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Abstract
 

Objective:This study aimed to confirm whether the methods for assessing the reported causal relationship between dietary
 

supplement intake and adverse events are reliable in the clinical setting.

Design:The relationships between supplement intake and adverse events were assessed using two algorithms proposed in
 

our previous report,and causal relationships were evaluated.

Methods:Twelve raters with a high probability of handling adverse event information examined 200 records of dialogues
 

with supplement users. Each rater independently assessed the causal relationship using the two algorithms. The relation-

ships between supplement intake and adverse events were assessed for all 200 cases. Variability in the evaluation among
 

raters was analyzed for each occupation and the whole group of raters. The distributions of evaluation were analyzed,and
 

inter-rater reliability was evaluated using the intraclass correlation coefficient (ICC)and Fleiss’kappa coefficient.

Results:All events of 200 cases seemed to be slight and within the range of variation in daily life. Almost all cases were
 

classified into two categories as “Possible”and “Lack of Information”by each rater. The ICC values for all raters,

pharmacists,dieticians,and health care workers were 0.644,0.573,0.678,and 0.694,respectively,and the kappa coefficients
 

using the two algorithms were 0.466,0.426,0.468,and 0.519 and 0.481,0.478,0.465,and 0.517,respectively. There were
 

moderate levels of agreement based on the kappa coefficients and ICC values.

Conclusion:The two algorithms proposed in our previous report may be reliable in the clinical setting. Their reliability
 

could be enhanced by establishing a unified method of accumulation and recording adverse events for supplement intake,

which should be evaluated by more raters using more cases of adverse events.
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Introduction
 

Japan’s health food market continues to expand and is
 

said to have reached approximately 16 billion dollars in
 

2014. Results of a survey conducted by the Consumer
 

Affairs Agency in past two years questioned 10,000 people
 

and found that 60%of consumers used supplements .

With the increase in consumption of supplements in
 

Japan for at least the past two decades,some serious health
 

damage due to supplements and the origin of their materials

 

have been reported, such as bronchiolitis obliterans from
 

Sauropus androgynus, kidney damage from Aristolochia
 

plants, and liver damage from Chinese diet teas .

Because of condensing component used to elicit a functional
 

effect in humans,as is one of the characteristics of supple-

ments,it is reasonable to assume that there are some changes
 

in health conditions when using supplements . However,

in Japan, there are no established systems for collecting
 

adverse event information for supplements by health care
 

facilities or medical institutions,possibly because it is very
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difficult to recognize those events and evaluate them precise-

ly . Moreover, if we promoted the collection of adverse
 

events for supplements, we have to construct methods to
 

evaluate a causal relationship between supplement intake
 

and the events and their severity.

There are several assessment methods to measure the
 

causal relationships between drug intake and adverse
 

events,such as the Austin Bradford Hill criteria and the
 

criteria provided by the Council on International Organiza-

tion for Medical Science(CIMOS)working group . These
 

methods have been used both for individual,and accumulat-

ed adverse event cases. The Naranjo and Food and Drug
 

Administration (FDA)algorithms were methods that were
 

also used to evaluate adverse events related to drug intake,

which were proposed between the 1970s and the 1990s .

A distinguishing feature of these methods are that they are
 

simple,and therefore easy for the clinicians to use in daily
 

practice. Using the Naranjo and FDA algorithms as a
 

basis,Ide et al.conceived an assessment method for causal
 

relationships that reflects the characteristics of a supple-

ment,and reported high reliability . However,our previ-

ous report contained a limited number of raters and adverse
 

events. To apply and widely use our method in the clinical
 

setting, it is necessary to validate our assessment method
 

with different raters and cases.

Here,we examined whether or not our assessment method
 

could be applied to assess the casual relationship between
 

adverse events with supplement intake and health changes.

We also determined whether our method could be reliable
 

in clinical settings or not, using both different adverse
 

events,and raters with different occupations.

Methods

１.Study Design
 

Dieticians,pharmacists,and health care facility workers
 

were used as raters due to their high probability encounter-

ing or contacting adverse events information due to intake
 

of supplements. Records of dialogues with supplement
 

users that were directly collected through phone calls and
 

electronic mail sent to customer centers for food manufac-

turing and sales companies in Japan were used for assess-

ment. Two hundred cases were consecutively extracted
 

from recorded dialogues with users of health food products
 

that contained indications of an unfavorable change in
 

physical condition in 2013. Each rater independently
 

assessed the causal relationship for these 200 cases using the
 

assessment method proposed by Ide et al.,and variability in

 

the evaluation among raters was analyzed for each occupa-

tion as well as the entire rater population.

This study did not require any approval from the ethics
 

committee because the dialogues contained no personal
 

information.

