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Abstract
Purpose of Review Patient-reported outcome measures (PROMs) and patient registries both play important roles in assessing
patient outcomes. However, no study has examined the use of PROMs among registries involving patients with type 2 diabetes
mellitus (T2DM). Our objective is twofold: first, to review the range of PROMs used in registry-based studies of patients with
T2DM; second, to describe associations between these PROMs, T2DM and its complications.
Recent Findings The International Consortium for Health OutcomesMeasurement (ICHOM)Diabetes Standard Set recommend-
ed routine usage of PROMs to assess psychological well-being, diabetes distress, and depression among patients with T2DM.
Summary A wide variety of PROMs were used among the 15 studies included in this review. Quality of life, depressive
symptoms and treatment adherence were the most common aspects of T2DM that utilised PROMs for assessment. Adoption
of PROMs among registries of patients with T2DM remains uncommon, non-routine and with few that are validated before use.

Keywords Diabetesmellitus . Patient-reportedoutcomemeasures .Registries .Qualityof life .Depressivesymptoms .Treatment
adherence

Introduction

In recent years, patient-reported outcome measures (PROMs)
have gained prominence in patient management and clinical
decision-making since its initial uptake in the 1980s [1–4].
Patient-reported outcomes (PROs) are direct reports from pa-
tients about how they feel or function in relation to a health
condition and its therapywithout interpretation by any healthcare
professionals [5], and can relate to symptoms, signs, functional
status, perceptions or other aspects of care such as convenience

and tolerability [4]. PROMs are important and advantageous for
several reasons. First, PROMs provide a means for patients to
effectively convey their day-to-day health experience, and can be
useful in screening of underlyingmental and functional problems
to their providers [6, 7•]. Second, while the principal goals of
healthcare are to maximise quality of life and minimise disability
or symptoms, these aims can only be fully assessed by patients
[1]. Third, domains, or question categories, in each PROM can
provide insight on the aspects of patient health that have been
most impacted by a condition or treatment [8]. For example,

This article is part of the Topical Collection on Diabetes Epidemiology

* Hwee-Lin Wee
ephwhl@nus.edu.sg

Yu Ting Chen
chenyuting@nus.edu.sg

Yan Zhi Tan
yanzhi.tan28@gmail.com

Mcvin Cheen
mcvin.cheen@danone.com

1 Saw Swee Hock School of Public Health, National University of
Singapore, 12 Science Drive 2, Singapore 117549, Singapore

2 Department of Health Management and Economics, University of
Oslo, Kirkeveien 166, Frederik Holsts hus , 0450 Oslo, Norway

3 Erasmus School of Health Policy & Management, Erasmus
University Rotterdam, Burgemeester Oudlaan 50 ,
Rotterdam, PA 3062, Netherlands

4 Danone Asia Pacific Holdings, 1 Wallich Street, #18-01 Guoco
Tower, Singapore 078881, Singapore

5 Medicine Academic Clinical Programme, Duke-NUS Medical
School, 8 College Rd, Singapore 169857, Singapore

6 Department of Pharmacy, Faculty of Science, National University of
Singapore, 18 Science Drive 4, Singapore 117543, Singapore

Current Diabetes Reports          (2019) 19:135 
https://doi.org/10.1007/s11892-019-1265-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s11892-019-1265-8&domain=pdf
mailto:ephwhl@nus.edu.sg


EuroQoL-5 Dimensions (EQ-5D), a validated PROMdeveloped
by the EuroQoL Research Foundation, consists of five questions
and measures patients’ perceived state of health across five do-
mains, including mobility, self-care, usual activities,
pain/discomfort and anxiety/depression [8]. A patient’s EQ-5D
score therefore measures the impact of his/her medical condition
according to the different domains, as well as the effectiveness of
treatment in improving his/her quality of life. Monitoring of
patient-reported symptoms may also help in improving care de-
livery or informing treatment decisions. Taken altogether,
PROMs can bridge the gap between clinical concerns and patient
perspectives, thereby enabling a holistic assessment of a condi-
tion or treatment [4]. Usage of information from PROMs has
been found to not only improve doctor-patient communication
and decision-making, but also lead to greater patient satisfaction
and ultimately, improved clinical outcomes [6]. Routine PROM
use also acts as a feedback loop which fosters learning and con-
tinuous improvement of care [7•, 9].

