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Abstract Attention-deficit/hyperactivity disorder (ADHD)

is a chronic psychiatric illness, which often co-occurs with

other common psychiatric problems. Although empirical

evidence supports the short-term efficacy of pharmaco-

logical and behavioural treatments, families often search

for alternative treatment methods because of concerns

about side effects and safety, cost and access, as well as

fears about long-term exposure to psychotropic medica-

tions. This review presents the published evidence on use

of broad-spectrum micronutrients to treat ADHD symp-

toms. This approach makes physiological sense in that

nutrients are required for many critical biochemical reac-

tions to occur, ranging from manufacturing neurotrans-

mitters, to providing the mitochondria with essential

nutrients for energy production, to assisting the gut to heal

from inflammation. Multi-nutrient treatment approaches

are an intriguing yet under-researched area; all but one of

the trials conducted in the last decade have shown benefit

for the treatment of ADHD symptoms, and the one nega-

tive trial likely used doses too low to effect change.

However, the methodologies have varied widely from case-

controlled studies to open-label trials to one randomized

controlled trial. Sample sizes have typically been modest,

although the effect sizes have tended to be medium to

large. What is required now is replication, as well as

investigation into the optimal ingredient range and optimal

doses of nutrients. We discuss the proven and potential

benefits of the broad-spectrum nutrient approach, consid-

ering the heterogeneous nature of ADHD.

Key Points

There is a good theoretical rationale for using broad-

spectrum nutrient formulas for the treatment of

attention-deficit/hyperactivity disorder (ADHD);

however, the research base is still in its infancy

More research and replication are required to support

preliminary positive findings of studies using

micronutrients for the treatment of ADHD

There is great variability in ingredients and doses

across studies, making comparisons challenging—

consistency may need to be considered in future

studies

1 Introduction

Attention-deficit/hyperactivity disorder (ADHD) is one of

the most common childhood disorders, reported to have

been known since 1775 [1] and characterized by problems

with inattention, hyperactivity and impulsivity [2]. It is

now accepted that ADHD can be a chronic condition across

the lifespan [3]. Worldwide prevalence rates are estimated

at 5.29 % [4], and it is now thought that as many as 4–5 %

of adults may suffer from ADHD [5, 6]. Overall, it is

viewed as treatable but not curable; its heterogeneous

aetiology and symptom expression complicate the effec-

tiveness of those treatments that are available.
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Stimulant medications such as methylphenidate (Rita-

lin), pemoline (Cylert) and dextroamphetamine (Dexe-

drine), with or without cognitive–behavioural therapy, are

the most common and most studied treatments for ADHD

[7, 8]. The lack of evidence of long-term efficacy [9] and

the side effects associated with these pharmacological

treatments have led many consumers and researchers to

look at other treatments for this chronic condition [10, 11].

2 Rationale for Investigations into Vitamins

and Minerals to Treat ADHD

There has been a resurgence of interest over the last decade

regarding the effects of diet and nutrient interventions on

ADHD symptoms [12]. Dietary studies have investigated

the impact of food additives such as dyes [13, 14],

restrictive elimination diets [15], the impact of sugar [16,

17] and other food sensitivities [18], dietary patterns such

as the relationship between the Western/healthy dietary

pattern and ADHD symptoms [19–21], and the role of early

malnutrition on the expression of illness [22]. While diet

manipulation may be an attractive way forward and may be

necessary for a significant minority of children who do

have specific food allergies or intolerances, it is not always

viable, given the challenges associated with changing

people’s eating habits. Also, the effect sizes are typically

modest and therefore less likely to benefit a large propor-

tion of children [15]. Further, as some foods that children

may react to include unprocessed items such as grapes,

eggs and oranges, dietary restriction can lead to an

unbalanced diet with the risk of micronutrient deficiencies

[23].

Supplementation studies have largely focused on the

effects of essential fatty acids (EFAs) on ADHD behav-

iours and, despite early positive trials (e.g. [24]), more

recent reviews have determined that the benefit of fatty

acids for ADHD is likely to be modest [25–27]. Trials of

treatment with micronutrients (i.e. vitamins and minerals)

have been varied but, for the most part, focused on single

nutrients, often resulting in modest to negligible effects

[28–30], suggesting that single nutrient interventions do

not have an adequate impact on the complex array of

biochemical pathways that may be aberrant in people with

ADHD. For example, studies investigating single nutrients

such as iron [31], magnesium [32, 33] and zinc [34, 35] to

treat ADHD have shown mixed and inconsistent effects

across reports [28–30]. This inconsistency is possibly

because administration of one nutrient could cause an

imbalance in other nutrients, and also because one nutrient

is unlikely to resolve all vulnerabilities present in a com-

plex disorder such as ADHD. It is reasonable to consider

that a more viable way forward is to combine nutrients to

mimic the whole array of nutrients required for optimal

brain functioning.

