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Background: The purpose of this study was to explore memory problems that result in 

nonadherence with insulin treatment in people with diabetes from five countries (USA, UK, 

Canada, Germany, People’s Republic of China), as well as the impact of memory problems on 

physical and emotional functioning, work, and diabetes management.

Methods: A web survey was conducted in five countries with diabetic patients taking insulin. 

In three countries, focus groups and interviews with 64 patients treated with insulin were used 

to develop survey items. Three types of memory problems associated with insulin-taking were 

examined: unintentionally forgetting (UF), questioning whether or not one took a dose (QT), and 

questioning how much was taken (QD) over the past month. The survey focused on respondents 

who had experienced at least one of these memory problems.

Results: The incidence of memory problems was high; 93.3% of those eligible for the survey 

reported having had a memory issue in the previous month. A total of 1,754 patients with type 1 

or type 2 diabetes completed the web survey. Sixty-eight percent of respondents reported a 

UF, 79.6% a QT, and 54.7% a QD. A total of 35.9% of respondents reported experiencing all 

three memory problems. Respondents reported that memory problems had negative impacts on 

physical and emotional functioning, as well as time and functioning at work. Many respondents 

indicated that memory problems led them to taking additional blood glucose measurements and 

contacting physicians/health care professionals. The results demonstrated some significant dif-

ferences across countries, some significant variation across patient demographics and disease 

characteristics, and few significant differences across types of insulin regime.

Conclusion: Memory problems related to insulin-taking among people with diabetes were 

experienced by almost all patients. Memory problems are associated with poorer patient well-

being and functioning, increased use of health care resources, lost time, and reduced function-

ing at work. Memory problems should be considered in diabetes treatment in order to improve 

insulin adherence, diabetes management, and patient outcomes.
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Introduction
Medication nonadherence among diabetes patients is a well-known clinical challenge 

in diabetes management, especially for patients on insulin.1,2 Although measures and 

estimates of insulin nonadherence vary, studies suggest that insulin nonadherence is 

quite prevalent, with estimates ranging from approximately one third to two thirds of 

patients.1–7 Among patients with type 1 (T1D) or type 2 (T2D) diabetes treated with 

insulin in eight countries, research indicates that 35% reported insulin nonadherence 

one or more times in the previous month, with an average of 3.4 days of nonadherence 

reported over the previous month among those nonadherers.6

P
at

ie
nt

 In
te

lli
ge

nc
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/PI.S70914
mailto:mbrod@thebrodgroup.net


Patient Intelligence 2014:4submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

44

Brod et al

Insulin nonadherence is clinically relevant because 

research has consistently shown that lack of adherence 

to prescribed insulin regimens is related to poorer health 

outcomes, and better adherence is related to better levels of 

glycemic control.4,8,9 Additionally, research shows that insulin 

nonadherence is associated with increased risk of mortality, 

even after controlling for factors known to increase mortal-

ity rates, such as age, body mass index, cholesterol, blood 

pressure, and smoking status.10 Insulin nonadherence is also 

associated with increased hospital admissions due to diabetic 

ketoacidosis and other acute complications of diabetes.11

While nonadherence due to intentional missing of insulin 

and intentional dose adjustments is well documented,3,7 less is 

understood about the prevalence or consequences of memory 

problems (MPs) related to unintentional nonadherence. 

Unintentional nonadherence may be due to several factors 

or MPs, including forgetting to have insulin available when 

needed as well as simply forgetting to take the insulin at the 

correct time or at the correct dose. A greater understanding of 

these unintentional MPs may help facilitate improved diabe-

tes treatment management strategies and reduce the negative 

clinical consequences of unintentional nonadherence.

The purpose of this web-based survey was to examine 

the frequency and characteristics of unintentional MPs 

among diabetes patients taking insulin in order to better 

understand reasons for MPs, patient concerns, and responses 

to MPs. Further, the web survey aimed to investigate the 

consequences of unintentional nonadherence due to MPs on 

diabetes management, patient functioning and well-being, 

and health care contacts.

Materials and methods
The web-based survey was conducted in five countries 

(USA, UK, Canada, Germany, People’s Republic of China). 

The analyses present results for the overall sample and by 

country.

survey development
To generate items for the survey, focus groups and interviews 

were conducted in the People’s Republic of China, Canada, 

and Germany with diabetes patients taking insulin in order 

to understand MPs from a patient perspective. Transcripts 

from the focus groups were qualitatively analyzed, based 

on grounded theory principles, to derive themes and major 

areas of importance regarding MPs. Survey items were then 

generated based on the qualitative analysis, and items were 

cognitively debriefed for comprehension and usability to 

ensure flow and logic of the web survey.

Participants
The survey was conducted online with respondent recruit-

ment through patient panels and invites via email. Initial 

invites were sent to those preidentified as having diabetes 

(and confirmed via screening). As fielding of the survey 

progressed, invites were sent to the general population. 

Respondents received a minimal honorarium for their 

participation in the survey. To be eligible for the survey, 

respondents had to be at least 18 years of age, have previ-

ously been diagnosed with diabetes by a doctor or health care 

professional, know whether they are diagnosed with T1D or 

T2D, and take insulin using vial and needle or syringe or by 

an insulin pen-injector, either prefilled or durable. Patients 

using insulin pumps were excluded as it was felt that the 

pump may introduce a delivery system bias. Respondents 

who only took fast-acting insulin or had medical conditions 

known to affect memory such as dementia were excluded. 

Recruitment quotas were established for type of insulin 

regime (basal only, basal bolus, and premix), age, type of 

diabetes, and country to ensure adequate sampling across 

groups. Each respondent in the survey received a unique 

identification number. The study was approved by the 

Copernicus Group institutional review board (TBG1-12-

082) in March 2012.

survey variables
All responses to the survey were self-reported, and assessed 

the items described in the following sections. Demographic 

variables included country, age, sex, marital status, educa-

tional level, whether working for pay, number of work hours 

per week, and an ordinal measure of the degree to which the 

respondent has trouble remembering in general. Additionally, 

characteristics related to diabetes including age of diagnosis, 

type of diabetes, age at initiation on an insulin regimen, 

insulin injection method, and whether or not the subject was 

taking oral antidiabetic drugs were collected.

Variables concerning the incidence and prevalence of MPs 

included whether or not each type of MP occurred in the past 

month and ordinal measures of the frequency of MPs (never, 

very rarely, rarely, sometimes, often, very often).