In a similar vein, the use of data from registries has been
gaining traction over the years due to its unique and critical
role in assessing patient outcomes. There is an increasing em-
phasis on real-world data (RWD) and real-world evidence
(RWE) for regulatory approval and/or reimbursement of new
drugs due to various limitations by the conduct of randomised
controlled trials [10]. Patient registries is one of several
sources of RWD alongside electronic medical records, patient
surveys and trackers or mobile devices. As registries assess
actual care that patients receive in the real-world setting, re-
sults from registries may hence better depict real-world out-
comes as care is not assigned or dictated by trial protocol [11].
A potentially rich source of information, registry data may and
should contain information regarding the many and different
domains that make up the PROMs. Additionally, PROMs
captured using registry data may indicate the actual well-
being of the studied patient population without the influence
of any specific intervention. While there have been reviews
examining the use of PROMs among registries for other med-
ical conditions such as knee and hip arthroplasty, renal condi-
tions and rheumatoid arthritis [12–14], there is none thus far
for type 2 diabetes mellitus (T2DM).

Type 2 diabetes mellitus has been associated with various
macrovascular andmicrovascular complications.More impor-
tantly, T2DM has been found to impose significant psycho-
logical and emotional burden on the patient [15]. Assessing
the impact of treatments and self-management strategies on
PROs of patients with T2DM is therefore critical to quantify
the success of these regimens [15]. Therefore, the aim of this
systematic review is to first, describe the range of PROMs that
have been used in studies involving registries of patients with
T2DM and second, the association of these PROMs with
T2DM and its complications. Through this review, we hope
to highlight the importance of quality PROM data in the
achievement of optimal patient outcomes in T2DM.

Data Collection

Search Strategy and Inclusion Criteria

We searched MEDLINE, Embase, CINAHL and OpenGrey
for published studies on patient-reported outcomes in regis-
tries which include patients with T2DM since data inception
and up to 4th of July 2019. Search terms included ‘diabetes
mellitus’, ‘registry’, PRO terms ‘quality of life’, ‘self-assess-
ment’, ‘self-report’, ‘adherence’ and ‘patient experience’. The
full search strategy is included in Appendix Table 2. We in-
cluded studies which were registry-based, contained any type
of PRO and focused on adults with T2DM or if the disease
investigated is a complication and/or sequela of T2DM. Non-
English studies, studies that focused on trials or on measure-
ment development (e.g. focus group studies or evaluating psy-
chometric properties ([i.e. validity, reliability, or factor struc-
tures]) were excluded. In addition, studies that did not differ-
entiate between type 1 and type 2 diabetes were excluded.

Data Extraction

In alignment with PRISMA guidelines for systematic
reviews [16], two authors (YTC and YZT) independent-
ly screened the titles and abstracts of included studies,
with inter-rater reliability of 93.3%. Any disagreement
was discussed to reach consensus or resolved by a third
reviewer (HLW). YTC and HLW then performed full-
text review and data extraction for studies which met
inclusion criteria. Information such as the type of PRO
(generic vs diabetes-specific), the construct of the PRO
(e.g. depressive symptoms, health status, medication ad-
herence) as described by the authors, frequency of as-
sessment and study objectives related to the PRO were
extracted to a pre-designed form. Studies that reported
on different PROMs in the same registry by the same
study team were included to capture the widest possible
range of PROMs used in these studies.

Of the studies included after full-text screening, we
checked each reference list to identify more relevant studies
for inclusion. However, we were unable to find any additional
studies using this supplementary approach. The PRISMA
flow diagram (Fig. 1) summarises this data extraction process.

