003,
0.4085, and 0.2332, respectively. These findings indi-
cated that the treatment had a significant effect, how-
ever, there was no discernible difference in the analy-
sis results based on the order of milk used first.

Teachers' CS

In the T-test, the average of teachers' CS in the group
that first used horse milk and then cow milk was 49.40
+ 20.78 (ranged from 20 to 99), which decreased sig-
nificantly to 40.53 £19.89 (ranged from 14 to 95), with
an effect size of 8.86 [95% CI: 4.38; 13.35] (P value=
0.001). After the washout period, the average CS in-
creased to 41.40+£19.84 (ranged from 14 to 93), while
after cow's milk consumption, the mean CS increased
t0 46.07 £19.45 (ranged from 5 to 81) (P value= 0.028),
and the effect size was -4.66 [95% CI -8.76; -0.57].
However, at the end of the study, the average CS of
teachers was lower than at the beginning of the study,
but the average CS of teachers differs significantly be-
tween the two milk (P value=0.024), and the effect size
was -5.53 [95 % CI -10.22; -0.84] ( Table 2).

Table 1. Connor's’ rating scales of parents

MCS P value Effect size
Effect Effect
3 . . [ 95% CI]
) Treat- X Carry- size size i
3 Period Comparison
=>‘§ ment ffoct over [95% CI] [95% CI] Bet .
effec etween two
1 AFM BSM ASM Pv.1 Pv.2 Pv3 Pv4 offect offect AFM ASM ‘
milk
S
8 20.33 -6.80 -15.06
=~  80.13 59.80 68.07 74.87
2 <0.001  0.059 0.007 0.001 [11.71; [-11.46; [-22.75;
=2 %1856 +£11.12  £17.77  £15.84
) 28.94] -2.13] -7.37]
<
=
o 0.000 0.408 0.233
E
(o]
s -0.33 13.53
£ 79.00 79.33 77.60 64.07 15.26 [6.13;
0.913 0.092  0.004 0.003 [-6.72; [4.97
g +14.17 +£15.13  £14.51 +13.55 24.40]
= 6.05] ;22.09]
EY
o
]

Mean of Connor's’ rating scale( MCS), initial of study (I) ,After first milk(AFM), Before the second consumption of milk( BSM),
After second Milk(ASM). Before and after the First milk consumption (pv.1), before and after washout period (pv.2), before and after
the second consumption of milk (pv.3), after the first and second consumption of milk (pv.4)
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Table 2. Connor's’ rating scales of teachers

. Effect si
iv’) MCS P value Treat- Pe- Carry- Effect size Effect size [ 9§°CA) 2?]6
0,
§ ment riod over [ 92;01\/?1] [ 95% CI] Comparison
< I AFM  BSM  ASM  Pv.l  Pv2  Pv3  Pvd  offect effect effect ASM Bemr/:iii two
5§ = 8.86 -4.66
S g 49.40 40.53 41.40 46.07 -5.53[-10.22;
o 2 0.001  0.091 0.028 0.024 [4.38; [-8.76;-
5 B  £20.78 £19.89 £19.84 £19.45 -0.84]
S 2 13.35] 0.57]
(5]
© 0.027 0.318  0.098
<
g
= 53.07 54.60 54.53 46.80 -1.53 7.73 [3.02 ; 7.80 [2.14;
g = 0.282  0.936 0.003 0.010
= E  £15.00 +13.14 +13.42 +14.70 [-4.47; 1.40] 12.43] 13.45]
2
@]

Mean of Connor's’ rating scale (MCS), initial of study (I), after first milk (AFM), before the second consumption of milk (BSM),
after second milk consumption (ASM). Before and after the First milk consumption (pv.1), before and after washout period (pv.2),
before and after the second consumption of milk (pv.3), after the first and second consumption of milk (pv.4).

The average CS of teachers in the group who used
cow's milk first was 53.07£15.00 (ranged from 28 to
76) and then changed to 54.60+13.14 (ranged from 30
to 76) (P value= 0.282). Following the washout peri-
od, the average CS was 54.53+13.42 (ranged from 28
to 75), and after horse milk consumption decreased to
46.80 +£14.70 (ranged from 23 to 82) (P value= 0.003)
with an effect size of 7.73 [95% CI 3.02; 12.43]. (Ta-
ble 2). Furthermore, at the end of the two milk con-
sumption periods, the mean of CS was significantly
different (P value = 0.010), and the effect size was
7.80 [95% CI 2.14; 13.45]. There was no significant
difference in the mean of CS teachers before and after
the washout period in either group (horse milk first
P value= 0.091 and cow's milk first P value= 0.936).
(Table 2). The treatment effect, period effect, and car-
ryover effect in the ANOVA test for CS of teachers
were 0.0278, 0.3185, and 0.0984, respectively. These
findings indicated that horse milk had a significant ef-
fect on ADHD symptom improvement, but there was
no meaningful difference in the results of the analysis
based on which milk was started first. There were no
side effects during this trial.

