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What's new?

¢ Medication forgetting among adults with diabetes is common and impacts on
glycaemiccontrol.Nearly a quarter of adults with diabetes report forgetting
medicationrecently.

e Medication forgetting was similar for adults witlype 1 or Type 2 diabetes, awds
associated with younger age and higher IHbA

e Prospective memorglipswere associated witlnedication forgetting among adults
with. Typel or Type 2 diabetes.

e Forgetting to take medication was associated with higéléreported HbA. (+7
mmol/met +0.6%) among respondents wiltlipe 1 diabetes, which is both
statistically ad clinically significant.

e There is ptential for prospective memory-based interventions to support diabetes

self-care

Abstract

Aims Prospective memory has been long considered a fundamental cognitive ability for
optimal medicatiortaking,but the role of prospective memagyrors (termedslips’) in
diabeteselkcare is unclealOur aim was to examirgssociations between prospective
memory and medication taking in adults witype 1 and Type 2 diabetesellitus.

Methods Some901 adults with Typé diabetesind 927Avith Type?2 diabetezompleted a
crosssectional survey focused on the psychological and behavioural aspects of living with
diabetesRespondents reported whetlieey had forgotten to take their diabetes medication
over the previous 14 days.

ResultsTwenty-four percent f = 220) of adults with Typé diabetesand 23% G = 211)

with Type 2 diabeteseported that they had forgotten their medication at least once over the
previous 14 dayslhiswas associated witmoreprospective memorglipsin adults with

Type 1 diabetegodds ratio(OR) 1.09, 95%confidence interval (CI1.05 to 1.13P < 0.001

and Type2 diabetegOR 1.10, 95% CI 1.05 to 1.1B < 0.001); andvith youngerage(both
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groups), insulin pumpse Type 1l diabetef insulintreatmeniType2 diabetef less

frequent blood glucose checks (Type 1 diahetadhigher HIA 1 (Type 1 diabetgs
ConclusionsThese findings suggest that forgetting medication is relatively common among
adults with Type 1 or Type 2 diabetes, and propiddiminary evidencéor its relationship

with selfreportedprospective memorslips

<H1>Introduction

For peoplée witldiabetesan important aspeof selfmanagemens taking medicatio(s) as
needed/reecommendgedls indicated byorse clinical outcomesbserved among those with
suboptimal'medication-taking behavio(it$. Although medication taking is a complex
behaviour; involving both personal and contextual facforgetfulness i®ftencited as the
main reason for not takingedications as recommend&wr example, 5992] and 49%of
adults[3] with Type 2 diabetes haveeportedthatthey have forgotteto take their
medicationf4:

Several studiebave shown the importance of cognition for effective diabetes self-
managemenB]. However the type of cognitive function that specifically relates to
remembering to'take medication, commonly referred to as prospective mé@nasyrarely
mentioned.in the diabetes research literatByecontrastmemory researcamong people

with diabetes*i$ocused on retrospective memory performance, whitteigbility to recall
information from the pag¥]. To our knowledge, only one published study has examined the
role of prospective memorfunctioning indiabetesnedication taking8]. In 2004, using
electronic dos@vent monitors over a 10-day period, Vedtara. [9] found a positive
relationship betweetihe number oprospective memorsglipsand medication taking among
48 older adults:withilype 2 diabetes. This result was expected, given that prospective
memoryhas.been considered a fundamental cognitive ability for optimal medication taking
[10], and*has*been associated with medication taking in a range of health conditions and
situationg11]. However, whether the relationship betweenospective memorgnd
medication taking holds in a larger population sample of adutlsType 1 and Type 2
diabetegsrunknown.

The aimof this'studywas treefold. First, to assesselfreported medication forgetting
frequencyin a large crossectional sample of adults willype 1 diabetes, and insulineated
and noninsulin-treatedType 2 diabetesSecond, to gain a better understanding of the

relationship betweeprospective memorglips and forgetting medication. We hyposieed
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that prospective anetrospective memorgerformancevould have differential sensitivity
for predicting medication forgetting, wihrospective, not retrospectivegmory
performance showing a relationship with medication forgetting. Finally, we aimeddssa
frustration with memoryperformancehypothesizing thgtrospective memorfailures would
be considered'more frustrating thatrospective memorfailures among people with
diabetes.