Quality Assessment

Two reviewers (YTC and MC) independently assessed the
methodological quality of each article. As all included studies
were cross-sectional studies, we used the NIH National Heart,
Lung and Blood Institute quality assessment tool for cross-
sectional studies [17].
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Results

A total of 3,973 articles were identified after duplicates were
removed. Of these, 3,911 were excluded during the title and
abstract screening phase. We reviewed the full text of 62
articles. Of these 62 studies, 47 were further excluded after
full-text review due to insufficient details on how PROMs
were utilised and interpreted, unclear specification of the
type of diabetes being investigated, or the inclusion of both
type 1 and 2 diabetes. Eventually, 15 studies were included
in our analysis. The completed quality assessment is in
Appendix Table 3.

Study characteristics of included studies are summarised
in Table 1. Overall, studies were conducted in six countries
and were based on ten unique registries of patients with
diabetes: Japan (n = 7, 2 registries), USA (n = 2, 2

registries), Germany (n = 2, 2 registries), China (n = 1, 1
registry), Canada (n = 1, 1 registry), Denmark (n = 1, 1
registry), as well as an international study conducted across
9 European countries (n = 1, 1 registry). Six studies focused
on T2DM complications, with four focusing specifically on
depressive symptoms [18–21] and two focusing on all-
cause mortality [22, 23].

Range of PROMs Used in Published Studies Involving
Registries of Patients with T2DM

Across 15 included studies, a total of 24 different PROMs
were employed. The number of PROMs used in each
study varied widely from one to six. Among studies that
used multiple PROMs, the minimum number of PROM
constructs covered is two (e.g. depressive symptoms and
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health status), and the maximum number of PROM con-
structs covered is five. Only a minority (four out of 24
PROMs) were validated for use among T2DM patients in
the country where the study was conducted. The PROMs
included in this review are summarised in Appendix
Table 4.

The PROMs can be broadly categorised into three groups:
first, general health status questionnaires (e.g. EQ-5D, Short
Form 36 [SF-36]); second, diabetes-specific questionnaires
(e.g. Audit of Diabetes-Dependent Quality of Life
[ADDQoL], Diabetes Treatment Satisfaction Questionnaire
[DTSQ]); and third, questionnaires that measure complica-
tions or comorbidities associated with diabetes. These include
questionnaires that measure depressive symptoms (The
Center of Epidemiological Studies Depression Scale [CES-
D] and Patient Health Questionnaire-9 [PHQ-9]), or questions
on the frequency of hypoglycaemia/severe hypoglycaemia.
Each of these PROMs was included in 4 out of 15 studies.

Patient-Reported Health Status and Health-Related
Quality of Life

Four studies evaluated the association between health-related
quality of life (HRQoL) and T2DM-related outcomes.
Overall, HRQoL among patients with T2DM was found to
be significantly negatively associated with lower level of
physical activity [24], lower level of adherence to insulin in-
jections [25], higher frequency of hypoglycaemia, and pres-
ence of certain comorbidities including hypertension, clinical
depression [26], or atrial fibrillation (AF) [23].

The role of anti-diabetic medication on health status or
HRQoL is less clear, with one study reporting that a com-
bination of insulin with an alpha-glucosidase inhibitor
(AGI), or a combination of meglitinides/sulfonylurea with
thiazolidinedione were associated with higher odds of
poorer diabetes therapy-related quality of life (DTR-
QOL) domain scores [24] and another study reporting
no association [26]. In the exploratory analysis by
Hayashino et al, the negative association with DTR-
QOL scores was the strongest with the use of insulin
compared to other anti-diabetic medications across all
domains.

Patient-Reported Depressive Symptoms

Four studies evaluated the association between depressive
symptoms and T2DM. In summary, depressive symptoms
were associated with diabetes distress [19], severe
hypoglycaemia [18], physical activity [18] and lower levels
of HRQoL [20], as well as higher levels of high-sensitivity C-
reactive protein (hs-CRP) among obese patients with T2DM
[21]. On the other hand, no associations were found between
depressive symptoms with treatment satisfaction [20].

