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Estimation of Threshold Dose Using a Change-Point Regression Model
—Application for the Safety Assessment of Amino Acids by Systematic
Review—
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ABBREVIATIONS

ADI acceptable daily intake

AE adverse event

AIC Akaike’s information criterion
CPRM change-point regression model
DHA docosahexaenoic acid

EBM evidence-based medicine

EPA eicosapentaenoic acid
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RD risk difference
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SF safety factor

SR systematic review

TD threshold dose

ucC usual consumption
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Chapter 1.

INTRODUCTION

Amino acids are utilized for the biosynthesis of proteins, including structural proteins, metabolic
enzymes, receptors, hormones and so on. They are also utilized for energy production and
precursors for essential metabolites, such as nucleic acids, glutathione, several kinds of
neurotransmitters, coenzyme A etc. Twenty different amino acids are employed in the body's
protein biosynthesis process, categorized into nine essential amino acids and eleven nonessential
ones. Since essential amino acids cannot be synthesized in the body, they have to be taken from
foods. Thus, their nutritional requirements, i.e. Recommended Daily Allowance (RDA) for human
have been set by the governments in the US, EU and other countries in addition to by
WHO/FAQ!'~.

Although human consume each amino acid from foods every day, excessive intake of each
amino acid could be harmful, as are in cases of other nutrients. Animal studies have shown that
excessive intake of every single amino acid reduces appetite and causes growth retardation’.
Adverse effects of excessive intake of single amino acids were also reported in human; bolus
ingestion of for examples methionine 50 times higher amount than daily intake caused nausea,
vomiting, and hepatic dysfunction, and finally death?®. Thus, it is important to set Tolerable Upper
Intake Levels (ULs) for individual amino acids in addition to their RDAs to reduce the risks of
their deficiency and excess'2. Nowadays necessity of ULs for amino acids seems to become
bigger than ever, since individual single amino acids are now available in the market as
supplements and since it is easy to ingest large amount of single amino acids much more than
usual intake levels.

In general, Acceptable Daily Intakes (ADIs), i.e. safe intake levels, of chemicals in human is
calculated from No Observed Adverse Effect Level (NOAEL) determined in experimental
animals through various tests that enable the assessment of dose-response using default Safety
Factor (SF) of 100, as follows:

ADI = SF x NOAEL = 1/10 x 1/10 x NOAEL

However, it's important to note that this general approach to estimate ADI cannot be applied to

determine safe intake levels of nutrients including amino acids. Table 1 presents the NOAEL from



rat studies, ADI calculated from the NOAEL, human requirement, mean intake in the US and
mean intake in the top 10%) for each amino acid’ (partly modified). Taking L-lysine (L-Lys) as
an example, an essential amino acid, the ADI derived from the rat study is 34 mg/kg/day, which
closely aligns with the human requirement of 38 mg/kg/day and much less than general intakes
in the US. If the calculated ADI is compared to general intake levels in Japanese, the result is the
same. Iwasaki et al. reported that the mean intake of L-Lys in Japanese individuals is
approximately 5744 mg/day for men and 4789 mg/day for women®, both are much higher than
the calculated ADI (= 2024 mg/day in 60 kg body weight). Similar relations of the calculated
ADIs with requirements and with general intake levels are seen in all the amino acids (Table 1).
These results clearly indicate that ADIs or ULs of amino acids cannot be determined from animal
data using the default SF and that the SF to extrapolate animal results to human should be less
than 100. Then how much is the UF for amino acids?

In a previous study addressing the safety dosage of amino acids, Wu estimated the safety dose
of L-arginine (L-Arg) using the FDA’s conversion table. This involved determining the non-
observed toxicity dose from the results of a non-clinical study, where L-Arg was administered to
rats or pigs over a period of 90 days” ®. The dose derived from the conversion table has been
utilized as evidence for determining the initial amount administered to humans in what is known
as a phase I study. Consequently, due to biological differences, it is insufficient to establish its
safe upper intake limit, i.e. its UL. Blachier et al. approached the safety assessment of L-Arg by
evaluating the NOAEL/UC ratio, utilizing two parameters: the NOAEL and usual consumption
(UC)°. Unfortunately, many amino acids lack NOAEL/UC ratio data, rendering the results
inconclusive. But a partial comparison of NOAEL/UC ratios among some amino acids has
indicated that the safety range in humans is narrower than in animals. Based on these results,
however, it is not sufficient to determine the upper safe limit simply from the conversion ratio.
Thus, there is no scientific basis to generalize SF for amino acids.

Blachier et al. and Elango reviewed the NOAEL in humans™ °. Safety assessments of amino
acids are conducted in various ways but all of them are tentative. Although we believe that the
evaluation of the data from human studies is important, few studies have been conducted in human
to investigate effects of graded dosages of amino acids to assess their tolerable intake levels.

In recent years, systematic review (SR) has been used as an approach for assessing safety as well
as effectiveness and usefulness. Hayamizu et al. used L-Lys as a model and considered the
assessment of its safety by SR. They provisionally reported its NOAEL in healthy subjects as
6000 mg/day'®.

However, most of the studies that they identified have targeted humans, such as dose-finding
trials, to reveal the nutritional requirements and the effect of L-Lys-supplemented fortified foods
(wheat), since L-Lys is an essential amino acid. Meanwhile, they identified few intervention trials

involving comparisons with a control group, such as Randomized Control Trials (RCT).



Comparison with a control group is needed for attempting to accurately characterize the
occurrence of adverse events associated with an intervention. In addition, when performing a
safety assessment by SR, it is possible to obtain the NOAEL by comprehensively collecting the
results of different research. Therefore, the NOAEL we have reported is not the value estimated
statistically approach, but we think that the value is nearly the same as the value called the
observed safety level (OSL)!.

We are currently conducting safety assessments for various amino acids, including L-ornithine,
L-citrulline, and glycine, in addition to L-Lys. However, due to the limited availability of
intervention studies, particularly those comparing target groups like RCT, we have chosen to use
L-Arg as amodel in our current research. To address the scarcity of intervention studies, we utilize
a model available for estimating threshold doses (TDs)!2, considering the reported doses as the
OSL.

Moreover, recognizing the heterogeneity present in each study—a common challenge in SR—

we implemented a weighting approach to the model for estimating the TD.

The primary objective of our research is to develop a model that accounts for the heterogeneity
between studies in the safety assessment of amino acids through systematic review. To achieve
this, we initially apply the Change-Point Regression Model (CPRM), which allows for the
estimation of the TD. Subsequently, we apply this model to estimate the TD of L-Arg in the safety

assessment of amino acids.



Table 1 Comparing between ADI calculated from NOAEL in rat study and human requirement
and mean intake.

NOAEL Calculated Human Mean intake N:ﬁi?] énttgke HOI
in rat study ADI Requirement in the US 10% P (mg/kg/day)
(g/kg/day) (mg/kg/day) (mg/kg/day) (mg/kg/day) (mg/kg/day)

Leu 3.33 33 42 105 135 500
le 1.57 16 19 61 78 225
Val 3.23 32 24 69 88 225
Met 0.24 2.4 31 40 63
19(Met+Cys)
Cys 0.50 5.0 17 22 -
Phe 1.55 15 59 75 152
33(Phe+Tyr)

Tyr 0.60 6.0 49 63 200
Lys 3.36 34 38 93 122 86
Thr 3.27 33 20 52 67 86
Trp 0.78 7.8 5 16 20 44
His 1.32 13 14 39 50 56
Ala 2.00 20 - 64 83 417
Asn 1.65 17 - 57 73 -
Asp 0.70 7.0 - 57 73 150
Arg 3.30 33 - 74 84 375
Gln 0.83 8.3 - 131 166 750
Glu - - - 131 166 1600
Ser 2.77 28 - 60 76 400
Gly 2.00 20 - 68 89 800
Pro 2.77 28 - 89 108 488

NOAEL: no observed adverse effect level, ADI: acceptable daily intake,
HOI: highest observed intake
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Chapter 2.

A change-point regression approach for estimating the
threshold dose from a systematic review

2.1 BACKGROUND

Systematic review (SR) is a method of systematically collecting, organizing, summarizing, and
integrating past independent studies to estimate the effects of interventions and the risks of
exposure!. With the development of evidence-based medicine (EBM), the results of SRs have
been given more weight than independent single research reports®. Additionally, the results of SRs
can be used to determine whether there is a need to start new research, enabling the avoidance of
unnecessary studies’.

SRs on not only pharmaceuticals but also food ingredients have been reported, such as the effects
of chromium supplementation for glucose metabolism in diabetic patients*, the role of vitamin D
in COVID-19 patients®, and the effects of vitamins C and E on muscle pain in healthy adults®.

SRs can also be used to evaluate safety. In the case of pharmaceuticals, safety is often reported
along with efficacy and usefulness. However, few reports on SRs on the safety of food ingredients
have been published. To assess the safety of food constituents, it is important to estimate the upper
limit (UL) at which we can use these constituents safely, that is, the no observed adverse effect
level (NOAEL) and the lowest observed adverse effect level (LOAEL).

Hayamizu et al.” proposed a method to estimate the NOAEL using SR and reported the NOAEL
of L-lysine, one of the amino acids, as a model. They determined the NOAEL and LOAEL as
observed values based on information on the incidence of adverse events and the dosage from
each study included in SR. However, the estimated NOAEL is substantially equivalent to a value
called the observed safety level (OSL)® rather than a statistically estimated value, therefor it
remained issue for determining the safety use level.

Here, we consider estimation of the maximum dose of no adverse events occur by SR.

The dose dependence of adverse events in a meta-analysis (MA) can be confirmed by meta-
regression analysis®. This does not involve a simple regression model, but is rather a method of
analysis that incorporates the heterogeneity among studies into the model. In MA, a fixed-effects
model that assumes that random errors are the difference between studies or a random-effects
model that adds non-negligible heterogeneity of the difference to the above model is generally

used. We think that it is possible to consider the dose response in a manner more strongly based



on actual conditions by using a random-effects model. The formula of the model is shown below:

Ok = 0 + Brxar + - + Bpxpk + Uk + o€, € ~N(0,1);u, ~N(0,7%)

with K=1, ..., K and independent error terms u and £'*!!. As this model includes both fixed-
effects (Bs) and random-effects terms (u;, with variance 72) this meta-regression model is also
called a mixed effects model. Fixed-effects meta-regression is a special case of a mixed-effects
model when the between-study variance 72 = 0.

Besides meta-regression analysis, subgroup analysis might also be used for confirming the dose
dependence. Subgroup analyses aim to assess whether effects are similar among specific patient
groups or whether changes occur in specific patient characteristics'2. Dose response by subgroup
analysis can be confirmed by the forest plot, which is based on the results of classification and
integration depending on the dose used in each study. However, the primary purpose of safety
studies is to find the threshold at which toxicity starts to occur'®. Meta-regression analysis and
subgroup analysis can observe the dose response but cannot directly determine the dose threshold

beyond which adverse events occur (Fig. 1).