２.Raters
 

We recruited raters who wished to participate in this
 

study from Kikugawa General Hospital (Shizuoka,Japan)

and Shizuoka City Public Health Center(Shizuoka,Japan)

by announcement in advance. We selected dieticians,

pharmacists, and health care facility workers as raters in
 

this study.

３.Definition of Adverse Event and Evaluation
 

We defined adverse event as“an unfavorable change in
 

physical condition,”which was recorded in dialogues with
 

the users of dietary supplements. Records of dialogues
 

included unedited words from the supplement users that
 

noted changes in an unfavorable or favorable physical
 

condition and their strength without fixed format. Impor-

tant medical information, such as the presence/absence of
 

medical drug use or underlying diseases and their types or
 

degrees,were recorded only in the cases of declaration from
 

the users.

４.Evaluation Method and Evaluation Category of
 

Causal Relationship
 

We used the assessment methods proposed by Ide et al.,

namely the modified Naranjo scale,and the modified FDA
 

algorithm,which reflect the characteristics of adverse events
 

due to supplements . The methods are shown in Figs.1
 

and 2. These figures were previously published in a jour-

nal (doi:10.1136/bmjopen-2015-009038) and are licensed
 

under Creative Commons Attribution 4.0 International

(CC BY-NC 4.0). A modified Naranjo scale and a
 

modified FDA algorithm were used to assess causal rela-

tionships between supplement intake and user change in
 

physical condition in 200 cases.

For both the modified Naranjo scale and modified FDA
 

algorithm, evaluation categories were classified using six
 

levels, including “Highly Probable,”“Probable,”“Highly
 

Possible,”“Possible,”“Unlikely,”and “Lack of Informa-

tion.” In the modified Naranjo scoring scale,the adverse
 

events were assigned to a probability category using the
 

total score,with 9,5-8,3-4,1-2,and 0 corresponding
 

to the respective categories, and a lack of information
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Fig.1  Modified Naranjo scale
 

This figure was published by Ide et al.in 2015.(doi:10.1136/bmjopen-2015-009 038)

Fig.2  Modified Food and Drug Administration (FDA)algorithm
 

This figure was published by Ide et al.in 2015.(doi:10.1136/bmjopen-2015-009 038)

― ( )―26 26

医薬品情報学 Vol.19, No.1(2017)



concerning time relationship was categorized as Lack of
 

Information. Twelve raters independently used the
 

modified Naranjo scale and modified FDA algorithm to
 

evaluate the 200 cases.

５.Statistical Analysis
 

To quantify the agreement level for the modified Naranjo
 

scale, intraclass correlation coefficients (ICCs) with 95%

confidence intervals (CIs) were calculated using the
 

methods proposed by Shrout and Fleiss . ICC values
 

were interpreted according to the following criteria:0.00-

0.40, poor agreement; 0.40-0.75, moderate agreement,

and＞0.75,excellent agreement . Multirater reliabilities
 

for the modified Naranjo scale and the modified FDA
 

algorithm were analyzed using Fleiss’kappa coefficient .

The 95%CI of kappa coefficient was calculated from its
 

standard error. Kappa coefficients for each question of the
 

modified Naranjo scale were also calculated. Kappa co-

efficients were interpreted according to the following criter-

ia :0.00,no agreement;0.01-0.20,slight agreement;0.21-

0.40, fair agreement;0.41-0.60,moderate agreement;0.61-

0.80,substantial agreement;0.81-0.99,almost perfect agree-

ment;and 1.00,perfect agreement. All statistical analyses
 

were performed using R version 2.5.13 for Windows(The R
 

Foundation for Statistical Computing, Vienna, Austria)

and SAS version 9.4 for Windows(SAS Institute Inc,Cary,

North Carolina,USA).

Results

１.Raters
 

The raters included 4 dieticians(1 man and 3 women),4
 

pharmacists(3 men and 1 woman),and 4 health care facility
 

workers(3 men and 1 woman). Each group of raters had
 

differing levels of work experience, with 3-35 years for
 

dieticians,3-24 years for pharmacists,and 1.5-4 years for
 

health care workers(Table 1).

２.Assessment Cases
 

The 200 cases contained information reported by either

 

users themselves or their family members. The total num-

ber of adverse events included 97 events of gastrointestinal
 

changes,including discomfort of the stomach,diarrhea,and
 

constipation, and 82 events related to the skin, including
 

rashes,itching,and redness. With respect to adverse events
 

that did not involve the gastrointestinal tract and skin,there
 

were three reported cases of changes in liver function,one
 

case related to psychoneurosis(insomnia and lethargy),and
 

two cases of an increase in weight and fatigue. All events
 

appeared to be slight and within the range of variation in
 

daily life. Eighteen cases (9.0%) were confirmed using
 

medical records. There were no confirmed cases indicating
 

a relationship with supplement intake by a primary physi-

cian.