Two studies had differing conclusions regarding the asso-
ciation of glycemia control and depressive symptoms [18, 19].

Patient-Reported Treatment Adherence
to Anti-diabetes Medications

Four studies examined the association between patient-
reported treatment adherence and diabetes-related outcomes.
Overall, higher levels of self-reported treatment adherence
was associated with better glycaemic control (glycated
haemoglobin, HbA1c) [27, 28], better lipid profiles [27] and
higher quality of life [25]. Patients’ own motivation was also
associated with treatment adherence [29].

Other Associations

Three studies reported other associations with T2DM.
Woo and colleagues found that the use of canagliflozin
improved patients’ satisfaction towards their body weight
and overall health, as well as improvement in CHES-Q
domains of physical and emotional health [30].
Berkowitz’s team found that low socioeconomic status
was associated with higher risk of self-reported
hypoglycaemia [31]. Hayashino and colleagues found that
high Problem Area in Diabetes (PAID) scores, which in-
dicate greater diabetes distress, was significantly associat-
ed with higher risk of all-cause mortality [22].

Discussion

In light of rising interests in using PROMs to better assess
the effects treatment modalities have on patients with
T2DM, and the growing importance and accessibility of
registry-based data, we sought to understand the state of
use of PROMs in existing registries and databases. This
study, to the best of our knowledge, is the first of its kind
in assessing the extent of PROMs reported in current lit-
erature of registry-based T2DM studies. In so doing, we
attempted to summarise the common measurements that
are being used to date. Our analysis has allowed us to
discern possible associations between different aspects of
diabetes care and their implications on relevant patient
related endpoints that are often important but under-
reported in trials and other studies. Moreover, the re-
sponses that we have gathered across registries from var-
ious countries offer a glimpse into current geographical
practices within this growing contemporary field.

In this study, we identified 15 studies involving pa-
tients from 10 registries that included PROMs. We not-
ed that a wide variety of PROMs are employed for
T2DM registry-based research. Given the low number

Curr Diab Rep          (2019) 19:135 Page 5 of 17   135 



of studies, it was evident that PROMs were largely not
captured routinely and regularly.

We postulate the following reasons that may explain
the limited number of PROMs used and reported in
existing registry-based studies. First, administration of
PROMs can be resource intensive. For traditional pen-
and-paper administration, additional labour is required to
perform data entry and data cleaning, thus adding to the
administrative burden of maintaining registries [11, 32].
While electronic versions of PROMs (e.g. web-based or
tablet-based administration) may be available, such
modes may not be suitable for all types of patients,
especially for those who may be unfamiliar with navi-
gating such technology or are unable to use computing
devices or smart phones due to physical limitations [11].
In addition, registries may not have the capability to
invest in the equipment (e.g. laptops or tablets) and
software (e.g. packages that specialise in the design
and administration of PROMs) required for collecting
data electronically [11]. Second, we found that many
of the PROMs have not been validated in the specific
T2DM patient populations although some may have
been validated in the general or other clinical popula-
tions. This may thus hamper the adoption of PROMs in
T2DM registry-based studies. Third, clinically meaning-
ful interpretation of PROMs remains an impediment to
its uptake, and the utility of such measurements are
hence often questioned. Further, clinicians may be unfa-
miliar with the different measurements and its implica-
tions, and often report difficulty in interpreting PROM
results [11]. Fourth, with the plethora of PROMs avail-
able, selection of appropriate PROMs for routine assess-
ment may be challenging for clinicians and physicians.
In this regard, the International Consortium for Health
Outcomes Measurement (ICHOM) Diabetes Standard
Set released on World Diabetes Day in 2018 included
a section on PROMs with a clear purpose to identify a
core, standard set of outcomes that reflects what matters
most to people with diabetes, and that this set can be
used globally [33•]. ICHOM recommended that psycho-
logical well-being (measured using WHO-5), diabetes
distress (measured using PAID) and depression
(measured using PHQ-9) should be routinely assessed
among patients with diabetes [33•]. Cost may be a pos-
sible key factor for the low uptake of PROMs in regis-
try; many PROMs charge fees for routine use outside of
academic research [34]. As it is often costly to maintain
registries, additional user charges may further discour-
age the inclusion of PROMs in registries. It is hence
heartening to note that cost was a key consideration
by ICHOM in its recommendation. Fifth, in countries

