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Abstract 

Background: Gaucher disease (GD) is a rare, autosomal recessive lysosomal storage disorder that adversely affects 
life expectancy and health-related quality of life (HRQOL). Although HRQOL questionnaires are available for type 1 GD, 
they are not suitable for patients with the neuronopathic types 2 and 3 GD who have neurological symptoms that 
develop during early childhood or adolescence. Here we report the development of a language-validated HRQOL 
questionnaire specifically for patients with neuronopathic types 2 and 3 GD in Japan, which is the first step toward 
HRQOL questionnaire provision for all types of GD in the future.

Methods: In February and March 2021, semi-structured interviews were conducted by the authors (supported by 
qualified interviewers) with patients and/or their caregivers (for patients < 16 years old) who were recruited from a 
Japanese patient association, the Association of Gaucher Disease Patients in Japan. Qualitative analysis of interview 
transcripts was used to identify major themes and key topics within those themes. Hierarchical cluster analysis and 
co-occurrence network analysis were performed to map relationships between commonly occurring words. The 
study is registered at the UMIN Clinical Trials Registry (https:// www. umin. ac. jp/ ctr/ index. htm [UMIN000042872]).

Results: Three main themes emerged from qualitative analysis: treatment status, patient burden, and social support 
systems. Key topics within each theme included hearing impairment, visual impairment, difficulty swallowing, dif-
ficulty speaking, involuntary movement of extremities, epileptic seizures, and body aches (treatment status); anxiety 
about symptoms, difficulty with exercise and work, anxiety about continuing treatment, anxiety about going out, 
and tiredness from hospital visit or treatment (patient burden); and dissatisfaction about government service, lack of 
social support, and information exchange in the patient association (social support systems). Commonly used words 
and the relationships between words identified through the hierarchical cluster and co-occurrence network analyses 
supported these themes and topics.

Conclusions: The themes and topics identified in this analysis were specific to patients with types 2 and 3 GD and 
will be used to inform the development of a HRQOL questionnaire specifically for patients with all GD types.

Keywords: Gaucher disease, Interviews as topic, Patient reported outcome measures, Qualitative research, Burden of 
disease, Japanese, Neuronopathic Gaucher disease
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Background
Gaucher disease (GD) is a rare, inherited, autosomal 
recessive lysosomal storage disorder with a worldwide 
prevalence of 0.7 to 1.75 per 100,000 [1]. Three major 
subtypes of GD have been described based on the pres-
ence or absence of neurological symptoms [2, 3]. Type 1 
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GD, called non-neuronopathic GD, is the most common 
in non-Japanese populations, accounting for approxi-
mately 94% of cases [4]. Types 2 and 3 GD, collectively 
known as neuronopathic GD (nGD), are less common. 
The main neurological symptoms of nGD include seizure, 
abnormal eye movements, and developmental delay, in 
addition to enlargement of the liver/spleen. Type 2 GD 
progresses rapidly, and affected infants have a very short 
life (2–3  years) despite the best supportive care [1, 5]. 
Type 3 GD is associated with a later onset in childhood 
than is seen in type 2. In Japan, a total of 211 patients are 
estimated to have GD [6]. However, in contrast to other 
countries, the proportion of patients with nGD in Japan 
is higher, accounting for approximately 60% of cases 
[6–8].

Management goals for patients with GD should address 
treatment of the various clinical manifestations, improve-
ment of patients’ quality of life (QOL), and early detec-
tion of long-term complications and comorbidities [5]. 
Assessment of the effectiveness of treatment requires a 
holistic approach to data collection that includes the per-
spectives of both patients and their caregivers. Despite 
the importance of QOL in the management of patients 
with GD, limited information is available on the burden 
of nGD in patients and caregivers, as qualitative stud-
ies conducted to date have almost exclusively included 
patients with type 1 GD [9–11]. Although GD-specific 
patient-reported outcome measures (PROMs) have been 
developed, these questionnaires are focused on patients 
with type 1 GD [12–14] and are not suitable for capturing 
symptoms and comorbidities of patients with nGD. In 
addition, although a caregiver-reported outcome meas-
ure is currently under development for other lysosomal 
diseases, there is no such tool for caregivers of patients 
with GD [15]. In order to gain a more comprehensive 
understanding of the burden of GD, disease-specific out-
come measures should include patient-reported items 
specific to nGD and caregiver-specific questions. The 
availability of nGD-specific questionnaires would be of 
benefit not only in countries with a higher prevalence of 
nGD, such as Japan, but also in countries with a limited 
number of patients with nGD.