３.Distribution of Evaluation Category
 

The average rate of the evaluation category of“Possible”

among all of 12 raters was 67.8%(range,58.0-82.0%)when
 

using the modified Naranjo scale. As for the modified
 

FDA algorithm, the average rate was 69.6%(range, 58.5-

80.0%). “Lack of information”was used to classify 19.8%

(range,3.5-31.5%)of cases with the modified Naranjo scale
 

and 19.1%(range, 4.5-31.5%) of cases with the modified
 

FDA algorithm. This distribution was the same regardless
 

of occupation. The proportions of cases classified in these
 

two categories for each job category (dieticians, pharma-

cists,and health care facility workers)were 85.1,87.4,and
 

90.4%using the modified Naranjo scale and 84.6,90.4,and
 

91.1%using the modified FDA algorithm(Fig.3).

４.Reliability of Each Method
 

The ICCs(95%CIs)for each all occupations as well as
 

pharmacists, dieticians, health care workers specifically
 

using the modified Naranjo scale were 0.644(0.596-0.694),

0.573(0.506-0.638),0.678 (0.621-0.732),and 0.694 (0.639-

0.745), and the kappa coefficients (95% CI) were 0.466

(0.465-0.467),0.426(0.463-0.429),0.468(0.464-0.472),and
 

0.519 (0.516-0.522), respectively. Kappa coefficients for
 

all occupations as well as pharmacists, dieticians, and

 

Table 1  Rater’s occupations and work experience
 

Dieticians  Pharmacists  Health care facility
 

workers  Total
 

Men/women 1/3 3/1 3/1 7/5

Work experience,

mean years

(range)

23.3

(3-35)

13.8

(3-24)

2.6

(1.5-4)

13.2

(1.5-35)
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health care workers specifically using the modified FDA
 

algorithm were 0.481 (0.480-0.482), 0.478 (0.474-0.482),

0.465 (0.461-0.469), and 0.517 (0.513-0.520), respectively.

The levels of agreement based on the kappa coefficients and
 

ICCs for each method were moderate(Table 2).

Kappa coefficients for each question in the modified
 

Naranjo scoring scale are shown in Table 3. Two ques-

tions,“Was there any notification about the reaction on the
 

label or package insert of the dietary supplement?”and

“Was the adverse event confirmed by any objective evi-

dence?,”resulted in low kappa coefficient values.

D iscussion
 

In this study,we evaluated the two methods described by
 

Ide et al.,namely the modified Naranjo scale and modified
 

FDA algorithm,which have already been reported for their
 

reliability to assess casual relationships between supplement
 

intake and adverse events,using a different case cohort and
 

different raters. We were able to verify the reliability of
 

both assessment methods using overall kappa coefficients.

We also confirmed that since the kappa coefficients for both
 

assessment methods were equal for all occupations and
 

categorized as fair agreement,our assessment methods may
 

be reliable even for different assessment groups and cases.

Fig.3  Classification distribution for a causal relationship between dietary
 

supplements and adverse events
 

A,Modified Naranjo scale;B,Modified FDA algorithm.

Table 2  Kappa coefficients and Intraclass correlation coefficients for each occupation
 

Dieticians  Pharmacists  Health care facility
 

workers  Total
 

Modified
 

Naranjo
 
Modified

 
FDA

 
Modified

 
Naranjo

 
Modified

 
FDA

 
Modified

 
Naranjo

 
Modified

 
FDA

 
Modified

 
Naranjo

 
Modified

 
FDA

 
Kappa

 
coefficients
(95% CI)

0.468

(0.464-

0.472)

0.465

(0.461-

0.469)

0.426

(0.423-

0.429)

0.478

(0.474-

0.482)

0.519

(0.516-

0.522)

0.517

(0.513-

0.520)

0.466

(0.465-

0.467)

0.481

(0.480-

0.482)

ICC
(95% CI)

0.678

(0.621-

0.732)

0.573

(0.506-

0.638)

0.694

(0.639-

0.745)

0.644

(0.596-

0.694)

CI,confidence interval;ICC,intraclass correlation coefficients.
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However,in order to show the reliability of both assessment
 

methods,additional studies need to be conducted using the
 

same adverse event cases with different raters,and the same
 

raters with different adverse event cases.