where the government or health technology assessment
agencies do not mandate the collection of PROMs for
healthcare decision-making, the motivation to dedicate
resources to the collection of PROMs may be low. In
the UK, for instance, the National Institute for Health
and Care Excellence recommends the use of EQ-5D for
health technology assessment. As a result, the EQ-5D is
included in population-based surveys and in the
National Health Service (NHS) PROMs programme.
The NHS PROMs programme has seen tangible benefits
including health gains and reduction in procurement
cost [34]. Hence, top-down non-financial incentives,
recommendations from diabetes professional organisa-
tions or mandatory inclusions of these measurements
by regulatory authorities may be useful in promoting
the adoption of PROMs in T2DM registries.

It is interesting to note that ICHOM’s recommenda-
tions of PROMs are consistent with our data where 7
out of 15 studies included CES-D, PAID or PHQ-9. Six
of the studies that we reviewed also included generic
health status questionnaires such as the SF-36, SF-8 and
EQ-5D. While these questionnaires are widely used, we
recognise several limitations when used in T2DM pa-
tients. Most importantly, other co-existing medical condi-
tions may have a greater effect than diabetes on these
questionnaires [35]. Hence, it is recommended that these
should be used in combination with diabetes-specific
HRQoL questionnaires such as the ADDQoL [35].

Our review provides an overview of the state of uptake
for PROMs among registries of patients with T2DM.
Encouragingly, we found that a few newly established
T2DM registries, such as the DIAREG of Germany and
ORBIT of China, are attempting to collect PROMs for all
their patients. Uptake of PROMs is often slow; while the
US Food and Drug Administration (FDA) has approved
the use of PROMs in drug label claims since 2009, a
recent study reported that among 11 novel anti-diabetic
medications approved by the FDA between 2011 and
2017, none incorporated PROMs in their labelling.
Furthermore, quality of life or treatment satisfaction data
were collected for only 5 of these 11 novel medications
[36]. Intuitively, most PROMs collected thus far arise
mainly from single-centre, observational studies, which
often only offer a snapshot of the landscape for the many
PROMs that remain pertinent to patient care. With an
increasing interest in the use of RWE for clinical, regula-
tory or reimbursement purposes, we believe that incorpo-
ration of PROMs in registries would facilitate assessment
of temporal changes in these measures. This will be ideal
for generating RWE that describes the real-time progress
on T2DM patients.
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With regard to the role of anti-diabetic medication on
health status or HRQoL, we noted inconsistent findings in
the two studies and considered that the inconsistent findings
may be due to differences in the types of anti-diabetic med-
ications that were used in the two studies [24, 26]. While
close to half (46.9%) of patients in Hayashino et al.’s study
were on insulin, Wasem et al.’s study only included patients
who were on oral anti-diabetic medications.

Inconsistent findings were also observed for the rela-
tionship between glycaemic control and depressive
symptoms, in two Japanese populations with similar
mean age (65.5 [18] and 64.9 [19]). Findings by
Kikuchi et al. showed that glycaemic control was sig-
nificantly associated with depressive symptoms [18].
This differed from Tsujii et al.’s conclusion that
glycaemic control was not associated with depressive
symptoms [19]. We postulate that this difference may
likewise be attributable to the types of anti-diabetic
medications received by patients in both studies. In
Kikuchi et al.’s study, all patients received some form
of anti-diabetic medication with 26.5% of patients re-
ceiving insulin therapy. In contrast, in Tsujii et al.’s
study, a sizeable 15% of patients were not on any med-
ications while 41.6% were on insulin.

