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Abstract

Background: People with rheumatic diseases experience troublesome fluctuations in fatigue.
Putative causes include pain, mood and inflammation. To determine the relationships between
these key domains, serial assessments are required but are methodologically challenging. This
mobile health (mHealth) study explored the viability of using a smartphone app to collect patient-

reported symptoms with contemporaneous Dried Blood Spot Sampling (DBSS) for inflammation.

Methods: Over 30 days, thirty-eight participants (12 RA, 13 OA, and 13 FM) used uMotif, a
smartphone app, to report fatigue, pain and mood, on 5-point ordinal scales, twice daily. Daily DBSS,
from which C-reactive Protein (CRP) values were extracted, were completed on days 1-7, 14 and 30.
Participant engagement was determined based on frequency of data entry and ability to calculate
within- and between-day symptom changes. DBSS feasibility and engagement was determined based
on the proportion of samples returned and usable for extraction, and the number of days between

which between-day changes in CRP which could be calculated (days 1-7).

Results: Fatigue was reported at least once on 1085/1140 days (95.2%). Approximately 65% of
within- and between-day fatigue changes could be calculated. Rates were similar for pain and mood.
A total of 287/342 (83.9%) DBSS, were returned, and all samples were viable for CRP extraction.
Fatigue, pain and mood varied considerably, but clinically meaningful (>5mg/L) CRP changes were

uncommon.

Conclusions: Embedding DBSS in mHealth studies will enable researchers to obtain serial symptom
assessments with matched biological samples. This provides exciting opportunities to address

hitherto unanswerable questions, such as elucidating the mechanisms of fatigue fluctuations.
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Background

Approximately 75% of people with rheumatic diseases (RMD), including rheumatoid arthritis (RA),
fibromyalgia (FM) and osteoarthritis (OA), experience fatigue(1;2). The causes of RMD-fatigue
remain unclear, but the role of inflammation has been long, and fiercely, debated(3-9). Fatigue
reduces in response to anti-inflammatory treatments (9-11). However it is common for fatigue to
persist despite inflammatory disease remission (12;13). Furthermore, irrespective of treatment,
people with RMDs often experience acute and rapid daily fluctuations in fatigue(3;7;10), which are

described by patients as unpredictable, unearned and unfair(14-17).

Inflammation may cause fatigue directly, or indirectly via its action on other common RMD co-
morbidities such as pain and mood(4;8;9;18-22) which in turn increase fatigue. Understanding the
relationship between inflammation, RMD symptoms, and fatigue requires frequent sampling (18)
which logistically that has not been possible. A number of recent developments including our own
successful use of smartphone apps to collect serial assessments of symptoms at multiple time points
per day and for an extended period (1-6 months)(23;24), and remote dried blood spot sampling
(DBSS) from which inflammatory markers could be extracted(25;26) mean that these data could be

collected.

This study aimed to take advantage of these recent developments to determine the feasibility of
embedding DBSS to examine inflammatory biomarkers among people with RMDs participating in a

mHealth study.

Methods:

The “Gaining Insight into RheumAtic Fatigue” (GIRAF) study was advertised via online support
groups, social media websites and public engagement portals, including People in Research

(www.peopleinresearch.org), Twitter and Facebook. Further publicity was provided by charity



http://www.peopleinresearch.org/

partners Fibromyalgia Action UK (FMAUK; https://www.fmauk.org/) and the National Rheumatoid

Arthritis Society (NRAS; https://www.nras.org.uk/) and the Manchester Research User Group (RUG)

at the Centre for Musculoskeletal Research (http://www.cfe.manchester.ac.uk/connect/get-

involved/rug/). Interested persons were asked to email the study team to obtain the study

information sheet and link to the study’s screening questionnaire.

Eligible participants were aged 18 or older, with a primary diagnosis of RA, OA or FM and access to
an Android 4.0+ or Apple (iOS 10+) smartphone/tablet. Participants employed in a job that required

night-shift work were excluded due to them having an alternative sleep-wake cycle.

At least 24 hours after returning the screening questionnaire potential participants were telephoned
by KD to discuss the project. Verbal consent was obtained from those willing to participate and a
study pack (including a form for written consent, a baseline questionnaire, sleep monitor, DBSS kit

and study instructions) was posted to participants.