Risk Difference

Dose

Fig. 1 An example of meta-regression analysis.
This panel can be used to observe the dose
response, but not directly determine the
threshold beyond which adverse events occur.
Bubble size shows 1/SE.

In the field of toxicology, a linear model and a quadratic model have been used as response

models to identify such a threshold, but a hockey stick model is now a particularly representative



option'*. The formula of a hockey stick model is shown below, with P representing the probability

of event occurs.

P—{ 0, for x K xep
Fola + Blog(x — xcp)]  for x> xep

x is the dosage and x., is the dosage of the change point. The probability of reaction (P) is 0 as
long as the dose is the change point or under. However, it is a+flog(x-x.,) if the dose exceeds the

change point'* 1%,

The model is characterized by a biphasic manner, with regions that are not dose-responsive and
regions that are dose-responsive. Theoretically, the threshold dose (TD) should be between

NOAEL and LOAEL (Fig. 2).

* Hockey Stick Model

LOAEL

Threshold dose

NOAEL

Biologically Important

Toxic Response

N

A
_“_“_“_/ | Biologically Unimportant |

Dose

Fig. 2 An example of the hockey stick model. The model is characterized
by a biphasic manner, with regions that are not dose-responsive
and regions that are dose-responsive. Theoretically, the threshold
dose (TD) should be between NOAEL and LOAEL.

The threshold can be determined from the point at which these two straight lines meet. As an
example of application of the hockey stick model, it has been used to determine the mercury dose
abnormality in children and the amount of exposure in the fetal period using the concentration of
mercury in the mother’s hair'.

In recent years, the change-point regression model (CPRM) has been proposed as a method of
analysis to lead the threshold of dose response. The CPRM has been used for analyzing clinical

trials, such as evaluating the change of visceral fat area upon taking (-)-HCA!7, estimating the



required amount of L-lysine'®, estimating the inter-individual variation of the protein requirement
by the indicator amino acid oxidation method", and estimating the amino acid requirement
adjusted with a carryover effect?. In these studies, identification of the dose threshold is regarded

as important. Applying the CPRM to the hockey stick model, the following equation can be used:

vi = Bl(xi > xep) (i — Xep)

yiis the probability of reaction and x; is the dosage. I( <) =1 if x;> x, and is 0 otherwise.

Therefore, it is considered to be possible to estimate these thresholds by CPRM even in searching
for the threshold beyond which adverse events occur.

Incidentally, in clinical study, research results from RCTs are highly reliable, and SR reports,
which integrate such research results, are interpreted to have the highest evidence level. However,
each clinical trial used for SRs often has internal validity, featuring a mixture of low and high
quality in terms of the study design and data handling. These features are represented by assessing
the risk of bias (RoB) in RCTs, as an index of study quality.

In our previous studies, we conducted RoB assessment using the estimation method
recommended by the Cochrane Collaboration! or the Jadad score?’. We confirmed that there is
large variability in the RoB of studies included in a meta-analysis irrespective of which of these
assessments is performed. Accordingly, upon estimating the TD by SR, we also need to consider
RoB-based weighting as a heterogeneous feature of each included study. However, to the best of
our knowledge, no reports have been published about practical examples of CPRM performed by
assigning weights to each set of data.

In the present study, we propose CPRM with weighting by the heterogeneity of the studies to
assess the safety of food components by SR. We also report the results of applying the weighted
CPRM to the TD estimation using gastrointestinal symptoms as an indicator from an SR study of

omega-3 fatty acid intake.
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2.2 MATERIALS AND METHODS

For finding out the value that considered with heterogeneity of each study, we propose the
following regression model, weighted CPRM (w-CPRM), which takes into account differences
in study quality by using the method of weighted least squares:

wiyi = 0iBI(x: > Xep) (Xi — Xep) + Wi

where y; and x; are the risk difference and dose for the i-th study, respectively, and x., is the
unknown change point, or threshold. /() is an indicator function defined as I(x; > x¢,) = 1 if x;>
Xep and is O otherwise. w; is the weight of the i-th study. Random error ¢&; follows a normal

distribution with mean 0 and variance ?; it is assumed to be statistically independent.
Here, the model is indicated as:
w1y = 0Bl > Xep) i — Xep) + Wi (Eq.1)
if the weight of the i-th study on the fixed-effects model is w1;. It is evaluated based on data in the
format of a 2x2 table, when the incidence of side effects is the outcome .

This 2x2 table is shown below:

Outcomel Outcome?2

Groupl a; bi ni

Group2 Ci di n;

where a;, bi, ¢;, and d; denote the cell frequencies and 71; and ny; the row totals in the i-th study. The

risk difference is equal to (ai/n1,)- (ci/n2).

From the above, the weight w; of each study on the fixed-effects model is calculated below. The

weight of each study is proportional to the total number of subjects.

1

w T —

U SE?
a;b; c;d;
SEL — l3l+ 131
nli nZl
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In addition, the model using w; is described:

w21y; = wBl(xi > xep) i — Xep) + w218 (Eq.2)

Then, wy;is:

Wopi = Wq; + RSL = RSl

SE7 +
RS, = score;
Xz, scorey)

RS; is derived using the results of the RoB assessment for each trial. The RoB evaluation by the
Cochrane Collaboration is rated on three levels, low, high, and unknown, for each bias risk item.
We scored these results as “low risk” = 1, “high risk” = —1, and unclear = 0 and set score; as the
value upon summing them up. RS;was calculated as the ratio of score; to the total score; of all
included studies. w,; is the value that added w1; to RS; that calculated from the result of RoB. The
result of RoB assessment is considered to one of heterogeneities, and if it is, we need to add them
to weights. wy; was calculated by adding RS; to w1, resulting in a total of 200%.

In CPRM that considers the heterogeneity of between studies, each model was compared by the
maximum likelihood method used Akaike’s information criterion (AIC) as an indicator. The

formula of AIC is:

AIC = —2maximum log-likelihood + 2p

12, x¢, with minimum AIC can be

where p is the number of unknown parameters of the mode
determined to be the value closest to the TD. In this study, we also compared the CPRM with no

adjustment by weighting and the CPRM weighted by w1; or w.i.

2.2.1 Data synthesis and statistics
Statistical analysis was conducted by R4.1.4 (www.r-project.org) and using the packages meta

and metafor'®!!,

2.2.2 Application data (omega-3 study)
Omega-3 polyunsaturated fatty acid (omega-3 PUFA) is one of the essential nutrients for
maintaining health. As main types of omega-3 PUFAs, a-linolenic acid, which is contained in

plant-based food, and eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which are
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contained in fish, were selected here. The risk of cardiovascular diseases such as heart disease
and stroke are considered to be decreased by consuming fish or taking omega-3 supplements.

In this study, we used reported data on the side effects from “Omega-3 fatty acids for the primary
and secondary prevention of cardiovascular disease (review)” reported by Abdelhamid ef al.** as
extrapolation data.

We usually have focused on the safety of the food components such as supplement. This review
had evaluated the safety not only the effectiveness. The risk bias of each study we need to insert
to the model have already evaluated. All of study were RCTs and there was some difference score
between each study. Also, the number of target study is not less so we judged it appropriate this
study to apply.

The RoB evaluation by the Cochrane Collaboration is rated on three levels, low, high, and
unknown, for each bias risk item. We scored these results as “low risk” = 1, “high risk” = -1, and
unclear = 0 and set score; as the value upon summing them up. RS; was calculated as the ratio of
score; to the total score; of all included studies. w»; was calculated by adding RS; to w:;, resulting
in a total of 200%.

In CPRM that considers the heterogeneity of each study, each model was compared by the
maximum likelihood method used Akaike’s information criterion (AIC) as an indicator. The
formula of AIC is:

We usually have focused on food and supplement without medicine and the review has already
estimated the data of risk bias we need to insert to CPRM and all of them were RCT in the study
design.

This SR targeted adult males and females with a high risk of cardiovascular disease, with the
exclusion of patients with acute diseases and pregnant women. In terms of their design, all
included studies were randomized controlled trials (RCTs). Side effects are shown as tertiary
outcomes in this review. The integrated data compare two groups with high and low omega-3
fatty acid intake. However, in some studies, the low-intake group was given intensive advice
about the intake of omega-3 fatty acid by eating fish, instead of a direct intervention involving
supplements or a placebo. For that reason, these studies were excluded. Here, we used 24 sets of
data (excluding the above) from 29 studies reporting the gastrointestinal side effects of omega-3
intake (number of papers: 28). The dose of omega-3 fatty acid was 376-5500 mg/day and the
dosing period was 12—72 months (Table 1). In this research, we considered the application of w-
CPRM by using data from studies on the incidence of digestive symptoms as a side effect of

omega-3 intake.
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2.3 RESULTS

In their study on omega-3, Abdelhamid et al. presented the risk of occurrence of digestive
symptoms as a risk ratio. However, we instead calculated the risk difference (RD), since this
avoids the problem of zero cells. We also added 0.0001 to all values to reflect the influence of the
weight by w; and w; even in cases where RD was 0. We assumed that the incidence of adverse
events until reaching the threshold of the expression is 0 and modified the intercept of w-CPRM
so that it goes through 0.

The results of the RoB assessment used for weighting correction were those already reported by
the Cochrane Collaboration®!. The RoB consists of nine items, as follows: random sequence
generation, allocation concealment, blinding of participants and personnel, blinding of outcome
assessors, use of incomplete outcome data, selective outcome reporting, attention bias, limited
compliance, and other bias. Each item in the RoB is rated on three levels: “low risk”, “high risk”,
and “unclear” that can't assort either high and low risk. We scored each category as low risk = 1,
high risk =—1, and unclear = 0 and obtained the overall score by summing them (maximum value:
9). We considered this value as score; and the range was 3-8. It shows that there was heterogeneity

in the quality of the studies even though all studies were RCT (Tables 1 and 2).

Here, the formula of unweighted CPRM is as follows:

vi = B0t > Xep) (X — Xep) + & (Eq.3)

The results of CPRM for Omega-3 study analyzed in each model are shown in Fig. 3.

Panels A—C indicate the results of Egs. 1-3, respectively. The size of the circle indicates w; and
> of each study. Panel C is drawn by an unweighted model, so the sizes of the circles are the
same.