The physiological mechanisms underpinning a multi-

nutrient approach are likely very complex. For instance,

there are many metabolic steps in every neurotransmitter

pathway, which involve synthesis, uptake and breakdown.

Each of those steps requires enzymes, and every enzyme is

dependent upon multiple co-enzymes (cofactors), most of

which require the presence of adequate quantities of vita-

mins and minerals. Some micronutrients, such as zinc, are

also an essential part of the structures of some enzymes.

One possible mechanism underlying psychiatric symptoms

such as those seen in ADHD is inborn metabolic dys-

function, which limits the availability of vitamin and

mineral cofactors, resulting in slowed metabolic activity

[36, 37]. It has been shown with other physical disorders

that impaired brain metabolic activity is correctable

through nutrient supplementation [37]. In other words,

broad-spectrum nutrient treatment may provide micronu-

trients in sufficient quantity that even enzymes with dras-

tically reduced activity become so supersaturated with the

necessary cofactors that near-normal function is restored

[37].

Nutrients have many other roles in brain function that

could explain their potentially therapeutic effects. For

instance, improved energy metabolism of neurons and glial

cells [38], which are under the direct control of the mito-

chondria in those cells, are very dependent on availability

of nutrients. Mitochondrial disorders are characterized by

decreased production of cellular energy in the form of

adenosine triphosphate (ATP). Emerging literature shows

that the manufacture of ATP is possibly compromised in

ADHD, as well as in other mental disorders [39–41]. Brain

tissue, in particular, requires a high level of ATP for

metabolism, including the production of neurotransmitters,

maintenance of the transmembrane potential, signal trans-

duction and synaptic remodelling. Minerals such as mag-

nesium and calcium, as well as several B vitamins, are

required for aerobic metabolism and play vital roles as

cofactors in the degradation of blood glucose via glyco-

genesis, the citric acid cycle and the respiratory chain in the

mitochondria [42]. The so-called classical mitochondrial

diseases (usually characterized primarily as musculoskel-

etal diseases) are often treated with nutrient ‘cocktails’ to

increase mitochondrial function [43]; interestingly, most of

these cocktails contain several key micronutrients, such as

the antioxidant vitamins A, C and E, as well as coenzyme

Q10 and creatine. However, the applicability of mito-

chondrial ‘cocktails’ to psychiatric disorders has not yet

been demonstrated.

Another component of physiological function that is

strongly dependent on vitamins and minerals, and is rele-

vant to ADHD, involves digestion. The gastrointestinal
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tract is one of the most energy-dependent, and thus vul-

nerable, organs in mitochondrial disorders, and its health is

essential for proper nutrient absorption and function. Var-

ious mental problems have been reported in coeliac disease

[44], an immune-mediated disease triggered by ingestion of

gluten, which results in inflammation of the small intestinal

mucosa, with ensuing malabsorption. A growing body of

research is uncovering the important role that inflammation

may play in the expression of psychiatric illness [38].

In summary, in-born errors of metabolism, likely caus-

ing increased metabolic need for nutrients, mitochondrial

dysfunction, gastrointestinal inflammation and/or gut sen-

sitivities, all point to the role of malabsorption and/or

deficiencies of vitamins and trace elements in the expres-

sion of some psychiatric symptoms. This review evaluates

the status of the scientific literature on use of combinations

of nutrients for the treatment of ADHD.

3 Evidence for Micronutrient Treatment

Research with multi-ingredient formulas in the treatment of

ADHD is relatively rare, although such combination ther-

apies have been found to be effective in the treatment of

low mood, cognitive deficits, stress, anti-social behaviour

and disruptive behaviour [45–49]. Over the last decade,

there has been a slow increase in the number of publica-

tions on multi-ingredient micronutrient formulas for the

treatment of ADHD, with potentially more promising

results than single-ingredient studies; however, well-con-

trolled trials are still few. One reason for this lack of

research may be that studies in the 1970s and 1980s found

that vitamins given in inappropriate ‘megadoses’ (100

times the recommended daily intake) were not effective in

the treatment of ADHD and were sometimes harmful at

such high doses [50]. Perhaps because of those studies, as

well as the overall short-term success of stimulant medi-

cations in controlling ADHD symptoms, interest in this line

of research waned, as demonstrated by the small number of

studies on broad-spectrum treatment published prior to

2000.