Baseline questionnaire

A baseline questionnaire (Supplementary Material 1) was completed on, or before, the study start

date. The questionnaire collected the following data:

Demographics

Participants reported their date of birth (DD/MM/YY), sex and employment status (see
Supplementary Material 1). The age at which participants left education was recorded and
categorised as those who completed secondary education (<16 years) and those who completed
further education (>16 years). Participants’ postcodes were used to calculate levels of deprivation
using either the English (2015(27)) or Welsh (2019(28)) Index of Multiple Deprivation. The month

and year of disease onset was used to calculate disease duration.

Daily monitoring


https://www.fmauk.org/
https://www.nras.org.uk/
http://www.cfe.manchester.ac.uk/connect/get-involved/rug/
http://www.cfe.manchester.ac.uk/connect/get-involved/rug/

Symptom reports

Participants completed daily symptom monitoring by downloading and using uMotif, a patient co-

designed smartphone/tablet app (www.umotif.com). uMotif has been used by a range of

international academic and clinical organisations and we have previously shown high levels of app

engagement among individuals with chronic pain and RA(23;24).

Participants received prompts twice daily to complete 10 symptom ratings (supplementary material
2), on a 1-5 ordinal scale, once in the morning (8am) and once in the afternoon/evening (6pm). Of
those symptoms, the most relevant to determine rates of engagement and feasibility of study design
were fatigue severity (1 = no fatigue, 5 = very severe fatigue), and coping (1 = not at all well, 5 = very
well), as well as pain severity (no pain (1) to very severe pain (5)) and mood (depressed (1) to very
happy (5)). In addition to the automatic data completion prompts, we undertook real-time data
monitoring and targeted completion reminders, requesting data completion resume if the

participant had not completed symptom reports for three or more days.

Dried Blood Spot Sampling (DBSS)

DBSS has been identified as an acceptable method of sample collection in epidemiological studies
(25;26;30). Sampling is akin to how diabetics monitor blood sugar. Following the finger-prick, a blood
droplet is allowed to form and dropped into a circle outlined on a protein saver card. Participants
were asked to provide a minimum of 3 DBSS samples per card, to maximize the chance of receiving
at least one viable sample per day. To provide the samples, participants were sent a kit comprising
10 each of safety lancets and protein saver cards (1 extra in case of sampling difficulties), 9 each of
Silica desiccant sachets, foil pouches and business reply envelopes, and 1 disposable sharps bin (for
disposal at a local pharmacy, or GP practice after study completion). Participants received reminders
via the smartphone app to provide DBSS on days 1-7, 14 and 30. However, an issue in the system

meant that reminders were not received between 09 — 12 and 22 - 29 March 2019. Nevertheless,


http://www.umotif.com/

reminders were sent on the majority of planned days (22/31 days, 71.0%), which translated into 234
(68.4%) of required samples being requested. Completion rates for all samples are compared to only
those requested samples within the analysis. Due to the nature of DBSS sampling it was not possible

to conduct real-time data monitoring and targeted completion reminders for DBSS.

Participants were provided with written instructions and a link to an instructional video

(https://www.youtube.com/watch?v=he5D1LxbWdg), both of which had been designed in

collaboration with people with RMDs at an earlier focus group. Samples were returned to study
team members DG and KM, based at Ulster University, in pre-labelled, business reply envelopes. On
the day of analysis, 3mm paper discs were punched out of one of the received DBSS samples per
day, and protein was extracted by addition of a routine elution buffer. DBSS extracts and plasma
samples were logged, aliquoted and stored at -80’C until analysis. Samples were then analysed using
an R&D Systems Quantikine ELISA to assess CRP concentrations according to manufacturer
instructions. CRP values were converted from nanograms per milliliter (ng/ml) into milligrams per
liter (mg/L), as used in clinics and compared to recognized “normal” values of CRP, considered to be

CRP <5 mg/L (31).

Analysis

We have previously shown that engagement with the uMotif app is high (89-91%) across a period of
up to 6 months (23;24). Here, we determined the feasibility of embedding remote data collection of
DBSS among people with RMDs participating in a mHealth study using the uMotif app. Specifically,

we tested whether the inclusion of DBSS would decrease engagement.

Recruitment and attrition

We sought to recruit a total of 45 participants (15 each of RA, OA and FM) within a 2-week
recruitment window. Here, we report the number of people who a) completed the study’s screening

guestionnaire and provided consent for contact, b) were contacted to discuss participation c) were


https://www.youtube.com/watch?v=he5D1LxbWdg

recruited and d) successfully installed the uMotif app and commenced data collection. The number

of people who could not be included, and the reasons for exclusion are also reported.