Variables concerning the patient experience of MPs  

included when and where MPs occurred, concerns patients 

had regarding MPs, reasons given for MPs, and how 

patients realized MPs had occurred. Patient confidence in 

dealing with MPs, measured using an ordinal scale, was 

also collected. Additionally, the survey measured respon-

dent use of strategies or visual cues to help them know if 

the appropriate dose was taken when questioning whether 
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or not one took a dose (QT), and questioning how much 

was taken (QD).

Concerns about MP variables included the patient’s 

degree of worry (including double dosing, hyperglycemia, 

and hypoglycemia), which was assessed on a 10-point scale. 

Respondents were asked to indicate their degree of worry 

regarding such factors using numbers ranging from 0 to 10, 

where 0 indicated “not at all worried” and 10 indicated 

“extremely worried”. Such a scale allowed for a more sensi-

tive assessment of degree of worry compared with dichoto-

mous (eg, yes/no) or categorical responses.

Variables concerning the corrective action taken fol-

lowing MPs included the patient’s response to or corrective 

action taken following the MP, which included either measur-

ing blood glucose then taking insulin based on the reading, 

taking an insulin dose without measuring blood glucose, or 

skipping the insulin dose (doing nothing).

Variables concerning the consequences of MPs included 

recovery time following MPs, which was measured by the 

time taken to return to normal physical and emotional func-

tioning, as well as time taken to return to normal blood glu-

cose levels and time to resolve symptoms of hyperglycemia. 

Also assessed was the impact of MPs on physical and emo-

tional functioning at work. These items were also scored 

on a 10-point scale, where 0 indicated “no impact” and 

10 indicated “an extremely negative impact”. Respondents 

were also asked about the number of additional blood glucose 

measurements taken as a result of the MP in both the 24-hour 

and 7-day periods following the MP. Additionally, patient-

reported measures of actual missed work time were captured, 

including being late for work, leaving work early, missing 

meetings/appointments, and missing a full day of work 

following an MP. Whether or not respondents experienced 

hyperglycemia following an MP was also assessed.

Variables concerning the experience with health care 

professionals included whether or not the respondent visited 

a physician or other health care professional due to MP and 

whether or not the respondent contacted (via telephone or 

email) a physician or other health care professionals as a 

result of the MP.

Data analysis
Analyses of the survey data included descriptive statistics 

(means, standard deviations, percentages, and ranges) and 

measures of association, including comparison of means 

and cross tabulations. Statistical significance tests were 

conducted as appropriate. One-way analysis of variance was 

used for comparing means, and Pearson’s chi-square was used 

for analyzing associations between categorical variables. Due 

to a small number of outlier values for questions regarding 

recovery time (time taken to return to normal blood glucose 

level, time for high blood glucose symptoms to resolve, and 

time to return to usual physical and emotional functioning 

following MP), data used in the analyses for these questions 

were trimmed by 5% at the upper level to exclude probable 

reporting errors.

All analyses were conducted on the sample as a whole, 

as well as for each individual country, to explore possible 

cross-country differences. For each MP, the study investigated 

whether or not key findings varied by age, type of diabetes, 

and duration of diabetes because these are important demo-

graphic and disease factors that may influence findings. 

Specifically, analyses were conducted to examine whether 

or not any of these factors were associated with variation in 

frequency of MPs, corrective actions taken following MPs 

(measuring blood glucose and taking dose based on reading, 

taking insulin without measuring blood glucose, or skipping 

insulin dose), any missed work time resulting from MPs, and 

health care contact related to MPs. Differences in results by 

type of insulin regime were also examined.

Results
survey development
A total of 64 persons with diabetes participated in seven 

semistructured focus groups and eight telephone interviews 

in three countries, ie, Canada (n=24), the People’s Republic 

of China (n=24), and Germany (n=16). Focus groups and 

interviews were conducted in each respondent’s native lan-

guage and then translated into English as necessary.

Fifty percent of the focus group respondents were male 

and 67.2% were married. The mean age of the sample was 

50.1 (range 18–72) years. Fifty percent of the sample 

worked full-time for pay, 12.5% worked part-time for pay, 

and 28.1% were retired or not working. A total of 4.7% 

were disabled and unable to work and 4.7% were students. 

A total of 60.9% of participants had post secondary or 

undergraduate education, or beyond. In terms of diabetes 

type, 34.4% had T1D and a 65.6% had T2D. The mean age 

at initiation on an insulin regimen was 41.2 (range 6–64) 

years. On average, patients took 2.6 (range 1–8) injections  

of insulin per day. 

Based on qualitative analysis of the focus group and 

interview transcripts, MPs were classified as: unintentionally 

forgetting (UF), eg, due to not having insulin available when 

forgetting to bring it to a restaurant, QT or QD. These were 

defined in the survey as follows:
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•	 UF – “you were sure you missed (did not take) an insulin 

dose; you did not question whether or not you missed your 

dose. This was not deliberate or intentional and may be 

because you didn’t have your insulin or pen/needles/vial 

with you or they were not available.”

•	 QT – “you questioned yourself, or were unsure, about 

whether or not you took an insulin dose.”

•	 QD – “you questioned yourself, or were unsure, about 

how much insulin you took” (the dose amount).

The major themes identified from the qualitative analy-

sis were:

•	 incidence and prevalence of MPs

•	 the patient’s experience of MPs

•	 concerns about MPs

•	 corrective action taken following MPs

•	 consequences of MPs

•	 experiences with health care professionals.

Item generation for the survey was based on capturing 

the details of each of these themes. The survey was debriefed 

in seven patients to ensure that respondents understood the 

questions as intended and to ensure that the electronic version 

of the survey worked properly. Surveys were administered 

in the native language of each country.

Survey findings
A total of 11,711 potential eligible respondents with diabetes 

were approached for the web survey (Table 1). Of these, 

10,924 respondents had reported some problems with miss-

ing insulin doses in the previous month due to MPs and 

were eligible to continue with the survey. Due to country 

recruitment quotas for demographic/diabetes characteristics, 

9,170 eligible patients were removed from the sample before 

completing the survey, resulting in an analytic sample of 

1,754 patients with diabetes who had experienced at least 

one MP in the previous month (People’s Republic of China, 

n=354; Germany, n=350; USA, n=350; UK, n=350; and 

Canada, n=350).

The survey sample statistics, including demographics, dia-

betes characteristics, and MPs, are shown in Table 2. Briefly, 

the average age of the respondents was 40.0 (range 18–99) 

years, 54.5% were male, and 73.4% worked for pay. Among 

all respondents, 15.2% indicated that they experienced mod-

erate or substantial forgetfulness in general.