The main purpose of this research is to develop a new, 
language-validated, health-related QOL (HRQOL) ques-
tionnaire for patients with GD and their caregivers, to 
evaluate the burden of GD, including types 2 and 3 neu-
rological symptoms, which have not been covered to 
date. For content validity of the HRQOL questionnaire, 
qualitative research aimed at interpreting the experi-
ence of patients and their caregivers is essential [16]. 
Here we report the first stage in the development of the 
HRQOL questionnaire, which comprised qualitative 
analysis of interviews with patients with nGD and/or 

their caregivers, followed by hierarchical cluster analysis 
and co-occurrence network analysis, in order to identify 
keywords, major themes, and specific topics related to 
disease burden.

Results
Patient demographics
Eight patients (six male, two female) recruited from a 
patient association participated in the interview: four 
with type 2 GD (four caregivers) and four with type 3 
GD (two patients and two caregivers) (Table 1). All four 
patients with type 2 GD were 2‒11  years old, whereas 
two patients with type 3 GD were adults and two 
were < 10  years old. All patients were diagnosed with 
GD at between 1  month and 3  years of age, except one 
who was diagnosed with type 3 GD at 18 years of age. Six 
patients started treatment relatively quickly after diagno-
sis at between 1 month and 3 years of age, but treatment 
was delayed in the other two patients because of a lack 
of appropriate treatment at the time. Three patients were 
bedridden, including one patient with type 2 GD who 
had tracheostomy and gastrostomy, three patients were 
able to walk without assistance, one patient needed nurs-
ing assistance, and one patient had no information about 
activities of daily living. The caregivers were the patients’ 
fathers or mothers. Each 1:1 interview lasted 30–40 min.

Table 1 Summary of interviewee characteristics

Data are number, except where indicated

Characteristic N = 8

Age range, years 2–57

 Children (< 18 years) 6

 Adults (≥ 18 years) 2

Age at diagnosis

 1 month–3 years 7

 18 years 1

Sex

 Male 5

 Female 3

Gaucher disease type

 Type 2 4

 Type 3 4

Daily activities

 Bedridden 3

 Walk with assistance 3

 Nursing assistance 1

 No information 1

Interviewee

 Patient 2

 Caregiver 6
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Themes
Three themes that were proposed in the interview guide 
and confirmed by the interview transcripts as the main 
categories of disease burden were analyzed further: 
“treatment status”, “patient burden” (including physical, 
psychological, or economic burden caused by disease), 
and “social support systems”.

Treatment status
Qualitative analysis of the verbatim transcripts revealed 
seven main topics related to treatment status that were 
commonly mentioned by patients and/or caregivers 
(Table 2). These topics focused on the impact of physical 
symptoms of GD on daily life rather than the treatments 
themselves and included hearing impairment, visual 
impairment, difficulty swallowing, difficulty speaking, 
involuntary movement of extremities, epileptic seizures, 
and body aches.

Impaired hearing or vision was mentioned by one 
patient and three patients, respectively, and typical 
remarks included experiencing hearing loss, squinted 
eyes, or difficulty closing their eyes. Several patients 
reported difficulties with speaking or swallowing, which 
are often affected in nGD, especially type 2 [2, 17]. Sei-
zures and involuntary movements, as well as anxiety 
about seizures, were also common concerns.

Using hierarchical cluster analysis, nine clusters rang-
ing from two to 27 words were identified for treatment 
status (Fig.  1). Among words that appeared ≥ 5 times, 
several words specific to neurological symptoms, such 
as “convulsions”, “hands”, “trembling”, “seizures”, and 
“spleen”, were mentioned, supporting the topics of “epi-
leptic seizures” and “involuntary movement of extremi-
ties” identified in the qualitative analysis. In addition, 
medicines used for the treatment of seizures, such as 
“diazepam” and “chloral hydrate”, were mentioned. Words 
that appeared ≥ 5 times were assessed in a co-occurrence 
network to identify closely connected words related to 
treatments by medicine (Fig.  2). Specific word groups 
related to treatment were “enzyme”, “replacement”, “ther-
apy”, “chaperone”, and “imiglucerase”. In addition, the 
term “medicines to be taken as needed” (one word in Jap-
anese) was closely connected to “convulsions” and “pain”, 
suggesting that neurological symptoms are of concern to 
patients with nGD.