<H1>Material and methods

<H2>Survey respondentsand procedures

The second'Diabetes MILES (Management and Impact for-temg Empowerment and
Success)}-Australia study (MILES2) was a national, online crossetional survey of the
psychological, behavigal and social aspects of diabettd® full details of which are
reported elsewheif@2]. The primary recruitment strategy relied on accessing the National
Diabetes Services Scheme (NDSS) database to contact paespg@hdentésimilar to
previousMILES:surveys) [13]Eligible respondents could access the survey from 23 March
to 11 May,2015.,A hard copy of the surwegs available for those who requested it. The
survey hadrafinal sample of 2342 respondents (Tygiabetes = 1078, 46%Type 2
diabetesr =1264, 54%). The current report focuses on the subset of respondents who
completedithe questions on medication forgetting and memory performancel (dighetes
n=901;Type? diabetes = 927).

Respondentwith Typel diabetesvereexcluded for the following reasorselfreported
diagnosis @f cognitive impairmenmnt € 7) or diabetes diagnegwithin the previous 12
months = 25); they did not complete tlggiestions relating tmemoryperformance

(n=17) or. medication forgettingn & 50). Respondents with Type 2 diabetes were excluded
for the following-reasonselfreported diagnosis of cognitive impairmenty16)or a
diabetes,diagnosis within the previous 12 montirs 20); they did not complete the general
health sectionn(= 71); they were not using glucodewering medtation to managtheir
diabetegn = 161);theydid not respond to the questions relating to memory performance
(n = 23) ormedication forgettingn & 46).

<H2>Measures

The MILES 2 study included a wide range s#lf-reportmeasureswhich have been
described in detail elsewhdE?]. Measures relevant to the current study are described
below. A studyspecific questiofftailored to the respondent’s treatment reginzskel

respondents if they had forgotten their medication over the previous 14 days #he. *
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PAST 14 DAYS (2 weeks), on how many days have you forgotten to take an insulin injection
or bolu®’. Five response optiongere availableno (0) days, £3 days, 4-7 days, 8-11 days
and 12-14 day®ecause othe small proportion of responses greater than ‘1-3 dsgsies
were collapsed into two categoriedi¢l not forget medicatiorand forgot medication at

least onceoverthe previous 14 days). All analyses were conducted using this dichotomous
indicator of medication forgettingd.o avoid confounding forgetting with other reaséos
missing medicatiosy participants were asked another staggeific question (tailored to their
treatment regimenk.g. ‘In the PAST 14 DAYS (2 weeks), on how many days have you not
taken your diabetes tablets on purpos€Ré same five response options were availatsde.
before,because/othe low frequency of responses greater than ‘1-3 daygses were
collapsed intdmedication never skippédr ‘medication skipped at least ohce

Subjective remory performance asmeasured by the Prospective and Retrospective
Memory Questionnaire (PRMQ14]. The PRMQ consists of twoim subscales that ask
guestions regardingrospectiveandretrospective memorfunctioning. Each question
provides an example of a memory complaint and asks the respondent to estimate the
frequency en.adivgoint scale rangig from 1 = never to 5 = very often, providing a total
maximum 'scale score of 80, with 40 as the maximunedchsubscale. Higher scores
indicate higher selfeported incidence of memory errors or proble@mnsistentvith the

term used by.the PRMQ devpkrs prospective memorgrrors argeferred to asmemory
slips. The termmemoryperformanceis used in a more general contexltere appropriate.
This enablesonsideration of outcome measures not specifically related to completing the
intention, such as compensatory reduction in other concurrent taskféfjal consistency
of the PRMQ in this sample was excellent for bibign respondents withiype 1 diabtes
(Cronbach's alphagotal scale a = 0.93, prospective memosybscale oo = 0.89 and
retrospective memonryubscale o = 0.84) andhose withType 2 diabetes (Cronbach's alpha;
total scale.al.=.0.94, prospective memosybscale a = 0.90 andetrospectivenemory

subscale o =70:87).

Frustratiomwith‘memorfailureswasassessed wittwo additionalPRMQitems whichask
respondentsto indicate how frustrating they find ‘forgetting things from the past’
(retrospectivesmemo)yand ‘forgetting to do things’ (prospective memory) on a four-point
scale ranging from £ not at all frustrating to 4 very frustrating. For analysis, these
variables werelichotomizednto high frustration‘@Quite frustratingand ‘very frustratingy

and low frustration glightly frustrating and ‘not at all frustrating. These two items were

not used in the overall scoring.
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Demographic data included age, sex, employrstattis, highest level efducatiorand
sociceconomic status (SESyhich was determined from the respondentstquete and
based on the Index of Relative Socioeconomic Advantage and Disadvantage (IRSAD), one of
the Socioeconomic Indexes for Areas (SEIFA) [IBciles of the IRSAD were used, where
lower decilessindicate more disadvantage and less advaRtagthe purposes of thiis