A total of 59.7% of respondents had T1D and the mean 

age of first taking insulin was 31.6 years. A total of 30.7% 

of respondents used a vial/syringe for insulin injections, 

while 69.3% used a prefilled pen-injector. A total of 56.2% 

of respondents reported that their diabetes was very well or 

well controlled (compared with moderately controlled, poorly 

controlled, or very poorly controlled), and 67.7% indicated 

that their health was good, very good, or excellent (compared 

with fair or poor).

Prevalence of memory problems
The prevalence of any type of MP in the past month among 

those approached and eligible for the survey (eligible, 

n=11,711; MP, n=10,924) was 93.3%. In the analytic sample 

(n=1,754), 68.0% of respondents reported that, in the past 

month, they had a UF, 79.6% had a QT, and 54.7% had a QD. 

A total of 66.5% reported having experienced at least two of 

the MPs, while 35.9% had experienced all three types of MP 

in the past month.  Analyses revealed significant cross-country 

differences in the incidence of MPs (Figure 1).

Respondents also reported on the frequency with which 

they experienced MPs. Slight variation in the frequency of 

MPs was evident across countries. Overall, the pattern of 

country variation was similar across MPs; however, this 

variation was statistically significant for UF (P,0.001) and 

QT (P,0.01) but not for QD. Table 3 shows the frequency 

of MPs for the full sample and by country.

Table 1 Survey flowchart

People’s  
Republic of 
China

Germany USA UK Canada Total Percentage 
of total 
approacheda

all eligible respondents with diabetesa 3,083 3,377 1,146 1,844 2,261 11,711 34.1%
respondents with diabetes who have no 
memory problems

290 178 118 143 58 787 2.3%

remaining eligible respondents with diabetes and at 
least one memory problem (either UF, QT, or QD)

2,793 3,199 1,028 1,701 2,203 10,924 31.8%

Prevalence of respondents with memory problems 90.6% 94.7% 89.7% 92.2% 97.4% 93.3%
Quota full (removed) 2,443 2,849 678 1,351 1,849 9,170 26.7%
Total in analysis 350 350 350 350 354 1,754 5.1%

Note: aRespondents approached to complete survey, total 34,389; respondents removed because had no diagnosis of diabetes, total 12,929; remaining respondents with 
diabetes, total 21,460; noneligible respondents with diabetes removed for reasons other than memory problems, total 9,749. 
Abbreviations: UF, unintentionally forgetting; QT, questioning whether or not one took dose; QD, questioning how much was taken.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Patient Intelligence 2014:4 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

47

Insulin-taking behavior and memory problems in people with diabetes

Patient experience of memory problems
When patients experienced an MP, they had similar concerns 

across all types of MPs, with the difference that patients 

had the highest concerns for UF, followed by QT and QD. 

Respondents reported that their greatest concern was having 

high blood glucose readings (hyperglycemia) as a result of non-

adherence (UF, 76.3%; QT, 66.5%; QD, 60.2%). Patients also 

reported being concerned about future diabetes complications 

Table 2 Demographics, diabetes, and memory statistics (n=1,754)

People’s  
Republic of China  
(n=354)

Germany 
(n=350)

USA 
(n=350)

UK 
(n=350)

Canada 
(n=350)

Total 
n=1,754

Demographic characteristics
ageb

 Mean (sD) 43.2 (13.4) 39.5 (13.3) 44.3 (16.6) 40.3 (14.3) 37.1 (13.2) 40.0 (14.4)
 range 25–70 18–99 18–75 18–79 18–74 18–99
sexa

 n (%) Male 209 (59.0) 214 (61.1) 179 (51.1) 172 (49.1) 182 (52.0) 956 (54.5)
Marital statusb

 n (%) Married/partnered 308 (87.0) 250 (71.5) 174 (49.7) 244 (69.8) 188 (53.7) 1,164 (66.3)
 n (%) single 35 (9.9) 77 (22.0) 107 (30.6) 86 (24.6) 138 (39.4) 443 (25.3)
educationb

 n (%) high school 35 (9.9) 156 (44.6) 130 (37.1) 101 (28.9) 124 (28.9) 546 (31.1)
 n (%) college/grad school 319 (90.1) 191 (54.6) 220 (62.9) 225 (64.3) 223 (63.7) 1,178 (67.2)
Work for payb

 n (%) Yes 313 (88.4) 288 (82.3) 174 (49.7) 270 (77.1) 243 (69.4) 1,288 (73.4)
hours workedb

 Mean (sD) 39.6 (6.2) 39.0 (7.1) 36.2 (10.6) 34.9 (9.8) 38.4 (12.1) 37.8 (9.3)
general trouble rememberingb

 n (%) Moderate/substantial 44 (12.4) 20 (5.7) 74 (21.1) 54 (15.4) 74 (21.1) 266 (15.2)
Diabetes characteristics
age diagnosedb

 Mean (sD) 36.9 (10.0) 30.2 (12.6) 30.3 (16.5) 25.5 (12.3) 24.2 (13.1) 29.4 (14.1)
Diabetes typeb

 n (%) Type 1 217 (61.3) 210 (60.0) 180 (51.4) 182 (52.0) 259 (74.0) 1,048 (59.7)
 n (%) Type 2 137 (38.7) 140 (40.0) 170 (48.6) 168 (48.0) 91 (26.0) 706 (40.3)
Age first took insulinb

 Mean (sD) 38.7 (11.8) 31.8 (13.6) 34.0 (19.0) 27.0 (13.8) 26.2 (14.6) 31.6 (15.4)
Insulin methodb

 n (%) needle/syringe 102 (28.8) 54 (15.4) 177 (50.6) 101 (28.9) 105 (30.0) 539 (30.7)
 n (%) Prefilled/durable pen 252 (71.2) 296 (84.6) 173 (49.4) 249 (71.1) 245 (70.0) 1,215 (69.3)
Oral medicationsb

 n (%) Yes 198 (55.9) 87 (24.9) 142 (40.6) 102 (29.1) 102 (29.1) 631 (36.0)
Times Bg monitored per dayb