Patient burden
Five main topics emerged as common features of patient 
burden: anxiety about symptoms, difficulty with exercise 
and work, anxiety about continuing treatment, anxi-
ety about going out, and tiredness from hospital visits 
or treatment. Several of the “patient burden” topics 

overlapped with “treatment status” topics, for example, 
anxiety about having an epileptic seizure. Indeed, four 
of the five topics were related to anxiety about various 
aspects of daily life, including worries about having sei-
zures, particularly during school, work, or exercise, and 
the need for ongoing treatment. Patients also expressed 
concerns about the risk of infectious diseases when going 
out, even when visiting the hospital; this likely referred 
to COVID-19 as the interviews were conducted dur-
ing the pandemic. Similar to the findings in the “treat-
ment status” theme, fatigue after visiting the hospital or 
after treatment was common and was exacerbated when 
extended travel was required.

Seven clusters ranging from four to 12 words were 
identified for patient burden (Fig.  3). Among the words 
mentioned ≥ 5 times, key clusters were identified for 
treatment burden and for the burden associated with 
schooling. Items related to treatment burden were hos-
pital visit, from the words “hospital” and “difficult/hard” 
(one word in Japanese), and medication, from the words 
“take” and “medicine”. Items related to school burden 
were anxiety and difficulties at school from the words 
“school”, “tough”, “primary school”, “preschool/kindergar-
ten”, and “hard”. For younger children with neurological 
symptoms, treatment burden and difficulties at school 
seemed to be inseparable. Words that appeared ≥ 5 times 
were included in the co-occurrence network (Fig.  4). 
Although some words were observed frequently, there 
were no words located at the center of the network. Each 
word was weakly connected to a wide range of other 
words.

Social support systems
Topics within the “social support systems” theme 
included dissatisfaction about government services, 
lack of social support, and information exchange in the 
patient association. Several patients indicated that the 
government services were inadequate and explaining 
GD to these services was burdensome. Although many 
patients said that information about social support sys-
tems was not available to them, some noted that they 
were able to exchange information with other patients 
through patient associations.

Eight clusters ranging from two to 28 words were iden-
tified for social support systems (Fig.  5). Among words 
that appeared ≥ 5 times, words specific to the types of 
services patients received, such as “visiting”, “nursing”, 
“bath”, and “rehabilitation”, were mentioned. In the co-
occurrence network analysis (Fig.  6), words for services 
that patients received, such as “visiting”, “nursing”, and 
“bath”, were frequently mentioned together. In addition, 
words such as “doctor”, “symptom”, and “consultation” 
were frequently mentioned together, suggesting that 
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Fig. 1 Hierarchical cluster analysis dendrogram of extracted words in the theme “treatment status”. The dendrogram indicates the result of cluster 
analysis based on the Ward method with Jaccard distance. The dotted line shows the cut-off for the level of cluster analysis. The length of the bars 
on the left side indicates the frequency of words
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patients and their caregivers considered the use of social 
support systems when consulting with their doctors. A 
cluster that included the words “LINE” (one of the most 
popular social networking services in Japan), “group”, 
“information”, and “share” suggested that information 
shared within the patient association was meaningful to 
patients and their caregivers and was utilized.

Discussion
Using qualitative theme analysis of semi-structured inter-
views, coupled with hierarchical cluster and co-occur-
rence network analysis, this study has confirmed three 
main themes—treatment status, patient burden, and 
social support systems—that are important for patients 
with nGD and/or their caregivers. The results have 
allowed identification of key topics within each theme 
that will inform the development of a specific PROM; 

this can then be used to assess HRQOL and the effective-
ness of medical and other interventions to improve the 
lives of patients, especially in Japan, where the propor-
tion of patients with nGD is much higher than in other 
countries [6, 8].