Note that, for toxicities such as carcinogenicity, there is sometimes no threshold. Therefore,

models weighted by wi; and w»; with the assumption of there being no threshold were also

established, as shown below, respectively:

W1iY1; = W10+ w1;Bx1; + w1 (Eq.4)
W2 Y2i = Wi + W2iBxai + wyE; (Eq.5)

The results of regression model obtained by Eqs. 4 and 5 are shown in Fig. 4. Panels A and B

indicate the results of Egs. 4 and 5, respectively. The size of the circle indicates @, and - of each

14



study. To evaluate the usefulness of w-CPRM, we compared Eqgs. 1 and 4 using wi; and Egs. 2
and 5 using wy;, and examined whether there was any threshold regarding the dose above which
adverse events begin to occur (Table 3). The AIC values of Egs. 1, 2, 4, and 5 are —100.79, —64.99,
—93.94, and —61.29, respectively. Compared with Egs. 4 and 5, which are linear regressions, Eqgs.
1 and 2, which are w-CPRM regressions, showed improvements in AIC. This suggested that there
is a threshold for the occurrence of gastrointestinal symptoms upon the intake of omega-3 fatty
acids as evaluated in this study, regardless of the weighting.

The minimum AIC of Eq. 3 (unweighted CPRM) was —58.14. We confirmed that the AIC of
both Eq. 1 and Eq. 2 using weighting fitted better than that of Eq. 3. The x., values were 2752,
2313, and 2499 mg/day, respectively, which were estimated to be the TD in each model.
Confirming an AIC profile, the minimum value of x., observed between 2000 and 3000 mg in
any case (Fig. 5). However, the bottom of Eq. 1 profile was wider and the line close to the
minimum value goes up gentler, the estimated range of the TD with Eq. 1 seemed to be wide
than those for Egs. 2 and 3. (Fig. 5).
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Table 1 Summary of identified studies for gastro intestine symptoms in Omega-3 study

higher Omega-3 (n)

lower Omega-3 (n)

Study dose —duration pn L core RS o
Gl sympton(+)  total Gl sympton(+)  total (mg/day) - (month)

ADCS_2010 18 238 10 167 1020 18 0.0201 0.9 8 5.41 6.31
AFFORD_2013 6 153 5 163 2400 12 0.0101 1.3 3 2.03 3.33
AlphaOmega-

EPA_DHA 2010 18 1192 10 1236 376 40 0.0101 13.7 7 4.73 18.43
AREDS2_2014 119 2147 145 2056 1000 60 -0.0201 7.3 8 5.41 12.71
EPE-A_2014 67 168 40 75 1800 12 -0.1301 0.1 6 4.05 4.15
EPIC-1_2008 45 187 41 184 3000 52 0.0201 0.3 5 3.38 3.68
EPIC-2_2008 65 189 62 188 3000 52 0.0101 0.2 5 3.38 3.58
FORWARD_2013 6 289 8 297 850 12 -0.0101 3.2 6 4.05 7.25
FOSTAR_2016 67 101 62 101 4500 24 0.0501 0.1 6 4.05 4.15
GISSI-HF_2008 96 3494 92 3481 866 46.8 0.0001 15 6 4.05 19.05

GI: Gasto intestine, RD:Risk difference
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Table 1 Summary of identified studies for gastro intestine symptoms in Omega-3 study (continued)

higher Omega 3 (n)

lower Omega 3 (n)

Study (mdgc;z(;y) ((jrli]rs:t%r)] RD w1 score; RS; w2i
Gl sympton(+)  total Gl sympton(+) total
Lorenz-Meyer_1996 10 70 2 63 5100 12 0.1101 0.3 5 3.38 3.68
MAPT_2017 175 820 164 832 1025 36 0.0201 14 8 541 6.81
OPAL_2010 0 434 4 433 700 12 -0.0101 11.7 7 4.73 16.43
ORIGIN_2012 14 6281 24 6255 840 72 0.0001 23.3 8 541 28.71
ORL_2013 27 171 24 165 3400 12 0.0101 0.4 5 3.38 3.78
Proudman_2015 1 86 1 53 5500 12 0.0501 0.1 6 4.05 4.15
Puri_2005 17 67 14 68 1900 12 0.0501 0.1 5 3.38 3.48
Raitt_2005 11 100 12 100 1300 24 -0.0101 0.3 5 3.38 3.68
Risk & Prevention_2013 200 6239 186 6266 870 60 0.0001 17.4 4 2.70 20.10
Rossing_1996 3 18 1 18 4600 12 0.1101 0.1 6 4.05 4.15

GI: Gasto intestine, RD:Risk difference
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Table 1 Summary of identified studies for gastro intestine symptoms in Omega-3 study (continued)

higher Omega 3 (n)

lower Omega 3 (n)

Study dose —duration pon o ccore RS om
Gl sympton(+) total Gl sympton(+)  total (mg/day) - (month)
SCIMO_1999 4 112 3 111 2000 24 0.0101 1 7 4.73 5.73
Shinto_2014 0 13 3 13 1650 12 -0.2301 0 8 5.41 541
SOFA_2006 17 273 12 273 800 12 0.0201 1.5 8 541 6.91
Tande_2016 18 64 28 63 2000 12 -0.1601 0.1 6 4.05 4.15

Gl: Gasto intestine, RD:Risk difference
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Table 2 The scoring items for calculating of score;

Authors' judgement

Bias™
low risk Unclear high risk
1.Random sequence generation 1 0 1
(selection bias)
2.Alloc§1tion _concealment 1 0 1
(selection bias)

3.Blinding of participants and 41 0 1
personnel (performance bias)
4.Blinding of outcome assessment 41 0 1
(detection bias)
5.Incomplete outcome data
(attrition bias) +1 0 -1
6.Selective reporting
(reporting bias) *1 0 -1
7.Attention +1 0 -1
8.Compliance +1 0 -1
9.0ther bias +1 0 -1

% The bias items were referred from omega-3 study
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Table 3 Summary of result

model Weight Xcp S p-value AIC

Eq. 1 w1 2752 3.84E-05 0.0091 -100.79
Eq. 2 2 2313 2.84E-05 0.0483 -64.99
Eq. 3 - 2499 3.11E-05 0.0297 -58.14
Eq. 4 w1 - 1.83E-06 0.5250 -93.94
Eq.5 2 - 4.05E-06 0.5110 -61.29
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2.4 DISCUSSION

In this study, we considered the application of w-CPRM in efforts to determine the TD based on
SR. As an example, using the data from a study on omega-3, we used the result of RoB evaluated
by the Cochrane Collaboration to obtain a weighted score. All of the clinical studies on omega-3
were RCTs, but score; used as an index of the RoB varied from 3 to 8 among these studies. This
indicated the presence of variability in the quality of each study, even exclusively among clinical
studies in the form of RCTs. Therefore, for the use of SRs in a wider field, it is considered
necessary to evaluate the difference in quality of each study regardless of the study design. When
there is large variability in the quality of studies included in a meta-analysis, we can consider
performing subgroup analysis with the subgroups allocated based on the quality of the research.
However, there is a problem that the number of studies is reduced by dividing them into subgroups.
In addition, it is difficult to find the TD via this approach. Therefore, instead of conducting
subgroup analysis, we proposed a method of estimating the TD by scoring the differences in the
quality of the studies as weights and incorporating them into the CPRM, which allows the
exploration of the TD.

In this study, wi; and w»; are used as the weights. wi; is the same as the weighting in the fixed-

effects model. The weight for each study in the random-effects model is as follows.

Weight; = ——
st SE? + 12

The size of the variability of each study t* is determined by the DerSimonian-Laird method?: %6,
However, 1%is also calculated the same as SE; by only incidence of the risk outcome and the total
number of subjects; it does not include the RoB result, which evaluates the quality of the study.
From the results of the present score;, we confirm that there is large variation in the quality of the
studies.

Interpreting this as inter-study error, in the omega-3 study, the results of the RoB evaluation are
taken as RS; and incorporated into w2i instead of 2. Since the larger the value of RS;, the higher
the quality of the test and the larger the weighting, it is added to wji. In this way, the results of the
RoB evaluation are reflected in the weighting as the heterogeneity of each test.

In this study, we compared models based on Eqs. 1-5 using the AIC, depending on the presence
or absence of a threshold value and the weighting (Table 3). First, we determined the presence or
absence of a threshold regarding the dose above which adverse events begin to occur by
comparing the models with the same weighting. Here, Eqs. 4 and 5 are regression models using

the weighted least squares method, and Eq. 4 in particular is consistent with meta-regression
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analysis?’.

From comparison of the minimum AIC of each model, if the weighting is the same type (wsi or
>i), CPRM (Egs. 1 and 2) clearly achieves better fitting than the linear regression model (Egs. 4
and 5). We thus considered CPRM with a threshold to be suitable for analyzing the adverse events
associated with the intake of omega-3 fatty acids.

This comparison process is required as the first step in the algorithm searching for the TD from
SR. Although a smaller value of AIC indicates a better fit of the model, there is no consensus
about the standard value of AIC at which a model is judged to have been improved. Therefore,
comparisons with different models using the same weighting type (e.g., Eq. 1 vs. Eq. 4) are
appropriate.

However, in comparisons with the same model using different weighting types (e.g., Eq. 1 vs.
Eq. 2), it is inappropriate to make judgments directly based on AIC. On the other hand,
comparison of Eqgs. 1, 2, and 3 shows that x., is changed by weighting. This indicates that the
change point may be significantly moved by weighting. The AIC profile (Fig. 5) shows the lowest
value within a similar range in all models. This suggests the necessity of considering a more
appropriate weighting method for a more detailed search of the change point.

Incorporating the results of RoB evaluation into w-CPRM should enable more realistic TD
determination. In the procedure of SR, RoB is one of the steps requiring the most time and effort.
However, we had not used inserting to something such as the model directly to estimate TD by
just confirming its heterogeneity of studies included in a meta-analysis. The information on the
incidence of adverse events and doses reported from studies with a high score; is reliable.
Therefore, we believe that using the results of the RoB assessment as weights in the analysis
would lead to more accurate conclusions. We could also consider that the result corrected by wai
needs to be used in the estimation of the TD in the future. In addition, we think that w-CPRM can
be used in various research fields by devising values other than w1; and w»; used as weighting. To
date, we have also conducted SRs in a variety of research fields, involving a number of
heterogeneities such as the customs of the participants and their cultures, not just the use of RoB
as incorporated into this study. Therefore, the adjustment of background factors as confounders
could also potentially be applied.

To our knowledge, this is the first report describing the implementation of w-CPRM adjusted by
weighting. Therefore, the validity of the values incorporated as weights and the method for
judging the appropriateness of the weighting requires further investigation. In addition, the
method that takes into account the quality of the study may be applied not only to the field of food

and dietary supplements but also to a wide range of other research fields.
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Chapter 3.