study, these deciles were collapsed into three SES groups; low (1-3), middlar(d-kigh
(8-10).Selfreported clinical characteristics included diabetes duration (years), daily
frequencyof self-monitoring of blood glucose (SMBG), number of severe hypaglic
events in the past 6 months (defined as ‘where you needed help or were unable to treat
yourself’), impaired awareness of hypoglycaemia (using the Gold score singléDteyou
know when“your hypos are commencing?’ scored sevanpoint scale, with scores4
indicating impaired awarened4)/] and HbA (in the past 3 monthsbA1. was
dichotomzed into optimal or suboptimal based on the current recommendation that < 53
mmol/mol (/%) is a reasonable goal [18lencethe percentage of respondents reporting
suboptimal HbA¢, > 53 mmol/mol (7%), was reported hef@ assess depressive symptoms,
respondents.completed tBeétem Patient Health Questionnaire (PHJ)19]. Internal
consistency, measured Byonbach’s alphan this sample wagood for both respondents
with Typel diabetega = 0.89) and those with Type 2 diabetes(0.90). Fora
measurement-of anxiety symptoms, respondents completedttdma Generalizé Anxiety
Disorder Scale (GAEY) [20]. Internalconsistencymeasured by Cronbach's alpha, in this
sample was excellent for batkspondents with Type 1 diabetesH0.92) and those with
Type?2 diabetega = 0.93).

<H2>Statistical analysis

The responses.of participants with Type 1 and Type 2 diabetesexamined separately.
Descriptive statistics were used to report medication forgetiingng to the non-normal
distribution-ef.age in both groups and the use of nominal dataya@metric tests were used
to comparelemagraphic characteristics betwgmrticipants witiType 1 and Type 2
diabeteqManm=WhitneyU and chi-squaretksts) Demographic, clinical and psychosocial
characteristics were spby those who did and did not report forgetting their medicatton
least once overthe previoBsveeksand examined usingdds ratios (ORs) with 95%
confidence intervals (CIs).

Logistic regression analysis was used to determine the relationships between several

demographic and clinical variablaadmedication forgettindgor boththe Type 1andType 2
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diabetegroups.Univariate relationships significant at th&22 level wereconsidered in the
model [21],and multicollinearity among these variables was cheakedy thevariance

inflation factorbefore running the regression analy&]. The highesvariance inflation
factorvalues for Typd diabetesandType 2 diabetevariableswere 3.3 and 3.7,
respectively;which are below the traditional-offtof 10 [23] Variables that were not
statistically significant® < 0.05) or did not improve the model were removed and the model
was rerun, following the purposeful covariate selection technique described by Hosmer and
Lemeshowj21]. Results are reported @Rswith 95%Cls. To avoid overfitting the

regression model, the event per variable (EPV)csaé=ulated. The EPV is taken as the ratio
of outcome,events to the number of predictor variables and is expected to beldl [2df

The Hosmerkemeshow test was used to assess modellfjt All statistical analyses were

conducted using R, version 3.425].
<H1>Results

<H2>Respeoendentcharacteristics

Of the 1828.eligible respondents, 901 had Typkabetesnd 927 had Type 2 diabetes.
Sample characteristics are shown ables 1 and 2. Respondents wipe 2 diabetesvere
significantly' older than those wiffiype 1 diabetes (63QR 55 to 68years vs44,IQR 32 to

57 yearsiU.= 161050P < 0.001) and, relatedly, were more likely to be retired448.

15% > = 244705, df = 2, P <0.00)). Respondents with Tygediabeteslso reported bbwer

level of educationwith 27% having a primary level or less comparweth 12% of those with
Typel diabetegy? = 79.92, df = 2, P <0.001), and a larger number of respondents with Type
2 diabeteseported residentigdostcode$rom alower SES area than those with Type 1
diabeteg26% vs.166; > = 31.69, df = 2, P <0.00).

<H2>Medication forgetting among adults withType 1 diabetes

Among respondents with Type 1 diabetes, 20% n= 176) reported
forgetting'theirmedication during the previous 14-day periodedween land 3 days, 2%
(n=19) between 4 and 7 days, 1&(7) between 8 and 11 days, and < 1% 4) between

12 and 14 days. Overall, 23% % 206) of respondents indicated that they had forgotten, and
12% ( =7106) had intentionally skippetheir medication at least once over the fddstlays.
There was a significant relationship between not taking medication and whether it was
intentional(skipped; 12%n = 109 or not (forgotten20%,n = 176, y*=31.3,df=1,P

<0.001. Moreproblems were reported wigitospective memorgn the PRMQ subsca(é9.2

+ 5.9) tharretrospective memorfl 6.1+ 5.2);t(900) = 29.3P < 0.001. Pospectivememory

This article is protected by copyright. All rights reserved



slips were considered more frustrat{d@%;n = 378) tharretrospective memorgrrors
(35%;n =314), > =9.56, df = 1, P =0.002.