The responses of the participants in this study were 
consistent with the actual treatment status of patients 
with nGD. For example, in the “treatment status” domain, 
enzyme replacement therapy was one of the main treat-
ments mentioned for patients with types 2 and 3 GD. In 
addition to enzyme replacement therapy, other medi-
cines, including chaperone therapy, were mentioned, 
which suggested that the treatments patients actually 
received were generally captured in the interview. This 
finding suggests that patients and caregivers who partici-
pated in the interview had an accurate understanding of 
the treatments available. However, despite treatment, the 

Fig. 2 Co-occurrence network analysis of extracted words in the theme “treatment status”
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key topics we identified were all related to ongoing symp-
toms, suggesting that there is still a substantial unmet 
medical need. Enzyme replacement therapy can improve 
splenomegaly or hemoglobin concentration [18], but it 
has a minimal effect on neurological symptoms in nGD 
[17], including vision, hearing, swallowing, and seizures 
as reported by the patients in this study. The inclusion 
of questions in the PROM that relate to these symptoms 
will help quantify the current level of unmet need and 
evaluate the effect of newer treatments.

Findings from the analysis of the “patient burden” 
theme revealed that burden was associated not only with 
medicines, treatment, and having to attend outpatient 

clinics for treatment, as reported by others [9], but also 
with the impact of continuous infusion therapy on school 
attendance and performance. Patients with type 2 GD 
undergo intensive initial treatment, including enteral 
feeding, tracheostomy, and artificial ventilation, which 
places a high burden on caregivers [19]. Ongoing treat-
ment with enzyme replacement therapy or other thera-
pies, which requires patients to visit the clinic, is also 
associated with considerable burden [9, 19, 20]. Many of 
the key topics identified within this theme relate to anxi-
ety, including anxieties about unexpected seizures, going 
out (particularly the risk of infection associated with 
going out), and the duration of continuing treatment. 

Fig. 3 Hierarchical cluster analysis dendrogram of extracted words in the theme “patient burden”. The dendrogram indicates the result of cluster 
analysis based on the Ward method with Jaccard distance. The dotted line shows the cut-off for the level of cluster analysis. The length of the bars 
on the left side indicates the frequency of words
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These anxieties are likely to have been heightened during 
the COVID-19 pandemic with the associated difficulties 
attending the clinic for regular treatment and uncertainty 
regarding the effect of COVID-19 infection on patients 
with GD [21]. Overall, our results emphasize the impact 
that nGD has on HRQOL beyond the physical symptoms.

In the “social support systems” theme, the results indi-
cated that patients/caregivers considered the use of social 
support systems while consulting with their doctors 
or through peer exchange of useful information via the 
patient association(s) and social networking platforms 
(e.g. LINE). However, gaps between the current sup-
port system and patients’ expectations were also identi-
fied, particularly relating to a lack of information about 
what support systems are available and difficulties deal-
ing with government services. Recently, base institutions 
for the treatment of incurable lysosomal diseases have 

been established, and it is expected that cooperation and 
information sharing among medical institutions regard-
ing diagnosis and treatment of patients who live in the 
area might become more readily available. As Japan has 
a universal health insurance system, people can visit any 
doctor at any medical institution and receive medical ser-
vices (treatment) without any restrictions; also, as Japan 
has adopted an “Act on Medical Care for Patients with 
Intractable Diseases” [22], patients with GD who receive 
enzyme replacement therapy have minimal costs for the 
treatment. Home-based enzyme replacement therapy, 
which patients with GD prefer [23], was approved by the 
Ministry of Health, Labour and Welfare in 2021 in Japan 
[24], but it is not yet widespread. In addition to support 
system development, other forms of patient support 
such as greater provision of structured care coordina-
tion, which can alleviate some of the burden on families 

Fig. 4 Co-occurrence network analysis of extracted words in the theme “patient burden”
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of children with complex medical conditions, is urgently 
needed in Japan [25]. From the perspective of reduc-
ing family care burden, daily assistance with mobility or 
bathing and other day services are required for patients 
with advanced nGD [19]. Although some of these diffi-
culties may be specific to Japan, it is likely that patients 

in other countries face similar obstacles to accessing the 
social support needed to make their lives easier.

