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ABSTRACT
We aimed to systematically assess the measurement 
properties of diabetes-specific patient-reported outcome 
measures (PROMs) for measuring physical functioning, one 
of the core outcomes, in adults with type 2 diabetes.
We performed a systematic literature search for PROMs 
or subscales measuring physical function that were 
validated to at least some extent in EMBASE and MEDLINE. 
Measurement properties were evaluated according to the 
COSMIN guideline for systematic reviews of PROMs.
In total 21 articles were included, describing 12 versions 
of 7 unique diabetes-specific PROMs or subscales 
measuring physical functioning. In general, there were 
few high-quality studies on measurement properties of 
PROMs measuring physical functioning in adults with type 
2 diabetes. The Dependence/Daily Life subscale of the 
Diabetic Foot Ulcer Scale—Short Form (DFS-SF) and the 
Impact of Weight on Activities of Daily Living Questionnaire 
(IWADL) were most extensively evaluated. Both had 
sufficient ratings for aspects of content validity, although 
with mostly very low-quality evidence. Sufficient ratings for 
structural validity, internal consistency, and reliability were 
also found for both instruments, but responsiveness was 
rated inconsistent for both instruments. The other PROMs 
or subscales often had insufficient aspects of content 
validity, or their unidimensionality could not be confirmed.
This systematic review showed that the Dependence/
Daily Life subscale of the DFS-SF and the IWADL could be 
used to measure physical functioning in people with type 2 
diabetes in research or clinical practice, while keeping the 
limitations of these instruments in mind. The measurement 
properties that have not been evaluated extensively for 
these PROMs should be evaluated in future studies.
The study protocol was registered in the PROSPERO 
database, number CRD42021234890.

INTRODUCTION
The number of adults with diabetes has 
more than tripled over the past 20 years. In 
2019, 463 million adults were estimated to 
have diabetes, and this number is expected 
to increase to 700 million in 2045. Around 
90% of all diabetes is type 2 diabetes. Ten per 

cent of global health expenditure is spent 
on diabetes treatment, making the disease a 
global problem.1 2

Because of the chronic nature of type 2 
diabetes and the impact on peoples’ lives, 
it is important to measure patient-reported 
outcomes, such as symptoms and physical, 
mental, and social functioning, in research 
and clinical practice. To that end, patient-
reported outcome measures (PROMs) can 
be used, which measure health outcomes 
that are important to patients.3–7 However, a 
review of type 2 diabetes clinical trials showed 
that 10% (ie, 14 studies) included patient-
reported outcomes.8 In total, 68 different 
outcomes were measured in these studies with 
23 PROMs. Most PROMs (87%) were used 
in only one study.8 This heterogeneity and 
lack of standardized outcome measurement 
hampers pooling and comparing outcome 
data.

To overcome heterogeneity in measured 
outcomes, a core outcomes set (COS) has 
been developed for type 2 diabetes.9 This 
COS represents an agreed standardized set 
of outcomes that should be measured and 
reported in all trials for type 2 diabetes.9 10 
One of the patient-reported outcomes that has 
been included in the COS for type 2 diabetes 
is activities of daily living, defined as ‘being 
able to complete usual everyday tasks and 
activities, including those related to personal 
care, household tasks or community-based 
tasks.’9 However, activities of daily living does 
not refer to an aspect of health, as opposed 
to, for example, limitations in the performance of 
activities of daily living. As such, we personally 
believe the term physical functioning, which 
often includes activities of daily living,11 better 
covers the construct.
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It is important to measure physical functioning with 
the most suitable PROM, taking specific PROM charac-
teristics into account, such as interpretability of scores 
(eg, reference values, minimal important change values), 
feasibility of use, and measurement properties. Measure-
ment properties are the quality aspects of a PROM and 
include reliability, validity, and responsiveness (see 
online supplemental appendix 1 for definitions of the 
measurement properties).12 To make an evidence-based 
recommendation on the most suitable PROM, all avail-
able PROMs suitable for people with type 2 diabetes need 
to be evaluated on these characteristics in a high-quality 
systematic review.

