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Abstract

Aims

To assess the validity of the International Fitness Scale (IFIS) for evaluating cardiore-
spiratory fitness compared to the 6-minute walk test (6MWT) (criterion validity) and to
examine associations with cardiometabolic and body composition outcomes (con-
struct validity).

Methods

A cross-sectional analysis was conducted on 282 adults with type 2 diabetes mel-
litus (T2DM) (mean age 63.6+8.1 years, 37.9% women). Self-reported fitness was
assessed using IFIS, including overall, cardiorespiratory, muscular, speed-agility

and flexibility scores. Objective cardiorespiratory fithess was assessed using the
6MWT. Associations with 6MWT, cardiometabolic (i.e., cardiovascular health score,
metabolic dysfunction-associated steatotic liver disease [MASLD], high-sensitivity
C-reactive protein) and body composition outcomes (i.e., body mass index [BMI],
visceral adipose tissue volume, thigh fat-free muscle volume) were analyzed using
ANCOVA (adjusted by sex and age) and ROC curves, compared using DelLong tests.
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Results

Both IFIS overall and IFIS cardiorespiratory showed graded associations with

6MWT (p<0.001 for ANCOVA models). For discriminating performance below the
population-predicted mean 6MWT distance, IFIS cardiorespiratory showed an AUC
of 0.615 (95% CI: 0.552—-0.678). Apart from IFIS muscular, IFIS scores were signifi-
cantly associated with all cardiometabolic and body composition outcomes, with ROC
analyses showing at least similar predictive performance for IFIS overall and cardio-
respiratory fitness scores compared to 6MWT. Notably, IFIS overall outperformed the
6MWT for predicting poor cardiovascular health (AUCs: 0.678 [95% CI: 0.618-0.737]
versus 0.586 [95% CI: 0.517-0.654]) and MASLD (AUCs: 0.630 [95% CI: 0.563—
0.696] versus 0.519 [95% CI: 0.443—-0.595]).

Conclusion

This study supports that IFIS may be a practical tool for adults with T2DM, showing
evidence of criterion validity via graded association with 6MWT performance, and
construct validity via significant associations with cardiometabolic and body compo-
sition outcomes. Although its ability to discriminate impaired functional capacity was
limited, IFIS may serve as a feasible alternative for fithess assessment when objec-
tive testing is not possible in primary care.

Introduction

Type 2 diabetes mellitus (T2DM) is a growing global health concern, affecting more
than 500 million people [1]. Its prevalence is rising alarmingly, with the disease
burden, measured in DALY, having tripled over the past 30 years [2]. While the
etiology of T2DM is multifactorial, it is closely associated with lifestyle factors
including obesity, poor diet, and physical inactivity. Individuals with T2DM are at a
significantly higher risk of developing cardiovascular risk factors (e.g., hypertension,
dyslipidemia, insulin resistance, and liver steatosis) and cardiovascular disease
(CVD) [3].

Adequate physical fitness, particularly cardiorespiratory fitness, not only reduces
the risk of developing T2DM [4,5] but also improves glycemic control, insulin sensitiv-
ity, and cardiovascular outcomes in those already diagnosed [6]. The American Heart
Association recognizes cardiorespiratory fithess as a vital clinical sign and advocates
for its routine assessment in clinical settings [7]. However, laboratory cardiopulmo-
nary exercise testing, the gold standard for evaluating cardiorespiratory fitness, is
often impractical in routine clinical practice due to substantial resource demands
related to personnel, equipment, and costs. While some field exercise tests, includ-
ing the 20-meter and the 6-minute walk tests [8], can objectively assess cardiore-
spiratory fitness, they may be impractical in clinical practice, particularly for patients
with T2DM. These patients may experience conditions like peripheral neuropathy
or peripheral arterial disease, which make walking tests challenging. This highlights
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the need for more accessible and less resource-intensive methods, such as self-reported cardiorespiratory fitness
assessments.

Previous studies have demonstrated that self-reported physical fithess, particularly through the use of the Interna-
tional Fitness Scale (IFIS), provides a valid approximation of objectively measured fitness levels. The IFIS has shown
acceptable validity with objective fithess measures across diverse populations, including children, adolescents, and young
adults [9,10]. Moreover, self-reported fitness assessed using the IFIS has shown associations with CVD risk factors that
are comparable in both magnitude and direction to those observed with objective fithess measures [9—-11]. Despite these
encouraging findings, most studies employing the IFIS have been conducted in populations with relatively low CVD risk,
such as younger individuals, leaving a gap in evidence for high-risk populations, particularly those with T2DM. Given the
elevated CVD risk inherent in T2DM [12], it is essential to investigate whether the IFIS can reliably evaluate fitness and
its relationship with CVD risk factors in this population. Furthermore, no previous study has directly compared the predic-
tive ability of the IFIS versus objectively measured fitness for CVD risk, including cardiometabolic and body composition
outcomes, in any population.

We hypothesized that the IFIS is a valid tool for assessing physical fitness in adults at high cardiovascular risk, partic-
ularly those with T2DM. Thus, the aims of this study were: 1) to investigate the validity of the IFIS self-reported physical
fitness scores (i.e., overall and cardiorespiratory fitness) in assessing cardiorespiratory fithess considering the objectively
measured 6-minute walk test as reference (criterion validity), and 2) to examine and compare the associations of the IFIS
self-reported physical fithess scores and the 6-minute walk test with a wide range of cardiometabolic and body composi-
tion outcomes in adults with T2DM (construct validity).

In this study, particular emphasis was placed on the cardiorespiratory fithess component of the IFIS, as it reflects a
construct similar to that assessed by the 6-minute walk test and is the component more strongly associated with CVD and
mortality [13].

Materials and methods
Study design and sample

This study used cross-sectional data from the Evaluating the Prevalence and Severity Of MASLD (metabolic dysfunction-
associated steatotic liver disease) In Primary care (EPSOMIP) study [14]. The original study protocol was published under
the acronym “EPSONIP”; in the present work we use “EPSOMIP” to reflect updated MASLD terminology. The EPSOMIP
study aimed to comprehensively explore the association between T2DM and metabolism-related conditions (i.e., MASLD,
epicardial fat and CVD) using non-invasive advanced techniques. The present study focuses on an exploratory post hoc
study within the EPSOMIP protocol.

