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Abstract
Background: Autism is a long-term disability and a developmental disorder in which many studies
suggested an association with serum low levels of zinc. In addition, the zinc to copper (Zn/Cu) ratio can be
a biomarker of ASD as it is abnormally low in individuals with autism.

Aim: The present study aimed to determine the levels of Zn in the bodies of children with autism spectrum
disorder (ASD). The assay is done using new technology, the quantum magnetic resonance analysis
(QMRA) method, and comparing its results with a reference testing laboratory method to determine the
validity, sensitivity, and speci�city of the new measurement method.

Method: The study was performed in a group of children (M=19; F=11; age range=3-15 years) with ASD
(n=30) and a control group of typically developing children (n=30) matched in terms of sex and age. The
main variables in this study were the body values of Zn measured with a QMRA-998 8th Generation device
and in patients’ sera by the reference direct colorimetric method.

Statistical Analysis: Results were compared across groups using descriptive statistics, Pearson and
Spearman’s correlation coe�cients, Chi-Square signi�cance, analysis of variance (ANOVA), and linear
regression. In addition, a sensitivity and speci�city cross-tabulation test was performed to evaluate the
QMRA method in measuring Zn levels.

Results: Both methods showed lower means for Zn levels in the ASD group than in the control group with a
signi�cant correlation between the two methods when measuring Zn levels. With the QMRA method, the
sensitivity was 84% and speci�city was 87%.

Conclusion: It is suggested to test blood levels of Zn in all autistic children and give them a Zn supplement
if needed. Non-invasive health measurement devices such as QMRA can be used as a screening or adjunct
tool for the measurement of Zn levels in humans.

1. Introduction
Autism is a long-term disability and a developmental disorder de�ned by the American Psychiatric
Association in the Diagnostic and Statistical Manual of Mental Disorders (DSM V) [1]. Serum levels of Zinc
have been associated with ASD, and the (Zinc/Copper) ratio can be a biomarker of ASD [2] being
abnormally low in ASD individuals [3]. Thus, it is indispensable to avail simple, accurate, and reliable
alternative analytical methods that conveniently and promptly assess trace element levels [4], especially, as
screening quick tools in schools or rural and remote locations. The normal range of serum Zn is 60–90
µg/dl between the ages of 1–12 months, 80–110 µg/dl between the ages of 1–10 years, and 90–120
µg/dl between the ages of 10–15 years [4]. The normal Zn/Cu ratio is approximately 1:1 and its lower limit
is 1.4 [5].

One of the non-invasive diagnostic tools available now is the Quantum Magnetic Resonance Analyzer
(QMRA), which can display the coe�cient values of trace elements in the human body. It should not be
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confused with other similar technologies like Magnetic Resonance Imaging (MRI), Nuclear Magnetic
Resonance Imaging (NMR), Quantitative Magnetic Resonance Imaging (QMR), or Quantum Magnetic
Resonance Spectrometry (QRS) even though the latter shares with it the functional principle. This invention
gained world recognition as early as 1989 when Professor Dr. Masaru Emoto of Yokohama, Japan received
exclusive rights to market the �rst version of Magnetic Resonance Analyzer [6], which was alleged to be
able to detect the magnetic �eld around a human hair, for example, and diagnose almost any disease as
described in the Ronald Weinstock of the USA patent [7]. Emoto renamed it the "Vibration-o-Meter" and
became an operator himself [8]. Up until now, very few scienti�c studies applied QMRA in research and
almost none have been published stating that this tool is equivalent to the reference methods. Accordingly,
the sensitivity and speci�city of the QMRA tool should be con�rmed by comparing it with a reference serum
test.

The purpose of this study was to compare two methods of Zn levels’ measurement in the body; namely,
Quantum Magnetic Resonance Analyzing (QMRA) compared to the reference laboratory direct colorimetry
method. The result of such a comparison is expected to provide scienti�c evidence related to the accuracy
of QMRA. If the claims for QMRA could be corroborated, such a powerful economical tool could be a more
versatile analytical instrument, simple to use, and worthy of consideration. For instance, in the analysis of
vitamins and trace elements, it can provide immediate results that will allow anyone to use or suggest
individualized, effective protocols to achieve balance and optimal health. If it proves accurate and can
acquire the touted multitude of information about the human body, such a simple instrument may help
treatment guidelines.

To date, there is no FDA approval for the device [9]. In a Google Scholar recent search, the total studies
using QMRA in scienti�c research that showed up were few and published only in Indonesia and Nigeria.
First, in Indonesia, �ve of them used it as an adjunctive diagnostic tool in the medical �eld and relied
completely on its results as a proven method [10], [11], [12], [13], [14]. In Nigeria, there were other studies
using it in the same manner [15], [16], [17], [18], [19], [20], [21], [22], [23]. The only studies that questioned the
use of QMRA by actually comparing it to reference laboratory methods were two studies [24], [25].

2. Subjects & Methods
This present study is a comparative cross-sectional study. The study was carried out in a Center for
Children with Special Needs a�liated with a university in Cairo and a Private Pediatric Clinic in Giza; Egypt
in the period between January 2019 and September 2021.

I. Subjects

The study enrolled 60 children; a study group diagnosed as per DSM-V criteria [1] with ASD (n = 30) and a
control group of typically developing (TD) children (n = 30), matched in terms of sex and age (3–15 years).
Included groups were well-hydrated and receiving adequate daily intake of water and not on any
supplements for the last two months. Excluded were those with chromosomal or neurological disorders
other than autism and those on medications that affect serum Zn levels.



Page 4/24

II. Methods

A. History, clinical and psychometric examination:

All children in this study underwent history-taking, anthropometric measurements, and systemic clinical
examination. The ASD group had a psychometric assessment including Intelligence quotient (IQ) by
Stanford − Binet Intelligence Scale for Children [26], diagnosis of autism according to DSM-V [1], and
assessment of the severity of autistic symptoms using the Childhood Autism Rating Scales (CARS) [27].