 Mean (sD) 1.8 (1.2) 2.6 (2.2) 3.0 (1.8) 2.6 (1.7) 3.1 (2.1) 2.6 (1.9)
how well controlledb

 n (%) Well/very well 177 (50.0) 275 (78.6) 123 (35.1) 231 (66.0) 179 (51.1) 985 (56.2)
health statusb

 n (%) good/very good/excellent 193 (54.5) 239 (68.3) 214 (61.1) 289 (82.6) 253 (72.3) 1,188 (67.7)
Memory and insulin
Missed an insulin dose (UF)b,c

 n (%) 264 (74.6) 259 (74.0) 225 (64.3) 233 (66.6) 212 (60.6) 1,193 (68.0)
Questioned whether dose taken (QT)b,d

 n (%) 294 (83.1) 287 (82.0) 252 (72.0) 297 (84.9) 267 (76.3) 1,397 (79.6)
Questioned dose amount taken (QD)b,e

 n (%) 233 (65.8) 239 (68.3) 133 (38.0) 199 (56.9) 156 (44.6) 960 (54.7)

Notes: Chi-square/ANOVA tests indicate significant differences by country. aP,0.01; bP,0.001; c“You were sure you missed (did not take) an insulin dose (within the 
last month)”; “you did not question whether or not you missed your dose. This was not deliberate or intentional and may be because you didn’t have your insulin or 
pen/needles/vial with you or they were not available”; d“You questioned yourself, or were unsure, about whether or not you took an insulin dose”; e“You questioned yourself, 
or were unsure, about how much insulin you took”. 
Abbreviations: ANOVA, one-way analysis of variance; BG, blood glucose; UF, unintentionally forgetting; QT, questioning whether or not one took dose; QD, questioning 
how much was taken; sD, standard deviation.
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as a result of their MP (UF, 64.5%; QT, 54.0%; QD, 54.4%). 

Significant country differences in respondent concerns were 

evident. Table 4 shows the most prevalent concerns patients 

had regarding MPs for the total sample and by country.

The degree of feeling confident about what to do when 

nonadherent due to an MP was also similar across all three 

types of MP, with about one third of respondents reporting 

that they felt “very” or “extremely” confident in knowing what 

80.5%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
People’s 

Republic of China
Germany USA UK Canada Total

72.0%

42.5%

52.3% 53.7%

20.6%

40.3%

68.0%

58.0%

66.5%

23.4%

35.9%

Experienced 2
or more MPs in
past month (%)

Experienced all
3 MPs in past
month (%)

Figure 1 Incidence of memory problems (MPs) in past month.

Table 3 Frequency of memory problems

People’s Republic 
of China

Germany USA UK Canada Total

Unintentionally forgetting
never 0.4% 7.7% 4.4% 8.2% 5.7% 5.2%
Very rarely (just a few times a year) 29.5% 23.6% 32.4% 32.6% 43.4% 31.9%
rarely (less than once a month) 26.5% 44.8% 21.8% 33.0% 20.3% 29.8%
sometimes (at least once a month) 38.3% 18.5% 25.4% 18.0% 18.9% 24.1%
Often (at least 2–3 times a month) 4.9% 3.1% 11.6% 5.6% 8.0% 6.5%
Very often (at least once a week) 0.4% 2.3% 4.4% 2.6% 3.8% 2.6%
Weighted average UF events per yeara 8.2 7.3 10.1 7.5 8.3 8.2
Questioning whether or not took dose
never 3.4% 6.6% 7.5% 6.1% 7.5% 6.2%
Very rarely (just a few times a year) 32.7% 23.0% 32.9% 37.4% 37.5% 32.6%
rarely (less than once a month) 30.3% 44.3% 26.6% 30.3% 25.5% 31.6%
sometimes (at least once a month) 31.0% 17.8% 25.0% 18.9% 20.2% 22.5%
Often (at least 2–3 times a month) 2.4% 7.3% 6.0% 6.1% 5.2% 5.4%
Very often (at least once a week) 0.3% 1.0% 2.0% 1.3% 4.1% 1.7%
Weighted average QT events per yeara 6.9 7.5 7.7 7.0 8.1 7.4
Questioning how much was taken
never 6.9% 14.6% 20.3% 16.1% 22.4% 15.1%
Very rarely (just a few times a year) 28.3% 14.6% 29.3% 27.1% 36.5% 26.1%
rarely (less than once a month) 33.0% 48.5% 27.8% 36.2% 20.5% 30.7%
sometimes (at least once a month) 27.9% 15.1% 17.3% 16.6% 16.7% 19.1%
Often (at least 2–3 times a month) 2.6% 6.7% 5.3% 3.0% 3.8% 4.3%
Very often (at least once a week) 1.3% 0.4% 0.0% 1.0% 0.0% 1.0%
Weighted average QD events per yeara 7.2 6.8 5.6 5.9 4.9 6.2

Notes: aWeighted average is calculated under the following assumptions: never = 0 times per year; very rarely (just a few times a year) = 2 times per year; rarely (less than 
once a month) = 6 times per year; sometimes (at least once a month) = 12 times per year; often (at least 2–3 times a month) = 24 times per year; very often (at least once 
a week) = 52 times per year. 
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to do when experiencing an MP (UF, 34.0%; QT, 35.9%; QD, 

33.3%). Table 5 shows the findings for feelings of confidence 

for the total sample and by country.

The three most common ways respondents realized that 

they had an MP were “I just didn’t feel right or like myself ” 

(UF, 47.8%; QT, 51.0%; QD, 63.2%), followed by having a high 

blood glucose test result (UF, 38.8%; QT, 31.1%; QD, 35.8%) or 

having symptoms due to high blood glucose levels (UF, 29.4%; 

QT, 22.8%; QD, 21.3%). For all three MPs, being busy was the 

most common reason given for the MP (UF, 28.5%; QT, 36.4%; 

QD, 33.9%), followed by being tired (UF, 27.9%; QT, 33.8%; 

QD, 21.9%) and a major disruption (UF, 25.9%; QT, 15.6%; 

QD, 17.3%). Significant differences in reasons given for the 

MP were evident across countries. Figure 2 shows reasons for 

QT for the total sample and by country.

Respondents most frequently reported being at work 

(UF, 20.0%; QT, 15.3%; QD, 16.8%), waking in the morning 

(UF, 25.8%; QT, 21.0%; QD, 15.2%), relaxing (UF, 18.5%; 

QT, 23.5%; QD, 24.6%), or doing household jobs/running 

errands (UF, 12.7%; QT, 16.2%; QD, 18.5%) when their 

MP occurred. Significant country differences were apparent 

for each MP, but differences varied across types of MP. 

