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Abstract

Objectives To evaluate the concordance between Google Maps® application (GM®) and clinical practice measurements
of ambulatory function (e.g., Ambulation Score (AS) and respective Expanded Disability Status Scale (EDSS)) in people
with multiple sclerosis (pwMS).

Materials and methods This is a cross-sectional multicenter study. AS and EDSS were calculated using GM® and routine
clinical methods; the correspondence between the two methods was assessed. A multinomial logistic model is investigated
which demographic (age, sex) and clinical features (e.g., disease subtype, fatigue, depression) might have influenced dis-
crepancies between the two methods.

Results Two hundred forty-three pwMS were included; discrepancies in AS and in EDDS assessments between GM® and
routine clinical methods were found in 81/243 (33.3%) and 74/243 (30.4%) pwMS, respectively. Progressive phenotype (odds
ratio [OR] =2.8; 95% confidence interval [CI] 1.1-7.11, p=0.03), worse fatigue (OR=1.03; 95% CI 1.01-1.06, p=0.01),
and more severe depression (OR=1.1; 95% CI 1.04-1.17, p=0.002) were associated with discrepancies between GM®
and routine clinical scoring.

Conclusion GM® could easily be used in a real-life clinical setting to calculate the AS and the related EDSS scores. GM®
should be considered for validation in further clinical studies.

Keywords Digital health - e-Health - Google Maps - Ambulatory disorders

Introduction

In response to the coronavirus disease 2019 pandemic, many
hospitals have implemented restriction policies to hospitals
access [1]. These policies, as well as, social distancing,
limitations for caregivers’ access to outpatient clinic, mobil-
ity restrictions measures, fear of contagion, and quarantining
of health-care providers, have drastically reduced physician
in-person visits during the pandemic [1]

This unprecedented situation has raised the need to
establish an efficient service of telemedicine to replace
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face-to-face visits, monitor disease progression, and man-
age complications as soon as possible [2, 3]

Recently, the reliability of telemedicine tools as alter-
native to EDSS quantified through clinical in-person vis-
its has been explored in several studies [2, 4, 5]. Bove and
colleagues generated a telemedicine-based MS disability
examination using a digital tool and a basic neuro kit and
tested it against an EDSS assessment performed by a neu-
rologist [4]. The authors showed that disability evaluation
in MS is feasible using telemedicine without an aid at the
patient’s location [4]. Further, a pilot study evaluated the
reliability of a wearable biosensor to assess pwMS walking
ability remotely, revealing that motor parameters derived
from the accelerometer could be a reliable measure of motor
disability in pwMS, suggesting it could be a useful tool to
monitor MS patients’ endurance remotely [5].

Evaluation of patient’s walking ability is an important
part of neurological examination [6], i.e. the maximum
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distance patients can walk without rest or the distance they
can walk until symptoms occur (maximum walking distance,
MWD) [7]. In clinical practice, due to time and space con-
straints, physicians frequently rely on patients’ responses on
the distance covered. However, several studies have shown
the inaccuracy of distance estimates and therefore the unreli-
ability of disability assessment in clinical routine [8].

About 40-75% of people with MS (pwMS) have impair-
ment of the walking ability [9]. Although all deficits con-
tribute to overall disability, gait impairment weighs more
than other functional systems (FS) in disability assessment
[6] The Ambulation Score (AS) of the Expanded Disability
Status Scale (EDSS) [6] is the most widely used method to
assess gait impairment in pwMS; in clinical practice, the
MWD to rate AS is assessed by asking pwMS how long they
could walk without rest, and consequently, the AS and there-
fore the EDSS rating may be affected by subjective, hence
possibly inaccurate, MWD estimate and reporting [10].

In the last 10 years, digital technology has facilitated
exact distance measurement [11]. Google Maps® (GM®)
has revolutionized distance calculation by simply using a
digital device (e.g., a smartphone) and an internet connec-
tion. We used the GM® application to evaluate the MWD
in pwMS and verified its correspondence with the esti-
mates reported by these patients and the objective meas-
ures assessed by neurologists, in order to determine whether
GM® provides an accurate and accessible method to evalu-
ate walking distances in pwMS. The aim of the study was to
investigate whether GM® might be used as an objective tool
to evaluate the AS in pwMS and its potential implications
on the accuracy of EDSS scoring.