Table lalso details thdemographic and clinical characteristics for respondentsTyitle 1
diabetesn terms ofmedication forgetting statuSnivariate analysis identified several
variablesrassociatenith self-reported forgetting of medicatipmcludingfemalegender,
younger agehigher level oeducation, employment (employed) and relationship status
(single), insulin pump treatmemecent severe hypoglycaemic evénmgherHbA ., shorter
diabetes duratiorgreaterdiabetes distress, depressive and anxious symptomatology, and
increase@rospectiveslipsandretrospective memorgrrorsand frustrations.

The 16 variables that were significant at trend levK(0.25) in the univariate analysis were
further analysed.in a multivariate logistic regression m@oble 3. Squared and cubed age
terms had no significant effect in the mode0.90 and 0.73, respectively) suggesting a
linear relatioshipwith medication forgettinglThe final regression modgicludedsix
variableghat were associatesgnificantlywith selfreportedmedication forgetting: younger
age,insulin\pumptreatmentjess frequendaily blood glucose checks, highébA ., recent
history of severe hypoglycaemia agigtaterprospective memorglips The Hosmer—
Lemeshowitestwas nesignificant § = 4.05, df = 8P = 0.85, indicating that the model fit
the datawell’ The EPV was® (1156) indicating that the model could be estimated

accurately.

<H2>Medication forgetting among adults withType 2 diabetes

For respondents withype 2 diabetes, during the previous 14-day perio& 2i= 190
reported forgetting obetween land3 days, 2%r{= 105 between 4&nd 7 days, < 1%
(n=1) between 8 and 11 days, and 1% 6) between 1and14 days. Overall, 28
(n=211) of respondents indicated that they had forgotten, and Z%68§) had intentionally
skipped,their medication at least once over the ddstlaysThere was a significant
relationship-between not taking medication and whether it was intentionap€dkiPo,

n = 68 or not (fargotten21%,n = 190), y> = 38.0, df= 1,P < 0.001. here was no difference
in frustration"ratings betwearospective memorglips (35%; n = 323 andretrospective
memoryerrors (3%; n =290, > = 2.49, df=1,P=0.114.

Table 2 detailssthe demographic and clinical characteristics for respondeniypet
diabetesn terms of medication forgetting statlnivariate analysis identified several
variables related with seteported forgetting of medicatiofemalegender, younger age,

higher level ofeducation, employment (employed), insulin treated, higto#x,, greater
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diabetes distress, depressive and anxious symptomatology, prospectieg@spective
memorycomplains and frustration$he 13 variables that were significant at trend level (

< 0.25) in the univariate analysis were further analysed in a mudtieddgistic regression
model (see Tabl8). Squared and cubed age terms had no significant effect in the model
(P =0.47and"0:74, respectively) suggesting a linear relationship with medication fgygetti
The final regression model includd#deevariableshatwere associatesignificantly with
selfreportedmedicationforgetting younger agansulin treatnentand greater prospective
memoryslips The Hosmerkemeshow test was nesignificant 2 = 7.4, df = 8P = 0.494),
indicating that thenodel fit the data well. The EPV wasl® (102/3 indicating that the

model could be/estimated accurately.

<H1>Discussion

Almost aquarterof those surveyed had forgotten their medication at least once over the
previous 14 dayslhis was associated witlounger age, treatment type (Typéiabetes
insulin pump;. Type 2diabetesnsulin-treated) anghrospective memory; and, in those with
Type 1l diabeteswith less frequent daily glucose checking and increased; HiB¥ospective
memoryslipsiwere reported as more frustrating tretnospective memorsfipsfor adults
with Type I.diabetes

Themedicationforgetting rate®bserved herare within the range report@deviously
among adults*with diabet§$]. This finding is of clinical interesaind relevancéoth because
of the potential impact oglycaemic contro]26] and the equivalerfand sizeable)
prevalencef medicationforgetting between respondents with Type 1 and Type 2 diabetes.
Not taking diabetes medication was more likely to be due to forgetting than intdgtional
skipping it for adults with Type 1 and Type 2 diabetes.