We recently conducted a systematic review on the use of

broad-spectrum micronutrient formulas [51] for the treat-

ment of all psychiatric symptoms. In this current review,

we discuss the studies we identified that used broad-spec-

trum micronutrients for the treatment of ADHD, and we

have also updated the search since 2013. (See Rucklidge

and Kaplan [51] for details of the systematic review.)

Table 1 provides details of clinical trials using broad-

spectrum micronutrients of known doses to treat ADHD.

The first study to look at the impact of broad-spectrum

micronutrient supplementation on ADHD symptoms was

completed by Kaplan and colleagues over a decade ago

[52]. They conducted an open-label trial in children with a

variety of psychiatric disorders, including ADHD, bipolar

disorder, anxiety, oppositional behaviours and Asperger’s

disorder. Six of the 11 children in the trial had ADHD,

although one of these dropped out. After 16 weeks of

taking a supplement, distributed under the name of EM-

PowerplusTM (consisting of 14 vitamins, 16 minerals, 3

antioxidants and 3 amino-acids), all 10 of the children were

rated as significantly improved in attention, anxiety,

aggression, delinquency and mood. Few adverse effects

were reported, and those that did occur were mild in all

except two of the children, who were concurrently taking

psychiatric medications. The trial was limited by the

potential for observer and placebo/expectancy effects.

A few years later, a case-comparison study was pub-

lished, in which Harding et al. [53] compared methylphe-

nidate with broad-spectrum micronutrient treatment of

ADHD symptoms in 20 children over a 4-week period. Co-

occurring diagnoses and use of other medications served as

exclusion criteria. The dietary supplement consisted of

many nutrients (taurine, glutathione, alpha lipoic acid,

garlic extract, glycine, 5 amino acids and 13 minerals),

presumed gastrointestinal and immune support (Lactoba-

cillus acidophilus and bifidus, lactoferrin and silymarin),

EFAs, phospholipids, iodine, tyrosine, all of the B vitamins

and some phytonutrients. With 10 children per group

(based on parental choice), both groups showed significant

improvement in neurocognitive tests, which measured

auditory response control, auditory attention, visual atten-

tion and visual response control. The nutrient group did as

well as the methylphenidate group; however, there were no

measures of behavioural change in ADHD symptoms, and

the sample size may have been too small for detection of

group differences.

In the same year, Patel and Curtis [54] reported an open-

label observational study with an even more comprehen-

sive approach. Ten children with both ADHD and autism

were treated for 3–6 months with vitamins (A and

B complex), seven minerals, coenzyme Q10, amino acids

and peptides, some EFAs, milk thistle, a-lipoic acid,

digestive enzymes and probiotic bacteria. In addition, the

parents of these children received instructions on control-

ling environmental factors (i.e. mites, exposure to toxins,

pesticides and cleaners), gastrointestinal support, an

organic diet, antigen injection therapy (to address dust mite

allergens, foods, moulds and chemicals), chelation therapy

and injection 1–3 times per week with glutathione and

methylcobalamin (vitamin B12). The researchers reported

that on parental questionnaires, there was an ‘average’

improvement in concentration and attentional problems

and hyperactivity-related problems; however, the study

was severely limited in that it did not report on clinical

improvement, nor did it include any statistical analyses or

ADHD and Micronutrient Treatment
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use standardized measures of behaviour. It also did not

specify the doses of the nutrients that were used.

Sinn and Bryan [55] conducted a three-arm study

comparing EFAs, EFAs with an over-the-counter multivi-

tamin/mineral tablet (Blackmore’s) and placebo. They did

not find any additive benefit of the combined regimen over

the EFA-only regimen; however, they acknowledged that

the dose of the micronutrients may have been too low to

reach any conclusions about specific ingredients in the

tablet. Those in both groups taking EFAs benefited more

than the placebo group in terms of improvement in ADHD

symptoms (both attention and hyperactivity/impulsivity)

and parental report of cognitive problems.