Methods
Study population

This cross-sectional multicenter study was conducted in
five MS clinical centers in Italy (two centers in Naples, one
in Rome, Bari, and Palermo). PWMS were consecutively
enrolled from February to May 2019. The inclusion crite-
ria were diagnosis of clinically isolated syndrome or con-
firmed MS according to McDonald criteria 2010; EDSS
score < 6; mental functional system < 1; disease duration
(DD) > 1 year; and agreement to display a route on GM®.
Exclusion criteria were ongoing relapse or steroid treatment
during the 6 months preceding enrollment; any other dis-
eases or conditions which might influence ambulation (e.g.,
fractures, recent surgery, etc.); and patients who ask to dis-
play a route on GM® which was either uphill or downhill.
We did not include a control group as the MS-specific
metrics do not apply to putative healthy controls. Indeed,
while the MWD could be assessed in healthy subjects, we
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evaluated the correlation between the measures relying on
AS and EDSS scores that do not apply to putative healthy
controls.

Study variables

Demographic (age, sex, education) and clinical (DD, dis-
ease phenotype, ongoing disease-modifying therapies,
DMTs) data were collected. Fatigue Severity Scale (FSS)
[12] and Patient Health Questionnaire-9 (PHQ-9) [13]
were used to evaluate fatigue and depression, respectively.
For EDSS evaluation, pwMS were asked to estimate their
MWD according to routine practice as reported above [1].
Patients’ perceived AS (pAS) and, consequently, the per-
ceived EDSS score (pEDSS) were calculated based on the
MWD reported by the patients. During the enrollment visit,
a neurologist blinded to the previously collected data illus-
trated to the patients how to use GM® on a smartphone or
a hospital computer. Using GM® satellite imagery (with
the street maps and 360° panoramic Street View) and fixing
their home address as starting point, all the recruited patients
were asked to indicate a route usually followed from their
home and the distance they could walk (adopting a moderate
and regular walking pace) without stopping or needing any
help. This was done to identify the arrival point on GM®
and then measure the start-arrival distance. Based on the
MWD evaluated by GM®, the GM®AS (gmAS) and the
GM®EDSS (gmEDSS) were calculated.

In 75 pwMS, a blinded neurologist measured the MWD
by walking the 20 m. The MWD objectively measured was
used to calculate the objectiveAS (obAS) and the objec-
tive EDSS (obEDSS) to test the consistency of the pAS and
with the pEDSS, respectively. Since EDSS is heavily influ-
enced by walking ability particularly in the mid-range scores
(4.0-6.0) [14-16], the overall study population was strati-
fied into two subgroups according to mild (pEDSS <3.5) or
moderate (4 <pEDSS <6) disability.

Standard protocol approvals, registrations,
and patient consent

According to the good clinical practice and the Declara-
tion of Helsinki, all pwMS gave their written consent to
participate in the study, which was approved by the Ethical
Committee of each MS center involved.

Statistical analysis

Given the exploratory nature of this study, no sample size
calculation was performed [17, 18]. Normal distribution of
variables of interest was checked with graphical and sta-
tistical approaches. Continuous variables were described
both as mean (M) and standard deviation (SD), median,
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and range interquartile (Q1-Q3); categorical variables
were described as frequency and percentage. Descriptive
statistics were performed where appropriate. Specifically,
two-group comparisons were performed using the Student’s
t test, the Mann—Whitney U test, and the Chi-square or Fish-
er’s exact test. Comparisons between multiple groups were
performed employing the analysis of variance (ANOVA)
or nonparametric Kruskal-Wallis test. Correlation analyses
were performed using the Spearman correlation test [19].
To calculate agreement in measures estimated by the neu-
rologist, pwMS, or GM® service, the intraclass correlation
coefficient (ICC) [20] was employed using a two-way mixed
effect model. ICC estimates and their 95% confidence inter-
vals were calculated. The two-way mixed effect model was
chosen as the neurologists who were blinded to the pAS and
pEDSS scores identified to acquire the objective MWD were
chosen before commencing the study [21].
The following two new subgroups were identified:

1. pwMS with pEDSS correspondent to gmEDSS
2. pwMS with pEDSS different (higher/lower) from
egmEDSS

Univariate and multivariate logistic regression models
were applied to evaluate whether age, level of education,
DD, clinical phenotype, FSS score, and PHQ-9 score might
have influenced the discrepancy between the pEDSS and the
gmEDSS. Results were presented as weighted Kappa, odds
ratio (OR), and corresponding 95 % confidence interval (CI),
as appropriate. A p value of <0.05 was considered statisti-
cally significant. Model goodness of fit was assessed using
the Akaike information criterion (AIC) and the Bayesian
information criterion (BIC).

Statistical analysis was performed by using SPSS soft-
ware (SPSS, version 22.0; SPSS Inc., Chicago, IL). The only
missing data were about the educational level for 13 patients.
According to a previous study, outcomes with <20% missing
data were not excluded from the final analysis [22].

Results
Sample description

Two hundred forty-three pwMS were enrolled between
February and May 2019. No patients were excluded due to
uphill or downhill route reported on GM®.

Table 1 shows demographic and clinical data of the
whole study sample. Education was available for 230/243
(94.6%) pwMS and the overall mean level of education was
12.4 £3.55 years. Most (42.4%) of the patients were treated
either with interferon beta-la (21.0%) or with dimethyl
fumarate (21.4%). The clinical phenotype of the 243 pwMS

involved in the study was the following: 1 clinically isolated
syndrome (0.5%), 210 relapsing—remitting (RR, 86.5%), 23
secondary progressive (SP, 9.2%), 9 primary progressive
(PP, 3.8%).

Perceived EDSS (pEDSS) and GM® EDSS (gmEDSS)

Based on the data collected concerning pAS and gmAS, we
calculated the pEDSS and the gmEDSS, respectively, as may
be seen in Table 1.

pEDSS and gmEDSS coincided in 169 pwMS and dif-
fered in 74/243 pwMS (30.45%) as shown in Fig. 1.

Due to the weight of other FS on EDSS calculation, only
in 7 pwMS, the EDSS calculation was unaffected by the AS
results. Comparison between pAS and gmAS was reported
in supplementary material.

Based on the EDSS calculated with the pAS (pEDSS) and
the EDSS calculated with the gmAS (gmEDSS) (weighted
kappa: 0.82; almost perfect agreement), the results can be
stratified into three subgroups: (1) pwMS with pEDSS coin-
ciding with gmEDSS; (2) pwMS with pEDSS lower than
egmEDSS; (3) pwMS with pEDSS higher than gmEDSS. In
each of these subgroups, pwMS with mild and moderate
perceived disability were included (Fig. 1).

PwMS with pEDSS that coincided with gmEDSS were
significantly younger either than pwMS with pEDSS lower
than gmEDSS (37.5+12.14 vs 45.03 + 12.16; p=0.001) or
than pwMS with pEDSS higher than gmEDSS (37.5+12.14
vs 45.02 +10.60; p=0.001). The three groups did not differ
as regards education level (Kruskal-Wallis p =0.607) but
they were different for DD (Kruskal-Wallis p=0.007). In
particular, pwMS with pEDSS that coincided with gmEDSS
had a significantly shorter DD (median: 7, Q1-Q3: 3-12)
than pwMS with pEDSS higher than gmEDSS (median:
11, Q1-Q3: 6.8-18.3; Mann—Whitney Bonferroni adjusted
p=0.003).

Moreover, the three groups (pEDSS =gmEDSS,
pEDSS < gmEDSS, and pEDSS > gmEDSS) differed greatly
for FSS scores (Kruskal-Wallis p=0.0001) and for PHQ-9
scores (Kruskal-Wallis p=0.0001). Post-hoc comparisons
(Table 1) showed that pwMS with pEDSS that was in line
with gmEDSS had significantly lower FSS scores compared
to pwMS with pEDSS higher than gmEDSS (Mann—Whit-
ney Bonferroni adjusted p <0.001) and to pwMS with
pEDSS lower than gmEDSS (Mann—Whitney Bonferroni
adjusted p <0.001).