Several systematic reviews on PROMs used in diabetes 
research have been published in the last decade.13–22 Most 
of these reviews included instruments measuring multidi-
mensional constructs,13 15–19 21 22 but have not reported13 19 
nor evaluated15–18 21 22 the results per subscale. They also 
made little to no effort to provide an overview of the 
different constructs measured by subscales of PROMs. 
This is important, because the results of measurement 
properties can vary among subscales and review users 
need to know what the best instrument is to measure 
a certain construct. Moreover, several reviews have not 
conducted a (complete) risk of bias assessment to assess 
the quality of individual studies13 17–19 nor have they 
graded the quality of the total body of evidence for a 
specific PROM.13 16–19

COSMIN (COnsensus-based Standards for the selec-
tion of health Measurement INstruments) is the most 
comprehensive and widespread methodology to enable 
the evidence-based selection of the most suitable PROM 
for a certain construct and population.23 The studies 
that have used the COSMIN methodology seem to have 
not correctly applied it, as for example it was unclear 
how the overall results per PROM were summarized or 
graded, or this was not done at all.19 22 Because of these 
limitations, previous reviews provide limited guidance on 
which PROMs or subscales are most suitable to measure 
physical functioning. There is thus still a need for a 
high-quality systematic review of PROMs for people with 
diabetes.24 Therefore, this study aims to systematically 
assess the measurement properties of diabetes-specific 
PROMs for measuring physical functioning in adults with 
type 2 diabetes to make recommendations on the most 
suitable PROM to use in research or clinical practice.

METHODS
The systematic review was conducted according to the 
COSMIN guideline for systematic reviews.23

Literature search
This study was part of a larger systematic review, in 
which (1) all PROMs that have been validated to at least 
some extend in people with type 2 diabetes have been 
identified and described,25 (2) the content validity of 
diabetes-specific PROMs has been investigated,26 and 

(3) the measurement properties of diabetes-specific 
PROMs for physical functioning have been assessed (this 
study). A comprehensive search was performed in the 
bibliographic databases MEDLINE (through PubMed) 
and EMBASE (through www.embase.com) from incep-
tion up to January 1, 2022 without language restrictions. 
Non-English papers were included if relevant informa-
tion could easily be extracted with Google translate. The 
search consisted of three elements: (1) type 2 diabetes, 
using a comprehensive set of search terms from a clin-
ical librarian of the Vrije Universiteit Amsterdam, the 
Netherlands; (2) PROMs, using a PROM filter27; and (3) 
measurement properties, using a modified version of the 
measurement properties filter.28 29 No search terms were 
used for the construct, as the complete series of reviews 
intended to find all instruments that have been validated 
in people with type 2 diabetes. Moreover, for this specific 
review, we intended to also include physical functioning 
subscales of PROMs measuring broader constructs, such 
as quality of life. Adding search terms for physical func-
tioning could have prevented finding these broader 
instruments as subscales are not always mentioned in 
the abstract. The complete search strategy can be found 
in online supplemental appendix 2. Reference lists of 
included articles were searched by hand to ensure all 
relevant studies and available translations were consid-
ered.25 26

Study selection
Covidence30 was used for screening and selection of 
abstracts and full-text articles. Relevant articles were 
selected by first reviewing title and abstract, and if the 
study seemed relevant or in case of doubt, the full-text 
article was retrieved and screened. Abstract and full-text 
screening was done by two reviewers independently. 
Discrepancies were resolved by discussion and/or consul-
tation of a third reviewer. PROMs that were considered 
to measure physical functioning based on the Wilson and 
Cleary model31 in the first review25 were included in the 
current study when the following criteria were met:
1.	 Construct of interest: The PROM or a relevant sub-

scale of a PROM should measure physical functioning. 
We adopted the definition of the Patient-Reported 
Outcomes Measurement Information System 
(PROMIS), a large US initiative that developed ge-
neric PROMs for core health outcomes,11 which de-
fined physical functioning as the capability to perform 
physical activities (ie, what a person can do in the daily 
environment), rather than performance (ie, what a 
person actually does) or capacity (ie, what a person 
can do in a standardized-controlled environment, of-
ten measured by performance-based tests). Capability 
to perform physical activities includes the functioning 
of one’s upper extremities (dexterity), lower extremi-
ties (walking or mobility), and central regions (neck, 
back), as well as instrumental activities of daily living, 
such as running errands. In case a subscale of the 
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instrument measures physical functioning, only that 
subscale was included.

2.	 Population: At least 50% of the study population or 
reported subgroups should consist of adults with type 
2 diabetes mellitus.

3.	 Instrument type: The instrument should be a ques-
tionnaire, to be completed by the person with type 2 
diabetes in self-report or interview form.

4.	 Measurement properties: At least one of the aims of 
the paper should be the development of a diabetes-
specific PROM or the evaluation of one or more mea-
surement properties of a diabetes-specific PROM. 
Studies that aim to evaluate the interpretability of a 
PROM were also included. Studies that use a PROM 
but do not intend to evaluate its measurement proper-
ties or in which the PROM is only used as a compari-
son instrument in the validation of another instrument 
were excluded.