Another open-label trial using EMPowerplusTM in 14

adults with ADHD and mood instability showed signifi-

cant improvement over 8 weeks in all ADHD symptoms

(although problems with inattention were less well con-

trolled than hyperactivity and impulsivity), as well as

stabilization of mood in all participants in the trial [56]. A

database analysis of 41 children with ADHD taking this

same formula found that there was a significant

improvement in ADHD symptoms studied over a 6-month

period [57]. A number of case studies have also demon-

strated on–off control of ADHD symptoms in a within-

subject crossover design with this same micronutrient

formula [58–60].

There is now one completed randomized controlled trial

(RCT) using micronutrients to treat ADHD. Rucklidge

et al. [61] studied 80 adults with ADHD randomized to

receive either EMPowerplusTM (n = 42) or placebo

(n = 38) and found that micronutrient treatment induced

statistically robust improvements in several indices, from

ADHD symptoms to global assessment of functioning,

compared with placebo, with effect sizes ranging from 0.46

to 0.67. Specifically, the participants taking EMPower-

plusTM reported greater improvement in both inattention

and hyperactivity/impulsivity, as compared with placebo.

Improvement in hyperactivity/impulsivity was also noted

by the observers (usually a spouse or partner). Clinician

ratings did not reveal group differences on the ADHD

rating scales, but clinicians did report greater improve-

ments in the global assessment of functioning, mood and

clinical global impression. After 1 year post-baseline, as a

group, these participants either stayed the same or regres-

sed only slightly as compared with the end of the open-

label phase, and they did not revert back to their baseline

functioning [62]. The naturalistic follow-up also high-

lighted the likelihood that individuals will stay on a

micronutrient treatment following trial participation.

Although only 20 % of the participants who were followed

continued to take the nutrients, as a group their ADHD

symptoms were reduced into the nonclinical range,

whereas the participants who stopped taking the nutrients

or switched to medications were performing significantly

worse on ADHD measures [62].

While trial length varied considerably across these

positive studies (from 4 weeks to 6 months), all except the

study by Sinn and Bryan used a broad spectrum of

micronutrients (36–55 ingredients) at higher than recom-

mended daily allowance (RDA) doses but lower than the

level identified as being toxic [also known as the upper

level (UL)], suggesting that the doses and breadth of

ingredients are important in effecting change in ADHD

symptoms. Of course, the doses cannot be too high, as they

can then become toxic with no associated benefit, as

demonstrated by the earlier studies that gave megadoses

[63] of a small number of vitamins, usually with no

accompanying minerals.

4 Directions for Future Research

Mainstream medicine has accepted the notion that phar-

maceuticals are the preferred approach to the treatment of

ADHD. However, as researchers and clinicians become

increasingly aware of less than optimal efficacy rates in the

long-term, as well as concerning side effects of these

medications [9], there is a compelling reason to explore

and properly evaluate other options. This review reveals

there is potential benefit from nutritional approaches that

employ a broad spectrum of vitamins and minerals, but

much more research is required. One interesting theme that

emerged was that, until recently, researchers typically

studied individual nutrients (with limited success) rather

than using a broad-spectrum approach with multi-ingredi-

ent formulas. Given that physiological function is best

optimized by having all systems in balance, since different

vitamin and mineral levels affect the absorption and

effectiveness of each other, one needs to challenge the

more conventional single-nutrient methodology [64].

Research on multi-nutrient treatment of ADHD is in its

infancy. The multi-ingredient trials reviewed here all

showed promise, but most suffered from lack of controls,

small sample sizes, varied sampling procedures and

inclusion criteria, and multiple assessment methods. No

safety concerns were raised in any of the trials, and the

evidence suggests that at least in the short-term, the

nutrients do not have any negative impact on functioning

[65]. Side effects are also typically minimal. The one RCT

brings the level of rigour necessary for the field to advance

and be taken seriously; however, replication and longer-

term studies are now required.

The impact of diet alongside nutrient supplementation

also needs to be considered. Although dietary pattern and

socioeconomic status were not identified as predictors of

response to nutrients in one study [66], it is unknown

ADHD and Micronutrient Treatment



whether a change in diet alone could achieve the same

results as those obtained using nutrients. Given that there is

an association between the Western dietary pattern and

ADHD [19], it is worth investigating these associations

further. Also, it is unclear whether these doses of nutrients

can be used safely with medications [67], and caution must

be applied if using medications and nutrients together—

often the dose of medications can be reduced with con-

tinued beneficial effects on symptoms [68].