Recruitment took place in Ostergétland County, Sweden, primarily through four primary healthcare centers in the cities
of Norrképing and Linkdping. Individuals with T2DM were invited to participate during their routine annual check-ups
with their diabetes nurse or treating physician. Due to slower enrolment during the coronavirus disease 2019 pandemic,
additional invitations were sent by letter to patients registered at participating primary healthcare centers. The recruitment
period spanned from 03/04/2019-22/09/2023.

In the EPSOMIP protocol, inclusion criteria included a diagnosis of T2DM based on current guidelines [15] and an age
range of 35-75 years. Exclusion criteria encompassed previously diagnosed liver cirrhosis or other primary liver diseases
aside from MASLD, contraindication for performing Magnetic Resonance Imaging (MRI) (i.e., pacemaker, ferrous metal
implants/fragments, claustrophobia, extreme obesity, and/or pregnancy), alcohol dependence, and inability to obtain Pro-
ton Density Fat Fraction (PDFF) measurements. Of the recruited participants, 18 withdrew consent, leaving 308 individu-
als enrolled in the EPSOMIP study. For the present analysis, after applying additional exclusion criteria, we included 282
participants with complete data on exposures, covariates, and at least one cardiometabolic or body composition outcome
of interest. A flowchart of the study design is presented in Fig 1.
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Accepted invitation Excluded: .
. . P H 2 A . . . n= 2
in EPSO M IP: revious Cirrnosis diagnosis, n

*  MRI contraindication, n= 4

n= 345 *«  Alcohol use disorder / high
consumption, n=8

*  Withdrew consent, n= 18

¢ Other liver disease, n=2

*  PDFF and CAP unattainable, n=3

\ 4

EPSOMIP population: Participants with missing data on:
n= 308 * |IFIS Overall fitness, n=7
B * IFIS Cardiorespiratory fitness, n=9
» ¢ IFIS Muscular fitness, n=7
. * IFIS Speed-agility, n=7
EPSOMIP population *  IFIS Flexibility, n=7
with complete IFIS:
n=299 Participants with missing data on
6-minute walk test:
* - n=17
EPSOMIP population
with complete IFIS
and 6-minute walk test:
n= 282

'

EPSOMIP population with complete IFIS, 6-minute walk test and:
* LE8 Factor score, n= 265
* MASLD, n=247
* Hs-CRP, n= 281
e BMI, n=273
*  Visceral adipose tissue volume, n=261
*  Thigh fat-free muscle volume, n=258

Fig 1. Flow chart of the study. BMI: body mass index, CAP: Controlled Attenuation Parameter, EPSOMIP: Evaluating the Prevalence and Severity
Of MASLD in Primary Care, hs-CRP: high-sensitivity C-reactive protein, IFIS: International Fitness Scale, LES8: Life’s Essential 8, MASLD: metabolic
dysfunction-associated steatotic liver disease, MRI: Magnetic Resonance Imaging, PDFF: Proton Density Fat Fraction.

https://doi.org/10.1371/journal.pone.0339364.9001

The Regional Ethical Board of Ostergétland, Sweden, granted ethical approval for the EPSOMIP study (2018/176-31
and 2018/494-32), which also was prospectively registered (ClinicalTrials.gov identifier: NCT03864510). Written informed
consent was obtained from each participant prior to inclusion, in accordance with the Declaration of Helsinki and Swedish
accepted practices. Data collection and handling adhered to the General Data Protection Regulation (EU) 2016/679 and
followed the standards of Good Clinical Practice (ICH-GCP).
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Physical fitness

Self-reported physical fitness (IFIS). Self-reported fitness was evaluated using the IFIS questionnaire, a brief,
self-administered questionnaire originally validated in adolescents [10]. It takes approximately 1—-2 minutes to complete
and does not require trained personnel. The IFIS consists of five single-item questions, each addressing a different
domain of perceived physical fitness: overall fitness, cardiorespiratory fitness, muscular fitness, speed-agility, and
flexibility. Participants rate their fithess in each domain compared to peers of the same age, using a 5-point Likert scale:
very poor (1), poor (2), average (3), good (4), and very good (5). This results in five separate scores, each ranging from
1 to 5, where higher scores indicate better perceived fitness in the respective domain. No established clinical cutoffs
exist for the IFIS. For this study, the Swedish version of the IFIS questionnaire was used (available at: https://profith.
ugr.es/ifis) with minor modifications to adapt the language for an adult population. The Swedish version has been
validated in women during early pregnancy [11], but not, to our knowledge, in adults with T2DM, the specific gap this
study explores.

Objectively measured cardiorespiratory fithess (6-minute walk test). Cardiorespiratory fitness was objectively
evaluated using the 6-minute walk test, a submaximal exercise test that measures the distance walked in meters over six
minutes [10,16], with proven validity across different populations [17,18]. The test was conducted in a corridor with a flat,
hard surface at the participants’ study centers as part of the EPSOMIP study. Participants were instructed to walk at a self-
selected pace, allowing them to adjust their intensity and take breaks if needed. Standardized phrases of encouragement
were provided at regular intervals to maintain motivation. The 6-minute walk test was used as a continuous variable and
was further categorized as: <25" percentile (197-488 meters), 25"-75" percentile (489-595 meters) and >75" percentile
(596—794 meters).

Cardiometabolic outcomes

The cardiovascular health score (Life’s Essential 8), liver fat, and high-sensitivity C-reactive protein were considered
relevant markers for assessing cardiometabolic outcomes. The cardiovascular health score effectively predicts CVD and
mortality [19,20], while liver fat is linked to CVD and T2DM risk [21], and high-sensitivity C-reactive protein reflects inflam-
mation, a key driver of CVD conditions [22].