Data extraction
PROMs and manuals were retrieved by searching Google 
or by contacting PROM developers. Characteristics of 
included PROMs (eg, construct, target population, 
subscales, number of items, etc.), information on feasi-
bility, and information on interpretability were extracted. 
For each article, it was determined which measurement 
properties were evaluated. Data extraction was done by 
one reviewer and checked by a second reviewer.

Subsequent steps were conducted one measure-
ment property at a time in the following order, as per 
COSMIN guideline:23 content validity, internal structure 
(ie, structural validity, internal consistency, and cross-
cultural validity\measurement invariance), reliability and 
measurement error, and the remaining measurement 

properties (ie, criterion validity, hypotheses testing for 
construct validity, and responsiveness). Content validity 
evidence for the physical functioning subscales was taken 
from the content validity review,26 although standard 1, 
regarding the clarity of the definition of the construct, 
was scored again specifically for the included physical 
functioning subscale. Only Dutch or English papers were 
included for the evaluation of content validity, because 
this requires detailed understanding of the methods. 
All other measurement properties were evaluated in the 
current study.

Evaluation of the quality of a PROM
Per measurement property, first, data on the study popu-
lation and the results of studies were extracted. Second, 
the methodological quality of each study was assessed 
using the COSMIN Risk of Bias checklist.32 Each stan-
dard was rated on a four-point rating scale as ‘very good’, 
‘adequate’, ‘doubtful’, or ‘inadequate’. A total rating per 
measurement property per study was obtained taking 
the lowest rating among the standards (ie, worst-score 
counts).33 Third, criteria for good measurement proper-
ties were applied to each result using the quality criteria, 
resulting in a sufficient (+), insufficient (−), or indeter-
minate (?) rating (online supplemental appendix 3).23 
A priori hypotheses were formulated to evaluate the 
results on construct validity and responsiveness. Figure 1 
shows the predefined hypotheses for comparisons with 
other instruments. Hypotheses for comparisons between 
relevant subgroups or before and after intervention 
were: effect size (eg, Cohen’s D, standardized response 
mean) ≥0.20 for differences between relevant subgroups, 
score differences between relevant subgroups ≥10% (eg, 
people with type 2 diabetes should score 10% worse 

Figure 1  Decision tree for hypotheses regarding the comparisons of instruments.
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than controls), or correlation  ≥0.30 between relevant 
subgroups and score. Relevant subgroups were selected 
in consultation with an expert on type 2 diabetes. Fourth, 
evidence from multiple individual studies on the same 
PROM or subscale was summarized per measurement 
property and the summarized result was rated against 
the quality criteria for good measurement properties.23 
The rating of the individual studies (+, −, or ?) was also 
applied to the summarized result when the results of indi-
vidual studies were consistent. When individual studies 
showed inconsistent results, explanations for inconsis-
tency in terms of differences in populations or study 
quality were explored. When inconsistency could be 
explained, results were summarized and rated per subset 
of studies. When inconsistency could not be explained, 
the overall rating was inconsistent (±), without summa-
rizing the results or based on the majority of consistent 
results (+, −, or ?). If studies with a + or − rating were 
available, studies with a ? were ignored and not included 
when summarizing the results. Fifth, the quality of the 
evidence was graded using a modified Grading of Recom-
mendations Assessment, Development and Evaluation 
(GRADE) approach resulting in ‘high’, ‘moderate’, 
‘low’, or ‘very low’ quality.23 Quality of the evidence was 
not graded for studies for which the overall rating was 
indeterminate (?). For all other situations, starting with 
high-quality evidence, quality of evidence was down-
graded (online supplemental appendix 4). For internal 
consistency, the quality of evidence started at the level of 
structural validity.23

Each step of the quality evaluation was done by two 
reviewers independently. Discrepancies were resolved by 
discussion and/or consultation of a third reviewer.

Formulation of recommendations
To formulate recommendations, we considered the 
results on the measurement properties in order of 
importance. According to COSMIN, PROMs that have 
any level of sufficient content validity, which is the most 
important measurement property, and at least low-
quality evidence for sufficient internal consistency (and 
as such also at least low-quality evidence for sufficient 
structural validity) can be recommended for use, except 
when there is high-quality evidence for any insufficient 
measurement property.23 We subsequently took results 
on reliability into account when formulating recommen-
dations, and considered construct validity and respon-
siveness as least important. Importantly, we also took into 
account the limitations of the PROMs arising from the 
recommendations.