B. Laboratory investigation:

i. The Zn Serum Level by Direct Colorimetric Method with Ready-to-use Kit (Reference Method): With 5-
Brom-PAPS [28]. The normal range for all children was set at 64–110 µg/dl.

ii. The Zn Body Content by Proposed Quantum Magnetic Resonance Analyzer (QMRA) (Validation Method):
The QMRA tool used in this research was the Korean-design QMRA Model Number: QMR-998/2021.1
manufactured by Guangzhou Zhenyuesheng Electric Co. Ltd; PRC in 2021 (Fig. 1). In this study, the QMRA
values used were the electromagnetic coe�cients of Zn levels, which were not, unfortunately, explained in
the manual (Table 1; Figs. 1 & 2).

 
Table 1

QMRA Reference Standards for Zn Levels (From the Machine’s Manual).
Reference
Standard

Normal (-) Mildly Abnormal
(+)

Moderately Abnormal
(++)

Severely Abnormal
(+++)

Zinc 1.143–
1.989

0.945–1.143 0.532–0.945 < 0.532

III. Statistical Analysis

Data were collected, coded, and then fed to the computer where it was analyzed, and tabulated using the
Statistical Package for Social Science (SPSS version 25). For statistical assessment of the differences
between the groups according to levels of Zn in the serum and by QMRA device as well as the comparison
between the two methods, the collected data were statistically managed by calculating the Test of
Independence or Pearson Chi-Square (χ2), Analysis of Variance (ANOVA), Linear Regression, and Pearson’s
correlation coe�cients. The sensitivity and speci�city of QMRA were calculated by cross-tabulation 2x2.
The accepted level of signi�cance, p-value, was set at ≤ 0.05. Finally, the results were represented in
tabular and diagrammatic forms.

IV. Ethical Aspects
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Researchers declare that informed written consent from parents and/or verbal assent from all individual
participants involved in the study was obtained before enrollment in the study. Con�dentiality was
maintained. The authors declare that they have no con�icts of interest. All procedures performed in studies
involving human participants were by the ethical standards of the institutional (Faculty of Postgraduate
Childhood Studies and the Ain Shams University) and the national research committees. The Scienti�c
Ethics Committee of the faculty approved the study protocol. This research does not contain any studies
involving animals performed by any of the authors.

3. Results
I. Anthropometry

Anthropometric means between study groups showed statistically signi�cant differences only with head
circumferences (F = 6.42; p = 0.01) (Table 2). However, generally, the ASD group subjects demonstrated
taller, heavier, and higher BMIs than the control group subjects. By way of correlation, the head
circumference tended to increase in the ASD group, and, generally, with age (ρ = 0.67, p = 0.00), height (ρ = 
0.72, p = 0.00), weight (ρ = 0.74, p = 0.00) and BMI (ρ = 0.47, p = 0.00). When measured by QMRA, it also
correlated inversely with Zn levels (Table 3).

 
Table 2

Head Circumference Descriptive Statistics and Differences between Groups.
Descriptive Statistics ASD Controls ANOVA

Mean Std. Dev. Mean Std. Dev. F Sig.

Head Circumference 54.27 4.54 51.9 2.35 6.42 0.01

 
Table 3

Head Circumference Signi�cant Correlations with Other Anthropometrics and Zn Levels.
Variables Correlations Age Height Weight BMI Serum Zn QMRA Zn

Head Circumference Pearson 0.67 0.72 0.74 0.47 -0.08 -0.21

Sig. 0.00 0.00 0.00 0.00 0.34 0.05

II. Clinical Findings
Through the history, general, and systemic clinical examination, the ASD group showed statistically
signi�cant differences from the control group. They had more GIT and respiratory abnormalities
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frequencies such as diarrhea, and pica (χ2=13.58; p-value=0.00) and higher frequencies of upper and lower
recurrent chest infections (χ2=15.36; p-value=0.00) (Table 4). 

Statistically signi�cant differences between both methods measuring Zn levels and clinical �ndings were
found in the whole study sample. These were evident with the gastrointestinal system (serum χ2=10.62, p-
value=0.00; QMRA χ2 =5.66, p-value=0.02) and the respiratory system (serum χ2=18.22, p-value=0.00;
QMRA χ2 =10.09, p-value=0.00) (Table 5). These �ndings concur with the differences between groups
shown above, probably due to low Zn levels.

 

Table 4: Signi�cant Clinical Findings Distribution of
Study Groups.

Findings ASD Control χ2 p-
value

Constipation 2 6 13.58 0.00

Diarrhea 19 6

Pica 6 0

Recurrent
Infections

17 6 15.36 0.00

Wheezes 5 6

Table 5: Signi�cant Clinical Findings
Distribution as regards Zn Levels by both
Methods.

 
Method Serum Zn QMRA Zn

System χ2 p-
value

χ2 p-
value

GIT 10.62 0.00 5.66 0.02

Resp. 18.22 0.00 10.09 0.00

III. Cognitive Abilities and CARS Scores
Cognitive abilities (IQ) and CARS scores frequencies and descriptive statistics of the ASD
group were analyzed. The results of IQ-score in the ASD group showed most patients in the extremely low
range. ASD group mean score was 54.97±19.24 (extremely to the very low range) (Table 6). The autism
severity test CARS score results showed the highest frequency in the ASD group was in the severe range.
The mean was 37.5±3.5 (severe range) (Table 7). There was a highly signi�cant negative correlation
between IQ and CARS scores within the ASD group (ρ=-0.485, p=0.01). The higher the CARS, the lower the
IQ score. However, correlation there was no statistically signi�cant relationship between the Zn levels in the
ASD group with either IQ- or CARS score. 
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Table 6: IQ Scores Distribution in the ASD Group.

Parameters Frequency Percent

Extremely Low (≤ 
69)

22 73%

Very Low (70–79) 4 13%

Low Average (80–
89)

2 7%

Average (90–109) 2 7%

High Average (110–
119)

0 0%

Very High (120–
129)

0 0%

Total 30 100%

Mean ± Std. Dev 54.97 19.236

Minimum -
Maximum

9 90

Table 7: CARS Scores Distribution in the ASD
Group.

 

Parameters Frequency Percent

No ASD (< 30) 0 0%

Mild to Moderate (30-
36.5)

10 33%

Severe (37–60) 20 67%

Total 30 100%

Mean ± Std. Dev 37.50 3.50

Minimum - Maximum 30.00 44.00

IV. Measurement of Zn by Both Methods

The values of Zn of both groups of children were measured by both traditional (Direct Colorimetric Method)
and QMRA (Validation) methods (Table 8; Figs. 4–6).