Safety assessment of L-Arg oral intake in healthy
subjects: a systematic review of randomized control
trials

3.1 BACKGROUND

L-Arginine (L-Arg) is a nonessential amino acid, but it plays many roles in the body. It is thought
to be especially necessary for long-term growth and during development!. Accordingly, L-Arg is
also called a “conditionally essential amino acid.” It is involved in protein synthesis as a
proteinogenic amino acid and in the detoxification of ammonia as a constituent of the urea cycle.
It also produces nitric oxide (NO) as a precursor of L-citrulline (L-Cit)>*. Moreover, it has been
reported that NO promotes blood flow* and improves male sexual function®, indicating NO’s
vasodilatory activity. NO has also been reported to elevate growth hormone activity>*’ and
enhance wound healing®”®. Consequently, NO is occasionally used for improving athletic
performance?. For these reasons, L-Arg is often used as a dietary supplement, especially in sports
nutrition, all over the world. L-Arg is also known for stimulating insulin secretion and is used as
a non-glucose secretagogue (a drug that causes or stimulates secretion) to measure insulin
secretion levels’. L-Arg is now being used in various fields for human health, but there is only

limited information about its safety upon overdose.

From the results of a nonclinical study using rats, Blachier et al. reported that the NOAEL of L-
Arg is 3318 mg/kg BW/day in males and 3879 mg/kg BW/day in females'®. The acceptable daily
intake (ADI) for humans can be calculated using these data based on a safety factor (SF) of 100

as follows:
ADI = SF x NOAEL = 1/10 x 1/10 x 3318 (mg/kg) = 3.318(mg/kg)

This calculation is based on the body weight of adult men of 60 kg is 199.08 (mg/body/day).
However, the mean intake of L-Arg from meals in adults is reported to be 59.71 mg/kg BW/day
10, Thus, when the body weight is 60 kg, the corresponding intake is 3582.6(mg/body/day).
Trumbo et al. reported that the mean intake of dietary L-Arg is 4.2 g/day, while its 99™ percentile
is 10.1 g/day''. In addition, Iguacel et al. reported that the mean intake is 3.6 g/day, while the
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interquartile range is 2.8-4.3 g/day'. The estimated dietary intake level thus greatly surpasses the

ADI and it is not realistic.

The NOAEL of L-Arg in healthy young people with a body weight is 70 kg has been estimated
to be 2040 g/day'. This value is estimated from the conversion table of the FDA by using the
dosage for which no toxic findings were obtained in a nonclinical trial in which rats or pigs were
administered L-Arg over 90 days'*!. Blachier et al. evaluated the safety of L-Arg using the
NOAEL/UC ratio, based on the two parameters of NOAEL and usual consumption (UC) '°. This
ratio in humans and rats is 4.9 and 9.1, respectively, indicating that the range of safe use in humans
is narrow compared with that in animals. The dose calculated from the conversion table is used
as evidence for deciding on the initial amount such as medicine or food in a phase I study where
administered them to humans for the first time. Therefore, it isn't enough to decide this safe upper

intake of L-Arg by only using the conversion table.

McNeal et al. conducted a double-blind placebo-controlled trial targeting overweight but
otherwise healthy subjects aimed at clarifying the tolerability of L-Arg and reported that there
were no problems associated with L-Arg at 30 g/day for 3 months'*!¢. However, this test involved
a wash-in period in which L-Arg was administered at 12 g/day for 1 week before group allocation
and excluded subjects who dropped out during this period. We found that adverse events (AEs)
had already occurred at 12 g/day because three subjects with intolerable gastrointestinal
symptoms dropped out during the wash-in period. For this reason, the report actually focused on
the results for subjects highly tolerant of L-Arg, so the generally safe amount of L-Arg remained
unclear.

Blachier et al. and Elango published reviews on the NOAEL of L-Arg in humans'®!”. However,
they also calculated the value by quoting the result of McNeal et al., so their NOAEL is probably

lower than the reported value.

In recent years, systematic review (SR) has been used as an approach for assessing safety as well
as effectiveness and usefulness of amino acids. However, to the best of our knowledge, no SR
assessing the safety of L-Arg has been reported yet. For this reason, we designed a study to assess
the safety of L-Arg by using SR.

Shao reported that the OSL for L-Arg is 20 g/day?. However, we think that an additional approach

is needed to confirm this reported dosage as the reliable safe upper limit.
The hockey stick model is one of the response models used in pursuit of the threshold for the

expression of toxicity in toxicological studies'®. This model is characterized by a biphasic pattern

with one area reflecting no dose response and the other area reflecting a dose response. We
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possibly find the true threshold by using this model due to the threshold dose (TD) which toxicity
is expressed is considered to be in between NOAEL and LOAEL.

We proposed a change-point regression model (CPRM) as an analytical method that includes the
above-mentioned threshold in it. We also reported the usefulness of weighted CPRM (w-CPRM)

weighted by the heterogeneity between clinical studies used in an SR added to this model®.

CPRM has been applied to estimate the required amounts of essential amino acids and proteins®?!,
but to the best of our knowledge no examples of its application to assessing the safety of amino

acids in SR have been reported.

In this study, we performed an SR including only randomized double-blind controlled trials as
intervention trials, given that they feature a control group, and conducted an assessment of the
safety of L-Arg intake in healthy people using the occurrence of gastrointestinal symptoms as an
index. Specifically, we applied w-CPRM and considered the TD based on the results of 31 studies
(including 35 tests) as targets of SR.
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3.2 MATERIAL AND METHODS

We conducted an assessment of the safety of L-Arg intake targeting healthy people by SR. We
set the eligibility criteria of the study (PICOS) as follows: patients (P), healthy people who took
L-Arg orally; intervention (I), L-Arg; comparison (C), placebo; outcome (O), any adverse events;

and study design (S), intervention trial (randomized double-blind controlled trial).

We followed the Cochrane Handbook for Systematic Reviews of Interventions in conducting
this SR and meta-analysis*>. The results are reported in accordance with the PRISMA 2020
statement: updated guidelines for reporting systematic reviews®. The review protocol was

registered at umin.ac.jp as UMIN000046133 before the beginning of the study.

3.2.1 Study selection

A systematic search was performed using the PubMed, Cochrane Library, EBSCOhost, and
Ichushi-Web databases to identify reports on studies involving L-Arg intervention in humans
published until May 2021. Search terms included “L-Arg,” “double-blind,” and “randomized
controlled trial.” To investigate all adverse events observed during the intervention trial, we
included all oral L-Arg intervention studies without placing restrictions regarding background
factors, environment, and sample size. Manual searches of journal articles and reference lists from
relevant publications were performed to ensure that all appropriate studies were considered for
inclusion. Unoriginal studies and duplicates were removed. Two investigators performed the
electronic search independently. Papers were chosen by title and contents of the abstract in the
first screening, after which the full text was read. Then, papers describing studies in which L-Arg
intervention was performed were selected in the second screening and finally those that matched

the PICOS criteria were adopted.

3.2.2 Inclusion and exclusion criteria

Studies identified from the systematic search were included or excluded according to the
following criteria. The inclusion criteria were as follows: 1) study on healthy humans, 2) L-Arg
administered orally, 3) L-Arg or L-Arg HCI forms as the intervention samples, and 4) double-
blind randomized controlled trial. The exclusion criteria were as follows: 1) study design other
than an L-Arg intervention study, 2) non-oral administration route of L-Arg, 3) L-Arg was not
administered alone, 4) non-healthy humans, 5) L-Arg used as a salt for other acidic drugs, 6)

meta-analysis, and 7) no information about the L-Arg dose.

3.2.3 Data extraction

Two investigators independently extracted the following data from eligible papers: 1) name of
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the first author, 2) year of publication, 3) study location, 4) study design, 5) numbers of
participants in the L-Arg and control groups, 6) participant age, 7) L-Arg dosage per one-time
and day, 8) duration of administration of L-Arg, and 9) AEs during the period of L-Arg treatment.
Regarding the dosage, when L-Arg was used for intervention as a hydrochloride, it was converted
to net L-Arg content. When information was ambiguous or missing, we contacted the

corresponding author to obtain the most accurate data available.

3.2.4 Methodological quality

Assessment of the quality of studies was conducted using the Cochrane Collaboration tool for
assessing the risk of bias (RoB)?* and Jadad score**. The Cochrane Collaboration tool for
assessing the risk of bias includes random sequence generation, allocation concealment, blinding
of participants and personnel, blinding of outcome assessment, incomplete outcome data,
selective reporting, and other sources of bias. Studies were classified as having high, low, or
unclear risk of bias, according to each criterion.

Jadad score reflects five issues: was the study described as randomized, the randomization was
adequate or not, was the study described as double-blind, the double blinding was adequate or
not, and was there a description of withdrawals and drop outs. Jadad score was obtained by adding
these results based on answers of “yes” = +1 and “no” = 0 (max. score 5). A score of >3 was

considered to reflect relatively high quality.

3.2.5 Classification of included papers

The included papers were categorized into the following three categories: Category A, with no
descriptions of AEs in the article; Category B, stating that no AEs occurred; and Category C,
mentioning that AEs occurred during the trial®.
3.2.6 Estimation of the TD"

The exploration of the threshold of L-Arg dosage for estimating the TD was conducted with w-
CPRM to take into account the heterogeneity of each study, which is one of the problems specific
to SR. w-CPRM is defined as follows:

wiyi = 0BI(xi > xep) (Xi — Xep) + W&
where y; is the risk difference (RD) and x; is the dosage of L-Arg. I( <) =1 if x;> x¢, and is 0

otherwise. In this study, the weight of each study’s RD in the random effects model is w1;, which

is included in the formula for w-CPRM as shown below:
w1V = w1iBI(xi > Xep) (i — Xep) + W15& (Eq.1)
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wy; 1s calculated as follows:

1
w1 = ——/——
" SE? 412
Here, SE;is the standard error of RD of each study, while 1> denotes variability among the true

effects that sample characteristics may introduce?®.

We considered the TD by using w-CPRM including the above-mentioned weight (wq;).
Comparison of each model and setting of the dosage threshold were conducted by the maximum

likelihood method used Akaike’s information criterion (AIC) as an indicator?’.

Safety was assessed using the frequency of AEs in the L-Arg and control groups. The variable
modified RD and 95% CIs were further used to calculate pooled risk estimates. Cochran’s Q tests
and 1? statistics were used to examine heterogeneity between studies. The random effects model
was used for data synthesis. Sensitivity analysis was performed to identify any study responsible
for heterogeneity and/or to test the validity of the conclusions by omitting one study sequentially
(leave-one-out approach). Publication bias or small study effect was assessed by the funnel plot
method and using Egger’s test®. The meta-analysis and summary of the risk of bias were
conducted using Cochrane Program Review Manager (RevMan) version 5.4%°. Statistical analysis

was conducted using R4.1.13° with the packages “meta” and “metafor” 263!,

3.2.7 Weighting for meta-analysis considering RoB assessment results
The result of RoB assessment is considered to one of heterogeneities, and if it is, we need to add

them to weights (see Chapter 2). waiis as follows.

1
Wopi = Wqj + RSi = W+Rsi

RS, — score;
(X, score;)

RS; is derived using the results of the RoB assessment for each trial. The RoB evaluation by the

Cochrane Collaboration is rated on three levels, low, high, and unknown, for each bias risk item.

We scored these results as “low risk” = 1, “high risk” = —1, and unclear = 0 and set score; as the

value upon summing them up.