Similarly, pwMS with pEDSS that coincided with
gmEDSS had significantly lower PHQ-9 scores than pwMS
with pEDSS higher than gmEDSS (median: 11.5, Q1-Q3:
5-16; Mann—Whitney Bonferroni adjusted p <0.001) and
than pwMS with pEDSS lower than gmEDSS (Mann—Whit-
ney Bonferroni adjusted p <0.001) (Table 1).
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Table 1 Whole population and subgroups stratified based on agreement between pEDSS and gmEDSS; demographic and clinical feature

Total (n=243) pEDSS=gmEDSS pEDSS <gmEDSS pEDSS > gmEDSS
(n=169) (n=32) (n=42)
Variable P value
Sex
Female (n; %) 173,00 (71,19) 118 (69,82) 24 (75%) 31 (73.81) 0.771
Male (n; %) 70,00 (28,81) 51 (30,18) 8 (25%) 11 (26.19)
Age
Mean, sd 39,77 (12,35) 37,46 (12,14) 45.03 (12.16) 45.02+10.60 <0.001
Median (Q1-Q3) 39 (30-48) 37 (27-45) 45,5 (37,5-47.5) 44 (39-51)
Disease type
CIS (n; %) 1,00 (0,41) 1(0,59) 0(0) 0(0) <0.001
RR (n; %) 210,00 (86,78) 156 (92,31) 20 (62,50) 34 (82,93)
SP (n; %) 23,00 (9,09) 10 (5.92) 7(21,88) 5(12,20)
PP (n; %) 9,00 (3,72) 2(1,18) 5(15,62) 2(4,88)
Disease duration
mean, sd 9,60 (7,83) 8,68 (6,70) 9.78 (10.28) 13,16 (9,01) 0.007
median (Q1-Q3) 7 (3-13) 7(3-12) 5,5 (3-13) 11 (6.8 -18.3)
Ongoing therapy
GA (n; %) 19,00 (7,82) 13 (7,69) 3(9,38) 3(7.14)
INF (n; %) 51,00 (20,99) 38 (22,49) 7(21,88) 6 (14.29)
DMF (n; %) 52,00 (21,40) 39 (23,08) 5 (15,62) 8 (19.05)
TRF (n; %) 16,00 (6,58)  6(3,55) 6 (18.,75) 4 (9.52)
FTY (n; %) 46,00 (18,93) 37 (21,89) 0(0) 9(21.43)
NTZ (n; %) 36,00 (14,81) 25 (14,79) 4 (12,50) 7 (16.67)
ALZ (n; %) 10,00 (4,12)  5(2,96) 4 (12,50) 1(2.38)
None (n; %) 13,00 (5,35)  6(3.55) 3(9,38) 4(9.52)
FSS
mean, sd 30,63 (16,09) 26.68 (14.27) 39.65625 (17.80) 39,61 (15,60) <0.001
median (Q1-Q3) 30 16-43 24 (14-37) 44,5 (21-55.5) 38 (30-53)
PHQ9
mean, sd 7,52 (6,07) 5.86 (4.92) 11.1875 (7.168198) 11.35714 (6.49135) <0.001
median (Q1-Q3) 6 (3-11) 5(2-8) 12 (5-15.5) 11.5 (5-16)
pEDSS
<=35(m;%) 142 (58.68) 130 (76,92) 11 (34,38) 1(2,44) <0.001
> =4 (n; %) 101 (41.32) 39 (23,08) 21 (65.62) 41 (97,56)

GA glatiramer acetate, INF interferon, DMF dimethyl fumarate, 7RF teriflunomide, FTY fingolimod, NTZ natalizumab, ALZ alemtuzumab,
EDSS Expanded Disability Status Scale, pEDSS perceived EDSS, gmEDSS Google EDSS, FSS Fatigue Severity Scale, PHQ-9 Patient Health

Questionnaire-9

Finally, pwMS with pEDSS that coincided with gmEDSS
were more likely to have a pEDSS score < =3.5 (130;
76.92%) compared to both pwMS with pEDSS lower than
gmEDSS (11; 34.38%) and pwMS with pEDSS higher than
gmEDSS (1; 2.44%) (Chi-square p <0.001) (Table 1).