Cardiovascular health was assessed using the Life’s Essential 8 score, as defined by the American Heart Association
[23]. In the present study, we focused specifically on Life’s Essential 8 factors (BMI, blood lipids, blood pressure, and dia-
betes) rather than Life’s Essential 8 behaviors (diet, sleep, physical activity, and smoking), as factors more directly reflect
cardiometabolic outcomes and are more likely to be influenced by physical fitness. The Life’s Essential 8 Factor score
accounts for actual values of non-HDL cholesterol, blood pressure, and blood glucose, along with the use of medication
for these factors, as well as values of BMI. A detailed description of the scoring methodology has been provided as Sup-
porting Information (Appendix 1). Briefly, and in line with the American Heart Association recommendations, each compo-
nent was scored from O (poorest cardiovascular health) to 100 (best cardiovascular health). The Life’s Essential 8 Factor
score was then calculated as the unweighted average of the four components, yielding an overall score ranging from 0 to
100. Additionally, a normalized Life’s Essential 8 Factor score was calculated by summing the Z-scores of the four compo-
nents, which was then standardized into a single Z-score.

Liver fat (%) was quantified based on the hepatic triglyceride concentration, measured using PDFF by Magnetic Reso-
nance Spectroscopy (MRS) [14,24]. Data were acquired using a 1.5T Achieva dStream MR scanner (Philips Healthcare,
Best, The Netherlands).

High-sensitivity C-reactive protein was measured in blood serum samples collected after an overnight fast. The lower
detection limit for high-sensitivity C-reactive protein was 0.15 mg/L; values below this threshold (n=7) were assigned a
value of 0.10 mg/L.
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Body composition outcomes

Body composition markers like BMI, visceral fat, and muscle volume are strongly linked to T2DM and cardiovascular
risk. BMI indicates obesity, visceral fat is closely associated to metabolic dysfunction [25], and low muscle mass is tied to
impaired glucose metabolism and poorer health outcomes [26,27].

BMI was measured using standardized procedures, calculated as weight divided by height squared, and expressed in
units of kg/m?2. Visceral adipose tissue volume (measured in liters, and henceforth referred as visceral adipose volume)
and thigh fat-free muscle volume (measured in liters, and henceforth referred as muscle volume) were analyzed using
AMRA® Researcher (AMRA Medical AB, Sweden) based on whole-body water-fat separated dual-echo Dixon MR images
acquired using a 1.5T Achieva dStream MR scanner (Philips Healthcare, Best, The Netherlands) [28]. Visceral adipose
volume was considered as a continuous variable, while for each participant in EPSOMIP, a sex, height, and BMI invariant
muscle volume Z-score was also calculated [29]. The muscle volume Z-score indicates how many standard deviations
(SDs) the muscle volume of a participant deviates from what is expected given their sex and body size by comparing each
participant to a matched group from the general population.

Statistical analysis

We examined the distribution of continuous outcomes using both statistical (Kolmogorov—Smirnov test) and graphical
(normal probability plots) methods. Variables that did not follow a normal distribution (i.e., high-sensitivity C-reactive pro-
tein and liver fat) were natural-logarithmically transformed prior to analysis.

The validity of the IFIS scores in classifying T2DM participants into appropriate cardiorespiratory fitness levels was
assessed using analysis of covariance (ANCOVA), both with and without adjustments for sex (categorical) and age (con-
tinuous). The 6-minute walk test served as the dependent variable, while the IFIS test categories were treated as fixed
factors. Additionally, ANCOVA models adjusted for sex and age were used to investigate the associations between both
self-reported and objectively measured fitness tests with cardiometabolic and body composition outcomes. For ANCOVA,
all six outcomes were standardized to study-specific Z-scores to facilitate comparison between them (including standard-
ization of the Life’s Essential 8 Factor Z-score and muscle volume Z-score).

To assess the diagnostic performance of the IFIS cardiorespiratory fitness item, we evaluated sensitivity, specificity,
likelihood ratios, diagnostic odds ratios, and predictive values. Two thresholds were used to define reduced 6-minute walk
test performance:

i) a population-based threshold, defined as performance below the population-predicted mean 6-minute walk test dis-
tance (522.9 meters), calculated using the Enright & Sherrill equations based on the weighted average of age, height, and
weight for men and women in the study population; and ii) an individualized threshold, also based on the Enright & Sherrill
equations, which account for each participant’'s age, sex, height, and weight. Functional impairment was defined as walk-
ing less than 80% of the individualized predicted distance [30]. Areas under the receiver operating characteristic (ROC)
curves (AUCs) were calculated based on these thresholds to provide complementary insights into functional capacity.

The predictive ability of self-reported and objectively measured fitness tests for cardiometabolic and body composition
outcomes was evaluated by comparing the AUCs of unadjusted ROC curves using DelLong tests. Additionally, predicted
probabilities for health outcomes were generated using logistic regression models that incorporated self-reported or objec-
tive tests as predictors, adjusted for age and sex. The AUCs of those predicted probabilities were also compared using
Delong tests. For generating ROC curves, we selected clinically relevant outcomes as follows: poor cardiovascular health
(<50 points in consonance with the recommendation of the American Heart Association) [23], MASLD (25% of liver fat)
[31], high-risk high-sensitivity C-reactive protein (>3.0 mg/L) [32], obesity (BMI 230 kg/m?), high visceral adipose volume
(275" percentile), and low muscle volume <25" percentile in a general population (<-0.68 SDs) [33].

To verify the robustness of our results, a series of sensitivity analyses were conducted: i) excluding presumably
low-intensity 6-minute walk tests defined as those with heart rate after the test below 60% of the predicted maximal heart
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rate (using Tanaka’s formula; predicted maximal heart rate =208 - 0.7 x age), as those may indicate insufficient effort

and affect test validity (n=79) [34], and ii) considering different cut-offs to dichotomize the outcomes in ROC curves,
specifically all Z-scores for the outcomes were dichotomized at the median (0 indicating worse health, 1 indicating better
health).