 
Table 8

Descriptive Statistics, ANOVA, and Pearson’s Correlation of Zn levels by both Methods.
Descriptive Statistics ASD Controls ANOVA Correlation

Mean Std. Dev. Mean Std. Dev. F Sig. ρ Sig.

Serum Zn Value (µg/dl) 59.51 11.17 63.77 10.92 2.23 0.14 0.43 0.00

QMRA Zn Coe�cient 0.87 0.18 1.31 0.33 39.57 0.00

V. Prediction of Zn Values by QMRA to Colorimetry
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The linear regression analysis demonstrated a model and coe�cients for Zn level by QMRA in relation to
the Colorimetry measurement of Zn (Table 9). The curve depicting this prediction relation showed
converging of values by both methods towards the trendline and expressing the linear equation (ZnSerum

=13.924* ZnQMRA + 46.478 (µg/dl); R2=0.1832) (Fig. 7).

 
Table 9

Linear Regression Model and Coe�cients for QMRA to Serum Zn Levels.
Model Summary R R Square Adjusted R

Square
Std. Error of the
Estimate

Serum Zn*QMRA Zn levels 0.428 0.183 0.169 10.175

ANOVA Sum of Squares df Mean Square F Sig.

Zn Regression 1347.03 1 1347.03 13.011 0.001

Coe�cients for
QMRA Levels

Unstandardized
Coe�cients

Std.
Error

Standardized
Coe�cients

t Sig.

QMRA Zn
Coe�cient*

13.924 3.86 0.428 3.607 0.001

Zn (Constant) 46.478 4.404   10.555 0

*The independent variables are QMRA Coe�cients.

VI. QMRA Speci�city and Sensitivity

Cross-tabulation (two-by-two) of the measurements of serum vs. QMRA Zn levels was performed to �nd
out the sensitivity and speci�city as well as the true and false positive and negative readings of QMRA
(Table 10).
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Table 10
Sensitivity, Speci�city, PPN, and NPV Values for QMRA in Reference to Direct Colorimetric Method.

QMRA Zn Sensitivity & Speci�city QMRA Zn

Positive Negative PPV NPV

Zn Levels Positive Count 31 (TP) 3 (FP) 91% 77%

% 83.80% 13.00%

Negative Count 6 (FN) 20 (TN)

% 16.20% 87.00%

Sensitivity Speci�city

84% 87.00%

TP = true positive, FP = false positive, FN = false negative, TN = true negative, Sensitivity = (true positive)
/ (true positive + false negative) = Probability of being test positive when disease present. Speci�city =
(true negative) / (true negative + false positive) = Probability of being test negative when disease
absent. Positive Predictive Value (PPV) = (true positive) / (true positive + false positive) = Probability
(patient having disease when test is positive) and Negative Predictive Value (NPV) = (true negative) /
(false negative + true negative) = Probability (patient not having disease when test is negative).

4. Discussion
De�ned by APA in the (DSM V), ASD is a neurodevelopmental disorder with a group of long-term disabilities
[1]. Many studies suggested an association between serum levels of Zn and ASD, and that the Zinc to
copper (Zn/Cu) ratio, being low, can be a biomarker of ASD [2], [3]. Thus, it is indispensable to �nd simple,
accurate, selective, and reliable alternative analytical methods that can conveniently, and promptly assess
trace elements’ levels in the body [4]. The present study aimed to determine the levels of Zn in ASD children
by two methods and to compare their results. The assay was done using a new technology (QMRA)
method and its results were compared with a reference laboratory method (direct colorimetry) to determine
the sensitivity and speci�city of the new measurement method.

The study was performed on a group of children (n = 30; M = 19; F = 11; age range = 3–15) with ASD and a
control group of typically developing (TD) children (n = 30) matched in terms of sex and age in a university
center for children with special needs in Cairo, and a private clinic in Giza from Jan 2019 through
September 2021. The measurement of Zn was performed with a QMRA-998 8th Generation device and in
patients’ sera by the reference direct colorimetric method.

As far as speci�c anthropometric measures are concerned, body composition and anthropometric
measures of both groups revealed that the ASD group demonstrated more height (ASD = 132.57 ± 22.45;
Controls = 125.67 ± 19.75 cm), height for age percentile, weight (ASD = 37.20 ± 18.32; Controls = 31.47 ± 
14.61 Kg), weight for age percentile, head circumferences (ASD = 54.27 ± 4.54; Controls = 51.90 ± 2.35 cm)
and BMIs (ASD = 19.87 ± 4.71; Controls = 18.82 ± 3.41 Kg/m2) than with the control group subjects.
Speci�cally, results showed statistically signi�cant differences in head circumferences (ANOVA: F = 6.42; p 
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= 0.01) between children with and without ASD. The head circumference tended to increase with gender
(female), age (ρ = 0.67, p = 0.00), height (ρ = 0.72, p = 0.00), weight (ρ = 0.74, p = 0.00) and BMI (ρ = 0.47, p = 
0.00). The results agree with those of other authors who found a higher prevalence of bigger head
circumferences [29], [30], [31], [32], taller [33], and heavier with greater BMIs [34], [32] in ASD than in TD
children. The head circumference signi�cantly increased in females and/or older children, suggesting the
relative overgrowth of the brain in this sample with autism [29], [30], [31], [35], [36], [37], [32]. The higher
tendency to higher BMI is probably due to a sedentary lifestyle, food selectivity, and restrictive diets in
people with ASD that may affect their growth with a probable decrease in muscle mass and increase in
subcutaneous fat thickness [32], [38]. Therefore, increased fat composition in autistic children with
decreased muscle mass necessitates tailoring of specially designed food supplementation programs to
ameliorate the severity of autism symptoms [32].