Compared to our previous report,this study had a large

“Possible”distribution and a low“Lack of information”

distribution for both assessment methods. This is thought
 

to be due to the different rater and subject cohorts. In
 

contrast to the 12 dieticians,pharmacists, and health care
 

facility workers in this study,our previous report included
 

19 pharmacists,dieticians,and medical and pharmaceutical
 

expert raters. In addition,this study also assessed physical
 

changes from supplement users, which rarely are ac-

companied with treatment information. While no discrep-

ancy was seen in kappa coefficients between both assess-

ment methods for both this study and previous report, the
 

difference in kappa coefficients is thought to be due to
 

differences in the distribution of assessment categories.

Among the separate occupations included in this study,

we saw that the kappa coefficients for health care facility
 

workers were somewhat high. However,there was no large
 

discrepancy seen for kappa coefficients between occupa-

tions,signifying the versatility of both the modified Naran-

jo scale and modified FDA algorithm for multiple occupa-

tions. Kappa coefficients for health care facility could
 

have also been somewhat high value due to fact that the
 

four workers all worked similar numbers of years compared
 

to pharmacists and dieticians, and there also could have
 

understood and comprehended less due to less experience
 

with cases. Our previous report verified the reliability of
 

casual relationship assessment  with 19  pharmacists,

dieticians,and experts. However,the degree of conformity

 

between raters was reported as high(excellent),with kappa
 

coefficients of pharmacists using the modified Naranjo scale
 

and modified FDA algorithm being 0.79 and 0.78,respec-

tively . The kappa coefficients of pharmacists in this
 

study using the modified Naranjo scale and modified FDA
 

algorithm were 0.426 and 0.478, respectively, which are
 

considered moderate agreement in terms of assessment of
 

degree of conformity,showing a clear discrepancy with the
 

kappa coefficients reported previously. However, this is
 

thought to possibly be due to a difference in the attributes
 

of the raters. The average work experience for pharmacists
 

in this study was 3.8± 7.6 years,while it was 8.6± 13.8
 

years for our previous report, suggesting that even for
 

identical occupations,a disparity in experience and compre-

hension of adverse events for supplements may contribute to
 

kappa coefficients.

In contrast to previous report,we also assessed the details
 

of dialogues with users that were provided by businesses.

This could have affected the kappa coefficients since there is
 

little medical information in reported information from
 

users,and the methods for collecting and recording informa-

tion are not uniform. The calculated kappa coefficient for
 

each question on the scoring scale,namely“Was there any
 

notification about the reaction on the label or package
 

insert of the dietary supplement?”and “Was the adverse
 

event confirmed by any objective evidence?”were low,

with values of－0.0004 and 0.0180,respectively. For the
 

question of“Are there alternative causes (other than the
 

dietary supplement)that could on their own have caused the
 

reaction?,”the kappa coefficient was 0.29,which was low
 

compared to the kappa coefficients of other questions. It
 

shows that raters differentially evaluated the questions.

Table 3  Kappa coefficients for each question in the modified Naranjo scoring scale
 

No Question  Kappa coefficient

1 Are there any notification about the reaction on the label or package insert of the dietary
 

supplement ?

－0.0004

2 Did the adverse event appear after suspected dietary supplement intake? 0.44

3 Did the adverse reaction improve when the suspected dietary supplement was dis
 

continued ?

0.78-

4 Did the adverse event reappear when the dietary supplement re-intake? 0.57

5 Are there alternative causes (other than the dietary supplement)that could on their own
 

have caused the reaction ?

0.29

6 Was the reaction more severe when the dose was increase or less severe when the dose
 

was decreased ?

0.54

7 Did the consumer have a similar reaction to the same or similar dietary supplements in
 

any previous exposure?

0.45

8 Was the adverse event confirmed by any objective evidence? 0.018
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Information collection methods have not been established
 

public in Japan,and this might affect the kappa coefficient
 

values for some items. If we could collect information
 

concerning adverse events of supplements in structured
 

format,as is done in the US ,there could be less variation
 

for evaluation among the raters. Similarly,instruction on
 

case evaluation may also be required before making use of
 

the algorithms in clinical practice.

While the collecting and recording methods in Japan for
 

information pertaining to adverse events for supplements is
 

ambiguous and not regulated, establishment of uniform
 

methods would be beneficial. We could not sufficiently
 

assess the validity of this study, which is a limitation.

However,an approach to this would be for the same raters
 

to assess more adverse events,or to set a gold standard.

Conclusion
 

Casual relationship evaluation using the modified Naran-

jo scale and modified FDA algorithm proposed by Ide et al.

are useful with different raters and different cases of adverse
 

events . Though the kappa coefficients in this study were
 

lower than those of our previous report, the reliability of
 

their assessment methods could be enhanced with establish-

ment the unification of collection,recording,and accumula-

tion of the adverse events for supplement intake down a
 

regulation.

Further investigation is necessary using different popula-

tions of raters and different cases of adverse events.
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