To explore the contribution of T2DM-related conditions, i.e., neuropathy and angiopathy, to the criterion validity of IFIS,
a complementary analysis was conducted using adjusted ANCOVA models comparing the 6-minute walk test performance
across IFIS overall and IFIS cardiorespiratory fitness categories between T2DM participants with and without neuropathy/
angiopathy.

Analyses were restricted to participants with complete data on IFIS and the 6-minute walk test. For cardiometabolic and
body composition outcomes, an available-case approach was used, including all participants with data available for each
outcome.

All statistical tests were two-sided and p<0.05 was considered statistically significant. Analyses were conducted using
Stata V.18 (StataCorp 2021).

Results
Participants’ characteristics

The characteristics of participants are presented in Table 1 (stratified by three IFIS overall fithess categories) and S1 Table
(stratified by five categories).

Finally, 282 middle-aged participants with T2DM (37.9% women, mean age 63.6 + 8.1 years) were included. Duration
of T2DM was 8.4 +6.9 years, with 20.3% of participants receiving insulin and 87.5% receiving non-insulin treatments for
T2DM.

The mean distance in the 6-minute walk test was 538.9+86.2 meters. For clinical outcomes, the mean cardiovascular
health score, BMI, and visceral adipose volume were 51.9 points, 29.4 kg/m?, and 6.1 liters, respectively, while the median
liver fat content and high-sensitivity C-reactive protein levels were 7.4% and 1.2 mg/L, respectively.

S1 Fig illustrates the distribution of responses across all five IFIS scores. Overall, the distributions were relatively
symmetric across the scores. However, in the IFIS cardiorespiratory test, participants more frequently scored “very poor”
(14.9%) and less frequently scored “very good” (1.4%) compared to the other scores.

Self-reported fitness versus objective cardiorespiratory fithess

Fig 2 illustrates the curvilinear dose-response associations between the IFIS overall fitness and cardiorespiratory fitness
scores and the 6-minute walk test.

Participants reporting better overall fitness generally achieved longer distances in the 6-minute walk test (p<0.001 for
ANCOVA; see S2 Table). Specifically, participants reporting “very poor”, “poor”, “average”, “good” and “very good” on the
IFIS overall fitness covered unadjusted mean distances of 508.2, 500.0, 533.1, 552.3 and 598.9 meters, respectively. A
linear dose-response association was observed for IFIS cardiorespiratory fitness, with participants achieving unadjusted
mean distances of 494.9, 531.5, 546.9, 579.6, and 624.5 meters, respectively, (p<0.001 for ANCOVA). A sensitivity analy-
sis excluding those participants with a heart rate after 6-minute test below 60% of the predicted maximal heart rate (n=79)
slightly attenuated the associations but did not alter the conclusions (S2 Fig).

To identify individuals with reduced 6-minute walk test performance, defined as either walking below the population-
predicted mean on the 6-minute walk test or achieving less than 80% of their predicted distance, reporting “very poor”,
“poor” or “average” cardiorespiratory fithess on the IFIS showed a sensitivity of 93.9% (95% CI: 87.8, 97.5) and specificity
of 19.0% (95% Cl: 13.4, 25.8) for the former, and a sensitivity of 87.5% (95% CI: 61.7, 98.4) and specificity of 13.3% (95%
Cl: 9.4, 18.1) for the latter. The corresponding AUCs were 0.615 (95% CI: 0.552, 0.678) and 0.556 (95% CI: 0.404—0.708),
respectively (see S3 Table).
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Table 1. Clinical characteristics of the participants by IFIS overall fitness scores, 3 categories.

All (n=282) IFIS overall fithess (n=282)
Very poor/poor n=37 | Average n=132 | Good/very good n=113 | P value

Sex (female, %) 282 | 107 (37.9) 18 (48.6) 51 (38.6) 38 (33.6) 0.256
Age (years) 282 |63.6+8.1 60.1+10.0 63.4+8.0 65.1+7.1 0.004
Duration of T2DM (years) 279 |8.4+6.9 7.3+4.6 8.4+7.6 8.9+6.8 0.468
Current use of diabetes medications
Insulin 271 |55 (20.3) 5(14.3) 32 (25.2) 18 (16.5) 0.277
Metformin 280 | 217 (77.5) 27 (75.0) 99 (75.6) 91 (80.5) 0.883
Sulfonylurea 274 |25(9.1) 6 (16.7) 12 (9.3) 7 (6.4) 0.208
SGLT2-inhibitor 272 |80 (29.4) 12 (32.4) 42 (33.3) 26 (23.9) 0.160
Incretin-based 273 |23 (8.4) 4(11.1) 9(7.0) 10 (9.2) 0.691
Smoking 282 0.130
Never smoked 138 (48.9) 14 (37.8) 59 (44.7) 65 (57.5)
Current smoker 11 (3.9) 2(5.4) 4 (3.0) 5(4.4)
Ex-smoker 133 (47.2) 21 (56.8) 69 (52.3) 43 (38.1)
Physical activity 240
Moderate-vigorous PA 11.3£11.0 7.849.2 11.4+£12.1 12.3+9.9 0.140
(time spent in 1-5 min bouts, min/day)
Light PA (time spent in 10 min bouts, min/day) 3.9+6.5 3.6+8.4 2.8+4.1 54+7.8 0.014
Sedentary time 553.8+167.5 | 599.0+196.0 556.8+162.4 535.5+162.3 0.180
(time spent in 30 min bouts, min/day)
Diabetic foot risk 266 0.835
Healthy 193 (72.6) 22 (66.7) 87 (71.9) 84 (75.0)
Neuropathy/angiopathy 54 (20.3) 9 (27.3) 25 (20.7) 20 (17.9)
Previous foot ulcers 19 (7.1) 2(6.1) 9(7.4) 8(7.1)
6-minute walk test (meters) 282 |538.9+86.2 |501.1£79.0 533.1+£87.8 558.0+81.9 0.001
6-minute walk test 282 0.091
<25" percentile; <489 meters 71(25.2) 14 (37.8) 36 (27.3) 21 (18.6)
25-75" percentile; 489-595 meters 142 (50.4) 18 (48.6) 66 (50.0) 58 (51.3)
>75M percentile; 2 596 meters 69 (24.5) 5(13.5) 30 (22.7) 34 (30.1)
IFIS overall fitness 282 |3.3+0.8 1.9+0.3 3.0+£0.0 41+0.3 <0.001
IFIS cardiorespiratory fitness 282 |2.5+0.9 1.4+£0.5 2.2x0.7 3.2+0.8 <0.001
IFIS muscular fitness 282 3.3+0.8 2.5+0.9 3.2+0.7 3.7+0.6 <0.001
IFIS speed-agility 282 |2.9+0.9 2.0+0.8 2.7+0.8 3.4+0.7 <0.001
IFIS flexibility 282 |2.8+0.9 1.9+0.8 2.7+0.7 3.310.8 <0.001
Cardiovascular health score 265 |51.9+12.8 43.8+9.6 50.3+13.3 56.3+11.5 <0.001
Liver fat (%)? 247 |7.4+11.9 15.7+18.3 9.2+11.7 52+8.2 0.001
Hs-CRP (mg/L)? 281 |1.2+1.7 1.4+24 1.3+1.8 1.0+1.7 0.559
BMI (kg/m?) 273 |29.4+45 32.7+4.4 30.2+4.5 27.5+3.6 <0.001
Visceral adipose tissue volume (L) 261 6.1+2.6 7.6+2.7 6.5+2.5 52+2.5 <0.001
Thigh fat-free muscle volume 258 |0.02+£1.05 -0.04+1.12 -0.10+£1.01 0.16+1.06 0.155
(Z-score)