33



Adjusted meta-analysis method with RoB has been reported although the number of such studies
is limited. Turner et al. have proposed a method for scoring the risk of bias and using it as a
correction value for the weighting in meta-analyses®’. However, due to its specific and
complicated, this method has not been widely adopted and is not used for risk assessment by the
Cochrane Collaboration®*. Additionally, Morizane has proposed a method to adjust bias in meta-
analysis using Chalmers's score, an evaluation approach for Randomized Control Trials (RCTs)
that is not commonly employed3*3.

Chalmers et al. proposed a scoring system out of 100 to evaluate RCTs. They adjust bias by
multiplying the value obtained by dividing the sum of scores in each item by the full mark (100
in this case) to the weighting.

Therefore, using the results of RoB of The Cochrane Collaboration, which is used as standard, we
examined a method to calculate the weighting as ws; as a modification of the method of Morizane

as follows.

W3; = Wq; * RSL = m* RS;
_ score;
Y14

The Cochrane assessment has seven items in total, so we regarded a perfect score as 14, with
high quality of items as +2, unclear as +1, and low quality as 0. We regarded the total score of
each study as score;and we regarded RS; as score; divided by 14 (reflecting full marks), which we

used to adjust w;.

3.2.8 Certainty of evidence

We assessed the certainty of evidence according to the Grading of Recommendations
Assessment, Development and Evaluation (GRADE). This was based on four grades, namely,
high quality, moderate quality, low quality, and very low quality, for the following five items:
study limitations, inconsistency of results, indirectness of evidence, imprecision, and reporting

bias’®.
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3.3 RESULTS

Of the 445 papers retrieved through electronic and manual searches, 307 papers were excluded
after screening of the title and abstract; then, 108 papers were excluded after full-text review.
Thus, 34 studies (30 papers) met the inclusion criteria of the review protocol (Fig. 1). These 34
target studies were classified into Categories A—C. Category A included articles not describing
the presence or absence of AEs (10 studies). Category B included articles reporting that no
occurrence of an AE was observed (17 studies). Category C included articles reporting that the

1.16 was excluded because

occurrence of an AE was observed (7 studies). The study by McNeal et a
they intervened only subjects who were tolerable against for L-Arg and we regarded handling of

the AE data was not appropriate.

3.3.1 Characteristics of included studies

The characteristics of the included studies classified into Categories B and C are summarized in
Table 1. For the research containing the results of two or more studies reported in the same paper,
we listed the results separately. The proportion of men ranged from 0 to 100%, with a mean age
of the subjects in each study was 10—73.8 years. The dosage of L-Arg tested in the studies ranged
from 2000 to 30,000 mg/day (or / one-time dose), and the duration of administration ranged from
1 to 84 days.

3.3.2 Description of study quality

The included studies varied in terms of their quality (Fig. 2). In all target study, only one in each
item except of "other bias" was evaluated as high risk of bias and others were evaluated low or
unclear risk of bias. Nine studies were evaluated high risk of bias to "other bias". In most cases,
the high risk of bias was due to support such as supplies and funds being provided by a company.
Other reasons for high risk of bias included the exclusion of results from timepoints in which it
was considered that L-Arg could not be effective and there being an insufficient wash-out period
in a cross-over trial. In terms of the Jadad score, 3 studies had a score of <2, while 31 studies had
a score of >3. In addition, among the 24 studies corresponding to Categories B and C, all studies
were of high quality with a score of >3, with one exception in which the study had a score of 2
(Table 1).

3.3.3 Maximum dose, duration of administration, and sample size

Figure 3 provides a summary of the studies included in this SR as bubble plots. The x- and y-
axes indicate the duration of administration and the dosage of L-Arg, respectively. The size of the
bubble indicates the sample size of the study. Figure 3-a shows a breakdown of the 34 studies

targeted for evaluation. Meanwhile, Figure. 3-b shows the 24 studies classified into Categories B
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and C in which the occurrence or absence of AEs could be judged. We set the primary endpoint
as gastrointestinal symptoms because these have been reported most among the AEs.

Gastrointestinal symptoms were defined as nausea, vomiting, diarrhea, and abdominal problems
such as cramps and bloating. We decided that it is crucial to consider the use of one-time dose
because gastrointestinal symptoms are considered a relatively acute response. Therefore, we
showed L-Arg dose per day and per one-time, respectively. The x-axis in Fig. 3-a and -b indicates
the daily dose of L-Arg, while that in Fig. 3-c indicates the one-time dose. Figure. 3-c shows the
breakdown of 23 studies with the exception of that by Vignini et al.’” because it did not report the
dosage per one-time administration. Among the studies in Category A, the highest dose was
14,200 mg/person/day (there was no description of how many doses L-Arg was divided into) and
the longest duration of administration was 180 days (both the highest and the longest doses were
administered by Fricke et al.’®). Meanwhile, the largest sample size was 30°%*, Reports on studies
within Category A did not describe the presence or absence of AEs; therefore, the information
obtained from Category A was the longest dosing period and dose of L-Arg in humans as an
amount added to an ordinary diet.

In studies within Category B, the highest dose and longest duration of administration were
30,000 mg/day*® and 84 days*!, respectively. The highest one-time dose was 10,000 mg (20,000
mg as a daily dose)*.

In Category C, the highest dose and the longest duration of administration were 30,000 mg/day
“and 45 days*, respectively. The highest one-time dose was 30,000 mg*®.

Since the reports on the studies within Categories B and C described the presence and absence
of AEs, we could use them to estimate the safety of L-Arg. From the Category B and C data, the
maximum dose of L-Arg with no AEs was 30,000 mg/person/day as an amount added to an
ordinary diet. Administration was performed for 8 days and the L-Arg dosage was divided up into
four administrations (7500 mg/person/ one-time dose)*. Meanwhile, the minimum dose at which
an AE apparently caused by L-Arg was observed was 2000 mg/person/day in a single dose**.

However, the RD of the rate of occurrence of gastrointestinal symptoms was 0.04 (95% CI:
—0.06 to 0.13), which was not statistically significant (P=0.45). Therefore, 6105 mg/person/day
in a single dose, which was the second highest reported dose within Category C, became
LOAEL®. For that reason, NOAEL was estimated at 6000 mg/person/ one-time dose. We
estimated the TD of a daily dose as 12,000 mg/day (4000 mg t.i.d), which is under the LOAEL
and is the highest dose in Category B*.

3.3.4 Meta-analysis of AEs
We conducted a meta-analysis on the risk of AEs associated with L-Arg administration using the
studies classified within Categories B and C (Fig. 4). The study by Vignini et al.>” was excluded

because it did not report the amount of one-time L-Arg dose; thus, 23 studies were a target for the
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meta-analysis within Categories B and C. RD regarding the occurrence of gastrointestinal
symptoms reported by Savoye et al.* was 0.63 (95% CI: 0.27-0.98), which was significant
(P=0.0005). However, upon integrating all of the targeted studies, RD was 0.01 (95% CI: —0.02
to 0.04), indicating no significant increase in gastrointestinal symptoms in association with L-Arg
(P=0.34). The heterogeneity among the studies was also small (I>=9%). Besides, we separated
one-time dose into four levels (<3000 mg, <3000 to <6000 mg, <6000 to >9000 mg, and >9000
mg), and considered the dose response by stratified analysis. RDs were 0.02 (95% CI: —0.05 to
0.08), 0.00 (95% CI: —=0.03 to 0.03), 0.01 (95% CI: —0.05 to 0.08), and 0.16 (95% CI: —0.04 to
0.35), respectively, revealing a weak dose response. However, there were no significant
differences in each subgroup. From the leave-one-out approach that was conducted for sensitivity
analysis, slight changes in both y* value and I? value were observed, but there were not seriously
impact comparing to the overall effect. Therefore, there were no studies that were sufficiently
heterogeneous to influence the integration result (see APPENDIX Table S1). In addition, no
evidence of publication bias was identified from the funnel plot (Fig. 5) or Egger’s test (P=0.1676).

3.3.5 Estimation of the TD by w-CPRM

There are sometimes no threshold exists on the expression of AE depending on a kind of
chemical. For that reason, we verified whether the threshold exists on the expression of AE to
find the TD of L-Arg at first. The feasibility of applying CPRM was confirmed by comparing it
to a linear regression model with AIC as an index. Here, Models A and B were established as
linear regression models with no weighting and weighting by w1;, along with Models C and D as
CPRM (w-CPRM) with no weighting and weighting by w1;, respectively.
Eqgs. 2—4 are shown below:

yi=Bxit+& (Eq.2,Model A)
w1y = w1iBx; + W1 (Eq.3,Model B)
vi = Bl(xi > Xep) i = Xep) + & (Eq. 4, Model C)

w1yi = 01iBl(xi > Xep)(Xi — Xep) + w16 (Eq.1,Model D)

In Fig. 6, the x-axis represents L-Arg dosa per one-time administration, while the y-axis is the
RD between the L-Arg group and the placebo group regarding the occurrence of gastrointestinal
symptoms. Here, the size of the bubble reflects the weighting. (The sizes of the bubbles of Model
A and Model C are certain because there is no weighting.)

In all of Models A to D, these results were statistically significant and the occurrence of AEs was
recognized to exhibit a dose-response relationship (Table 2). Next, we recognized that there was
a threshold in the dose response regarding the occurrence of AEs because Models C and D fitted

better than Models A and B, as shown by comparing their AICs. Model D representing w-CPRM
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was the best fitting among the four models. Therefore, the TD by this model was calculated to be

7531 mg/ one-time dose.

3.3.6 Estimation of the TD incorporating RoB assessment results

We compared two weightings, w»; and ws; adjusted using the results of the assessment of RoB.

We confirmed whether there was a difference in estimating of the TD depends on how the
weighting was adjusted. The AICs using w» and w3 for w-CPRM were -52.10 and -61.77,
respectively. The estimated TDs were 10912 mg/one-time dose and 8754 mg/one-time dose,
respectively (Table. 3). The threshold dose was lower for ws; compared to w»;, but the AIC showed
significant improvement.

Additionally, it was confirmed that the determination of TD was obtained from the AIC profile
exploring thresholds could be more easily done through a clearer graph (data not shown).
Incidentally, we also checked the results of the linear regression model adjusted by w»; and ws;,

respectively, and found that L-Arg has TD not only with w1; but also with w»; and w3;.

3.3.7 Certainty of evidence

We confirmed variation in the certainty of evidence from the assessment of the RoB of the 23
studies targeted for the meta-analysis. Random sequence generation and allocation concealment
asked to report appropriately due to focus on the existence of AEs in this research. In addition,
"other bias" out of the result of RoB stands out for high risk of bias compares with other items
but the most of reasons were funding from companies related to materials of L-Arg. The
gastrointestinal symptoms that we focus on in this work are considered relatively temporary or
tolerable. Therefore, in some reports it is described that the intervention continued until the end
of the study even if AEs occurred. As such, it is easy to believe that the gastrointestinal AEs were
minor events. In addition, we thought that there were few reports related to AEs among studies
targeted here because the researchers had emphasized assessing the effectiveness rather than the
safety in view of the fact that L-Arg is one of food components considered safe. For that reason,
we thought that there is a serious risk of bias in the outcome that only used studies gathered this

time and we judged that it is appropriate to get one level of grade down according to GRADE.