ObjectiveAS (obAS)

Demographic and clinical data from the subgroup of pwMS
with obAS calculation are shown in Table 2.

This group consisted of 75 pwMS (58 F [77.3%]; 17T M
[22.7%]). The mean level of education was 11.1+2.69 years
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(median: 13; Q1-Q3: 8-13 years). The mean age was
41.3+11.71 years (median: 41; Q1-Q3=32-47). The mean
DD was 10.7 +8.40 years (median: 9; Q1-Q3: 4—14). In this
subgroup, the obAS and gmAS are more frequently coin-
cident (45 patients; 60%) either than obAS and pAS (34
patients; 45.3%) or than pAS and gmAS (39 patients; 52%).

Factors influencing EDSS variation (pEDSS different
from gmEDSS)

Logistic regression (Table 3) models showed that the
progressive phenotypes (p =0.03) as well as higher FSS
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Fig. 1 General flowchart on Expanded Disability Status Scale (EDSS) results

(p=0.01) and PHQ-9 (p =0.002) scores were associated
with the discrepancy between pEDSS and gmEDSS.

Discussion

In neurology clinical practice, the evaluation of walk-
ing ability is frequently based on the question “how long
can you walk without rest?” In the MS field, the EDSS
requires patients to walk at least 500 m to obtain the AS.
However, there are a number of limitations coming from
both approaches. There are many variables that may influ-
ence the actual measurement of walking distance: (1) time
and space constraints limiting an optimal examination;
(2) daily variations in fatigue and overall functioning; (3)
concomitant diseases and treatments. The same applies to
self-reported measurements: (1) inaccuracy in providing
an exact estimate of distances [23]; (2) depressed mood
[24]; (3) being fatigued at question time [25]; (4) level of
education [26]; and (5) impairment of mental functions
[27].

We used the GM® application to evaluate the MWD
in pwMS and therefore investigated whether GM®
might be used as an objective tool to evaluate the AS
in pwMS and the potential implications on EDSS scor-
ing accuracy.

Our results showed that one-third of our patients indicated
a pAS different from the gmAS. These data are consistent

with a previous study showing that pwMS are inaccurate
at estimating distances [9], suggesting that the estimates
of walking distances covered are not reliable indicators
for disability assessment. We found that the discrepancies
between pAS and gmAS are more frequent in the subgroup
of pwMS with moderate disability (63%), indicating a less
reliable estimate of MWD in more disabled patients and
consequently prompting clinicians to improve disability
assessment to monitor disease course in clinical practice.
In particular, once the EDSS milestone of 4.0 is reached,
further progression in the EDSS score can be independent
of decline or improvement in the other functional systems
and determined solely by the MWD a MS patient can usually
walk. Therefore, differences in MWD are very important in
pwMS with moderate disability and should be monitored
closely and carefully to improve EDSS assessment. Unfor-
tunately, routine clinical examination for pwMS does not
include an objective evaluation of the AS and the EDSS
score is calculated based on what patients report to their
neurologists.

To partially overcome the risk of inaccurate estimates
of the MWD, we used GM® application to calculate the
gmAS and the gmEDSS. Those pwMS with pEDSS cor-
responding to the gmEDSS were found to be younger
and with a shorter disease duration (DD) but, above all,
these patients had significantly lower FSS and PHQ-9
scores. A previous study reported that age does not
influence the patient estimation of MWD [28]. Our data
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Table 2 obAS population; demographic and clinical features