Engagement with study app

Study engagement was first considered in terms of days on which symptoms (i.e. fatigue severity,
pain and mood) were reported at least once (morning or evening). To inform future studies which
aim to examining fluctuations in daily symptoms it is also important to understand engagement in
terms of continuity of collected data. Continuity of symptom reports were examined graphically by
plotting the symptom severity scores recorded for fatigue, pain and mood separately for each
participant. In order to quantify continuity of symptom data we also calculated rates of engagement
by determining the number of days on which within- and between-day changes in symptom severity
could be calculated. Within-day changes in symptom severity values were calculated on days on
which participants reported both morning and evening symptoms, at least once. Between day
changes were calculated for both morning and evening assessments (e.g. Day 1 AM minus Day 2 AM;
Day 1 PM minus Day 2 PM). We determined the proportion of days on which within- and between-
day changes could be calculated, compared to the number expected, within higher values indicating

greater continuity of symptom reporting.

No missing data imputation was undertaken and as a result, within-day changes could not be
calculated for one participant who recorded only morning symptom assessments across their entire

study period.

Feasibility of and engagement with DBSS

To determine whether DBSS was a feasible method of data collection we first determined the
number of samples returned as a proportion of the samples expected across days 1-7, 14 and 30,
irrespective of the number of DBSS reminders which were received by participants. To determine

the proportion of eligible samples, from those expected, we then excluded any returned samples



which appeared to be duplicates, or had missing/ incorrect sample dates (e.g. a sample provided on

date which did not match the expected dates for the participant).

As with the symptom reports, we determined continuity of samples to measure engagement.
However, unlike the symptom reports, participants were not expected to complete DBSS on all days
of the study. For that reason, examination of the continuity of DBSS completion is restricted to days
1-7. Continuity was first examined graphically, by plotting participants’ daily CRP (mg/L) scores. We
then quantified continuity based on determining the number of between-day changes in CRP which

could be calculated, compared to the number expected.

Results

Recruitment and attrition

A total of 73 persons completed the study’s screening questionnaire and provided consent for
contact. The first 50 persons were contacted to discuss participation, and 44 people (13 RA, 15 OA,
and 16 FM; 97.8% of target sample size) were recruited within the 2-week recruitment window. Of
those recruited, 42 (95.5%) successfully installed the uMotif app and commenced data collection.
Four of those who installed the app did not return their study packs, did not therefore provide

written consent, and were not eligible for the analysis.

In total 38 people (12 RA, 13 OA, and 13 FM; 84.4% of target sample size) were included in the study.
The demographic characteristics for all participants, and by disease diagnosis, are shown in Table 1.
Most of the participants were female (82%), with a median age of 56 years. The majority (69%) of
participants had completed further education (i.e. left education after 16 years old), and were either
in full-time employment (24.3%), or retired (29.7%). There were no substantial differences (i.e.

differences with distinct 95% Cls, or IQRs) between the disease groups (Table 1).

[Insert Table 1]



Study engagement

Symptom reporting: Fatigue, pain and mood

Completion rates for reporting fatigue, pain and mood were high across the study. Continuity of

symptom reporting was high (Fatigue: Figure 1, Pain and Mood: see supplementary material 3).

[Insert Figure 1]

Across 1140 study days (38 participants completing 30 days each), participants completed at least
one of each symptom report on 95% of the days (fatigue: 1085 days, 95.2%; pain: 1083 days, 95.0%;

mood: 1087 days, 95.4%).

Participants reported fatigue, pain or mood at least twice per day on approximately two-thirds of
the study days (fatigue: 744 days, 65.3%; pain: 752 days, 66.0%; mood: 738 days, 64.7%). Finally, we
calculated the proportion of between-morning and between-afternoon changes which could be
calculated out of a maximum possible number of 1102 changes. Approximately two-thirds of
between-morning changes in symptom severity could be calculated for all symptoms (fatigue: 744
days, 67.5%; pain: 743 days, 67.4%; mood: 731 days, 66.3%). The proportion of between-afternoon
changes which could be calculated was slightly higher at approximately 70% for all symptoms

(fatigue: 767 days, 70.0%; pain: 772 days, 70.1%; mood: 771 days, 70.0%).

DBSS

Of 342 DBSS samples expected (38 participants completing 9 samples each), a total of 332 were
received (97.1%). Of those, 45 samples were excluded from the analysis due to duplicate (n=2) or
missing/incorrect sample dates (n=43). In total 287 (83.9% of those expected) samples were suitable

for analysis and 100% of eligible samples were found to be viable for CRP extraction. Completion



rates did not appear to be impacted by reminders not being sent (all sample completion: 83.9%, only

samples requested by app: 83.8% (196/234)).