In the final regression modetgatmentegimenwasassociated with medication forgetting
for both_respondestwith Type 1 diabetes and those witiipe 2 diabetes. Insulitreated
respondents:witfiype 2 diabetesvere more likelyto report forgetting their medicatidhan
those using oral hypoglycaemic agedtsiong respondents withype 1l diabetesthose
using an insulin pumpere more likely to report medication forgettithginthose using
injections«The reasons widifferent treatmentegimensnfluence forgetting in this way is
unclear and needs further exploration. No interactions were found betveserand other
demographic variables, such as age or diabetes duration. In the curreset datzio not

have information about dosing frequency, regimen complexity or recent changes in
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medication, all of which have beassociategreviouslywith subogimal medication taking

in a range of chronic conditionsmcluding diabetef27].

The association betwedme odds ofmedicationforgetting and youngexgeis inconsistent

with previous research showingferences in prospective memaugrformance between
younger androlder participants [28For instance, &argescale national survey in the UK has
shown thaprospective memorfunctioning bginsto deteriorate &tweenthethird and fifth
decades of lif¢29]. However, some medication forgetting studies have found a similar
relationshipbetweerforgetting and younger agehile alsohighlighting the impact a busy
lifestyle has,on.memory performance [30].

Forgetting'to take medication in the previous 14 days was assowi#ttesl selfreported

HbA . ~ 7 mmol/mol 0.6%) higher among respondents with Type 1 diabetes, which is both
statistically and clinically significarj26]. The relationship between lower frequency of
SMBG and medication forgetting among respondents Wigle 1 diabetess also

noteworthy. Although it might suggest that those with a higher daily frequency of SMBG are
less likely to forget their medication, performing a blood glucose check is, argaably,
prospective.memortask in itself. As such, it would be expected that increased frequency of
SMBG would'also be associated watleduction irmedication forgetting. Conversely, if an
individual’s' SMBG checks are not optimal, then they might also be forgetting their
medication. This knowledge may be helpful for clinicians, prompting them to also enquire
about medication forgetting if the individual is not checking their glucose as fregasntl
recommended.

As anticipated, only prospective memalipswere associated with medication forgetting in
the final regression models for both Type 1 and T¥pieabetesThis highlights the clinical
relevance oprospective memorfunctioning among adults with diabetes, which has
previously‘gone unrecogred as esearch has focused primarily i@rospective memory
functioning..Consequently, medication reminders (auditory and/or visual) may beantpor
in improving'medication adherence in people with diabetes [hpjrtantly, the fact that
respondents:witiype 1 diabetegound prospective memoslipsmore frustrating than
retrospective memorslipsimplies thatheyconsiderprospective memorglipsto be more
significant.Whether such frustration over medication forgetting is related to the potential
health ©sts or an impact on social status is unclear.

Although this study has several strengths (noted above and replsdadhere)12], some
limitations must be acknowledged. Filsécause¢he dataarecrosssectionalit is not possible

to make anyausal inferenceslthough it should be noted that the theoretical background

This article is protected by copyright. All rights reserved



linking prospective memorgerformance to medication forgetting is robust. Second, the
study did not use a validated measure of medication taking, such as the Morisky igledicat
Adherence Scal¢2]. Whethersubjectiveprospective memorgerformanceamong adults

with diabetesvould beassociate with such a scale is unknowecause the two variables
have neverbeen included together in a diabetes.dtlalyever, the outcome measure
reported here, with itspecificemphasis on forgetting medication, has clear face validity for
the behaviour in question. It showdtsobe acknowledged that verification of medication use
(via medical recorder objective electronicmonitoring would have beeideal Future
research needs to include objective measures of both prospective memory perfamdance
medication,takingo validate theefindings.The issue of sample size is also noteworthy,
especiallywith'regard tahe reducedubset of respondents with Typeliabetes assessed in
the regression 'moddhcorporating assessments of medication forgetting and prospective
memoryperformance ito larger, national studies such as timgoingAustralian Dialetes,
Obesity, and Lifestyle Study [31] would be of significant ben@fith regards to
generakability, the relationship between medication forgetting and prospective memory
performanceieeds to be examined in other populations.

A further limitation isthe absence of data on polypharmacy. The survey did not collect the
prescribed numbetiming and frequency of medication(s) taken, including both diabetes-
specific andbther (e.g. hypertensiotmeatmentsThis information would be helpful when
considering whethenedication forgettings more likely if the individuaheedgo remember

to teke several medicationsrom a theoretical perspectjvhis question is well founded.
Polypharmacy would result in aeggater number of delayed intentions associated with the
same, or darger humber of prospective memory reminder cues §éey. breakfast and
dinner). A wellestablished finding in retrospective memory research is that memory retrieval
can deteriorate wimethe number of similar, competing memaories incref&&s This
phenomenon, known as thfan effect, hasalsobeen shown to disrupt prospective memory
performance [33]. However, research specific to people with diabetes doeswairsy
relationship-baveen medication taking and polypharm§@¥]. Neverthelesshisis an
important.area to explore in future work, as it may highlight an additional burden of
managing multiple medications.