This is the first stage in the development of a vali-
dated PROM for patients with nGD and their caregiv-
ers in Japan. The results of this analysis have confirmed 
the need to include additional questions in the cur-
rent PROM questionnaires that address the impact of 

Fig. 5 Hierarchical cluster analysis dendrogram of extracted words in the theme “social support systems”. The dendrogram indicates the result of 
cluster analysis based on the Ward method with Jaccard distance. The dotted line shows the cut-off for the level of cluster analysis. The length of the 
bars on the left side indicates the frequency of words. “LINE” is a messaging application used in Japan
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neurological symptoms, the burden caused by these 
symptoms, and patient needs related to social support 
systems. The current questionnaire for patients with 
type 1 GD has no questions related to current symp-
toms, including neurological symptoms, caused by GD 
[13, 14]. As patients with types 2 and 3 GD are generally 
younger than those with type 1, this study has also pro-
vided insights into the burden associated with GD that 
may be specific to the daily lives of younger patients. 
Although the study was based on a small number of 
participants, the patients were recruited from a patient 
association and therefore were considered to represent 
the real-life opinions and concerns of patients with GD 
in Japan. No qualitative research has been done for 
patients with types 2 and 3 GD, whereas there are some 
reports for patients with type 1 GD [9, 10, 20].

This study does have some limitations. Although only 
eight patients/caregivers were included in the interview, 
this number is considered sufficient for content validity 
based on the COSMIN checklist [16]. The participants 
were limited to patients registered with the patient asso-
ciation and those who consented to participate in web 
or phone interviews during the specified period. Con-
ducting the interviews by web or phone limited the abil-
ity of the interviewer to observe non-verbal cues. In this 
study, only patients currently being treated by a physi-
cian were included. For all patients < 16 years old, inter-
views were conducted with a caregiver and did not take 
into account potential discordance between the patient’s 
and caregiver’s perceptions of patient burden. Although 
the domains identified in the analysis are likely to be rel-
evant to patients with nGD worldwide, the analysis was 
specific to the Japanese language and Japanese clinical 

Fig. 6 Co-occurrence network analysis of extracted words in the theme “social support systems”. “LINE” is a messaging application used in Japan
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setting. Because the interviewer was a nurse, the patient 
may have been biased toward answering items related 
to medical care and treatment rather than general daily 
life. The interviewer had previously been involved in 
the care of one patient with type 3 GD but was not cur-
rently involved. Although it was possible for the previous 
involvement to influence the content of the interview, it 
is unlikely to have negatively affected the purpose of this 
study, i.e. obtaining responses to questions for the devel-
opment of a patient-reported outcome measure. Finally, 
because patients were aware that the study was spon-
sored by a pharmaceutical company (as disclosed in the 
recruitment pamphlet), it is possible that they may have 
suppressed negative statements about treatments.

Conclusions
In conclusion, the semi-structured interview format 
was able to provide an objective analysis of the burden 
of nGD. The themes and topics identified in this analy-
sis were specific to patients with nGD and will be used to 
inform the development of a HRQOL questionnaire for 
these patients. Ultimately, we plan to combine the nGD 
questionnaire with the recently published type 1 ques-
tionnaire [13] to produce a single PROM that can be used 
for all patients with GD in Japan and elsewhere.

Methods
Study design
This observational study consisted of three stages: (1) 
qualitative interviews with patients with nGD, (2) pre-
testing of the questionnaire in patients and caregivers, 
and (3) field testing of the questionnaire in patients and 
caregivers. The purpose of the qualitative interview was 
to determine which domains in the current GD PROMs 
were relevant to the target study population to inform the 
development of a Japan-specific HRQOL questionnaire 
for GD. For the first stage, in-depth 1:1 patient interviews 
were conducted using a qualitative, semi-structured 
interview method to gain insights from participants 
about disease burden and how they currently share their 
QOL information with physicians. Data from qualita-
tive interviews were analyzed using a thematic analysis 
method. The interviews were conducted in Japan from 
February 1, 2021 to March 8, 2021.

The study is registered at the UMIN Clinical Tri-
als Registry (https:// www. umin. ac. jp/ ctr/ index. htm 
[UMIN000042872]). The protocol and informed consent 
form were approved on January 13, 2021 (No. 20342) by 
Osaka University Clinical Research Review Committee. 
The study was conducted in accordance with the ethi-
cal principles that have their origin in the Declaration 
of Helsinki, the Guidelines for Good Pharmacoepidemi-
ology Practices, and all applicable laws and regulations. 

All data collected during the study were de-identified and 
anonymized.