RESULTS
Study selection
The database search and reference check resulted in 
12 771 unique abstracts, of which 341 were assessed full 
text for eligibility. Ultimately, 21 articles were included 
in this review, describing 12 versions of 7 unique PROMs 

or subscales measuring physical functioning. A flow-
chart can be found in online supplemental appendix 
5. For many PROMs, it was unclear what the PROM 
exactly aimed to measure, let alone that this was the case 
for the PROM subscales. In fact, for 7 of the 12 phys-
ical functioning subscales, no description was provided 
at all (table  1). Most PROMs have 5–7 items, although 
different versions of the included subscale of the Diabe-
tes-39 contain 5–15 items (table  1). Characteristics of 
study populations involved in PROM design and content 
validity studies can be found in online supplemental 
appendix 6, whereas characteristics of study populations 
for the assessment of other measurement properties can 
be found in online supplemental appendix 7. Informa-
tion on feasibility and information on interpretability can 
be found in online supplemental appendix 8 and online 
supplemental appendix 9, respectively.

Measurement properties
Table  2 summarizes the results of the included studies 
on measurement properties per PROM. Per study, the 
methodological quality and the result of the study are 
displayed. A more extensive description of the results can 
be found in online supplemental appendix 10. Table 3 
provides an overview of the summary of findings and the 
quality of the evidence. More extensive results can be 
found in online supplemental appendix 11. Below, per 
measurement property the most important results are 
discussed, in order of importance.23

Content validity
The PROM development was considered adequate only 
for the Diabetic Foot Ulcer Scale—Short Form (DFS-
SF),34 patient-reported outcomes instrument for Thai 
patients with type 2 diabetes (PRO-DM-Thai),35 Impact 
of Weight on Activities of Daily Living Questionnaire 
(IWADL),36 and Quality of Life Instrument for Indian 
Diabetes Patients (QOLID)37(online supplemental 
appendix 11). For the other PROMs, the development 
was rated as inadequate, because the construct of the 
included physical functioning subscale was not clearly 
described or the PROM was not pilot tested. Four studies 
examined the comprehensibility of a PROM (DFS-SF38 
and Diabetes-3939–41) after translation (online supple-
mental appendix 12), which were all doubtful or inade-
quate. As for most PROMs no or only inadequate content 
validity studies were available and the PROM develop-
ment study was also inadequate, the ratings of the rele-
vance, comprehensiveness, and comprehensibility of 
the PROM were mainly based on the subjective ratings 
by the reviewers. Note that one reviewer had expertise 
in PROM development and evaluation (CBT), and one 
reviewer was a general practitioner and full professor 
in diabetes care, and as such had expertise in treating 
people with diabetes (PJME). Considering results of the 
PROM development studies, content validity studies if 
both were at least doubtful, and the reviewer ratings, the 
content validity of the DFS,42 DFS-SF,34 38 and IWADL36 
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Table 1  Characteristics of included diabetes-specific PROMs measuring physical functioning in people with type 2 diabetes 
(n=11)

PROM—subscale Construct(s)
Target 
population

Mode of 
administration

Recall 
period

(Sub)scale(s) and number 
of items*

Original 
language

Available 
translations

Diabetic Foot Ulcer Scale 
(DFS)—Daily activities42

PROM: Impact of 
diabetic foot ulcers 
on quality of life
Included subscale: 
NR

People with 
diabetes and 
foot ulcers

Self-report NR 11 subscales, 58 items: 
Daily activities—six items

English42 Dutch, Danish, 
Italian, French†

Diabetic Foot Ulcer Scale—
Short Form (DFS-SF)—
Dependence/daily life34

PROM: Impact of 
diabetic foot ulcers 
on quality of life
Included subscale: 
Issues related to 
dependence on 
others and changes 
in daily activities

People with 
diabetes and 
foot ulcers

Self-report‡ Depending 
on 
assessment 
point, 
varying 
from 4 to 20 
weeks

Six subscales, 29 items: 
Dependence/daily life—
five items

English34 Polish,45 Chinese,38 
Greek,60 Spanish,61

Dutch, Danish, 
Italian, French†

Patient-reported outcomes 
instrument for Thai patients 
with type two diabetes
(PRO-DM-Thai)—Physical 
function35

PROM: Evaluate 
outcomes of 
diabetic care in 
terms of health and 
the process of care
Included subscale: 
Relating to 
physical ability and 
measuring physical 
functioning, eg, 
mobility, dexterity, 
range of movement, 
physical activity, 
activities of daily 
living

Thai people 
with type 2 
diabetes

Self-report/
interview based

NR Seven subscales, 44 
items: Physical function—
five items

Thai35  �

Impact of Weight on 
Activities of Daily Living 
Questionnaire (IWADL/
APPADL)—(Physical) 
activities of daily living36