Shigaki et al. reported that adherence to diabetes-
related self-care activities (diet and self-monitoring of
blood glucose) was associated with autonomous motiva-
tion, which meant treatment needed to align with patients’
personal interests and values for them to be intrinsically
motivated [29]. This provides an understanding on how
clinicians can help patients with T2DM become more ad-
herent to their treatment and thus improve their treatment
outcomes.

Although few, some studies highlight the importance
of considering other potential confounders in the rela-
tionship between diabetes and PROMs. For example,
given that lower socioeconomic status is associated with
higher risk of hypoglycaemia and that socioeconomic
status is associated with poorer HRQOL, it is important
that socioeconomic status be adjusted for before any
valid conclusions between hypoglycaemia and HRQoL
may be drawn.

Our review has several limitations. First, we were not
able to assess 40 studies (predominantly conference ab-
stracts) which were initially included due to the unavail-
ability of full texts. It is therefore possible that other po-
tentially relevant registry-based studies were missed.
Second, as 6 out of 15 studies came from a single registry
(Diabetes Distress and Care Registry at Tenri), our find-
ings may lack generalizability to other settings.

There are several areas of work which can be under-
taken to improve PROM uptake among registries. First,
validation of PROMs among patients with T2DM will
help to ensure the validity of future registry-based stud-
ies. Second, a database of registries for T2DM, such as
the Registry of Patient Registries (RoPR) in the USA,
can foster collaboration and research among T2DM reg-
istries and can potentially facilitate PROM adoption.
RoPR is a platform that not only serves as a collection
of registries, it also encourages the use of common data
variables and serves as a recruitment tool linking re-
searchers and patients [37]. Such an initiative will also
aid tracking of PROM adoption among registries. Third,
presentation of PROMs data in a user-friendly format
should improve the adoption of PROMs. Various ap-
proaches, such as representing PROM items using traf-
fic light scheme [38] and image visualisation of each
response option [39], as well as graphical presentations
of results [36–38] have been tested, and more research
are being conducted. Such research will improve the
accessibility and utility of PROMs during routine clini-
cal care.

Conclusions

Both PROMs and registries serve powerful and unique
roles in assessing patient outcomes. Together, the usage
of PROMs among registries has the potential to generate
real world, population-based data with regard to patient
experience which are of great clinical, regulatory and re-
search value. Our review demonstrates that among
registry-based studies of T2DM, adoption of PROMs
among registries of patients with T2DM remains uncom-
mon, non-routine and with few PROMs validated for use
among patients with T2DM. Quality of life, depressive
symptoms and treatment adherence were the most com-
mon aspects of T2DM that utilised PROMs for assess-
ment in our review. The potential of PROMs in improving
patient-centred care among people with T2DM remains
untapped and should be more fully utilised.
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Appendix