Categorical variables are depicted as frequency (percentages). Continuous variables normally and not normally distributed (marked with @) are depicted
as mean *standard deviation and median *interquartile range, respectively.

For descriptive comparison across IFIS overall fitness categories, P-values from one-way ANOVA (continuous variables) and chi-squared tests (categori-
cal) were performed, without adjustment for multiple comparisons.

Incretin-based medications refer to the use of glucagon-like peptide-1 receptor agonists (GLP-1 RAs) and/or inhibitors of the enzyme dipeptidyl

peptidase-4 (DPP-4 inhibitors).

Thigh fat-free muscle volume (Z-score) is standardized by sex, thigh length, height, and BMI from the general population [29].

BMI: body mass index, hs-CRP: high-sensitivity C-reactive protein, IFIS: International Fitness Scale, PA: physical activity (7-day wrist-worn accelerome-
try, ActiGraph® GT3X), min: minute, SGLT2: sodium-glucose co-transporter 2 medication, T2DM: type 2 diabetes mellitus.

https://doi.org/10.1371/journal.pone.0339364.t001
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Fig 2. Comparison between self-reported (IFIS) overall and cardiorespiratory fitness versus objective (6-minute walk) cardiorespiratory fit-
ness. The graphic depicts means with standard errors for the 6-minute walk test according to different levels of the IFIS scores. Analyses of covariance
(ANCOVA) were adjusted for sex, and age. Significance level for each IFIS test is indicated as follows: ***, p<0.001; **, p<0.01; *, p<0.05; and ns,
non-significant. IFIS: International Fitness Scale.

https://doi.org/10.1371/journal.pone.0339364.9002

IFIS cardiorespiratory fitness and IFIS overall showed adequate criterion validity against the 6-minute walk test in
participants without neuropathy/angiopathy (ANCOVA, both p < 0.05). However, among participants with neuropathy/angi-
opathy, neither IFIS cardiorespiratory fithess not IFIS overall showed adequate criterion validity, (ANCOVA, p = 0.171 and
p = 0.117, respectively), S3 Fig and S4 Table.

Self-reported physical fitness in relation to cardiometabolic and body composition outcomes

Fig 3 illustrates the associations between the IFIS scores (overall and cardiorespiratory fithess) and Z-scores of car-
diometabolic (left panel) as well as body composition outcomes (right panel).

Both IFIS scores showed significant associations with Z-scores of cardiometabolic and, particularly, body composition
outcomes (p<0.05 for ANCOVA in all comparisons). In general, better IFIS scores were associated with higher cardio-
vascular health scores and muscle volume, alongside lower liver fat content, high-sensitivity C-reactive protein, BMI,
and visceral adipose volume. To provide context, we also examined associations of the 6-minute walk test with the same
outcomes (see S4 Fig), which were broadly similar but not statistically significant for liver fat or high-sensitivity C-reactive
protein (p>0.05). These analyses were not intended to position the 6-minute walk test as a body composition measure,
but rather to contextualize the construct validity.

S5 Fig depicts the associations between additional IFIS scores (muscular fitness, speed-agility and flexibility) and
Z-scores of cardiometabolic and body composition outcomes. While IFIS speed-agility and IFIS flexibility showed signifi-
cant associations with all cardiometabolic and body composition outcomes (p <0.05 for ANCOVA in all comparisons), IFIS
muscular fitness only showed significant associations with visceral adipose volume and muscle volume. S5 Table depicts
the differences in cardiometabolic outcomes (Z-scores) according to categories of self-reported (IFIS) physical fithess
scores.

Predictive capacity of self-reported versus objective physical fitness for cardiometabolic and body composition
outcomes

Fig 4 depicts the predictive performance for the IFIS scores (overall and cardiorespiratory) compared to the 6-minute walk
test for cardiometabolic and body composition outcomes.
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Fig 3. Differences in cardiometabolic risk and body composition outcomes (Z-scores) according to categories of self-reported (IFIS) overall
and cardiorespiratory fitness. The graphic depicts means and standard errors for the analyses of covariance (ANCOVA) adjusted for sex, and age.
The variables liver fat and hs-CRP were natural-logarithmically transformed. All variables are presented as study-specific Z-scores (mean=0, standard
deviation=1). IFIS scores are categorized as poor (very poor/poor), average and good (good/very good). Significance level for each IFIS test is indicated
as follows: *** p<0.001; **, p<0.01; *, p<0.05; and ns, non-significant. BMI: body mass index, hs-CRP: high-sensitivity C-reactive protein, IFIS: Interna-
tional Fitness Scale.