The majority of respondents (QT, 69.6%; QD, 80.4%) 

reported using a strategy or visual cue (such as putting an 

insulin pen in a particular place) to find out whether the 

appropriate insulin dose or dose amount was taken when 

experiencing QT or QD. More specifically, most respondents 

indicated that they used a strategy or visual cue and knew 

for sure that the appropriate dose was taken (QT, 32.0%; 

QD, 38.9%), followed by using a strategy or visual cue and 

knowing that the appropriate dose was not taken (QT, 23.1%; 

QD, 26.5%), using a strategy or visual cue and still question-

ing (QT, 14.5%; QD, 15.0%), and not using a strategy or 

visual cue (QT, 30.4%; QD, 19.6%).

Table 4 Top concerns regarding memory problems

People’s Republic 
of China

Germany USA UK Canada Total

Unintentionally forgettinga

having high blood sugar readings (hyperglycemia) P,0.001 84.4% 88.7% 74.9% 57.0% 73.0% 76.3%

Future diabetes complications P,0.001 56.3% 80.3% 63.7% 64.0% 57.5% 64.5%

Causing family members to worry P,0.001 63.5% 28.9% 37.2% 20.1% 42.0% 39.2%
Questioning whether or not took dosea

having high blood sugar readings (hyperglycemia) P,0.001 71.8% 86.6% 70.8% 43.4% 60.7% 66.5%

having low blood sugar readings (hypoglycemia) P,0.001 15.8% 10.8% 29.2% 44.8% 31.2% 26.2%

Future diabetes complications P,0.001 49.6% 73.1% 56.2% 42.3% 49.4% 54.0%

Causing family members to worry P,0.001 57.7% 23.5% 29.6% 20.8% 41.7% 34.9%
Questioning how much was takena

having high blood sugar readings (hyperglycemia) P,0.001 66.4% 85.8% 57.5% 28.1% 52.9% 60.2%

having low blood sugar readings (hypoglycemia) P,0.001 23.0% 12.3% 56.6% 71.9% 34.7% 36.4%

Future diabetes complications P,0.001 48.4% 81.9% 55.7% 30.5% 50.4% 54.4%

Causing family members to worry P,0.001 54.4% 25.5% 29.2% 13.2% 33.1% 32.3%

Note: aQuestion stem: “What are you concerned about as a result of…”.

Table 5 Confidence when experiencing memory problems

Miss an insulin dose? (UF)a People’s Republic 
of China

Germany USA UK Canada Total 
(n=1,131)

not at all/a little 35.0% 8.8% 28.4% 41.6% 34.0% 29.3%
somewhat 54.0% 19.2% 34.9% 38.3% 35.5% 36.7%
Very/extremely 11.0% 72.0% 36.7% 20.1% 30.5% 34.0%
Question whether or not you 
took your insulin dose?a

People’s Republic 
of China

Germany USA UK Canada Total 
(n=1,131)

not at all/a little 31.0% 11.6% 22.7% 30.8% 25.5% 24.5%
somewhat 58.4% 18.3% 39.1% 40.5% 40.5% 39.6%
Very/extremely 10.6% 70.1% 38.2% 28.7% 34.0% 35.9%
Are unsure about how much 
insulin you took?a

People’s Republic 
of China

Germany USA UK Canada Total 
(n=815)

not at all/a little 30.0% 7.4% 34.0% 36.5% 28.1% 25.9%
somewhat 57.1% 19.6% 35.8% 50.3% 38.8% 40.9%
Very/extremely 12.9% 73.0% 30.2% 13.2% 33.1% 33.2%

Note: aQuestion stem: “How confident are you that you know what to do when you…”.
Abbreviation: UF, unintentionally forgetting.
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Patient concerns about memory 
problems
Based on a 10-point scale (0, not at all worried; 10, extremely 

worried), respondents expressed moderate worry about double 

dosing, hypoglycemia, and hyperglycemia when considering 

which corrective action to take following their MP. Respondents 

who experienced QT had an average rating of 5.8 while those 

who experienced a QD had an average rating of 6.1 for concerns 

about double dosing when making a corrective action decision. 

Respondent concerns about low blood glucose, ie, hypogly-

cemia (UF, 5.6; QT, 5.5; QD, 5.9) and high blood glucose, ie, 

hyperglycemia (UF, 6.6; QT, 6.3; QD, 6.6) when considering 

corrective actions following an MP were also moderate.

Corrective actions taken following 
memory problems
Respondents reported that after experiencing an MP, they took 

corrective action by measuring their blood glucose level to 

determine their next action, taking an insulin dose without 

measuring blood glucose, or taking no action (skipping a dose 

and waiting for the next scheduled dose). For UF, the majority 

of respondents reported measuring their blood glucose and 

taking an insulin dose based on the reading (45.8%), followed 

by skipping a dose (27.4%) and taking an insulin dose without 

measuring blood glucose (26.7%). For QT, the majority of 

respondents responded by skipping a dose (39.6%), followed 

by measuring their blood glucose and taking insulin based 

on the reading (38.4%) and taking an insulin dose without 

measuring blood glucose (22.1%). For QD, the majority of 

respondents measured their blood glucose and took insulin 

based on the reading (41.3%), followed by skipping a dose 

(32.7%) and taking an insulin dose without measuring blood 

glucose (26.0%). For both UF and QD, patients who measured 

their blood glucose following the MP were significantly more 

likely to report experiencing hyperglycemia following the MP. 

Table 6 shows the corrective actions taken after having an MP 

for the total sample and by country.

Consequences of memory problems
recovery time
For each type of MP, about half of respondents reported 

experiencing high blood glucose symptoms (hyperglycemia) 

as a consequence of their MP (UF, 58.4%; QT, 48.7%; QD, 

46.4%). For those experiencing high blood sugar symptoms, 

recovery times for UF were longer than those for QT and 

QD, as shown in Table 7. On average, respondents reported 

that it took 7.7 hours for their blood glucose to return to the 

normal range following UF (QT, 1.2 hours; QD, 1.0 hour). 

Respondents reported that it took an average of 7.2 hours 

for high blood glucose symptoms to resolve following UF 

(QT, 1.0 hour; QD, 1.1 hours). For UF, respondents also 

reported that it took 8.4 hours to return to their usual level 
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Figure 2 Top three reasons for questioning whether or not took dose.
Note: responses not mutually exclusive.
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of physical functioning (QT, 1.4 hours; QD, 1.1 hours) 

and 9.6 hours to return to their usual level of emotional 

functioning (QT, 1.5 hours; QD, 1.2 hours). Table 7 shows 

the recovery times after an MP for the total sample and by 

country.