Table 2 Search strategy for this
review Database Search strategy

MEDLINE/PubMed ((diabetes mellitus[mh] OR diabetes[tiab]) AND (register[tiab] OR registries[mh] OR
registry[tiab]) AND (quality of life[mh] OR quality of life[tiab] OR QoL[tiab] OR
health related quality of life[tiab] ORHRQoL[tiab] OR hrql[tiab] OR life quality[tiab]
OR quality-adjusted life years[mh] OR quality-adjusted life year[tiab] OR
QALY[tiab] OR health status[mh] OR health status[tiab] OR functional status[tiab]
OR wellbeing[tiab] OR well-being[tiab] OR wellness[tiab] OR diabetes distress[tiab]
OR symptom[tiab] OR instrument[tiab] OR measure[tiab] OR scale[tiab] OR patient
compliance[tiab] OR adherence[tiab] OR compliance[tiab] OR persistence[tiab] OR
self-evaluation[tiab] OR self-appraisal[tiab] OR self-assessment[mh] OR
self-assessment[tiab] OR self-rate[tiab] OR self-rating[tiab] OR self-report[mh] OR
self-report[tiab] OR self-perceive[tiab] OR self-perception[tiab] OR self-care[tiab]
OR self-observation[tiab] OR self-test[tiab] OR patient-reported outcome[tiab] OR
patient reported outcome measures[mh] OR PROM[tiab] OR PROMS[tiab] OR
patient outcome assessment[tiab] OR patient based outcome[tiab] OR treatment
outcome[tiab] OR patient-report[tiab] OR patient-centered[tiab] OR
patient-centred[tiab] OR patient satisfaction[mh] OR patient satisfaction[tiab] OR
personal satisfaction[tiab] OR consumer satisfaction[mh] OR consumer
satisfaction[tiab] OR patient experience[tiab]) NOT trial[tiab])
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Table 3 Quality assessment of included studies, using the NIH National Heart, Lung and Blood Institute quality assessment tool for cross-sectional
studies

Author (year) Question number* Quality rating

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14.

Fumagalli et al. (2018) Yes Yes Yes Yes No No No NA Yes No Yes NA; self-assessment Yes No Fair
Hayashino et al. (2014) Yes Yes Yes Yes No No No Yes Yes No Yes NA; self-assessment NA; no follow-up Yes Good
Hayashino et al. (2018a) Yes Yes Yes Yes No Yes No Yes Yes No Yes NR Yes Yes Good
Hayashino et al. (2018b) Yes Yes Yes Yes No No No Yes Yes No Yes NR NA; no follow-up Yes Good
Woo et al. (2019) Yes Yes Yes Yes No Yes No No Yes No Yes No Yes No Good
Ji et al. (2015) Yes Yes Yes Yes Yes No No No No No Yes NR NA; no follow-up No Fair
Wasem et al. (2013) Yes Yes Yes Yes No No No Yes Yes No Yes NA; self-assessment NA; no follow-up Yes Good
Mashitani et al. (2013) Yes Yes Yes Yes No No No Yes No No Yes NR NA; no follow-up Yes Good
Tsujii et al. (2012) Yes Yes Yes Yes No No No Yes Yes No Yes NA; self-assessment NA; no follow-up Yes Good
Rathmann et al. (2018) Yes Yes No Yes No No No Yes Yes No Yes NA; self-assessment NA; no follow-up Yes Fair
von Arx et al. (2016) Yes Yes No Yes No No No Yes No No Yes Yes NA; no follow-up Yes Fair
Shigaki et al. (2010) Yes Yes Yes Yes No No No Yes Yes No Yes NA; self-assessment NA; no follow-up Yes Good
Berkowitz et al. (2014) Yes Yes Yes Yes No No No Yes No No No NA; self-assessment NA; no follow-up Yes Good
Kikuchi et al. (2015) Yes Yes Yes Yes No No No Yes Yes No No NA; self-assessment NA; no follow-up Yes Good

*Questions [18, 67]:

1. Was the research question or objective in this paper clearly stated?

2. Was the study population clearly specified and defined?

3. Was the participation rate of eligible persons at least 50%?

4.Were all the subjects selected or recruited from the same or similar populations (including the same time period)?Were inclusion and exclusion criteria
for being in the study prespecified and applied uniformly to all participants?

5. Was a sample size justification, power description, or variance and effect estimates provided?

6. For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured?

7. Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if it existed?

8. For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outcome (e.g., categories of
exposure, or exposure measured as continuous variable)?

9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?

10. Was the exposure(s) assessed more than once over time?

11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?

12. Were the outcome assessors blinded to the exposure status of participants?

13. Was loss to follow-up after baseline 20% or less?

14. Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between exposure(s) and
outcome(s)?

(Data from the original NIH National Heart, Lung, and Blood Quality Assessment Tool: see https://www.nhlbi.nih.gov/health-topics/study-quality-
assessment-tools.)
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