https://doi.org/10.1371/journal.pone.0339364.9g003

For cardiometabolic risk outcomes, the results showed that the predictive ability of the IFIS scores was at least as good
as that of the 6-minute walk test. Notably, for predicting poor cardiovascular health, the IFIS overall fitness scores (AUC:
0.678, 95% CI: 0.618-0.737, p=0.031) outperformed the 6-minute walk test (AUC: 0.586, 95% CI: 0.517-0.654). Simi-
larly, the IFIS overall fithess scores (AUC: 0.630, 95% CI: 0.563—-0.696, p=0.016) outperformed the 6-minute walk test
(AUC: 0.519, 95% CI: 0.443-0.595) for MASLD. For body composition outcomes, both IFIS scores demonstrated equiva-
lent performance to the 6-minute walk test (p>0.05 for these AUC comparisons).
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Fig 4. ROC curves comparing self-reported (IFIS) overall and cardiorespiratory fitness versus objective (6-minute walk) cardiorespiratory
fitness for predicting cardiometabolic risk and body composition outcomes. The legends indicate the AUCs with corresponding 95% confidence
intervals. The p-values represent comparisons of the AUCs between each specific IFIS test (IFIS overall and IFIS cardiorespiratory fitness) and the
6-minute walk test, performed using the DelLong test. Outcomes were dichotomized using established thresholds: poor cardiovascular health (<50
points), MASLD (25% liver fat), high-risk hs-CRP (>3.0 mg/L), obesity (BMI 230 kg/m?), high visceral adipose tissue (275th percentile), and low muscle
volume (<25th percentile). AUC: area under curve, CRF: cardiorespiratory fitness, hs-CRP: high-sensitivity C-reactive protein, IFIS: International Fitness
Scale, MASLD: metabolic dysfunction-associated steatotic liver disease, ROC: receiver operating characteristic curve.

https://doi.org/10.1371/journal.pone.0339364.9004
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Overall, a sensitivity analysis using alternative cut-offs to dichotomize the outcomes (according to the median of
Z-scores instead of standardized clinical outcomes) rendered similar conclusions, although the predictive capacity of the
IFIS cardiorespiratory score to predict muscle volume was lower to that of the 6-minute walk test (instead of being similar,
as observed in the main analysis) (S6 Fig).

S7 Fig depicts the predictive performance of the IFIS scores probabilities compared to the 6-minute walk test
probabilities after adjusting for age and sex. It shows that the predictive ability of the IFIS scores was similar to that for
the 6-minute walk test in all cardiovascular risk and body composition outcomes. S6 Table depicts the differences in body
composition outcomes (Z-scores) according to categories of self-reported (IFIS) physical fithess scores.

Discussion

This study supports the usefulness of self-reported fithess, measured with the IFIS, as a proxy of objective physical fithess
in adults with T2DM. First, both the IFIS overall and IFIS cardiorespiratory scores showed evidence of criterion validity, as
they were positively associated with objectively measured performance on the 6-minute walk test. Additionally, IFIS overall
and IFIS cardiorespiratory scores were both associated to all cardiometabolic outcomes (i.e., cardiovascular health, liver
fat, and high-sensitivity C-reactive protein), and body composition outcomes (i.e., BMI, visceral adipose volume and mus-
cle volume), showing evidence of construct validity. Furthermore, ROC analysis revealed that the IFIS scores performed
as well as, or better than the 6-minute walk test in predicting poor clinical cardiometabolic and body composition out-
comes. Specifically, the IFIS overall score outperformed the 6-minute walk test for predicting poor cardiovascular health
and MASLD.

After its original validation in adolescents [10], the IFIS has demonstrated acceptable criterion validity against the
6-minute walk test in various adult populations, including women in early pregnancy [11], women with fibromyalgia [35],
and older adults [36]. Our study expands this evidence to adults with T2DM. Consistent with previous findings, our study
found that the IFIS cardiorespiratory score obtained a clear graded association with the 6-minute walk test. To contextual-
ize, our study found that the average distance between consecutive categories on the IFIS cardiorespiratory fithess was
approximately 32 meters, a difference that is clinically meaningful as it exceeds the threshold of approximately 30 meters
considered relevant for middle-aged patients with T2DM [37].

Moreover, reporting less than “good” cardiorespiratory fitness (i.e., “very poor,” “poor,” or “average”) on the IFIS yielded
sensitivities of 93.9% and 87.5%, and negative predictive values of 82.1% and 94.4% for identifying individuals with
reduced performance on the 6-minute walk test, defined as walking below the population-predicted mean distance or
achieving less than 80% of their individualized predicted distance, respectively. Although the AUCs indicated poor discrim-
inative ability (approximately 0.600), this may reflect the ordinal nature of IFIS, participants’ tendency to avoid selecting
the extreme categories (“very poor” or “very good”), and the considerable variation in 6-minute walk test distances among
participants within the same IFIS category, rather than a true lack of association. The 6-minute walk test is also not a for-
mal gold-standard test, which should be considered when interpreting these results. Nevertheless, the high sensitivity and
negative predictive values suggest that IFIS may serve as a practical first-line screening tool to flag individuals for further
assessment. To our knowledge, this is the first study to evaluate the discriminative performance of IFIS using ROC curves
in adults with T2DM, providing clinically interpretable metrics for identifying individuals with reduced functional capacity.
These findings support the criterion validity of the IFIS cardiorespiratory item while highlighting its limitations as a stand-
alone diagnostic measure. Future studies incorporating ROC analyses in independent cohorts are warranted to refine the
discriminative performance of IFIS, improve its generalizability, and explore strategies to enhance the resolution of self-
reported fithess measures.

In addition to its criterion validity, several studies have established the construct validity of the IFIS, demonstrating
associations with a range of health outcomes, including CVD risk factors (e.g., blood pressure, blood lipids, insulin resis-
tance, inflammation, or metabolic syndrome) and adiposity indicators [38]. However, existing evidence on the IFIS largely
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comes from studies on young and adolescent populations, with limited research exploring its validity in high CVD risk
groups, particularly those with T2DM. By investigating the validity of the IFIS in middle-aged individuals with T2DM, who
inherently face a heightened risk of CVD, this study may be of relevance for enhancing cardiovascular risk stratification.