From the result of the meta-analysis about the frequency of gastrointestinal symptoms, 1> was
small as 11% (P=0.31) and we also confirmed the CIs between each study overlap. In the study
by Savoye et al.}, five subjects had gastrointestinal symptoms among eight were reported and we
judged that there was a significant difference in the result. Generally, 1> can be considered to
reflect low heterogeneity among studies when it is 40% or less. However, from the results of the
leave-one-out analysis, no individual study has an influence that changes the whole outcome of

this research. Therefore, we judged that there is no problem with “inconsistency of results”

38



according to GRADE.

In terms of the inclusion criteria applied in this study, the research by Blum et al.*’*%. targeted
postmenopausal women but healthy. Meanwhile, research by Vignini et al.*” included subjects
with anorexia nervosa (AN) besides healthy subjects, but we selected it here as a target study for

1‘37

inclusion in this research. However, we did not use the data from Vignini et al.”’ in the meta-

analysis and w-CPRM because there was no report the amounts of the one-time dose applied. In

addition, Savoye et al.*

administered L-Arg in the stomach through a gastric tube, but this is
considered equivalent to oral intake. In this work, we also included studies in which L-Arg
intervention involved L-Arg as a hydrochloride, not only L-Arg alone. Nonetheless, we thought
there were no differences between them because the main substances themselves were both L-
Arg. In terms of the establishment of a control group, outcome, and study design, all studies met
the inclusion criteria and there were no points worthy of special mention. Therefore, all studies
were considered to adhere to the PICOS guidelines that we set and we judged that there were no
problems with “indirectness of evidence” according to GRADE.

Generally, when conducting meta-analyses, a total number of events of 300 or more is preferable
in the case where the outcome is a binary variable. However, in this meta-analysis regarding the
risk of gastrointestinal symptoms being associated with L-Arg administration, the number of
events is below 300 and the 95% confidence interval of RD is included 0. Therefore, it was very
serious about "imprecision" and was equivalent to two levels of grade down according to the
criteria of GRADE. However, GRADE was devised the assessment of effectiveness of guidelines
and so on. Our research is focused on the safety, for that reason, we thought some issues remine
to use it directly. Here, TD was calculated as 7531 mg/ one-time dose by w-CPRM. Therefore,
we conducted meta-analysis with all studies that used an L-Arg dose of 7531 mg/ one-time dose
or more, and we observed a trend of an increasing incidence of AEs (P=0.06). When the outcome
of a study is AEs, caution is needed even if a tendency for a significant difference is identified. In
a study like the current one, we might not obtain a sufficient total number of events even if we
achieve a large sample size because the rate of AEs due to food components is considered low.
Therefore, in this research, we considered that it was not particularly essential to fulfill the criteria
"reporting bias" according to GRADE.

In terms of the reporting bias, the results of the funnel plot and Egger’s test confirmed that there
was no serious influence of such bias. From the assessment of the five items: study limitations,
inconsistency of results, indirectness of evidence, imprecision and reporting bias, we eventually
judged the certainty of the evidence as being intermediate by considering that there weren’t

enough reasons that don't judge no problems about "study limitations" and "imprecision”.
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Fig. 1 Flow chart of the selection of studies for inclusion in the systematic review.
Articles in Category A did not describe AEs. Articles in Category B described
AEs but reported no observed AEs. Articles in Category C reported the
occurrence of AEs. AE: adverse event, DBT: double-blind trial.
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Table 1 Characteristics of the included studies in systematic review

One- )
. . Duration
Age ) o Daily dose time . Jadad
Study Country  narg/ Neotal Inclusion criteria of trial Category
(year) (mg) dose score
(day)
(mg)
Adams et al. 1995% Australia  12/12 3411 healthy 21000 7000 3 4 C
Aguiar et al. 2016 ]
5 Brazil 10/20 71.6+5.9 healthy 8000 8000 1 4 B
arg:26.3+4.9,
Alvares et al. )
Brazil ND/15  pla:24.7£1.8 healthy 4961.5 4961.5 1 4 B
20125152
(meanSD)
Alvares et al. ] 26+4.6
Brazil 9/17 healthy 4961.5 4961.5 1 3 A
20125152 (mean+SD)
. arg:36.8+7.1,
Alvares et al. 2014 Brazil 8/15 healthy 4947.8 1236.95 28 5 A
pla:30.6+9.5
Andrade et al. 2018 Brazil 10/20 22.8+3.4 healthy 6000 6000 3 3 B
37.948.03
Ast et al. 20114 Poland 7119 healthy 6000 2000 28 3 B
(meanSD)

ND no data, AN anorexia nervosa

41



Table 1 Characteristics of the included studies in systematic review (continued)

One- b ration
A e - -
Study Country  nNarg/ Nwotal J Inclusion criteria Daily dose time of trial Jadad Category
(year) (mg) dose (day) score
(mg)
37.948.03
Ast et al. 20114 Poland 6/19 healthy 12000 4000 28 3 B
(meanxSD)
) 18.3+0.48
Birol et al. 2019%° Turkey 10/19 healthy 10800 10800 1 3 A
(meanzSD)
Postmenopausal
Blum et al. 2000478 USA 10/10 5515 9000 3000 30 3 B
healthy women
Bode-Bdoger et al.
Germany 8/8 25.240.2 healthy 6000 6000 1 3 A
19986
Bode-Bdoger et al.
Germany  12/12 73.8 healthy 16000 8000 14 3 C
2003
) . arg:21.9+0.6,
Chin-Dusting et al. .
199642 Australia 8/16 Pla:20.9+1.0 healthy 20000 10000 28 4 B
(mean+SEM)
24.2+0.7
Fahs et al. 2009% USA 18/18 healthy 7000 7000 1 4 A
(mean £SE)

ND no data, AN anorexia nervosa
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Table 1 Characteristics of the included studies in systematic review (continued)

One- byration
A e . -
Study Country Narg / Ntotal J Inclusion criteria Daily dose time of trial Jadad Category
(year) (mg) dose (day) score
(mg)
Forbes and Bell 2011%° Canada 14/14 2515 Healthy 5850 5850 1 3 B
Forbes and Bell 2011%° Canada 14/14 2515 Healthy 11700 11700 1 3 C
2845
Forbes et al. 2013% Canada 15/15 Healthy 5850 5850 1 2 B
(meantSD)
2514
Forbes et al. 2014% Canada 14/14 Healthy 6150 6150 1 4 C
(means+SD)
. arg:54.4+4.1,
Fricke et al. 200838 Germany 15/30 Healthy 14200 ND 180 3 A
pla:55.3+4.4
Luiking et al. 19984 Netherlands 10/10 24.214.1 Healthy 30000 7500 8 4 B
Mansoor et al. 20056* Canada 717 37.4 Healthy 9923 3307.67 2 4 A
Meirelles and Matsuura ] 27+3
Brazil 12/12 Healthy 4961.5 4961.5 1 3 B
2018 (meanzSD)
Pahlavani et al. 2014 Iran 28/56 20.85+4.29 Healthy 2000 2000 45 4 C
Robinson et al. 2003 UK 6/6 2542 Healthy 10000 10000 1 3 C

ND no data, AN anorexia nervosa
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Table 1 Characteristics of the included studies in systematic review (continued)

One- ration
A e . .
Study Country  narg/ Notal J Inclusion criteria Daily dose time of trial Jadad Category
(year) (mg) dose (day) score
(mg)
Savoye et al. 2006* France 8/8 36 Healthy 15000 15000 1 4 B
Savoye et al. 2006* France 8/8 36 Healthy 30000 30000 1 4 C
Schwedhelm et al.
Germany 20/20 57(NR) Healthy 3000 1000 7 2 A
2008%
Schwedhelm et al.
Germany  20/20 57(NR) Healthy 3200 1600 7 2 A
20085
Streeter et al. 2019% USA 30/30 20.4+1.8 Healthy 3000 3000 1 4 A
Suzuki et al. 2017% Japan 10/42 20-49 Healthy 2000 2000 7 4 B
Ueno et al. 2018* Japan 15/30 10-17 Healthy 5000 2500 84 4 B
2213
Vanhatalo et al. 201366 UK 18/18 Healthy 6000 6000 1 4 B
(meantSD)
o AN:22+5,
Vignini et al. 2010% Italy 40/80 AN, healthy 8300 ND 14 3 B
healthy:23+3
Vuletic et al. 20137 Croatia 59/117 21.7+1.8 Healthy 3000 3000 1 4 B

ND no data, AN anorexia nervosa
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Fig. 2 Assessment of risk of bias for 30 selected human studies: summary of items of bias. Risk of bias for all trials is
presented as percentages of trials with low, high, or unclear risk of bias in each assessment item.
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L-Arg Placebo Risk Difference Risk Difference

Study or Subgroup Events Total E Total Weight M-H, Rand 95% CI M-H, Random, 95% CI
® one-time dose <3000mg

Ast 2011 0 7 (4] B 1.5% 0.00 [-0.25, 0.25] —
Pahlavani 2014 1 28 (4] 28 9.0% 0.04 [-0.06, 0.13] T
Suzuki 2017 0 10 (1} 32 5.2% 0.00[-0.13, 0.13] B

Ueno 2018 0 15 (1] 15 5.9% 0.00[-0.12, 0.12) ZN PR
Subtotal (95% CI) 60 81 21.5% 0.02 [-0.05, 0.08] L 3

Total events 1 0

Heterogeneity: Tau® = 0.00; Chi* = 0.31, df = 3 (P = 0.96); I' = 0%

Test for overall effect: Z = 0.50 (P = 0.62)

@ 3000mg = one-time dose < 6000mg

Alvares 2012(1) 0 8 4] 7 1.9% 0.00 [-0.22, 0.22] T

Ast 2011b ] 6 0 [ 1.3% 0.00 [-0.27, 0.27] H——
Blum 2000 0 10 1 10 1.7% -0.10 [-0.34, 0.14] i
Forbes 2011 0 14 (1] 14 5.3% 0.00 [-0.13, 0.13] o

Forbes 2013 ] 15 1] 15 5.9% 0.00 [-0.12, 0.12] S
Meirelles 2018 0 12 4] 12 4.1% 0,00 [-0.15, 0.15] —
Wuletic 2013 0 59 0 58 29.2% 0.00 [-0.03, 0.03] -

Subtotal (95% CI) 124 122 49.4% -0.00 [-0.03, 0.03] L ]