PROM (=subscale): 
Ability to perform 
daily physical 
activities

People 
with type 2 
diabetes with 
moderate 
obesity (BMI: 
30–40)

Self-report Current One subscale, seven 
items: Physical activities 
of daily living—seven 
items

English36 46  �

Quality of Life Instrument 
for Indian Diabetes 
Patients (QOLID)—Physical 
endurance37

PROM: Quality of 
life in Indian diabetic 
people
Included subscale: 
Relate to physical 
activities

Type 2 
diabetes

Interview based Physical 
endurance: 
last 3 
months

Eight subscales, 34 items: 
Physical endurance—six 
items

English/
Hindi§ 37

 �

Diabetes Quality of Life 
Clinical Trial Questionnaire 
(DQLCTQ)—Physical 
function44

PROM: Quality of 
life in people with 
diabetes
Included subscale: 
NR

Type 1 and 2 
diabetes

Self-report NR Eight subscales, 57 items: 
Physical function—six 
items

English, 
German, 
French44

Belgium/Dutch†

Diabetes-39—Energy and 
Mobility (pilot version, 14 
items)43

PROM: Quality of 
life of people with 
diabetes
Included subscale: 
NR

Diabetes Self-report 1 month Six subscales, 42 items: 
Energy and Mobility—14 
items

English43  �

Diabetes-39—Energy and 
Mobility (15 items)43

PROM: Quality of 
life of people with 
diabetes
Included subscale: 
NR

Diabetes¶ Self-report‡ 1 month Five subscales, 39 items: 
Energy and Mobility—15 
items

English43 Arabic,39 
Vietnamese,40 
Portuguese,41 
Spanish,51 
Chinese,48 59 
Danish, Finnish, 
Norwegian†

MDiabetes-39 Thai—Energy 
and Mobility (10 items)49

PROM: Quality of 
life of people with 
diabetes
Included subscale: 
NR

Diabetes 93% interview 
based, 7% self-
report

1 month Six subscales, 39 items: 
Energy and Mobility—10 
items

English,43 
Thai49

 �

Diabetes-39 German—
Physical impairment (seven 
items)50

PROM: Quality of 
life of people with 
diabetes
Included subscale: 
NR

Type 2 
diabetes

Self-report 1 month Five subscales, 39 items: 
Physical impairment—
seven items

English,43 
German50

 �

Continued
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for measuring physical functioning was considered suffi-
cient, but often with very low-quality evidence. Details on 
content validity can be found in our preceding review.26 
Many of the other PROMs had items that were not related 
to physical functioning. For example at least 8 of the 15 
items in the Energy and Mobility subscale of the Diabe-
tes-39 also ask for other health problems, such as loss of 
vision (n=1), other illnesses (n=3), and energy (n=4).43 
Moreover, the items in the Physical Function subscale of 
the Diabetes Quality of Life Clinical Trial Questionnaire 
(DQLCTQ) asks for the duration of limitations, rather 
than the extent of limitations.44

Internal structure
Aspects of internal structure were evaluated for all 
PROMs or subscales. If studies had inadequate quality for 
structural validity or cross-cultural validity\measurement 
invariance, this was often due to small sample sizes. Suffi-
cient structural validity and internal consistency was found 
for the DFS-SF,34 38 45 PRO-DM-Thai,35 IWADL,36 46 and 
Chinese Cardiff Wound Impact Schedule (C-CWIS).47 
Various factor structures for the subscales of the Diabe-
tes-39 have been found,39 43 48–50 resulting in different 
versions with 7, 10, 14, and 15 items of the Energy and 
Mobility subscale. Only the 14- and 15-item versions 
were found to be unidimensional with sufficient internal 
consistency. Internal consistency was considered inde-
terminate for most other PROMs, despite Cronbach’s 
alpha  >0.7, because there was not at least low-quality 
evidence that the PROMs were unidimensional, which 
is a prerequisite for correct interpretation of internal 
consistency. Cross-cultural validity was not evaluated for 
any of the PROMs, whereas measurement invariance was 
only assessed for the Dependence/Daily Life subscale of 
the DFS-SF for the variables sex, age, place of residence, 
education, type of diabetes, and time since diagnosis.45 
Because only sex impacted one item (depend on others 

to get out of the house), we rated measurement invari-
ance as sufficient (online supplemental appendix 10).