Study population
Male or female patients were eligible for inclusion if 
they had a confirmed diagnosis of type 2 or 3 GD, were 
diagnosed by a physician, and had been treated for GD. 
For patients < 16  years old, a caregiver (≥ 20  years old) 
or family member with a good understanding of the 
patient participated on behalf of the patient. Any par-
ticipant with cognitive disabilities, who lacked fluency 
in Japanese, or who was judged by the investigator to be 
unsuitable for any other reason was excluded. Patients or 
their legally acceptable representatives could only par-
ticipate in the study once. All participants were required 
to be capable of understanding our explanation of the 
purpose of this study and of complying with protocol 
requirements. Patients or their legally acceptable repre-
sentatives, if applicable, were required to provide written 
informed consent to participate in the study and agree to 
the privacy authorization before commencing the study.

Qualitative interviews
Participants were recruited by referral from a patient 
association in Japan (Association of Gaucher Disease 
Patients in Japan). Given the physical difficulties some 
patients had in accessing the interview venue and the risk 
of infection during the ongoing global COVID-19 pan-
demic, most study activities were conducted via online 
web-based platforms. Invitations were sent by mail, and 
written paper-based informed consent was obtained. 
Screening questions were asked after written consent and 
before scheduling 1:1 in-depth interviews to make sure 
the participants met the eligibility criteria. On the day 
of the in-depth interviews, informed consent was recon-
firmed and, if needed, interviewers provided answers to 
consent-related questions from the participants.

Interviews were conducted in Japanese by one of the 
authors, Y. Koto, who has been involved as a nurse in 
enzyme replacement therapy for patients with type 3 
GD. The interviewer was not involved in the care of the 
patients who were interviewed, except for one patient 
with type 3 GD with whom the interviewer had been 
involved previously. Independent, qualified interviewers 
(IQVIA Solutions Japan K.K.) provided support for the 
interviews under the guidance of authors A. Narita and 
N. Sakai, who are GD specialists with experience in the 
treatment of patients with GD. The interviewers led and 
facilitated the interviews, and only information related 
to the study objective was collected. The interviews were 
conducted via an online meeting system (WebEX) or 
by telephone using a pre-prepared interview guide (see 
Additional file 1).

https://www.umin.ac.jp/ctr/index.htm
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The interview was developed by the authors, who are 
GD specialists and/or experts in qualitative analysis, 
and was based on existing PROMs for type 1 GD [13, 
14]. The interview guide focused on three main themes, 
which were confirmed by analysis of interview tran-
scripts. The interview took approximately 30–40  min 
for each participant. The interview was audio recorded 
with participant approval and transcribed in its entirety 
in Japanese. Transcribers omitted any data from the 
transcripts that may have led to identification of par-
ticipants. Each participant who completed an interview 
received a gift card for 2,000 yen.

Statistical analysis
A total of 10 patients with types 2 and 3 GD (five 
patients each) were to be interviewed. As the pur-
pose of this study was to elicit relevant evidence from 
qualitative interviews, a sample size of convenience 
was applied. Given that there are approximately 200 
patients with GD of all types in Japan [6], 10 unique 
individual interviews were considered a large enough 
pool to investigate relevant opinions.

The transcripts of all interviews were manually con-
firmed. We set the interview framework to obtain par-
ticipants’ experience as extensively as possible. When 
the transcript texts were classified into the three main 
themes proposed in advance, we confirmed that the 
themes were adequate and that no other themes were 
necessary. For each theme, a coding list was created 
using text-mining software for Japanese language data 
(KH coder version 3.Beta.03, updated September 7, 
2021, Higuchi Koichi, Japan) [26, 27]. Coding was based 
on attribute information and the presence or absence of 
words corresponding to specified coding rules. Coding 
rules were specified by manually extracting words after 
confirmation among analysts.

Hierarchical cluster analysis and co-occurrence net-
work analysis were performed to extract frequently 
occurring and co-occurring words; the resulting asso-
ciations between words within sentences were visually 
represented on a co-occurrence network map. In the 
hierarchical clusters, words that appeared ≥ 5 times 
(the default setting in KH coder) were clustered by 
the Ward method, and the Jaccard distances between 
clusters were calculated. In the co-occurrence net-
work analysis, for words that appeared ≥ 5 times and 
their word combinations, the co-occurrence relation 
was calculated by the Jaccard index, and up to 60 co-
occurrence relationships were drawn as lines from the 
relationship with the largest Jaccard index.
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