Complete history taking, medical examination of major relevant body systems, and neuropsychiatric
examination were done on all subjects from both groups. Generally, in both groups, neck, cardiovascular
and abdominal examinations were normal but many of the ASD patients showed neuromuscular and
language symptoms, stereotypies, and hyperkinesia. These �ndings agree with �ndings of other studies in
the literature [39],[40] [41], [42], [43]. In addition, the ASD group expressed higher frequencies of some
clinical �ndings with statistically signi�cant differences than the control group in two domains: with GIT
symptoms [44], e.g. diarrhea, and pica (χ2 = 13.58; p-value = 0.00), and with respiratory symptoms [45], e.g.
upper and lower recurrent chest infections (χ2 = 15.36; p-value = 0.00) in agreement with other research [46],
[47]. In addition, in ASD, the range of co-morbid disorders, particularly those of gastrointestinal origins,
greatly exceeded that of the general population [44]. Similarly, the Zn levels signi�cantly correlated with
gastrointestinal and respiratory systems’ �ndings coinciding with the same differences between the two
study groups. This is in agreement with literature correlating zinc de�ciency with chronic diarrhea due to
loss [48],[49] and pica interfering with zinc absorption [50]. Subsequently, it con�rms that autistic children,
particularly those with GI disease, would have abnormal serum levels of Zn [51]. As regards the recurrent
chest infections exhibited in the ASD group, they may be related to low immunity due to low Zn. In such
cases, the Zn level can be used as a biomedical marker relating to in�ammation, immune dysfunctions,
intestinal dysfunctions, and infections [45], [47].

The cognitive abilities of the ASD group were assessed by the Intelligence quotient (IQ) using the Arabic
forms of the Stanford − Binet Intelligence Scale for Children [26]. The IQ score results showed that 73%
were in the Extremely Low (≤ 69), 13% in the Very Low (70–79), and 7% in both the Low Average (80–89)
and Average (90–109), which did not fully agree with the percentages according to CDC [52]. The CDC
reports that only 31% of children with ASD have an intellectual disability (IQ < 70), 25% are in the borderline
range (IQ 71–85), and 44% have IQ scores in the average- to above-average range (i.e., IQ > 85). In our ASD
group, the mean score was 54.97 ± 19.24 (extremely- to the very-low range), min = 9, max = 90. In addition,
the autism severity test (CARS) score results showed the highest frequency in the ASD group to be in the
Severe (37–40) range (67%) followed by the Mild to Moderate (30-36.5) range (33%). The mean was 37.5 ± 
3.5 (severe range). There was a highly signi�cant negative correlation between IQ and CARS scores within
the ASD group (ρ=-0.485, p = 0.01) indicating that the lower IQ, the higher the CARS score or vice versa [53].
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At this point, the correlation of the Zn levels showed signi�cance with IQ-score but not with CARS scores
(ρ=-0.41, p = 0.03). Hypothesizing that low Zn is responsible, this result should con�rm that zinc is essential
for the normal development and function of biological systems including the CNS and that it is bene�cial
to intelligence [54]. Zinc de�ciency may lead to de�cits in children’s neuropsychological functioning,
activity, or motor development, and thus, interfere with cognitive performance [55]. Being an essential
catalytic or structural element of many proteins and important for neural activity and the control of
neuronal death, zinc may be an important trace element for the etiology and symptoms of subgroups of
ASD [56]. However, since the results did not con�rm a correlation with CARS score, they did not match the
results of other studies reporting a signi�cant negative association between the Zn/Cu ratio and CARS
scores [2].

The normal ranges mentioned in the literature for serum Zn is 60–90 µg/dl between the ages of 1–12
months, 80–110 µg/dl between the ages of 1–10 years, and 90–120 µg/dl between the ages of 10–15
years [5], [4]. However, the value we employed in the study was 63.8–110 µg/dL for all children of all age
groups as per the laboratory method reference range provided by the manufacturers. As for QMRA, the
values used were the coe�cients of Zn levels of which the normal value range is 1.143–1.989. A
coe�cient value for Zn > 1.989 is considered to show an increase in its levels and a coe�cient < 1.143 is
considered to show a decrease in its levels. Unfortunately, the coe�cient values of the measurement of Zn
levels using electromagnetic waves by the QMRA tool have not been explained in the manual.

Disturbance of the Zn/Cu ratio occurs mainly because of differences in the level of Zn, which may be
attributed to dietary de�ciencies [57], [58], [59]. The etiological mechanism of disturbed Zn/Cu metabolism
may be due to reduced activity of the detoxi�cation mechanism of metallothionein and/or Cu/Zn SOD1,
resulting in excessive oxidative stress and damage to brain cells [60], [61]. Conversely, it may be due to
reduced levels of Zn as a result of increased oxidative stress, which increases the activity of the
metallothionein system and its binding to Zn and Cu, leading to their reduced availability for activity in
other enzymatic pathways [4]. These disturbances, however, are not speci�c to ASD. They were also
reported with other developmental and behavioral disorders such as ADHD [62], [63], [64]. In the present
study, we did not examine other cases than ASD; therefore, it may be reasonable to extend the study to
include other neurodevelopmental disorder cases. Moreover, regardless of the mechanism of the origin of
Zn/Cu metabolic disturbances, considering the results of the present study, it would be reasonable to add
Zn to the food in all those children with ASD who have reduced levels of Zn or low Zn/Cu ratio in the
plasma[65] as reports indicate the positive effect of treatment with Zn in certain children with ASD [66].

Measuring Zn by the two methods, both methods showed lower means for Zn levels in the ASD group
(serum = 59.51 ± 11.17 µg/dL; QMRA Coe�cient = 0.87 ± 0.18) than in the control group (serum = 63.77 ± 
10.92 µg/dL; QMRA Coe�cient = 1.31 ± 0.33) where the QMRA method was even more sensitive to
detection of the differences between groups (ANOVA F = 39.57; p = 0.00). This was in agreement with other
authors as the results of our study revealed lower serum Zn levels in the ASD group than normal reference
values as well as when compared to another group of typically developing children [5], [4], [2]. The
correlation of both measurement methods as regards Zn levels in the whole study population
demonstrated high signi�cance (ρ = 0.43; p = 0.00). The linear regression predictions of the relationship
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between serum Zn levels observed readings against QMRA coe�cients revealed that Zn regression was
signi�cant by the ANOVA (F = 13.011; p = 0.001), and coe�cient (t = 3.607; p = 0.001). The regression curve
for Zn showed a converging of values by both methods towards the trendline with the linear equation
(ZnSerum = 13.924* ZnQMRA + 46.478 µg/dl; R2 = 0.1832). In addition, the evaluation of the QMRA method
sensitivity was 84% while speci�city was 87%. Moreover, the ability of QMRA to detect patients having
abnormal Zn values when the test is positive or Positive Predictive Value (PPV) is (91%) and its ability to
detect not having abnormal Zn values when the test is negative or Negative Predictive Value (NPV) is
(77%).