One striking feature of the research employing these

broad-spectrum formulas is that the intervention is gen-

erally seen as being the primary intervention, whereas

studies of single ingredients tend to be conceptualized as

being supplementary to medications. Future research needs

to address the question of whether there are certain

nutrients that appear to be essential for positive benefit to

occur. Certainly, some B vitamins are common across all

formulas, although the doses can vary greatly. It is

unknown whether large combinations of nutrients are

essential for all individuals or whether subgroups of the

nutrients might be sufficient for some people, depending

on specific deficiencies. While Rucklidge et al. [66] did

look at moderators of treatment response within a sub-

sample of adults with ADHD who completed at least

8 weeks of exposure to the micronutrients, with good

compliance, only one variable—the baseline ferritin

level—proved to be useful in predicting who would

respond. Higher baseline ferritin levels predicted who

would be classified as an ADHD responder, suggesting

that those with healthy iron stores were more sensitive to

the broad-spectrum formula. It is also worth noting that

high ferritin levels can reflect inflammation [69] and,

therefore, perhaps the micronutrients decreased inflam-

mation and thereby improved ADHD symptoms [70].

Baseline serum levels of copper, zinc, vitamin B12, folate

and iron did not influence the response to the broad-

spectrum formula, suggesting that peripheral changes in

blood levels may not be useful in determining what is

occurring in a metabolically active brain [71].

It is unrealistic to expect all studies of broad-spectrum

formulas to use the same compound, but the variability

across studies presents a challenge for interpretation.

Future trials comparing compounds may assist us in

understanding the importance of various nutrient combi-

nations and doses. Perhaps modern metabolomics methods,

providing detailed metabolic information at the cellular

level, will eventually provide the tools for biological sub-

classification of patients within the present-day criteria-

based psychiatric diagnoses. This type of information may

facilitate identification of more personalized approaches

for individuals, perhaps leading to an array of potential

nutrient treatments based on individual profiles. It may also

aid in determining whether there is a subset of individuals

most likely to benefit from this treatment, given that not all

patients respond to the micronutrients.

There are several methodological improvements that

should be attended to in future studies. Trials would benefit

from reporting on pretreatment nutrient levels for as many

nutrients as possible, even though such information would

be based on peripheral blood and might not be excellent at

indicating levels in the brain. Three-day food records could

be analyzed to evaluate the diets of the treated groups, as it

is possible that food intake may influence the response to

treatment. Symptoms and disorders need to be well docu-

mented for the samples being studied, as well as co-

occurring physical disorders that may impact the treatment

response, such as Crohn’s disease or coeliac disease. We

anticipate that a healthy gastrointestinal system will be

increasingly considered as essential for maximizing the

treatment response to micronutrients, and researchers may

consider adding probiotics to micronutrient treatment to

optimize nutrient absorption. Research on the fascinating

role that the intestinal microbiota play in the expression of

psychological symptoms is burgeoning [72–74] and will

likely interest mainstream mental health professionals as

research decodes more of the gut–brain connections [75].

It may seem implausible that the broad-spectrum nutri-

ent approach would have an effect across a broad range of

psychiatric symptoms; however, as research continues to

uncover the interaction between the environment (includ-

ing nutrient intake) and genes (e.g. [76]), this approach

should prove logical and scientifically sound. If it is found

that micronutrients can positively affect the symptoms of

many types of psychiatric symptoms, or can even prevent

the onset of such symptoms (as has been shown using EFAs

for prevention of psychosis [77]), the research will do more

than contribute to improved treatments for mental disor-

ders. The larger impact could be the development of aeti-

ological models that include nutrition more centrally to

complement the myriad of existing models ranging from

exposure to environmental toxins to genetics to family

functioning [78]. Also, if the results are replicated consis-

tently, then a new treatment option would become avail-

able for those families seeking another approach to the

management of ADHD symptoms.

The implicit hypothesis underlying the primary use of

multiple micronutrients for amelioration of mental symp-

toms is that mental illness may be a manifestation of sub-

optimal nutrition. This hypothesis must be seen in relation

to the individual’s genetically determined nutrient needs

for optimal brain metabolic activity. This new hypothesis

of the origins of mental illness can actually be traced to

20th-century ideas [79], but it is not yet proven according

to 21st-century standards. The use of broad-spectrum

micronutrient formulas is a promising approach with sound

theoretical reasons for their beneficial effects on

J. J. Rucklidge, B. J. Kaplan



psychiatric symptoms. And with respect to ADHD, this

review demonstrates that the growing body of literature on

micronutrient treatment is compelling enough to provide

the impetus to conduct trials in mental disorders routinely.
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