Discussion

The growing use of CAM to treat ADHD places a pre-
mium on diet, nutrients, and gut health. The purpose
of this study was to determine the effect of horse and
cow milk (non-grass fed) on children's symptoms of
ADHD. Our findings show that 250 mL of horse milk
consumption reduced the average parent CS by 20
scores and a standard deviation of 15. In the end, the
order in which the milk was used had no effect on the
scores. Horse milk had a beneficial effect on reducing
ADHD symptoms and improving sleep quality in our
study, as reported in another article.

In comparison to conventionally raised cows with a

low Omega 3 to 6 ratio in their lipid profile, mare milk
is a good source of polyunsaturated fatty acids that
may help alleviate ADHD symptoms [36, 42]. Nutri-
tional deficiencies, particularly in fatty acids, can af-
fect neurons and result in defects in neuroplasticity,
which has been linked to ADHD [43]. The study dis-
covered that some patients had low levels of this es-
sential lipid and that supplementation with unsaturat-
ed fatty acids had a beneficial effect on ADHD, with
individual responses varying. Six of our cases demon-
strated an improvement of more than 25 CS, confirm-
ing the observation above. The presence of tryptophan
and tyrosine in mare milk enhances the synthesis of
melatonin and serotonin, both of which play critical
roles in brain function improvement [44]. Although
we did not examine the gastrointestinal microbiome
of our participants following milk consumption, mare
milk has the potential to alter the gastrointestinal flora
due to its high biological content (lactose, lysosome,
and lactoferrin). The gut-brain axis is a relatively new
area of research that may help us explain the observa-
tion [45-47]. Allergies may be one of the reasons for
the increase in CS caused by cow's milk consumption
following mare milk consumption. Milk is one of the
most frequently allergenic foods in children. Mare
milk is an excellent substitute for children allergic to
cow milk, and a trial of cow's milk protein elimina-
tion is a prudent decision in children with allergies
and ADHD. There was no history of allergy to cow's
milk in our case; additionally, we did not eliminate
any other source of cow's protein during the trial. This
does not rule out the possibility of intolerance to other
components of milk, such as the bovine casein A1 pro-
tein, exacerbating the symptoms. According to some
studies, some children with ADHD have a specific
type of protein intolerance [48,49]. Several studies on
mental diseases have shown that neuronal damage due
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to oxidants plays an important role in these diseases.
So that the relationship between ADHD and oxidative
stress has been investigated in several studies [50,51].
Horse milk contains a higher concentration of vitamin
C than cow milk, which may have a beneficial effect
on ADHD symptoms due to its antioxidant properties
[50-52].

According to Persian medicine, symptoms similar to
ADHD are seen in people who have a dry and warm
brain state, and thus the treatment should include
some food to replenish the brain's moisture. Horse
milk (affectionately referred to as "Leban Al-Ramak"
or "Leban al-Khayil") is typically marketed as a cold,
moist beverage [53]; as such, it alleviates symptoms
of dryness and discomfort in similar situations. Horse
milk has been described in these books as appetiz-
ing, mood-enhancing, easily digestible, and curative
of diseases caused by heat and drought [54]. On the
other hand, one of the suitable ingredients for treating
dryness is whey protein (roughly equivalent to Ma'al-
jobon), the amount of this protein is higher in horse
milk than cow's milk [55-57].

Horse milk may be used to alleviate the symptoms of
patients with ADHD due to these properties. This ef-
fect is more pronounced in mare milk than in other
types of milk. Although the time period for prescrib-
ing horse milk and monitoring patients was limited
in our study, ADHD is a chronic disease, and long-
term follow-up is necessary to determine the effects
and possible side effects of horse milk. Additionally,
the changes in CS were not re-examined following the
cessation of horse milk to determine how long the de-
sired effects of horse milk may persist following milk
cessation. Due to the high cost of horse milk in some
countries, some families may not be economically
feasible to use it in the community.

Conclusion

Mare milk was effective at alleviating ADHD symp-
toms in our study, which may be attributed to its high
essential protein content, which is comparable to
human milk, or to its high poly unsaturated fatty
acid lipid content. Additionally, due to mare milk's
moistening effect, Persian medicine recommended it
for the treatment of diseases with similar symptoms.
This is the first study to demonstrate that this
result can be extrapolated through mare milk con-
sumption. Additional trials are needed to confirm this
result.

The time period for prescribing horse milk and mon-
itoring patients was limited in our study, ADHD is a
chronic disease, and long-term follow-up is necessary
to determine the effects and possible side effects of
horse milk. Additionally, the changes in CS were not
re-examined following the cessation of horse milk to
determine how long the desired effects of horse milk

may persist following milk cessation. Due to the high
cost of horse milk in some countries, some families
may not be economically feasible to use it in the com-
munity.
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