In our study, IFIS cardiorespiratory fithess was associated with both body composition and cardiometabolic outcomes
in a population with T2DM. Notably, IFIS overall fithess, a simple question regarding one’s physical fitness relative to
peers, also showed significant associations with all studied outcomes. Interestingly, our study also found that self-reported
speed-agility and flexibility scores were clearly associated with cardiometabolic and body composition outcomes. In
contrast, IFIS muscular fithess showed weaker associations, particularly with cardiometabolic outcomes and BMI. These
findings aligns with previous literature across different populations [9,11], although such associations may vary depending
on how muscular fitness is considered (i.e., absolute strength versus strength expressed relative to body weight) [9].

To the best of our knowledge, no previous study has directly compared the predictive ability of IFIS and objectively
measured fitness for cardiometabolic and body composition outcomes. Importantly, our ROC analyses showed that
self-reported overall and cardiorespiratory fithess scores predicted cardiometabolic and body composition outcomes at
least as well as the 6-minute walk test. In fact, we observed that the IFIS overall fitness score outperformed the 6-minute
walk test to predict poor cardiovascular health and MASLD, possibly due to IFIS overall fithess capturing multiple fit-
ness dimensions, while the 6-minute walk test mainly reflects aerobic capacity. Though the capacity to discriminate poor
cardiorespiratory performance was only moderate, the IFIS overall and cardiorespiratory fithess scores showed adequate
construct validity to easily monitor not only physical fithess, but also cardiometabolic and body composition outcomes.

Cardiorespiratory fitness is supported by extensive epidemiological and clinical evidence as a strong predictor of
mortality [39]. Additionally, incorporating cardiorespiratory fitness into risk assessments alongside traditional factors
significantly enhances the precision of risk reclassification for adverse outcomes or mortality [39,40]. Recognizing the
importance of this, the American Heart Association has identified cardiorespiratory fitness as a “vital clinical sign” and
advocates for its routine assessment in clinical settings [13]. In this sense, while the IFIS showed limited ability to discrimi-
nate reduced functional capacity, it demonstrates acceptable criterion and construct validity, and remains a highly feasible
option, requiring only a single self-reported item that can be completed in 1-2 minutes [10]. This is especially important in
primary care settings managing patients with T2DM, where objective fitness assessments are often difficult to implement.
In line with this, the current American Diabetes Association Standards of Care recommend evaluating physical activity and
fitness as part of comprehensive lifestyle management, given their association with improved glycemic control, reduced
cardiovascular risk, and enhanced treatment adherence [41,42].

A strength of the study lies in the use of high-quality methods, such as body composition outcomes analyzed using fat
and water separated MRI and MRS for liver fat, ensuring the comprehensive assessment of cardiometabolic and body
composition outcomes. Furthermore, the EPSOMIP cohort was drawn from unselected primary care patients with T2DM,
including individuals across a wide range of ages, glycemic control levels, and comorbidity profiles. This enhances the
external validity of our findings, making them generalizable to the broader population of adults with T2DM seen in routine
clinical care.

Several limitations should be acknowledged. Although the cross-sectional design is appropriate for validation studies,
enabling simultaneous assessment of the index test (IFIS) and reference standards, it inherently limits causal inference.
Additionally, unmeasured confounders such as T2DM duration and treatment, diet, physical activity, socioeconomic status,
and comorbidities may have influenced the observed associations. However, our objective was not to infer causality but
rather to assess how well IFIS scores align with the 6-minute walk test and established cardiometabolic and body compo-
sition markers, supporting its construct and criterion validity in individuals with T2DM.

Test-retest reliability of IFIS was not assessed, though previous studies have demonstrated moderate to substantial
reliability across populations [9,10,43], with minimal influence of learning or fatigue effects. Nonetheless, some heteroge-
neity in the reliability of the IFIS across populations must be acknowledged [44]. As a self-reported tool, the IFIS is subject
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to response bias, potentially influenced by cognitive impairment, which could distort its association with objective health
markers.

We did not compare IFIS scores to objective tests of muscular fitness, speed-agility, or flexibility, limiting the breadth of
criterion comparisons. However, cardiorespiratory fitness, the component analyzed in greater depth in our study, remains
the aspect of physical fithess most consistently associated with health outcomes [13].

Selection bias is a further consideration both from the initial participant recruitment and from missing data, as only
282 of 345 eligible participants had complete IFIS and 6-minute walk test results. Moreover, individuals with alcohol use
disorder or high alcohol consumption were excluded based on screening questionnaires (2.3%), which may limit gener-
alizability to this subgroup or reflect potential underreporting, given that this prevalence is unusually low for a Swedish
population.

While the 6-minute walk test is a validated and practical field measure, it may not fully capture maximal cardiorespira-
tory capacity as laboratory-based assessments do, and may be influenced by varying motivation levels. Nonetheless, sen-
sitivity analyses excluding low-effort performances yielded consistent results, supporting the robustness of our findings.

Finally, common T2DM-related complications such as neuropathy or angiopathy may also influence 6-minute walk
test performance. Notably, while both IFIS cardiorespiratory and overall fitness demonstrated adequate criterion validity
with the 6-minute walk test in participants without these conditions, neither IFIS cardiorespiratory fitness nor IFIS overall
showed adequate criterion validity in those with angiopathy or neuropathy.

Further research is needed to assess the longitudinal validity of the IFIS and its predictive value for clinically relevant
hard outcomes, including all-cause and CVD-related mortality and morbidity. Validation in independent T2DM cohorts is
also necessary to confirm the generalizability of the ROC-based performance observed here. In addition, evaluating test—
retest reliability and comparing IFIS with broader objective fithess measures would help determine its suitability for routine
monitoring and clinical decision-making.