Impact on functioning and well-being
Respondents consistently reported that MPs had a moderate 

negative impact on both physical and emotional function-

ing outside of work. On a 10-point scale (0, no impact; 

10, extremely negative impact), respondents reported that 

MPs had a moderate negative impact on physical functioning 

the following day (UF, 5.6; QT, 5.3; QD, 5.8), which included 

performing one’s normal daily activities at one’s usual level 

(outside of work). Respondents also reported that MPs had 

a moderate negative impact on emotional functioning the 

following day (UF, 5.8; QT, 5.5; QD, 6.2), which again 

includes performing one’s normal daily activities at one’s 

usual level (outside of work).

Impact on diabetes management
Respondents conducted, on average, an additional 1.4 extra 

blood glucose measurements following a UF, while those who 

experienced a QT or QD measured their blood glucose less 

than one extra time, on average, in the 24 hours after the MP 

(QT, 0.6; QD, 0.7, shown in Table 8). Those experiencing UF 

conducted an average of 4.9 extra blood glucose measure-

ments in the 7 days following the MP (QT, 1.8; QD, 2.4). 

Table 8 shows the impact of MPs on diabetes management 

for the total sample and by country.

Impact on work
Respondents were asked to indicate the impact MPs had on 

their functioning using numbers based on a 10-point scale 

(0, no impact; 10, extremely negative impact). As shown in 

Table 9, patients reported that MPs had a moderate negative 

impact on physical functioning at work (UF, 6.1; QT, 5.6; 

QD, 6.0). Likewise, respondents indicated that MPs had a 

moderate negative impact on emotional functioning at work 

(UF, 6.4; QT, 5.8; QD, 6.5). Table 9 shows the impact of 

MPs on functioning while at work for the total sample and 

by country.

Close to one fifth of respondents reported that they 

were late to work (UF, 18.9%; QT, 17.3%; QD, 19.9%) or 

left work early (UF, 20.6%; QT, 14.8%; QD, 21.5%) as a 

result of their MP. Additionally, for all MPs, close to 10% 

Table 6 Corrective actions following memory problems

Unintentionally forgetting People’s  
Republic of China 
n=230

Germany 
n=104

USA 
n=181

UK 
n=190

Canada 
n=155

Total 
n=860

Tested my blood sugar and took a dose of insulin 
based on the reading (%)

61.3 46.2 37.6 41.6 37.4 45.8

Took a dose of insulin without testing my blood 
sugar before taking the dose (%)

17.0 26.0 23.2 44.7 23.9 26.7

Waited (skipped dose) and took next regularly 
scheduled dose of insulin (did nothing) (%)

21.7 27.9 39.2 13.7 38.7 27.4

Questioning whether or not took dose People’s  
Republic of China 
n=96

Germany 
n=56

USA 
n=86

UK 
n=86

Canada 
n=93

Total 
n=417

Tested my blood sugar and took a dose of insulin 
based on the reading (%)

55.2 44.6 36.0 36.0 21.5 38.4

Took a dose of insulin without testing my blood 
sugar before taking the dose (%)

12.5 14.3 23.3 31.4 26.9 22.1

Waited (skipped dose) and took next regularly 
scheduled dose of insulin (did nothing) (%)

32.3 41.1 40.7 32.6 51.6 39.6

Questioning how much was taken People’s  
Republic of China 
n=74

Germany 
n=29

USA 
n=33

UK 
n=50

Canada 
n=49

Total 
n=235

Tested my blood sugar and took a dose of insulin 
based on the reading (%)

64.8 34.5 30.3 24.0 34.7 41.3

Took a dose of insulin without testing my blood 
sugar before taking the dose (%)

12.2 17.2 18.2 50.0 32.7 26.0

Waited (skipped dose) and took next regularly 
scheduled dose of insulin (did nothing) (%)

23.0 48.3 51.5 26.0 32.6 32.7
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reported that they missed a full day of work as a result of the 

MP (UF, 12.0%; QT, 7.6%; QD, 12.7%), and slightly more 

indicated that they missed a meeting or work appointment 

due to the MP (UF, 21.8%; QT, 14.8%; QD, 18.2%). Based 

on the frequency of MPs per patient per year (Table 3),  

this roughly corresponds to patients going late to work 1.5 

times per year (UF, 1.5; QT, 1.3; QD, 1.2), leaving work 

early approximately 1.5 times per year (UF, 1.7; QT, 1.1; 

QD, 1.3), and missing on average one full day of work 

per year (UF, 1.0; QT, 0.6; QD, 0.8) as a result of MPs. 

On average, patients missed about 1.5 meetings or work 

appointments due to the MP (UF, 1.8; QT, 1.1; QD, 1.1). 

Table 10 shows the impact of MPs on ability to function at 

work for the total sample and by country.

For both UF and QT, measuring blood glucose was associ-

ated with a significantly greater likelihood of missing work 

time, including going in late to work, leaving work early, 

missing work-related appointments or meetings, and missing 

a full day of work. Among those who measured blood glucose 

following a UF, 45.1% reported missing work compared with 

32.4% of those who do not measure blood glucose. Like-

wise, among those who measured blood glucose following 

a QT, 39.1% reported missed work, compared with 17.5% 

of those who did not measure blood glucose. Although QD 

showed a similar pattern, the differences were not statistically 

significant. Table 10 shows the impact of MPs on missed work 

time for the total sample and by country.

Contact with health care professionals
For all three MPs, a number of patients reported visiting a phy-

sician or other health care professional because of their MP or 

how they felt as a result of the MP (UF, 20.8%; QT, 14.6%; 

QD, 21.3%). Similarly, a number of patients also reported 

calling or emailing a physician or health care professional 

because of their MP (UF, 23.4%; QT, 16.1%; QD, 24.7%). 

Table 11 shows the impact of MPs on contacts with health 

care professionals for the total sample and by country.

Influence of age, diabetes type, duration 
of diabetes, and insulin regime on MPs
Unintentional forgetting
For UF, the results showed some significant variation by age, 

type of diabetes, and duration of disease, as measured by years 

with a diagnosis of diabetes. Age was significantly associated 

Table 7 Mean number of hours to recovery following memory problems

People’s  
Republic of  
China

Germany USA UK Canada Total

Unintentionally forgetting
This last time, how long did it take for you to get your 
high blood sugar levels back into a normal range?