Reliability and measurement error
Reliability was evaluated for six PROMs or subscales. All 
studies with inadequate quality had a time interval that 
was considered to be too long (ie, more than 4 weeks). 
Sufficient reliability was found for the Dependence 
subscale of the DFS (but not for the Daily Life subscale),42 
and for the DFS-SF,34 IWADL,46 DQLCTQ,44 and 15-item 
Energy and Mobility subscale of the Diabetes-39.40 51 
Although reliability was also evaluated for the Physical 
Impairment subscale of the Diabetes-39, the result could 
not be rated because it was unclear how the reliability 
parameter was calculated.50 Measurement error was eval-
uated only for the IWADL.46 The measurement error for 
using the IWADL in individual persons was rated as insuf-
ficient because the smallest detectable change was larger 
than the minimal important change.

Remaining measurement properties
Figure 2 presents an overview of the evidence on hypoth-
eses testing for construct validity and responsiveness 
(latter marked with *). Bars reaching within the blue 
area indicate that the results were in accordance with our 
predefined hypotheses. Panel A shows the correlations 
with other instruments based on our decision tree, panel 
B the percentage score differences between subgroups or 
before and after intervention, and panel C the effect sizes 
between subgroups or before and after intervention. 
Studies with an indeterminate rating are not included in 
figure  2, because hypotheses were not defined or data 
were not provided to test the hypotheses. All PROMs have 
been evaluated with respect to construct validity, except 
the Energy and Mobility subscale of the Diabetes-39 SF.48 
Most studies were of at least adequate quality. Three 
studies were of inadequate quality, because they did 

PROM—subscale Construct(s)
Target 
population

Mode of 
administration

Recall 
period

(Sub)scale(s) and number 
of items*

Original 
language

Available 
translations

Diabetes-39 Short Form—
Energy and Mobility (five 
items)48

PROM: Quality of 
life of people with 
diabetes
Included subscale: 
NR

Diabetes Interview based 1 month Five subscales, 22 items: 
Energy and Mobility—five 
items

English,43 
Chinese48 59

 �

Chinese Cardiff Wound 
Impact Schedule (C-
CWIS)—Physical symptoms 
and everyday living47

PROM: Disease-
specific health-
related quality of 
life in patients with 
diabetic foot ulcer
Included subscale: 
The impact of 
symptoms on daily 
functioning and 
comfort

People with 
diabetes and 
foot ulcers

Self-report and 
interview based

1 week Three subscales, 25 items: 
Physical symptoms and 
everyday living—12 items

Chinese47  �

*Bold subscales measure physical functioning.
†No publication available.
‡Chinese, Greek, and Spanish version: interview based.
§Language unsure.
¶Vietnamese, Portuguese, Spanish version: type 2 diabetes.
NR, not reported; PROM, patient-reported outcome measure.

Table 1  Continued
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not apply an appropriate statistical method to compare 
subgroups.35 45 47 Construct validity of the Daily Activities 
subscale of the DFS42 was considered sufficient based on 
correlations between instruments, because ≥75% of the 
results were in accordance with our predefined hypoth-
eses. Construct validity of the Dependence/Daily Life 
subscale of the DFS-SF, Physical Impairment subscale 
of the Diabetes-39,50 and the Physical Symptoms and 
Everyday living subscale of the C-CWIS were considered 
sufficient based on comparisons between subgroups, 
as  ≥75% of the results were in accordance with our 
predefined hypotheses. Responsiveness (marked with 
*) was evaluated for five PROMs. All studies were of very 
good quality. For none of the PROMs, responsiveness was 
considered sufficient.

Recommendations
The DFS-SF and IWADL had sufficient relevance, 
comprehensiveness, and comprehensibility, and at least 
low-quality evidence for sufficient internal consistency, 
and can thus be considered for use in research and 
clinical practice. Both also had sufficient reliability, but 
measurement error of the IWADL was insufficient. The 
DFS-SF and IWADL had inconsistent responsiveness, with 
high-quality evidence for the subscale of the DFS-SF. This 
limitation should be taken into account when consid-
ering using the DFS-SF and IWADL.

DISCUSSION
This review systematically evaluated the measurement 
properties of diabetes-specific PROMs for measuring 
physical functioning, one of the core outcomes,9 in 
adults with type 2 diabetes. To ascertain a high-quality 
systematic review with trustworthy results, we adhered 
to the COSMIN guideline for systematic reviews.23 In 
our review, 12 versions of seven unique PROMs were 
identified. The Dependence/Daily Life subscale of the 
DFS-SF34 38 45 and the IWADL36 46 seem to be the most 
extensively evaluated and had sufficient content validity, 
structural validity, internal consistency, and reliability.