In conclusion, this national studiyashighlightedthat nearly a quarter of adults with diabetes
report forgetting their medication at least once over the pre2iaeeks,and this was
associated with several demographic and clinical characteristidhermorefor the first

time, this study highlights thelationship betweeprospective memory function asdlf
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reported medication forgetting among adults with diabetes. Continued investigatitimeint
prevalence ofliabetes medication forgetting, the rolgpobspective memorgndtheir
associatioawith glycaemic controk likely to be beneficial indentifying individuals who
need more suppowtith remembering to take their diabetes medication
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Table 1 Characteristics of total sample with Type 1 diabetes and byepelfied ‘medication forgetting’ status over the past 14 days

Total Type 1

diabetes sample

past 14 days

Did not forget medication in Forgot medication in

past 14 days

Univariate analysis
Odds ratio (95% ClI)

P-

value

N (%)
Gender
Women
Men
Age, years
Education
Primary_or less
Secondary.or trade
Tertiary
Socio-economic status
High
Medium
Low
Employment.status
Currently.employed
Retired
Other
Relationship=status
Single
In a relationship

Diabetes duration, years

Blood glucose checks, per day

901

537 of 899 (60)
362 of 899 (40)
44 (32,57)

110 of 898 (12)
353 of 898 (39)
435 of 898 (48)

447 of 893 (50)
301 of 893 (34)
145 of 893 (16)

635 of 901 (70)
132 of 901 (15)
134 of 901 (15)

257 of 898 (29)
641 of 898 (71)
15 (9, 29)

681 (76)

392 of 680 (58)
288 of 680 (42)
48 (34,59)

930f 679 (14)
259 of 679 (38)
327 of 679 (48)

339 of 675 (50)
226 of 675 (33)
110 of 675 (16)

472 of 681 (69)
115 of 681 (17)
94 of 681 (14)

181 of 679 (27)
498 of 679 (73)
16 @, 32)

220 (24)

145 of 219 (66)
740f 219 (34)
35.5 (2749)

17 of 219(8)
94 0f 219 (43)
108 of 219 (59)

108 of 218 (50)
75 of 218 (34)
350f 218 (16)

163 of 220 (74)
17 of 220(8)
40 of 220 (18)

76 of 219 (35)
143 of 219 (65)
14 9,29

0.69 (0.5 to 0.95)
0.96 (0.95 to 0.97)

1.99 (1.15 to 3.6)
1.81 (1.05 to 3.26)

1.04 (0.74 to 1.46)
1.00 (0.64 to 1.54)

0.42 (0.24 t0 0.71)
1.23 (0.81 to 1.85)

0.68 (0.49 to 0.95)
0.98 (0.96 to 0.99)

0.03

0.03

<0.001

0.02
0.04

0.81
>0.99

0.002
0.32

0.02
<0.001
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Total Type 1 Did not forget medication in Forgot medication in  Univariate analysis P-
diabetes sample past 14 days past 14 days Odds ratio (95% CI)  value
<3 248 of 900 (28) 168 of 680 (25) 80 of 220 (36) -

4-6 462 of 900 (51) 351 of 680 (52) 111 of 220 (50) 1.16 (0.73t01.79) 0.51

>7 190 of 900 (21) 161 of 680 (24) 29 of 220 (13) 0.98 (0.14t0 4.11) 0.98
Primary diabetes treatment

Insulin pump 330 of 901 (37) 226 of 681 (33) 104 of 220 (47) -

Insulingnjections 571 of 901 (63) 455 of 681 (67) 116 of 220 (53) 0.65 (0.5310 0.82) <0.001
Severe hypoglycaemia: > 1 event in past 6 months 144 of 873 (16) 102 of 659 (15) 42 of 214 (20) 1.33(0.891t0 1.97) 0.16
Self-reported HbA in past 3 months, mmol/mol (%) 57 +15(7.3+1.3) 56 +13(7.2+1.2) 62+17 (7.8 £1.6) 1.41(1.22t01.65) <0.001
Suboptimal bA, (> 53 mmol/mol, >7%) 348 of 568 (61) 246 of 432 (60) 102 of 136 (75) 2.27 (14910 3.53) < 0.001
Diabetes-specific distress: PAID total score 24.8+21.3 23.0+20.3 30.3+23.3 1.02 (1.01t0 1.02) <0.001