8.3 (n=225) 6.4 (n=101) 8.6 (n=165) 5.8 (n=178) 8.7 (n=147) 7.7 (n=816)

How long did it take for all of your high blood sugar 
symptoms to go away?

8.7 (n=218) 6.2 (n=100) 7.3 (n=170) 6.0 (n=183) 6.9 (n=144) 7.2 (n=815)

How long did it take until you felt you were physically 
functioning again at your usual normal level?

9.5 (n=212) 6.2 (n=102) 9.8 (n=172) 7.0 (n=182) 8.7 (n=148) 8.4 (n=816)

How long did it take until you felt you were emotionally 
functioning again at your usual normal level?

11.6 (n=211) 9.8 (n=102) 9.3 (n=171) 8.2 (n=184) 8.8 (n=148) 9.6 (n=816)

Questioning whether or not took dose
This last time, how long did it take for you to get your 
high blood sugar levels back into a normal range?

1.2 (n=209) 1.5 (n=115) 1.3 (n=159) 0.7 (n=203) 1.7 (n=161) 1.2 (n=847)

How long did it take for all of your high blood sugar 
symptoms to go away?

1.2 (n=205) 1.1 (n=115) 0.9 (n=162) 0.5 (n=204) 1.4 (n=161) 1.0 (n=847)

How long did it take until you felt you were physically 
functioning again at your usual normal level?

1.3 (n=205) 1.3 (n=114) 1.7 (n=163) 0.8 (n=205) 1.9 (n=163) 1.4 (n=850)

How long did it take until you felt you were emotionally 
functioning again at your usual normal level?

1.8 (n=207) 1.0 (n=113) 1.4 (n=161) 0.8 (n=205) 2.3 (n=164) 1.5 (n=850)

Questioning how much was taken
This last time, how long did it take for you to get your 
high blood sugar levels back into a normal range?

0.7 (n=151) 1.3 (n=56) 1.5 (n=73) 0.7 (n=141) 1.9 (n=79) 1.0 (n=500)

How long did it take for all of your high blood sugar 
symptoms to go away?

0.8 (n=151) 1.6 (n=56) 1.6 (n=74) 0.5 (n=141) 1.8 (n=76) 1.1 (n=498)

How long did it take until you felt you were physically 
functioning again at your usual normal level?

0.8 (n=151) 0.9 (n=55) 1.1 (n=73) 0.5 (n=140) 2.7 (n=79) 1.1 (n=498)

How long did it take until you felt you were emotionally 
functioning again at your usual normal level?

1.1 (n=152) 0.8 (n=55) 1.4 (n=74) 0.5 (n=140) 2.8 (n=77) 1.2 (n=498)

Note: Data were trimmed by 5% at the upper level for each variable to exclude probable reporting errors.
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with frequency of UF, corrective action taken following UF, 

missed work time, and health care contact due to UF. Spe-

cifically, those who experienced UF either “often/very often” 

had a slightly higher average age (43.8 years) than those who 

experienced UF less frequently (“sometimes”, 41.5 years; 

“very rarely/rarely”, 40.2 years; “never”, 42.3 years, P,0.05). 

Additionally, in terms of corrective action taken following UF, 

those who skipped a dose were significantly older (45.8 years) 

than those who measured blood glucose and took insulin 

based on a reading (39.1 years) and those who took insulin 

without measuring blood glucose (40.5 years, P,0.001). 

Moreover, those who missed work time were significantly 

younger (mean age 36.1 years) than those who did not miss 

time at work (39.1 years, P,0.01). Also, those who contacted 

health care professionals due to an MP were significantly 

younger (37.4 years) than those who did not contact health 

care professionals (43.2 years, P,0.001). 

Type of diabetes also had a significant impact on some 

results for UF, including corrective action and health 

care contact. Specifically, subjects with T2D were significantly 

Table 8 Additional blood glucose measurements following memory problems

Unintentionally forgetting People’s Republic 
of China

Germany USA UK Canada Total 
(n=860)

average extra Bg strips used (1 day) 1.5 1.5 1.1 1.4 1.5 1.4
average extra Bg strips used (7 days) 4.4 4.4 3.7 6.8 5.0 4.9
extra Bg strips used per patient per year (1 day)a 12.2 10.7 11.1 10.1 12.4 11.5
extra Bg strips used per patient per year (7 days)a 35.6 32.1 37.4 51.2 41.4 40.2
Questioning whether or not took dose People’s Republic 

of China
Germany USA UK Canada Total 

(n=896)
average extra Bg strips used (1 day) 0.6 0.7 0.7 0.5 0.6 0.6
average extra Bg strips used (7 days) 1.9 1.2 2.4 1.7 1.9 1.8
extra Bg strips used per patient per year (1 day)a 4.4 5.0 5.4 3.2 5.2 4.4
extra Bg strips used per patient per year (7 days)a 13.1 8.7 18.5 12.0 15.4 13.3
Questioning how much was taken People’s Republic 

of China
Germany USA UK Canada Total 

(n=525)
average extra Bg strips used (1 day) 0.8 0.8 0.7 0.5 0.7 0.7
average extra Bg strips used (7 days) 2.5 2.1 2.4 2.6 2.5 2.4
extra Bg strips used per patient per year (1 day)a 5.6 5.5 3.9 2.8 3.4 4.3
extra Bg strips used per patient per year (7 days)a 17.7 14.2 13.4 15.6 12.1 14.9

Note: aAverage extra BG strips used multiplied by the number of events per patient per year. 
Abbreviation: Bg, blood glucose.