Content validity is the most important measurement 
property,23 and the Dependence/Daily Life subscale 
of the DFS-SF34 38 45 and the IWADL36 46 have sufficient 
relevance, comprehensiveness, and comprehensibility, 
although mostly based on low or very low quality evidence. 
The content of the IWADL is more focused on limita-
tions with the performance of daily activities, whereas 
the content of the Dependence/Daily Life subscale of 
the DFS-SF asks for dependence on others for the perfor-
mance of daily activities. Moreover, the DFS-SF was specif-
ically developed for people with type 2 diabetes and foot 
ulcers. These limitations in content and target popula-
tion should be taken into account when using the DFS-SF 
and IWADL. After content validity, structural validity is 
the second most important measurement property,23 and 
both subscales were considered unidimensional. Suffi-
cient internal consistency and reliability were also found P
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for both instruments, although measurement error was 
insufficient for the IWADL, but the quality of the evidence 
was low, and therefore further research regarding this 
measurement property should be conducted. No infor-
mation about measurement error was available for the 
Dependence/Daily Life subscale of the DFS-SF. Construct 
validity in terms of comparisons between subgroups was 
sufficient for the Dependence/Daily Life subscale of the 
DFS-SF, whereas this was inconsistent for the IWADL and 
for correlations between instruments. Responsiveness 
was also inconsistent for both instruments.

In general, we show in the current review that high-
quality studies on measurement properties of PROMs 
measuring physical functioning in adults with type 2 
diabetes are scarce. Five of the studies on PROM develop-
ment were of inadequate methodological quality, whereas 
the other four were of doubtful methodological quality. 

For structural validity, 7 out of 15 studies were of inad-
equate or doubtful quality and for measurement invari-
ance the one study found was also of inadequate quality. 
For reliability, six out of eight studies were of inadequate 
or doubtful quality and for measurement error the one 
study found was of doubtful quality. The inadequate or 
doubtful methodological quality of the individual studies 
resulted in lower quality evidence for many measurement 
properties. For internal consistency, hypotheses testing 
for construct validity and responsiveness, the majority of 
the studies had adequate or very good methodological 
quality (19 out of 22 for internal consistency, 27 out of 33 
for hypotheses testing for construct validity, and 5 out of 
7 for responsiveness), leading to higher quality evidence.

Most PROMs or subscales had inconsistent construct 
validity, often with high-quality evidence, so future studies 
will probably not change these results. Considering the 

Figure 2  Results on hypotheses testing for construct validity and responsiveness of diabetes-specific PROMs measuring 
physical functioning in people with type 2 diabetes: (A) correlations with other instruments; (B) Percentage score differences 
between subgroups or before and after intervention; (C) Effect sizes between subgroups or before and after intervention. 
*Results of responsiveness; †Correlations between subgroups and instrument score; ‡One of the known-groups tested in the 
hypotheses was small (n <20); Number in parentheses indicates the number of items in the subscale for the Diabetes-39, for 
example (15) refers to the 15-item Energy and Mobility subscale; Green: very good study; Yellow: adequate study; Orange: 
doubtful study; Red: inadequate study; Bars reaching within the blue area indicate that the results are in accordance with our 
predefined hypotheses, for example, for the DFS in panel A, four results are in accordance with our predefined hypotheses 
and one is not (one result >0.6, one result 0.4–0.7, two results 0.3–0.6). C-CWIS, Chinese Cardiff Wound Impact Schedule; 
DFS, Diabetic Foot Ulcer Scale; DFS-SF, Diabetic Foot Ulcer Scale—Short Form; DQLCTQ, Diabetes Quality of Life Clinical 
Trial Questionnaire; IWADL, Impact of Weight on Activities of Daily Living Questionnaire; PRO-DM-Thai, patient-reported 
outcomes instrument for Thai patients with type 2 diabetes; PROMs, patient-reported outcome measures; QOLID, Quality of 
Life Instrument for Indian Diabetes Patients.
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results on comparisons with other instruments, correla-
tions of the DFS-SF Dependence/Daily Life subscale with 
more related constructs were higher than those with less 
related construct. Most correlations just not met our 
hypotheses, which also show that formulating hypoth-
eses is challenging. On the other hand, correlations of 
the Diabetes-39 15-item Energy and Mobility subscale 
were all high, regardless of the comparison instrument’s 
construct, indicating that the content of the 15-item 
Energy and Mobility subscale is not only measuring 
physical functioning. This also resonates content validity 
results, with insufficient relevance and comprehensive-
ness of the Diabetes-39 15-item Energy and Mobility 
subscale, whereas these were sufficient for the DFS-SF 
Dependence/Daily Life subscale.