PAID >40 171 of 778 (22) 112 of 582 (19) 59 of 196 (30) 1.81 (1.25t0 2.60)  0.002
Anxiety symptoms: GAD-7 total score 47+49 44+48 57+£51 1.05(1.02t0 1.08) < 0.001

GAD-7.>10 117 of 900 (13) 750f 680 (11) 42 of 220 (19) 1.90 (1.25t0 2.87)  0.002
Depressive symptoms: PHQ-8 total score 59+53 54+5.1 7.3x5.6 1.07 (1.04to 1.10) <0.001

PHQ-8'>10 163 of 899 (18) 103 of 680 (15) 60 of 219 (27) 2.11 (1.46 t0 3.03) < 0.001
PRMQ: Tatal score 35.3+10.6 34.2+10.1 38.7+115 1.03(1.02t0 1.05) < 0.001

Prospective memory subscale 19.2+5.9 18.6 +5.6 21.1+6.2 1.07 (1.05t0 1.10) <0.001

Retrospective memory subscale 16.1+5.2 15.7+5.0 175+5.6 1.07 (1.03t0 1.10) <0.001

Prospective memory high frustration 378 of 897 (42) 270 of 678 (40) 108 of 219 (49) 1.47 (1.08 t0 2.00) 0.014

Retrospective memory high frustration 314 of 899 (35) 220 of 679 (32) 94 of 220 (43) 1.56 (1.14t0 2.12) 0.005

Descriptivesstatistics reported eithema®6), mean 1sb or median (interquartile range). Denominators may vary due to missing data. Outcome variable is the proportion of

respondents who forgot their medication in past 14 days.
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PAID, Problem Areas in Diabetes questionnaire; GAD-7, Generalized Anxiety Disorder 7-item scale; PHQ-8, Patient Health Questionnaire Depré&2RidQScale;
Prospective and Retrospective Memory Questionnaire.

Table 2 Charaeteristics of total sample with Type 2 diabetes and byepelfied ‘medication forgetting’ status over the past 14 days

Total Type 2 Did not forget medication in Forgot medication in ~ Univariate analysis P-
diabetes sample past 14 days past 14 days Odds ratio (95% CI)  value
N (%) 927 716 (77) 211 (23)
Gender

Women 390 of 926 (42) 287 of 716 (40) 103 of 210 (49) -

Men 536 of 926 (58) 429 of 716 (60) 107 of 210 (51) 0.69 (0.51t00.95)  0.02
Age, years 63 (55,68) 64 (57,69 58 (52,65) 0.95(0.93t00.97) <0.001
Education

Primary or less 248 of 927 (27) 199 of 716 (27) 49 of 211 (23) -

Secondary or trade 382 of 927 (41) 294 of 716 (41) 88 0of 211 (42) 1.22 (0.82t0 1.81) 0.02

Tertiary 297 of 927 (32) 223 of 716 (31) 740f 211 (35) 1.35(0.90t0 2.04)  0.04
Socio-econemic status

High 355 of 912 (39) 276 of 708 (39) 79 of 204 (39) -

Medium 324 of 912 (36) 246 of 708 (35) 78 of 204 (38) 1.10 (0.77 to 1.58) 0.57

Low 233 of 912 (26) 186 of 708 (26) 47 of 204 (23) 0.88 (0.59 to 1.32) 0.55
Employment status

Currently employed 344 of 927 (37) 472 of 716 (34) 163 of 211 (48) -

Retired 423 of 927 (46) 115 of 716 (51) 17 of 211 (27) 0.38 (0.26 t0 0.54) < 0.001

Other 160 of 927 (17) 94 of 716 (15) 40 of 211 (24) 1.11(0.74t01.66)  0.61
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Total Type 2 Did not forget medication in Forgot medication in  Univariate analysis P-
diabetes sample past 14 days past 14 days Odds ratio (95% CI)  value
Relationship“status

Single 250 of 925 (27) 197 of 716 (28) 53 0f 209 (25) -

In a relationship 675 of 925 (72) 519 of 716 (72) 156 of 209 (75) 1.11 (0.79 to 1.60) 0.54
Diabetes duration, years 12 (7,16) 12 (7,16) 11 6,15 0.99 (0.97 to 1.00) 0.27
Blood glucose checks, per day