Conclusions

Our findings extend previous research by demonstrating that the IFIS is a valid and feasible tool for assessing physical
IFIS showed limited ability to discriminate reduced functional capacity, it nonetheless offers a practical tool for evaluating
physical fitness in adults with T2DM. This is particularly relevant in settings such as primary care, where objective fitness
assessments may be difficult to implement. Validated tools such as the IFIS could help identify patients with low fitness
levels who may benefit from targeted physical activity interventions, potentially improving T2DM outcomes.

Supporting information

Appendix 1. Calculation of the Life’s Essential 8 Factor score.
(DOCX)

S1 Fig. Distribution of responses to the five questions from the different self-reported (IFIS) scores. IFIS: Interna-
tional Fitness Scale.
(TIF)

S2 Fig. Sensitivity analysis comparing self-reported (IFIS) and objective (6-minute walk) physical fitness tests,
including and excluding low-intensity 6-minute walk tests. The graphic depicts means with standard errors for the
6-minute walk test according to different levels of the IFIS scores. Analyses of covariance (ANCOVA) are adjusted for sex
and age. Presumably low-intensity 6-minute walk tests are considered those achieving less than 60% of the predicted
maximal heart rate after test calculated with the Tanaka’s formula. Significance level for each IFIS test is indicated as fol-
lows: *** p<0.001; **, p<0.01; *, p<0.05; and ns, non-significant. To allow comparability, population is restricted to those
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having information on the heart rate after the 6-minute walk test, IFIS overall and IFIS CRF (n=193), IFIS overall and IFIS
CRF excluding low-intensity tests (n=114). CRF: cardiorespiratory fithess, IFIS: International Fitness Scale.
(TIF)

S3 Fig. Comparison of self-reported (IFIS) and objective (6-minute walk test) physical fitness between dia-

betic participants with and without neuropathy/angiopathy. The graphic depicts means with standard errors for the
6-minute walk test according to different levels of the IFIS scores. Analyses of covariance (ANCOVA) are adjusted for sex
and age. No neuropathy/angiopathy, n=193. Neuropathy/angiopathy, n=54. IFIS: International Fitness Scale.

(TIF)

$4 Fig. Differences in cardiometabolic risk and body composition outcomes (Z-scores) according to percentiles
groups of the 6-minute walk test. The graphic depicts means and standard errors for the analyses of covariance (ANCOVA)
adjusted for sex and age. The variables liver fat and hs-CRP were natural-logarithmically transformed. All variables are pre-
sented as Z-scores (mean=0, standard deviation=1). The 6-minute walk tests are categorized as <25" percentile, 25-75"
percentile, and >75" percentile. Significance level for each 6-minute walk test is indicated as follows: ***, p<0.001; **, p<0.01;
*, p<0.05; and ns, non-significant. BMI: body mass index, hs-CRP: high-sensitive C-reactive protein, Pctl: percentile.

(TIF)

S5 Fig. Differences in cardiometabolic risk and body composition outcomes (Z-scores) according to categories of
self-reported (IFIS) physical fitness scores. The graphic depicts means and standard errors for the analyses of covariance
(ANCOVA) adjusted for sex and age. The variables liver fat and hs-CRP were natural-logarithmically transformed. All variables
are presented as Z-scores (mean=0, standard deviation=1). IFIS scores are categorized as poor (very poor/poor), average
and good (good/very good). Significance level for each IFIS test is indicated as follows: ***, p<0.001; **, p<0.01; *, p<0.05;
and ns, non-significant. BMI: body mass index, hs-CRP: high-sensitivity C-reactive protein, IFIS: International Fitness Scale.
(TIF)

S6 Fig. Sensitivity analysis, ROC curves comparing self-reported (IFIS) overall and cardiorespiratory fithess
versus objective (6-minute walk) cardiorespiratory fitness for predicting cardiometabolic risk and body compo-
sition outcomes (Z-scores), considering a different categorization of the outcomes. The legends indicate the AUCs
with corresponding 95% confidence intervals. The p-values represent comparisons of the AUCs between each specific
IFIS test (IFIS overall and IFIS cardiorespiratory fitness) and the 6-minute walk test, performed using the DelLong test.
Outcomes are dichotomized at the median of the Z-scores (0 indicating worse health, 1 indicating better health). AUC:
area under curve, BMI: body mass index, CRF: cardiorespiratory fitness, hs-CRP: high-sensitive C-reactive protein, IFIS:
International Fitness Scale, ROC: receiver operating characteristic curve.

(TIF)

S7 Fig. ROC curves for the probabilities of adjusted logistic models based on self-reported (IFIS) overall and
cardiorespiratory fitness versus objective (6-minute walk) cardiorespiratory fitness for predicting cardiometa-
bolic risk and body composition outcomes. The legends indicate AUCs with corresponding 95% confidence intervals.
The p-values represent comparisons of the AUCs between the probabilities derived from the adjusted logistic models of
the IFIS scores (IFIS overall and IFIS cardiorespiratory fitness) and the 6-minute walk test, performed using the DeLong
test. All models are adjusted for age (continuous) and sex (female/male). Outcomes were dichotomized using estab-
lished thresholds: poor cardiovascular health (<50 points), MASLD (25% liver fat), high-risk hs-CRP (>3.0 mg/L), obesity
(BMI =30 kg/m?), high visceral adipose tissue (275th percentile), and low muscle volume (<25th percentile). AUC: area
under curve, CRF: cardiorespiratory fitness, hs-CRP: high-sensitivity C-reactive protein, IFIS: International Fitness Scale,
MASLD: metabolic dysfunction-associated steatotic liver disease, ROC: receiver operating characteristic curve.

(TIF)
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S1 Table. Clinical characteristics of the participants by IFIS overall fitness scores, 5 categories. Categorical
variables are depicted as frequency (percentages). Continuous variables normally and not normally distributed (marked
with a) are depicted as mean + standard deviation and median tinterquartile range, respectively. Incretin-based medica-
tions refer to the use of glucagon-like peptide-1 receptor agonists (GLP-1 RAs) and/or inhibitors of the enzyme dipeptidyl
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