Finally, even though it is touted by the manufacturers as having been developed by a team of medical and
computer experts based on the study of 100,000,000 clinical cases over many years with an alleged
accuracy rate falling between 85–95% [67], QMRA is still a disputed scienti�c invention [68] because only a
few studies are published using QMRA scienti�cally. Castañeda et al. (2018) in Mexico and Mu�ih et al.
(2019) in Indonesia were the only researchers that questioned the use of QMRA comparing it to reference
measurement methods and demonstrated no concrete correlation between QMRA and these reference
methods [24], [25]. However, as reported by QMRA proponents and manufacturers, trace elements
measurement is only one function that QMRA is supposed to do among more than 40 other functions. In
our present study, our results for measuring Zn by QMRA were satisfactory to a great extent and
substantiate its use as an adjunctive diagnostic tool as was reported by other scientists in their studies in
patients with disabilities and similar conditions as in our study [69], [70], [10], [20], [19], [11], [18], [22], [14],
[12], [13], [23].

The strengths of this study are that the results were obtained from a representative sample of pre-school-
and school-age children. We controlled the group for such potential confounders as ethnicity,
socioeconomic level, diet, chelating agents, and supplements. As far as assessment is concerned, no
previous studies were published comparing QMRA in measuring trace elements with a reference method
and only a few have used QMRA in scienti�c research, especially in the ASD population.

One of the limitations of the study is that not many of the subjects had been exclusively diagnosed with
ASD without other neurodevelopmental disorders. The study did not aim at including other patients with
other neurodevelopmental disorders in which disturbances of Zn levels may occur, e.g. ADHD. We also had
a lower proportion of ASD girls than boys, so we were unable to obtain comprehensive results on
differences between the two sexes. In addition, the study was comparative only for Zn measurements and
no other trace elements or other clinical diagnoses.

5. Conclusion
Among the results, the signi�cantly low plasma Zn in children with ASD compared to the control group of
children stood out even though it was noted that both groups, generally, had a low Zn level that may have
resulted from poor diet quality. The QMRA as a possible diagnostic non-invasive tool, one of whose
functions is to measure body trace elements such as Zn accurately to 85–95% precision, may not have
provided an exact similarity of the Zn levels of the study participants compared with the traditional
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laboratory (Direct Colorimetric) method. However, its correlation, sensitivity, and speci�city tests were high
in measuring Zn.

6. Recommendations
1. Addition of Zn to food in the case of its insu�ciency, especially in cases of neurodevelopmental
diseases such as ASD.

2. QMRA assay method is not recommended as the sole reference for measuring trace elements in the
body until further more controlled studies are performed.

3. QMRA can be used as a screening or adjunct tool for measuring Zn levels in humans, especially in poor,
remote, or rural location where it is di�cult to have access to proper laboratory services.

4. More research is warranted to test the other functions of QMRA technology as a medical diagnostic
and/or therapeutic tool.
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AAP American Academy of Pediatrics.

ADHD Attention De�cit Hyperactivity Disorder.

APA American Psychiatric Association

ASD Autism Spectrum Disorder.

BMI Body Mass Index

BMR Basal Metabolic Rate

CARS Childhood Autism Rating Scale.

CDC Centers for Disease Control and Prevention.

CNS Central Nervous System.

Cu Copper.

DSM-V  Diagnostic and Statistical Manual of Mental Disorders—5th Edition.

IQ Intelligence Quotient.

MRI Magnetic Resonance Imaging.

QMR Quantitative Magnetic Resonance Analyzer; Analysis.

QMRA Quantum Magnetic Resonance Analyzer; Analysis.

QRA Quantum Resonance Analyzer; Analysis.

QRS Quantum Resonance Spectrometry.

SB5  Stanford–Binet scales—5th Edition.

TD Typically Developing.

Zn Zinc.

References
[1]   American Psychiatric Association 'APA', Diagnostic and statistical manual of mental disorders: DSM-5.,
Arlington: American Psychiatric Association Publishing, 2013. 

[2]   S.-o. Li, J.-l. Wang, G. Bjørklund, W.-n. Zhao and C.-h. Yin, “Serum copper and zinc levels in individuals
with autism spectrum disorders”, Molecular and Developmental Neuroscience, vol. 25, no. 15, pp. 1216-
1220, 22 October 2014. 

[3]   G. El-Meshad, S. Abd El-Nabi, N. Moharam and M. Abou El-Khair, “The plasma zinc/serum copper ratio
as a biomarker in children with autism spectrum disorders”, Menou�a Med J, vol. 30, pp. 727-733, 2017. 



Page 15/24

[4]   G. Bjørklund, “The role of zinc and copper in autism spectrum disorders”, Acta Neurobiol Exp, vol. 73, p.
225–236, 2013. 

[5]   S. Faber, G. Zinn, J. 2. Kern and H. Kingston, “The plasma zinc/serum copper ratio as a biomarker in
children with autism spectrum disorders.”, Biomarkers. , vol. 14, p. 171–80., 2009. 

[6]   M.  . Emoto, Unveiling to the Hado Era in Japanese  , 5th ed., Tokyo: Sunroad, 1992, p. 24.

[7]   R. J. Weinstock and S. Lipsett, "Computerized magnetic resonance analyzer". USA Patent US5317265A,
16 September 1992.

[8]   W. Reville, "The pseudoscience of creating beautiful (or ugly) water," The Irish Times, p. 14, 17 Feb
2011. 

[9]   E. Aggrey, "FDA's Innocence or Impotence: The case of Quantum Analyzer usage in Ghana’s
Healthcare.," 1 Nov 2017. [Online]. Available:
https://www.ghanaweb.com/GhanaHomePage/NewsArchive/FDA-s-Innocence-or-Impotence-The-case-of-
Quantum-Analyzer-usage-in-Ghana-s-Healthcare-596049. [Accessed 30 Apr 2019].