Total events 0 1

Helerogeneity: Tau® = 0.00; Chi* = (.87, df = 6 (P = 0.99), I = 0%

Test for overall effect: Z = 0.10 (P = 0.92)

L] 1§ = one-time dose < £

Adams 1995 1 12 1 12 1.9% 0.00 [-0.22, 0.22] ——
Aguiar 2016 0 10 0 10 3.0% 0.00[-0.17,0.17] e
Andrade 2018 ] 10 [+] 10 3.0% 0.00 [-0.17, 0.17] .
Bode-Béger 2003 1 12 1] 12 2.3% 0.08 [-0.12, 0.29] S p—
Forbes 2014 3 14 0 14 1.8% 0.21 [-0.02, 0.45) 1

Luiking 1998 ] 10 2 10 1.3% -0.20 [-0.48, 0.08] ——
Vanhatalo 2013 ] 18 1] 18 7.8% 0.00 [-0.10, 0.10] r———
Subtotal (35% CI) 86 86 21.2% 0.01 [-0.05, 0.08] L3

Total events 5 3

Heterogeneity: Tau® = 0.00; Chi’ = 5.81, df = 6 (P = 0.44); I’ = 0%

Test for overall effect: Z = 0.43 (P = 0.67)

@ 9000mg = one-time dose

Chin-Dusting 1996 0 8 4] B 2.1% 0.00 [-0.21, 0.21) S ———
Forbes 2011b 2 14 (4] 14 2.2% 0.14 [-0.07, 0.35) = ——
Robinson 2003 1 [ 0 6 0.8% 0.17 [-0.19, 0.53] o e —
Savoye 2006 0 8 [+] B 2.1% 0.00 [-0.21, 0.21) R ——
Savoye 2006b 5 8 [+] B 0.8% 0.63 [0.27, 0.98) e ——
Subtotal (95% CI) 44 44 7.9% 0.16 [-0.04, 0.35] i
Total events 8 0

Heterogeneity: Tau® = 0.03; Chi* = 11.90, df = 4 (P = 0.02); I = 66%

Test for overall effect: Z = 1.56 (P = 0.12)

Total (95% CI) 314 333 100.0% 0.01 [-0.02, 0.05] [ ]

Total events 14 4

Heterogeneity: Tau® = 0.00; Chi* = 24.81,df = 22 (P = 0.31); F = 11% 'r_l —f; 5 ) 0}5
Test for overall effect: Z = 0.87 (P = 0.39) ; ;
Test for subgroup differences: Chi’ = 2.65, df = 3 (P = 0.45), " = 0% plagebe L-Arg

Fig. 4 Difference in risk of suffering gastrointestinal symptoms associated with L-Arg.
The included gastrointestinal symptoms were nausea, vomiting, diarrhea, and
abdominal problems such as cramp and bloating. Meta-analysis was carried out by
stratified analysis based on the four different dose ranges.
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Fig. 6 Results of regression model and change-point regression model (CPRM) for L-Arg
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B and D indicate weight 1. Panels A and C are drawn by an unweighted model, so
the sizes of the circles are the same. RD: risk difference.
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Table 2 Summery of models

Model weight Xcp AlChin B P-value
A (Eq. 2) - - -31.14 1.137e-05 0.000236
B (Eq. 3) w4 - -38.62 9.991e-06 0.000463
C (Eq. 4) - 14998 -46.38 4.200e-05 1.33e-07
D (Eq. 1) w4 7531 -62.31 2.716e-05 4.26e-09
Table 3 Summery of w-CPRM with weight 2 and 3
Weight Xep AlCnin B P-value
W, 10912 -52.10 3.196e-05 2.06e-08
w3 8754 -61.77 2.912e-05 2.5e-09
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3.4 DISCUSSION

In this study, we conducted an assessment of the safety of the oral intake of L-Arg based on
studies targeting healthy people by using SR. The estimation of the TD was conducted by w-
CPRM, which assumed that the incidence of adverse events until reaching the threshold of the
expression is 0 and modified the intercept®.

In our study, gastrointestinal symptoms were the most frequently reported as adverse events,
therefore, we conducted by focusing on the occurrence of these events. Previous studies have also
reported gastrointestinal symptoms such as nausea and diarrhea as adverse events with L-Arg
ingestion®®%%7%, Adverse events other than gastrointestinal symptoms among the target studies
included headache in 2 cases and skin problems in 3 cases (see APPENDIX Table S2). The subject
who had a bullous pemphigoid was withdrawn from the study due to the necessity of steroid
treatment. However, there was no describe of causal relationships with L-Arg*"#%, All patients out
of the five cases mentioned above dropped out except one case of headache, but there were no
other reports of serious adverse events including deaths or hospitalizations. Most of the
participants who had gastrointestinal symptoms continued participating until the study ended
because these were mild or temporary. No laboratory findings were obtained from the target
studies. The study by McNeal was excluded from the target studies of our SR because it was
limited only to healthy subjects who tolerated high-dose L-Arg. However, there were no effects
on the clinical laboratory data between 0 and 90 days nevertheless the dosage was relatively high:
15000mg/one-time dose (30000mg/day) for 90 days'e.

Among the 34 studies that were targeted for analysis, from the results of meta-analysis on the
studies classified into Categories B and C, which reported the existence of AEs, there was no
significant association between the reported gastrointestinal symptoms and the intake of L-Arg.
There were also no significant results in each group from the subgroup analyses for each singly
administered dose category. However, we observed a trend for a dose-dependent increase in RD.
Therefore, the rate of occurrence of gastrointestinal AEs might rise upon increasing the one-time

dosage of L-Arg, suggesting the need to decide on the upper limit of one-time administered dose.

In the conventional method that was used for the safety assessment of L-Lys, we decided on
NOAEL from the studies classified into Categories B and C and then estimated the TD*. However,
as mentioned in the introduction, this dose is the same as OSL’'. Therefore, we estimated the TD
by using CPRM, which enables to find the exploration of the threshold, as a novel approach this

time.

Most meta-analyses are based on sets of studies that are not exactly identical in terms of their
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methods and/or the characteristics of the included samples. Such differences may obscure the true
effects?®. Meta-analyses generally uses either the fixed effects model or the random effects model.
The fixed effects model is a model that assumes the random errors to the difference between
studies and the random effects model is a model that inserts the heterogeneity that can't be ignored
the difference between studies to the fixed effects model. Therefore, Meta-analyses uses these
errors and differences as weight (wi;). For that reason, we considered that the same adjustment
would also be needed on CPRM. Here, we used the random effects model considering the
differences between studies, which is a problem specific to SR. However, 12 that denotes
variability among the true effects that sample characteristics may introduce was 0.00 from the
result of Fig. 4 (t*=0.03 in the subgroup analysis at doses of 9000 mg or more), and it was
interpreted that the heterogeneity among studies was low. Therefore, we thought that the same

result could get when using the fixed effects model this time.

In this research, we adopted only RCT, which are generally considered to be the highest-quality
study type and assessed the quality of studies. However, variations in both the score of the
Cochrane Collaboration tool for assessing the risk of bias?? and the Jadad score** were identified
among the studies, suggesting that the studies were not of uniform quality (Tables 1 and Fig. 2).
Meanwhile, the RoB results are not normally used as a parameter for meta-analysis. For this
reason, we thought to reflect the result of RoB into the w-CPRM as weight to find the TD

considering about the heterogeneity of it.

When using CPRM, at least three data points on each of two straight lines and over seven data
points as a whole are necessary to accurately estimate the dose. We could judge that sufficient
data were obtained to apply CPRM because here the target research for the assessment involved
23 studies. However, when applying CPRM that has no weighting (Model C), the straight line
after the dose threshold was limited to two points, with 30,000 mg/ one-time dose being the
highest reported dose and 15,000 mg/ one-time dose being the next highest (Fig. 6). Therefore,
there were fewer data points on the side of higher dosages, which limited the estimation of the
dose. However, the result of the estimation of the TD using this model did not appear to have been
markedly impacted because three or more data points were present on both straight lines in w-

CPRM weighted by w1, w2; and w3;.

In this research, there were ten reports corresponding to Category A, which refers to studies with
no description of the existence of AEs. We could not use these reports for the meta-analysis and
w-CPRM, despite them being target studies for the assessment. As a reason of why these reports
in category A exist, foods are generally considered safe. It also seems that one of the reasons why

objective assessment of gastrointestinal symptoms is difficult is that there are less severe than
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other AEs and cannot be detected by a blood test. Therefore, we thought that there is a limit to
estimating the TD using only data from SR.

When the L-Arg dose was 4000 mg/ one-time dose, AIC was —52.83 from the AIC plot of w-
CPRM weighted by w;;. This was the dose estimated using our conventional method to estimate
the TD (OSL). AIC was —62.31 when TD was estimated as 7531 mg/ one-time dose which was
considered to approach the true value. It was also the same when using w-CPRM weighted by w»;

and ws;
However, regarding w»; and w3;, which include the result of RoB, the estimated dose may vary

widely depending on the kinds of RoB and how to insert them into weighting. Therefore, we

consider that there is a need for additional research on these issues.
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Chapter 4.

CONCLUDING REMARKS

We developed a model that accounts for the heterogeneity between studies in the safety
assessment of amino acids through systematic review.
In this study, we proposed the w-CPRM as part of the solution and confirmed the necessity of

utilizing heterogeneity among studies as weights for threshold estimation.

Currently, many amino acids have been used as functional foods and dietary supplements.
However, there are no guidelines concerning their Tolerable Upper Intake Levels (ULs) for safe
use. In general, Acceptable Daily Intakes (ADIs) for chemicals are calculated from NOAEL in
animal studies using safety factor (SF) of 100. However, this general approach cannot be applied
to determine ULs for amino acids as is discussed inn Chapter 1. Therefore, the data obtained from
the human study is important for the safety assessment of amino acids.

In recent years, a systematic review (SR) has been used as an approach for assessing safety as
well as effectiveness. We proposed a method to estimate the NOAEL and LOAEL using SR and
reported them of L-lysine, one of the amino acids. However, these values we have reported are
nearly the same as the value called the observed safety level (OSL) and it remains a problem to
decide the way to estimate the threshold dose (TD). We believe that TD corresponds to the point

of adverse events (AEs) occurrence, and calculating TD is important in deciding UL.

Therefore, we decided to explore the threshold by the Change-Point Regression Model
(CPRM) by applying the hockey stick model, recently used in toxicological studies. The model
is characterized by a biphasic manner, with regions that are not dose-responsive and regions that

are dose-responsive. Theoretically, the TD should be between NOAEL and LOAEL.

By the way, in an SR with a meta-analysis (MA), either a fixed or random-effects model is
applied, conducting a weighted synthetic analysis for each study. Recognizing the importance of
incorporating weights for each study, we extended this approach to the CPRM. Our application
focused on a clinical study targeting L-arginine (L-Arg) since L-lysine had limited intervention
trials with comparisons to a control group, such as randomized control trials. Gastrointestinal
symptoms were the most frequently reported as adverse events, therefore, we conducted by

focusing on the occurrence of these events. We also decided that it is crucial to consider the use
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of a one-time dose because gastrointestinal symptoms are considered a relatively acute response.