<3 795 of 923 (86) 616 of 712 (87) 179 of 21185) -

46 128 of 923 (14) 96 of 712 (13) 320f 211 (15) 1.14 (0.73t01.75)  0.54

>7 0 0f923(0) 0 0f 712(0) 0 0f211(0) -
Primary diabetes treatment

Oral hypoglycaemic agents 461 of 927 (50) 383 of 716 (53) 83 0f 211 (39) -

Insulin 466 of 927 (50) 333 of 716 (47) 128 of 211 (60) 1.77 (1.30t0 2.43) <0.001
Severe hypoglycaemia: > 1 event in past 6 months 37 of 530(7) 30 of 399(8) 7 0f131(5) 0.69 (0.27 to 1.53) 0.40
Self-reported™HbA. in past 3 months, mmol/mol (%) 56 +18 (7.3 1.7) 54+16(7.1+1.4) 61+23(7.7+2.1) 1.21 (1.08 t0 1.37) 0.001
Suboptimal HbA, (> 53 mmol/mol; > 7%,) 262 of 512 (51) 191 of 392 (49) 71 0f 120 (59) 152 (1.01t02.32)  0.001
Diabetes-specific distress: PAID total score 20.1+19.7 17.8+18.5 27.8+21.4 1.02(1.01t0 1.02) <0.001

PAID »40 122 of 800 (15) 750f 614 (12) 47 of 186 (25) 2.43(1.61t03.65) <0.001
Anxiety symptoms: GAD-7 total score 4.7+5.1 42+49 6.3+5.2 1.08 (1.05t0 1.10) <0.001

GAD:-7:>10 138 of 926 (15) 750f 680 (11) 42 of 220 (19) 1.97 (1.32t02.90) <0.001
Depressivesymptoms: PHQ-8 total score 6.7+5.7 6.1+55 89+5.8 1.09 (1.06t0 1.11) < 0.001

PHQ-8 >10 222 of 922 (24) 145 of 712 (20) 77 of 210 (36) 2.26 (1.62t03.16) <0.001
PRMQ: Total.score 35.8+104 345+9.7 40.0+11.6 1.05(1.04t0 1.06) < 0.001

Prospeetive memory subscale 19.1+£5.7 184 +5.3 21.4+6.3 1.10 (1.07t0 1.13) < 0.001

Retrospective memory subscale 16.7 £5.2 16.1+4.9 18.6 +5.7 1.09 (1.06t0 1.13) < 0.001
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Total Type 2 Did not forget medication in Forgot medication in  Univariate analysis P-

diabetes sample past 14 days past 14 days Odds ratio (95% CI)  value
Prospective memory high frustration 323 of 926 (35) 223 of 715 (31) 108 of 211 (47) 1.98 (1.45t02.72) <0.001
Retrospective memory high frustration 290 of 926 (31) 201 of 715 (28) 89 0of 220 (42) 1.87 (1.35t02.56) < 0.001

Descriptive'statistics reported eithema®6), mean 1sb or median (interquartile range). Denominators may vary due to missing data. Outcome variable is the proportion of
respondents who forgot their medication in past 14 days.

PAID, ProblemAreas in Diabetes questionnaire; GAD-7, Generalized Anxiety Disorder 7-item scale; PHQ-8, Patient Health Questionnaire Depré&2RidQScale;
Prospective and Retrospective Memory Questionnaire.

Table 3 Adjusted odds ratios (OR) for factors associated with medication forgetting among respondents with Type 1 and 2 diabetes

Type 1 diabetes (N = 567)* Type 2 diabetes (N = 927)
Forgettingmedication in previous 14 days Adjusted OR (95% CI) P value Adjusted OR (95% Cl) P-value
Age, years 0.97 (0.96 to 0.99) <0.001 0.95 (0.93 t0 0.97) <0.001

Primary diabetes treatment (type 1 diabetes / type 2 diabe

Insulingpumporal hypoglycaemic agents -

Insulin injectiongnsulin 0.65 (0.46 to0 0.92) 0.016 1.86 (1.34 to 2.60) <0.001
Blood glucose checks, per day:
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<3 -

4-6 0.51 (0.29 t0 0.88) 0.016
>7 0.32 (0.15 to 0.66) 0.002
Self-reported HbA in past 3 months 1.33(1.12t0 1.58) 0.001
PRMQ: Prospective memory subscale 1.09 (1.05t0 1.13) <0.001 1.09 (1.06 t0 1.12) <0.001

*Owing to.missing data, the number of respondents with Type 1 diabetes included in the logistic regression analysis was reduced compared with Table 1. In total, 334
respondents were removed from the model; 333 because of a lack gfddbeand one because of primary treatment omission (N =384= 567).

95% ClI, 95%; confidence intervals; PRMQ, Prospective and Retrospective Memory Questionnaire.
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