Variable
Age
Mean, sd 41.3 (11.71)
Median (Q1-Q3) 41 (32-74)
Sex
Female (n; %) 58 (77.3)
Male (n; %) 17 (22.7)
Level of education
Mean, sd 11.1 (2.69)
Median (Q1-Q3) 13 (8-13)
Disease duration
Mean, sd 10.7 (8.4)
Median (Q1-Q3) 9 (4-14)
FSS
Mean, sd 36.4 (15.85)
Median (Q1-Q3) 37 (22-50)
PHQ9
Mean, sd 8.64 (6.35)
Median (Q1-Q3) 7(3-14)
Concordance between ObAS, gmAS, and pAS
0obAS =gmAS (n; %) 45 (60)
pAS =gmAS (n; %) 39 (52)
PAS =0bAS (n; %) 43 (45.2)

Abbreviations: pAS perceived Ambulation Score; pEDSS perceived
Expanded Disability Status Scale; gmAS Google Maps Ambulation
Score; gmEDSS Google Maps Expanded Disability Status Scale;
0obAS actual (objective) Ambulation Score; 0bEDSS actual (objective)
Expanded Disability Status Scale; F'SS Fatigue Severity Scale; PHQ-
9 Patient Health Questionnaire-9

confirmed this result but showed a better correspond-
ence between pEDSS and gmEDSS in younger pwMS
with significantly lower DD, probably reflecting a milder
disease [29]. In pwMS where pAS and gmAS were not
concordant, we found that 42% had a pAS lower than
the gmAS and 58% had a pAS higher than the gmAS.

Distinguishing these subgroups of pwMS with mild and
moderate disability, we found that pwMS with a moder-
ate disability tend to overestimate MWD (with respect
to GM® output). In these groups, pwMS with unchanged
EDSS (pEDSS =gmEDSS) and those with discrepant
EDSS (pEDSS < or > gmEDSS), we found that progres-
sive phenotype and higher scores in FSS and PHQ-9
increased the probability of inaccurate estimates of
MWD and therefore belonged to the discrepant group.
These data are consistent with the findings of Skjearbak
et al. [30], showing that the extent of misclassification of
MWD increases in pwMS with fatigability and progres-
sive phenotype and that depressive symptoms are related
to self-perception of MWD; these findings emphasize
the need to improve disability assessment especially in
pwMS with moderate disability. Furthermore, a subgroup
analysis conducted on the 75 patients in whom the obAS
was calculated showed that GM® seems to effectively
improve the accuracy of the MWD. According to our
results, GM® technology may represent a feasible tool
to measure MWD increasing the agreement with objec-
tive measures. Ideally, a large-scale clinical trial should
be focused on pwMS who are at higher risk of making
false estimates of MWD (i.e., fatigued and depressed) or
in those pwMS with a moderate disability or transitional
forms of the disease where the prompt close monitoring
of disability progression is necessary for therapy adjust-
ment and ultimately to improve pwMS management.
The results of the subgroup obAS/obEDSS strengthen
the hypothesis that GM® may represent an objective tool
to evaluate the AS in pwMS, and could result in greater
accuracy of EDSS scoring.

In conclusion, our results suggest that GM® application
may be easily and accurately used in a real-life clinical set-
ting to improve the evaluation of the AS and the related
EDSS, thus making it also suitable to overcome the difficul-
ties imposed by the ongoing health-care restrictions due to
the pandemic.

Table 3 Univariate and multivariate logistic models: factors influencing the discrepancy between pEDSS and gmEDSS

Variables Model I Model 11 Model IIT Model IV Model V Model VI Model VII
OR Pvalue OR Pvaluel OR Pvalue OR Pvalue OR Pvalue OR Pvalue OR  Pvalue

Disease type 3.34 <0.001 2.8  0.03
Age, y 1.05 <0.001 1.02 0.164
Education, years 0.9 0.381 095 0.321
DD 1.04 0.007 1.07 0.208
FSS 1.05 <0.001 1.06 0.01
PHQ-9 1.16 <0.001 1.17 0.002

Abbreviations: PP primary progressive multiple sclerosis; SP secondary progressive multiple sclerosis; RR relapsing—remitting multiple sclero-

sis; FSS Fatigue Severity Scale; PHQ-9 Patient Health Questionnaire-9
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Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10072-021-05389-7.
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