Therefore, we considered L-Arg dose per day and per one-time, respectively.

[w-CPRM]
w-CPRM is indicated,

w1y = 0Bl > Xep) (Xi — Xep) + w1i&s

where yi; is the risk difference of the probability of reaction of L-Arg and placebo group and x; is
the dosage of L-Arg for the i-th study. However, x., is the unknown change point or threshold.
I(+) is an indicator function defined as /(x; > x.,) = 1 if x; > x, and is 0 otherwise. w1, is the weight

for each study.

We used the result of SR to assess the prevention of cardiovascular disease by omega-3 fatty acids
as application data and validated the necessity of adjusting by weights in CPRM. From the result,

the fitting of the model was better and we confirmed the necessity of weights.

Incidentally, on the target study of SR, we have conducted a risk of bias (RoB) assessment by
using the way recommended by Cochrane Community and Jadad score.

Despite narrowing the study design to the highest quality RCTs, the trials collected for the safety
evaluation of L-Arg were not homogeneous, with some variation in RoB ratings between studies.
Therefore, we used the results of the RoB assessment recommended by The Cochrane

Collaboration which is widely used in SR, and set the weight to w»;.

[TD of L—Arg]
In this study, we focused on 23 studies reporting information on one-time doses out of the 24

studies reporting the presence or absence of AEs.

The RoB assessment of the Cochrane Collaboration consists of all 7 items and is assessed in three
stages: low risk, high risk and unclear. we scored these results as “low risk” = 1, “high risk” = -1,

and "unclear" = 0 for each risk of bias item and these full scores are 7 and are called score;.

We used this score; and defined w,; as follows.

1 score;

. =w;;+ RS;=———+RS;, RS;=———
(.L)Zl wll L SElz +‘[2 L l (Z{lzlscorel)
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On the other hand, Morizane has proposed a method to adjust bias in meta-analysis using
Chalmers's score, an evaluation approach for Randomized Control Trials (RCTs) that is not
commonly employed. Therefore, we utilized the Risk of Bias (RoB) tool from The Cochrane
Collaboration, which is currently generally used. We considered the method of calculating

weights based on Morizane’s revised approach as follows.

1 score;
—_— % RSL', RSL =
SE? +12

w3; = wq; * RS; =

Here, for ws;, the total value calculated as 'low risk' = +2, 'unclear' = +1, and 'high risk' = 0 was

used as score;.

Both of w»; and ws; used the results of the same RoB assessments but the results were significantly
different. The threshold dose for ws; is 8754 mg/one-time dose, a lower dose than w. We

confirmed that the model for ws; fits better than w;.

The threshold dose of L-Arg was conventionally estimated at 12000 mg/day (4000 mg x 3 times)
using the OSL. However, from the AIC profile of the w-CPRM using w; as a weight, the AIC was
-52.83 for 4000 mg/one-time dose. The AIC improved to -62.31 for 7531 mg/one-time dose,
suggesting that this value is closer to the true threshold dose than the estimate obtained from OSL.
The result using w1;, which is commonly used as weight in MA has the smallest AIC compared to
other two weights used this time and the fitting of the model was best. Therefore, we judged the
threshold dose of digestive symptoms in L-Arg intake targeted for healthy human is 7531 mg/one-

time dose.

The result using wi;, commonly employed as a weight in an MA, yielded the smallest AIC
compared to the other two weights used in this analysis, indicating the best model fit.
Consequently, we determined the threshold dose for gastrointestinal symptoms in L-Arg intake

targeted for healthy humans to be 7531 mg/one-time dose (Fig.1).
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L-Arg one-time dose (mg)

Fig. 1 Result of w-CPRM using weightl for L-Arg study.

The x- and y-axes indicate the dosage of
L-Arg and the RD of the occurrence of
digestive symptoms, respectively. The
size of black squares indicates the size of
weights of each study and error bars are
drawn above and below them. The
threshold dose is 7531 mg/one-time dose.
RD: risk difference.

It is impossible to obtain this TD using the conventional OSL-based method. This issue was
solved by using w-CPRM. By the way, the estimated TD was the point estimation value in this
study. Therefore, we calculated the variation in the estimated TD of L-Arg when using w;, which
was £ 1260 mg/one-time dose. Since the purpose of this study is to evaluate safety, it is important
to carefully present the estimated TD. Therefore, it is important to consider the information on

the lower limit of the estimated TD.

We applied w, and w3 were scored based on the results of the RoB assessment and used in addition
to wi. Several meta-analysis methods adjusted for RoB have been proposed. However, they are
not widely used due to the limited number of reports . Meanwhile, RoB assessment is a specific
challenge in systematic reviews, reflecting some of the heterogeneity of bias risk between trials.
Although we reported the results using the most fitting w1, if conducting TD estimation using a
systematic review, it is also necessary to incorporate the results of RoB assessment as weighting

factors.
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However, the estimated TD was significantly changed when the RoB was incorporated into the
model as weights. In addition, although we used the RoB assessment of the Cochrane
Collaboration which is widely and generally used this time, it is important to note that the choice

of RoB assessment method could potentially impact the estimated TD.

In this study, we reported the TD as one-time dose on the occurrence of gastrointestinal symptoms
of L-Arg. From the result of the sensitivity analysis, we also have confirmed the statistical
significance of the dose dependency regarding one-time dose. However, since the safety of
chemicals is generally evaluated using AD]I, it is ultimately necessary to report the TD as a daily
dose. Additionally, if it is to be set as an upper limit, consideration should be given to the average

intake from the diet.

The application of the w-CPRM in systematic reviews is not limited to the safety evaluation of
amino acids but may also be useful in establishing ADIs and tolerable upper limits, especially for
food ingredients with fewer tolerability studies. However, many issues remain in the use of RoB
evaluation considering heterogeneity between studies, and further research is needed to resolve

these issues.
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Table S1 Leave-one-out sensitivity and heterogeneity analyses for L-Arg

Quantitative data synthesis

Heterogeneity analysis

L-Arg Placebo Sverall :
(n) (n) effact e 95%Cl Z value P value Tau>  Chiz df(Q) P

Overall effect 314 333 0.01 -0.02: 0.05 0.87 0.39 0.00 24.81 22 11%
Leave-one-out sensitivity analysis

Astetal. 2011 307 327 0.02 -0.02: 0.05 0.89 0.37 0.00 2495 21 16%
Pahlavani et al. 2014 286 305 0.01 -0.02: 0.05 0.73 0.47 0.00  24.68 21 15%
Suzuki et al. 2017 304 301 0.02 -0.02 : 0.05 0.91 0.36 0.00  25.06 21 16%
Ueno et al. 2018 299 318 0.02 -0.02 : 0.05 0.92 0.36 0.00 25.01 21 16%
Alvares et al. 2012 306 326 0.02 -0.02 : 0.05 0.89 0.37 0.00 2496 21 16%
Astetal. 2011 (2) 308 327 0.02 -0.02 : 0.05 0.89 0.37 0.00 2494 21 16%
Blum et al. 2000 304 323 0.02 -0.02 : 0.05 1.00 0.32 0.00 2497 21 16%
Forbes and Bell 2011 300 319 0.02 -0.02 : 0.05 0.91 0.36 0.00 25.01 21 16%
Forbes et al. 2013 299 318 0.02 -0.02 : 0.05 0.92 0.36 0.00 25.01 21 16%
Meirelles and Matsuura 2018 302 321 0.02 -0.02 : 0.05 0.91 0.36 0.00 25.01 21 16%
Vuletic et al. 2013 255 275 0.02 -0.02 : 0.05 1.04 0.3 0.00 2198 21 4%
Adams et al. 1995 302 321 0.02 -0.02 : 0.05 0.90 0.37 0.00 25.11 21 16%
Aguiar et al. 2016 304 323 0.02 -0.02 : 0.05 0.90 0.37 0.00 2499 21 16%
Andrade et al. 2018 304 323 0.02 -0.02 : 0.05 0.90 0.37 0.00 2499 21 16%
Bode-Boger et al. 2003 302 321 0.01 -0.02:0.04 0.76 0.45 0.00 2395 21 12%
Forbes et al. 2014 300 319 0.01 -0.02:0.03 0.54 0.59 0.00 20.14 21 0%
Luiking et al. 1998 304 323 0.02 -0.02: 0.05 1.05 0.29 0.00 24.59 21 15%
Vanhatalo et al. 2013 296 315 0.02 -0.02: 0.05 0.93 0.35 0.00 2499 21 16%
Chin-Dusting et al. 1996 306 325 0.02 -0.02: 0.05 0.90 0.37 0.00 2497 21 16%
Forbes and Bell 2011 (2) 300 319 0.01 -0.02:0.04 0.65 0.52 0.00 2224 21 6%
Robinson et al. 2003 308 327 0.01 -0.02:0.04 0.79 0.43 0.00  23.50 21 11%
Savoye et al. 2006 306 325 0.02 -0.02: 0.05 0.90 0.37 0.00 2497 21 16%
Savoye et al. 2006 (2) 306 325 0.01 -0.02:0.03 0.48 0.63 0.00 10.24 21 0%
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Table S2 Details for adverse events

Daily dose ~ One-time dose ~ Duration of trial
Adverse events Category
(mg) (mg) (day)
Study
L-Arg Placebo
Adams et al. 1995 Abdominal bloating (n=1) Abdominal bloating (n=1) 21000 7000 3 C
Mild headaches (n=1)
Blum et al. 2000 Bullous pemphigoid Abdominal pain 9000 3000 30 B
(n=1: drop out) (n=1: drop out)
Bode-Boger et al. 2003  Diarrhea (n=1) - 16000 8000 14 C
Forbes and Bell 2011 Mild GI distress (n=2) - 11700 11700 1 C
Forbes et al. 2014 Vomited (n=3: drop out) ) 6150 6150 1 C
Light headache (n=1: drop out)
Luiking et al. 1998 - Nausea (n=2) 30000 7500 8 B
Pahlavani et al. 2014 Stomach problem (n=:1drop out) ) 2000 2000 45 C
Skin dermatitis (n=2: drop out)
Robinson et al. 2003 Stomach discomfort (n=1) - 10000 10000 1 C
Savoye et al. 2006 Bloating and diarrhea (n=5) - 30000 30000 1 C
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Table S3 Search terms

Web databases

Search terms

PubMed

L-Arginine [Ti] +double-blind(filters)

Cochrane Library L-Arginine [Ti]+ double-blind
Ichushi-Web L-Arginine [Ti]Jor 7 /¥ =Y [Ti|(RE+T7 X L+t 1)
EBSCOhost L-Arginine [Ti]+double-blind +randomized controlled trials
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