CRP levels were generally within normal range (<5mg/L(31); 0.26-14.30 mg/L) throughout the first 7
days in the study (Figure 2), with active inflammation (25mg/L) observed in 22 of 234 samples (9.4%;
8 participants 4 RA, 2 OA, 2 FM). A total of 189 between day changes were calculated from a
maximum 228 possible changes (82.9%). Daily changes in CRP ranged from 0.002-14.18 mg/L. Large
changes in CRP were rare, daily changes >5mg/L occurring between 7 of 189 days (3.7%) in three

participants with RA (25.0%; Figure 2 RA panels B, I, L).

[Insert Figure 2]

Discussion

This feasibility study determined the viability of using DBSS as a method of remote blood sample
collection among individuals with RMDs participating in a mHealth study. We have demonstrated
that DBSS is a feasible tool for sample collection in RMD studies, observing high completion rates
(=83%) across 30 days, and full viability of samples returned to the study team. In parallel,
engagement with the study app was high throughout the study (symptoms reported at least once on
>95% of days). Thus, we are, to our knowledge, the first remote monitoring study to demonstrate
successful engagement with the use of serial at-home blood sampling and daily symptom reporting

among people with different rheumatic diseases.

We have also shown that individual patterns of fatigue, pain and mood varied substantially, but that
sizeable changes in CRP were rare, with few people experiencing active inflammation (CRP>5mg/L)

during the study period.

When interpreting these results, several limitations should be considered. Due to the recruitment
strategy adopted our population are self-selected. This may mean that our high completion rates are
a result of recruiting those who are more likely to be engaged with the study. However, the rates of

10



engagement observed are comparable with our previous study which used the uMotif app in a
Chronic Pain population for up to one year(23;24), indicating that data collection using this platform

is highly successful.

Second, we selected CRP as our measure of inflammation here because a) it is a measure typically
used in clinical assessments and research studies and b) analysis of CRP is cost-effective in a
feasibility study such as ours. While we have shown that it is possible to extract CRP values using
DBSS, we also showed that there was little variance in CRP despite high variance in fatigue. We note
that this, in conjunction with our self-selection recruitment process, may suggest that (particularly
for RA participants) we have recruited only those who are healthy and who have well controlled
disease. However, it may also suggest that alternative fatigue-specific inflammatory markers (e.g.
TNF-a, IL-1, IL-6 and IFN-y (18;32-36)) may better account for variation in fatigue, and we have not
ascertained how viable DBSS is for their extraction. However, there is no plausible reason why this
method of sample collection could not be used to extract other potential markers in a larger cohort

in the future.

Finally, this study was designed to test the feasibility of DBSS and so, although we had high rates of
data completion, the sample size was small. This precluded formal examination of any relationships
between fatigue, pain, mood and CRP and limits the conclusions which can be drawn from this
dataset. Nevertheless, this study provides evidence to support the use of DBSS within a larger
population that would be better positioned to determine the mechanistic relationship between

these factors, including the existence of lagged-associations and mediators.

Conclusion

Recent developments in remote data collection have provided exciting opportunities to obtain
frequent and repeated measures for a range of self-report data. Here, we have shown that DBSS is a

viable method of objective sample collection for use in mHealth studies. This enables researchers to

11



obtain the serial assessments of symptoms and biological samples necessary to address hitherto

unanswerable questions, such as elucidating the mechanisms of fatigue fluctuations.

12
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Table Legends

Table 1 - Baseline characteristics

tincludes all participants who were recruited, successfully installed the app and provided written
consent to participate. 1Determined using the English (2015; n=37) or Welsh (2014; n=1) Index of
Multiple Deprivation; 2occupation missing for 1 FM participant. All values are median (interquartile

range), except * which are N (%, 95% Confidence interval).

Figure Legends

Figure 1. Fatigue severity scores (1=no fatigue, 5=very severe fatigue) reported on days 1-30.

Each graph represents an individual participant. Light grey: Rheumatoid Arthritis participants, Dark

grey: Osteoarthritis participants, Black: Fibromyalgia participants.

Figure 2. C-Reactive Protein values obtained from participants on days 1-7.

Each graph represents an individual participant. Light grey: Rheumatoid Arthritis participants, Dark

grey: Osteoarthritis participants, Black: Fibromyalgia participants.
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