[10]  M. Ichwan, I. A. Dewi and D. B. Utami, “Design and Implementation of Smart Cabins as a Health
Measuring Tool for Blind and Elderly Persons with Disabilities”, ReTII, no. Prosiding Seminar Nasional ReTII
ke-11 2016, pp. 363-372, 8 Mar 2017. 

[11]  S. Maryam, “DETEKSI DINI KESEHATAN REPRODUKSI PEREMPUAN DENGAN MENGGUNAKAN ALAT
QMRA: EARLY DETECTION OF WOMEN'S REPRODUCTIVE HEALTH USING QUANTUM RESONANCE
MAGNETIC ANALYZER.”, Jurnal PUBLICIANA, vol. 11, no. 1, pp. 100-112, 30 Nov 2018. 

[12]  A. Luth�ana and H. Harliansyah, “Memory Index Examination, MMSE (Mini Mental State Examination)
and MoCA-Ina (Montreal Cognitive Assessment Indonesian Version) for Yarsi University Employees.”,
Jurnal Kedokteran YARSI, vol. 27, no. 2, pp. 62-8, 2019. 

[13]  I. Rohmawati and D. Turista, “The CORRELATION OF BLOOD SUGAR LEVELS WITH THE ELASTICITY
OF CORONARY ARTERIES.”, INTERNATIONAL JOURNAL OF NURSING AND MIDWIFERY SCIENCE
(IJNMS), vol. 3, no. 1, pp. 1-6, 11 May 2019. 

[14]  H. Harliansyah and A. Luth�ana, “Liver Function Examination in YARSI University Employees Using
Quantum Magnetic Resonance Analysis.”, Majalah Kesehatan PharmaMedika, vol. 11, no. 2, pp. 98-104,
Dec 2019. 

[15]  F. Imouokhome and V. Osubor, “Mobile-Device-Based Telemedicine for Improved Health-Wealth.”,
African Journal of Computing & ICT, vol. 5, no. 5, pp. 172-5, Sep 2012. 

[16]  G. Babudoh and J. Ihenacho, “Using quantum magnetic resonance image analyser to determine the
effect of trace element levels on special needs children with reading disabilities.”, International Journal of
Literacy and Development, vol. 1, no. 1, p. 137–146, 2013. 



Page 16/24

[17]  R. Kassam, J. Tuna and A. Mua’zu, “Analysis of trace element status of children with language
disorders using quantum magnetic resonance analyzer in Bassa LGA, Plateau state.”, International Journal
of Research in Science, Technology and Mathematics Education, vol. 3, no. 2, p. 124–133, 2015. 

[18]  M. Ofojekwu, R. Adebisi and A. Jingau, “EFFECT OF TRACE ELEMENT SUPPLEMENTS ON READING
COMPREHENSION OF CHILDREN WITH READING DISABILITIES IN JOS METROPOLIS, PLATEAU STATE.”,
Journal of Education in Developing Areas, vol. 26, no. 2, April 2018. 

[19]  R. O. Adebisi, I. S. Elemukan and Y. D. Gomos, "Analysis of Vitamin-Mineral Status on Attention-
De�cit/Hyperactivity Disorder in Children with Autism Spectrum Disorders in Jos, Plateau State, Nigeria.,"
The Journal of the International Association of Special Education, vol. 18, no. 1, pp. 31-42, 2018. 

[20]  R. O. Adebisi, "Vitamin-Mineral Status on Copying Tasks Completion of Children with Attention De�cit
Hyperactivity Disorder (ADHD).," Africa Education Evaluation, vol. 1, no. 1, pp. 54-67, Feb 2018. 

[21]  R. Adebisi, "Effects of vitamin-mineral supplementation on learning behaviours of children with autism
spectrum disorders in Jos, Plateau State, Nigeria.," Faculty of Education, University of Jos, Jos, Nigeria,
2018.

[22]  Z. Gbolo, K. Ngbolua, P. Mpiana, B. Ndanga, A. Pangodi, A. Masengo and V. Mudogo, “Evaluation of the
Clinical E�ciency of an Antisickling Polyherbal Formula Drepanoalpha in a Sickle cell disease Patient in
Gbado-Lite City (Democratic Republic of the Congo) by Quantum Magnetic Resonance Analyzer.”, Britain
International of Exact Sciences Journal, vol. 1, no. 1, pp. 36-48, 20 Sep 2019. 

[23]  K. Ekerikevwe, “Survival Analysis of the ClinicalEpisodes of Stroke Using Data from Western Delta
Region of Nigeria.”, Britain International of Exact Sciences (BIoEx) Journal, vol. 2, no. 1, pp. 1-10, Jan 2020. 

[24]  M. D. Castañeda Antonio, C. Martínez, C. Daniel, T. Rivera, A. José, R. Portillo, M. A. Roberto, S. C.
Por�rio, M. L. Mercedes and L. L. Antonio, “ Detection of polysaccharides in Ganoderma lucidum extracts.”,
Nova scientia, vol. 10, no. 21, pp. 247-257, 2018. 

[25]  M. Mu�ih, ,. S. Suwarsi and F. Asmarani, “Comparison between The QRMA Measurement with The
Anamnesis and The Capillary Blood Glucose Test.”, Jurnal Ners, vol. 14, no. 2, pp. 224-230, April 2019. 

[26]  A. Binet and T. Simon, “Binet-Simon Intelligence Test”, no. 1, 1905. 

[27]  E. Schopler, R. Reichler and B. Renner, "The Childhood Autism Rating Scale (CARS).", Los Angeles, CA:
Western Psychological Services., 1986. 

[28]  N. Rifai, "Tietz Text book of clinical chemistry and molecular diagnostics.", 6th ed., Saunders , 2017. 

[29]  E. Courchesne, R. Carper and N. Akshoomoff, “Evidence of brain overgrowth in the �rst year of life in
autism.”, JAMA, vol. 290, no. 3, pp. 337-44, Jul 2003. 



Page 17/24

[30]  E. Courchesne and K. Pierce, “Brain overgrowth in autism during a critical time in development:
implications for frontal pyramidal neuron and interneuron development and connectivity.”, Int J Dev
Neurosci, vol. 23, no. 2-3, pp. 153-70, Apr-May 2005. 