Several PROMs have been translated in various 
languages, but none of these PROMs have been assessed 
for cross-cultural validity. This is remarkable, because a 
large number of PROMs that have originally been devel-
oped in English have been translated for use in countries 
that are likely to be culturally different from western 
countries, for example, Asian or Arabic countries. Evalu-
ating cross-cultural validity is important, because it is not 
self-evident that the items in translated questionnaires 
perform similar compared with the items of the original 
instrument.52

The measurement properties that have not been eval-
uated for various PROMs could be evaluated in future 
studies. However, it is not very useful to study these 
measurement properties for a PROM with insufficient 
content validity. To measure physical functioning in a 
valid way, a PROM needs to contain items referring to 
the functioning of one’s upper extremities, lower extrem-
ities or central regions, or relevant activities of daily living 
for people with type 2 diabetes and should not contain 
items that are not related to physical functioning or 
that lack key aspects of physical functioning. Only the 
Dependence/Daily Life subscale of the DFS-SF and the 
IWADL fulfill these requirements and are worthwhile to 
be subject of future validation studies.

As an alternative, one could consider using or vali-
dating a generic PROM for measuring physical func-
tioning in people with type 2 diabetes. Examples are the 
Physical Functioning subscale of the 36-item Short Form 
Health Survey (SF-36), which has been used quite often 
used in diabetes studies (eg, Refs 53–57), or the more 
modern, generic PROMIS Physical Function measures.58 
The necessity to use a disease-specific PROM for such 
a generic outcome as physical functioning can be ques-
tioned. It is likely that relevant physical functioning 
items (eg, walking, stair climbing, performing house-
hold activities) are the same for people with diabetes as 
for people with other conditions. Furthermore, none 
of the included PROMs had diabetes-attribution in the 
question(naire) (eg, due to your diabetes…/because of 
your diabetes…). Diabetes attribution may not always be 
desirable, because it might lead to differences in inter-
pretation of the items in a PROM. For example, some 

people will relate the items specifically to their diabetes, 
while others will ignore the attribution and respond to 
the items considering their overall health. Also, some 
people might not know whether their complaints are 
caused by their diabetes, and as such may doubt how to 
respond. This may affect reliability and validity of the 
PROM.

At least eight systematic reviews on PROMs used in 
diabetes research and care that could potentially have 
included the same instruments and articles have been 
published in the last decade.13 15–19 21 22 However, these 
reviews included at best only half of the PROMs that were 
included in this study. Most of these reviews included 
the Diabetes-39, but often not all language versions were 
considered. For example, the recent review by Wee et al22 
included only the Arabic39 and Portuguese41 versions of 
the Diabetes-39, but not the original English version,43 
nor the Vietnamese,40 Spanish,51 Chinese,48 59 Thai,49 
and German50 versions. The IWADL36 46 has not been 
evaluated in any of the previous reviews. Moreover, most 
reviews provided a judgment on the quality of only some 
of the measurement properties. For example, Bottino 
et al16 only evaluated internal consistency, and content 
validity and structural validity were almost never evalu-
ated in any of these reviews. Thus, the current review is 
the first to give a comprehensive overview of the measure-
ment properties of PROMs or subscales that measure 
physical functioning in people with type 2 diabetes.

A limitation of the current study is that the assessment 
of content validity was difficult because we included 
physical functioning subscales from PROMs that often 
measured broader constructs, such as health-related 
quality of life. Although the assessment of measurement 
properties should be conducted for each subscale sepa-
rately,23 often information required for the assessment of 
content validity is only reported for the PROM as a whole. 
Also for other measurement properties, information was 
sometimes reported poorly or unclear. Thus, as a team, 
we had to make decisions on how to value the informa-
tion. This is inherent to using the COSMIN methodology, 
but other researchers might come to different conclu-
sions. By reporting everything in tables and appendices, 
we tried to be as open and consistent as possible.

In conclusion, we identified 12 versions of seven unique 
diabetes-specific PROMs or subscales for measuring phys-
ical functioning, one of the core outcomes in adults with 
type 2 diabetes. The Dependence/Daily Life subscale of 
the DFS-SF and the IWADL are most extensively evalu-
ated and had sufficient content validity, structural validity, 
internal consistency, and reliability, although the quality 
of the evidence for many measurement properties was 
very low or low. These PROMs could be used to measure 
physical functioning in people with type 2 diabetes in 
research or clinical practice, but the limitations of these 
instruments (eg, the specific content and target popu-
lation, inconsistent responsiveness) should be kept in 
mind. As physical functioning may not necessarily need 
to be measured with a diabetes-specific PROM, future 
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studies should evaluate the validity of generic PROMs, 
such as PROMIS, in people with type 2 diabetes.
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