[31]  J. Lainhart, B. E. M. Bocian, H. Coon, D. E. G. Dawson, C. Deutsch, D. M. A. Estes, H. Tager-Flusberg, S.
Folstein, S. Hepburn, S. Hyman, W. McMahon, N. Minshew, J. Munson, K. Osann, S. Ozonoff, P. Rodier and
S. Rogers, “Head circumference and height in autism: a study by the Collaborative Program of Excellence in
Autism. “, American journal of medical genetics. Part A, vol. 140, no. 21, pp. 2257-74, Nov 2006. 

[32]  N. Meguid, W. Kandeel, K. Wakeel and A. El-Nofely, “Anthropometric assessment of a Middle Eastern
group of autistic children.".," World journal of pediatrics WJP, vol. 10, no. 4, pp. 318-23, Nov 2014. 

[33]  S. Siddiqi, A. Urooj and M. D’Souza, “Dietary patterns and anthropometric measures of Indian children
with autism spectrum disorder. “, Journal of Autism and Developmental Disorders, vol. 19, p. 1586–1598,
2019. 

[34]  P. Esteban-Figuerola, P. Morales-Hidalgo, V. Arija-Val and J. Canals-Sans, “Are there anthropometric and
body composition differences between children with autism spectrum disorder and children with typical
development? Analysis by age and spectrum severity in a school population.”, Autism, vol. 25, no. 5, p.
1307–1320, 2021. 

[35]  A. Ververi, E. Vargiami, V. Papadopoulou, D. Tryfonas and D. Zafeiriou, “Clinical and laboratory data in
a sample of Greek children with autism spectrum disorders.”, J Autism Dev Disord, vol. 42, pp. 1470-1476,
2012. 

[36]  W. Froehlich, S. Cleveland, A. Torres, J. Phillips, B. Cohen and T. Torigoe, “Head circumferences in twins
with and without Autism Spectrum Disorders.”, J Autism Dev Disord , vol. 43, pp. 2026-2037, 2013. 

[37]  M. Grandgeorge, E. Lemonnier and N. Jallot, “Autism spectrum disorders: Head circumference and
body length at birth are both relative.”, Acta Paediatr, vol. 102, pp. 901-907, 2013. 

[38]  M.-B. Salvador, Z. Itziar, A. Marí-Sanchis, A. Llopis-González and M. Morales Suárez-Varela,
“Anthropometric measurements and nutritional assessment in autism spectrum disorders: A systematic
review.”, Research in Autism Spectrum Disorders, vol. 9, pp. 130-143, 2015. 

[39]  J. Isaksen, V. Bryn, T. Diseth, A. Heiberg, S. Schjølberg and O. Skjeldal, “Children with autism spectrum
disorders–the importance of medical investigations.”, Eur J Paediatr Neurol, vol. 17, p. 68–76, 2013. 

[40]  The National Autistic Society, "Sensory differences," 18 3 2016. [Online]. Available:
https://www.autism.org.uk/about/behaviour/sensory-world.aspx.

[41]  Centers for Disease Control and Prevention 'CDC', "Signs and Symptoms of Autism Spectrum
Disorders," 27 August 2019. [Online]. Available: https://www.cdc.gov/ncbddd/autism/signs.html. [Accessed
31 Jan 2020].



Page 18/24

[42]  Centers for Disease Control and Prevention 'CDC', "What is Autism Spectrum Disorder?," U.S.
Department of Health & Human Services, 25 3 2020. [Online]. Available:
https://www.cdc.gov/ncbddd/autism/facts.html. [Accessed 17 4 2020].

[43]  C. S. Kranowitz, “Sensory Processing Disorder Overview”, Smart Kids with Learning Disabilities®, Inc.,
2021. [Online]. Available: https://www.smartkidswithld.org/�rst-steps/what-are-learning-
disabilities/sensory-processing-disorder-overview/. [Accessed 4 9 2021].

[44]  I. Kohane, A. McMurry, G. Weber, D. MacFadden, L. Rappaport and L. Kunkel, “The co-morbidity burden
of children and young adults with autism spectrum disorders.”, PLoS ONE, vol. 7, p. e33224, 2012. 

[45]  T. Mijatovic, D. Siniscalco, K. Subramanian, E. Bosmans, V. C. Lombardi and K. L. De Meirleir,
“Biomedical approach in autism spectrum disorders—the importance of assessing in�ammation.”, AIMS
Molecular Science, vol. 5, no. 3, pp. 173-182, 2018. 

[46]  F. Doshi-Velez, Y. Ge and I. Kohane, “Comorbidity clusters in autism spectrum disorders: an electronic
health record time-series analysis.”, Pediatrics, vol. 133, p. e54–63, 2014. 

[47]  C. Tye, A. K. Runicles, A. J. Whitehouse and G. A. Alvares, “Characterizing the Interplay Between Autism
Spectrum Disorder and Comorbid Medical Conditions: An Integrative Review.”, Frontiers in Psychiatry, vol. 9,
p. 751, 2019. 

[48]  Centers for Disease Control and Prevention 'CDC', Guidelines for evaluation of the nutritional status
and growth in refugee children during the domestic medical screening process., Bethesda, MD: CDC, 2012. 

[49]  N. Galan, “Children with chronic conditions such as cancer, celiac disease, chronic diarrhea, chronic
kidney disease, chronic liver disease, Crohn’s disease, diabetes, pancreatic disease, sickle cell disease,
ulcerative colitis may experience zinc de�ciency”, 19 Oct 2019. [Online]. Available:
https://www.medicalnewstoday.com/articles/326760. [Accessed 10 Oct 2021].

[50]  R. Bailey, K. West Jr. and R. Black, “The Epidemiology of Global Micronutrient De�ciencies”, Annals of
Nutrition and Metabolism, vol. 66, no. suppl 2, pp. 22-33, 2015. 

[51]  H. Younus, “Therapeutic potentials of superoxide dismutase". , 12(3), .," International journal of health
sciences, vol. 12, no. 3, p. 88–93, May-June 2018. 

[52]  Centers for Disease Control and Prevention 'CDC', "Autism Spectrum Disorder (ASD): Autism and
Developmental Disabilities Monitoring (ADDM) Network.," 26 Mar 2020. [Online]. Available:
https://www.cdc.gov/ncbddd/autism/addm.html. [Accessed 25 Sep 2021].

[53]  H. Leonard, G. Dixon, A. Whitehouse and et al., “Unpacking the complex nature of the autism
epidemic”, Research in Autism Spectrum Disorders, vol. 4, no. 4, p. 548–554, 2010. 

[54]  Y. Wu, J. Sun, M. Wang, G. Yu and L. W. C. Yu, “The Relationship of Children's Intelligence Quotient and
Blood Lead and Zinc Levels: a Meta-analysis and System Review.”, Biol Trace Elem Res, vol. 182, no. 2, pp.



Page 19/24

185-195, Apr 2018. 

[55]  M. Black, “The Evidence Linking Zinc De�ciency with Children’s Cognitive and Motor Functioning.”, The
Journal of nutrition, vol. 5 Suppl 1, no. 133, pp. 1473S-6S, May 2003. 

[56]  Ö. Yorbik, C. Akay, A. Sayal, A. Cansever, T. Söhmen and A. O. Çavdar, “Zinc Status in Autistic Children”,
J. Trace. Elem. Exp. Med., vol. 17, p. 101–107, 15 Apr 2004. 

[57]  P. Karimzadeh, “Recent �nding about etiology of autism”, Reabilitation, vol. 1, no. 2, pp. 58-63, 2000. 

[58]  E. Cornish, “Gluten and casein free diets in autism: a study of the effects on food choice and
nutrition.”, J Hum Nutr Dietet., vol. 15, pp. 261-268, 2002. 

[59]  G. De Palma, S. Catalani, A. Franco, M. Brighenti and P. Apostoli, “Lack of Correlation Between Metallic
Elements Analyzed in Hair by ICP-MS and Autism.”, J Autism Dev Disord, vol. 42, no. 3, p. 342–353, 2012. 

[60]  Y. Kang, “Metallothionein redox cycle and function.”, Exp Biol Med (Maywood), vol. 231, p. 1459–1467,
2006. 

[61]  R. Dufault, R. Schnoll, W. Lukiw, B. Leblanc, C. Cornett, L. Patrick, D. Wallinga, S. Gilbert and R. Crider,
“Mercury exposure, nutritional de�ciencies and metabolic disruptions may affect learning in children.”,
Behav Brain Funct , vol. 5, p. 44, 2009. 

[62]  A. DiGirolamo and M. Ramirez-Zea, “Role of zinc in maternal and child mental health.”, Am J Clin
Nutr, vol. 89, p. 940S–945S, 2009. 

[63]  J. Kiddie, M. Weiss, D. Kitts, R. Levy-Milne and M. Wasdell, “Nutritional status of children with attention
de�cit hyperactivity disorder: a pilot study.”, Int J Pediatr , vol. 2010, p. 767318, 2010. 

[64]  L. Plum, L. Rink and H. Haase, “The essential toxin: impact of zinc on human health.”, Int J Environ
Res Public Health, vol. 7, p. 1342–1365, 2010. 

[65]  S. Álvarez and J. Marcén, "General characteristics of trace elements: Diagnostic algorithms and
methods in clinical laboratory, in trace elements: Action on health and its role in the pathologies.," Research
Signpost, vol. 37/661, no. 2, pp. 1-36, 2012. 

[66]  A. Russo and R. deVito, “Analysis of copper and zinc plasma concentration the e�cacy of zinc therapy
in individuals with Asperger’s syndrome, pervasive developmental disorder not otherrwise speci�ed (PDD-
NOS) and autism.”, Biomark Insights, vol. 6, p. 127–133, 2011. 

[67]  QMRA, "Quantum Magnetic Resonance Analyzer - a scienti�c invention of questionable quality.,"
QRMA The �rst brand manufacturers of quantum resonance magnetic analyzer., 24 3 2018. [Online].
Available: http://www.quantumresonancemagneticanalyzer.com/quantum-resonance-magnetic-analyzer-
reports/Quantum_Magnetic_Resonance_Analyzer_a_scienti�c_invention_of_questionable_quality.html.
[Accessed 21 8 2020].



Page 20/24

[68]  S. Sugrim, “Quantum Magnetic Resonance Analyzer – a scienti�c invention of questionable quality.”, 6
June 2015. [Online]. Available: https://guyanachronicle.com/2015/06/06/quantum-magnetic-resonance-
analyzer-a-scienti�c-invention-of-questionable-quality/. [Accessed 21 11 2018].

[69]  R. Kumar and G. Valliammal, “A STUDY ON PROMOTING PHYSIOLOGICAL PERSONALITIES OF THE
STUDENTS BY VETHATHIRI MAHARISHI’S NINE-CENTER MEDITATION USING QUANTUM MAGNETIC
RESONANCE ANALYZER.”, JOURNAL OF AYUSH:-AYURVEDA, YOGA,UNANI ,SIDDHA AND HOMEOPATHY, vol.
3, no. 1, 2014. 

[70]  S. O. Owa, “GOD, FOODS, EARTHWORMS AND YOUR HEALTH: God’s provision to keep us in good
health via Eating Right.”, Producer, Omu-Aran, 2014.

Figures

Figure 1

The QMR-998 Model Device (Photos taken from the original setup used in the study).

Figure 2

Display of the QMRA analysis results related to trace Elements level (Screenshot from an actual participant
test).
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Figure 3

Parameter Descriptions and Recommendations in QMRA Report (Screenshot from a QMRA test).
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Figure 4

Zn Level Distribution in both Study Groups by Direct Colorimetry.

4 & 5 show a higher association between high Zn serum and QMRA levels with the control group than with
the ASD group indicating lower levels.
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Figure 5

Zn Level Distribution in both Study Groups by QMRA.

4 & 5 show a higher association between high Zn serum and QMRA levels with the control group than with
the ASD group indicating lower levels.
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Figure 6

Comparison between both Methods Means for Measuring Zn in both Study Groups

Even though the highest values were reserved for the ASD group, many controls also registered high values.

Figure 7

Linear Regression Analysis for both Methods in measuring Zn.