Table 9 Impact of memory problems on functioning at work and missed work time

Unintentionally forgetting People’s  
Republic of China 
n=203

Germany 
n=81

USA 
n=95

UK  
n=158

Canada 
n=100

Total 
n=637

On a scale of 0–10, impact your ability to function 
physically at your usual level at work? Mean (sD)

6.5 (2.4) 6.8 (2.7) 5.4 (3.2) 5.9 (2.4) 5.7 (2.4) 6.1 (2.6)

On a scale of 0–10, impact your ability to function 
emotionally at your usual level at work? Mean (sD)

6.7 (2.5) 6.7 (2.7) 5.3 (3.2) 6.8 (2.4) 5.7 (2.4) 6.4 (2.6)

Questioning whether or not took dose People’s  
Republic of China  
n=85

Germany 
n=43

USA 
n=43

UK 
n=65

Canada 
n=61

Total 
n=297

On a scale of 0–10, impact your ability to function 
physically at your usual level at work? Mean (sD)

6.7 (2.4) 5.2 (3.0) 5.4 (2.9) 5.4 (2.7) 4.6 (2.7) 5.6 (2.8)

On a scale of 0–10, impact your ability to function 
emotionally at your usual level at work? Mean (sD)

6.8 (2.5) 5.2 (3.1) 5.3 (2.9) 6.1 (2.8) 4.8 (2.8) 5.8 (2.9)

Questioning how much was taken People’s  
Republic of China 
n=68

Germany 
n=23

USA 
n=15

UK 
n=45

Canada 
n=38

Total 
n=189

On a scale of 0–10, impact your ability to function 
physically at your usual level at work? Mean (sD)

6.7 (2.0) 5.2 (2.7) 6.5 (2.1) 5.7 (2.6) 5.3 (2.4) 6.0 (2.4)

On a scale of 0–10, impact your ability to function 
emotionally at your usual level at work? Mean (sD)

7.1 (2.3) 5.3 (2.9) 6.3 (2.2) 6.8 (2.2) 5.7 (2.8) 6.5 (2.5)

Abbreviation: sD, standard deviation.
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Table 10 Impact of memory problems on ability to function at work

Unintentionally forgetting People’s  
Republic of China 
n=203

Germany 
n=81

USA  
n=95

UK  
n=158

Canada 
n=100

Total 
n=637

Did you go late to work? n (%) 50 (25.0) 8 (10.5) 11 (13.6) 33 (22.0) 12 (12.6) 114 (18.9)
Total minutes, mean (sD) 63.8 (57.8) 226.3 (254.5) 73.8 (90.7) 123.8 (126.4) 161.1 (176.1) 103.8 (126.7)
Did you leave work early? n (%) 49 (24.5) 10 (13.2) 10 (12.3) 32 (21.3) 23 (24.2) 124 (20.6)
Total minutes, mean (sD) 94.5 (69.4) 86.5 (49.3) 153.9 (109.7) 120.0 (104.1) 78.3 (77.7) 102.2 (84.8)
Did you miss a full day? n (%) 23 (11.5) 9 (11.8) 5 (6.2) 22 (14.7) 13 (13.7) 72 (12.0)
Did you miss a meeting, a work appointment 
or did you not finish a task on time? n (%)

56 (28.0) 10 (13.2) 15 (18.5) 32 (21.3) 18 (18.9) 131 (21.8)

Average numbers of times going late to 
work per patient per yeara

2.1 0.8 1.4 1.7 1.0 1.5

Average numbers of times leaving work 
early per patient per yeara

2.0 1.0 1.2 1.6 2.0 1.7

Average numbers of times missing a full day 
per patient per yeara

0.9 0.9 0.6 1.1 1.1 1.0

Average numbers of times miss a meeting, a 
work appointment or did not finish a task on 
time per patient per yeara

2.3 1.0 1.9 1.6 1.6 1.8

Questioning whether or not took dose People’s  
Republic of China 
n=85

Germany 
n=43

USA  
n=43

UK  
n=65

Canada 
n=61

Total 
n=297

Did you go late to work? n (%) 26 (31.0) 4 (10.0) 5 (13.2) 6 (10.0) 7 (12.7) 48 (17.3)
Total minutes, mean (sD) 54.2 (41.0) 228.0 (183.6) 94.6 (80.7) 198.8 (151.6) 107.9 (109.8) 98.8 (106.8)
Did you leave work early? n (%) 24 (28.6) 2 (5.0) 5 (13.2) 3 (5.0) 7 (12.7) 41 (14.8)
Total minutes, mean (sD) 80.0 (51.6) 120.0 (0.0) 163.4 (148.4) 290.0 (131.8) 127.3 (128.1) 115.6 (102.1)
Did you miss a full day? n (%) 9 (10.7) 2 (5.0) 4 (10.5) 3 (5.0) 3 (5.5) 21 (7.6)
Did you miss a meeting, a work appointment 
or did you not finish a task on time? n (%)

20 (23.8) 4 (10.0) 5 (13.2) 7 (11.7) 5 (9.1) 41 (14.8)

Average numbers of times going late to 
work per patient per yeara

2.1 0.8 1.0 0.7 1.0 1.3

Average numbers of times leaving work 
early per patient per yeara

2.0 0.4 1.0 0.4 1.0 1.1

Average numbers of times missing a full day 
per patient per yeara

0.7 0.4 0.8 0.4 0.4 0.6

Average numbers of times miss a meeting, a 
work appointment or did not finish a task on 
time per patient per yeara

1.6 0.8 1.0 0.8 0.7 1.1

Questioning how much was taken People’s  
Republic of China 
n=68

Germany 
n=23

USA  
n=15

UK  
n=45

Canada 
n=38

Total 
n=189

Did you go late to work? n (%) 21 (31.3) 2 (9.5) 2 (13.3) 5 (11.4) 6 (17.6) 36 (19.9)
Total minutes, mean (sD) 68.9 (68.7) 150.0 (42.2) 30.0 (42.4) 44.8 (48.3) 56.5 (93.4) 65.8 (69.8)
Did you leave work early? n (%) 18 (26.9) 4 (19.0) 2 (13.3) 6 (13.6) 9 (26.5) 39 (21.5)
Total minutes, mean (sD) 65.1 (46.3) 125.0 (75.5) 30.0 (42.4) 157.7 (120.5) 51.1 (74.4) 80.4 (78.3)
Did you miss a full day? n (%) 9 (13.4) 0 (0.0) 2 (13.3) 5 (11.4) 7 (20.6) 23 (12.7)
Did you miss a meeting, a work appointment 
or did you not finish a task on time? n (%)

17 (25.4) 2 (9.5) 3 (20.0) 4 (9.1) 7 (20.6) 33 (18.2)

Average numbers of times going late to 
work per patient per yeara

2.3 0.6 0.7 0.7 0.9 1.2

Average numbers of times leaving work 
early per patient per yeara

1.9 1.3 0.7 0.8 1.3 1.3

Average numbers of times missing a full day 
per patient per yeara

1.0 0.0 0.7 0.7 1.0 0.8

Average numbers of times miss a meeting, a 
work appointment or did not finish a task on 
time per patient per yeara

1.8 0.6 1.1 0.5 1.0 1.1

Note: aPercentage of patients go late to work/leave work early/missing a full day/miss a meeting, a work appointment or did not finish task on time multiplied by average 
numbers of memory problem events by type (UF, QT, or QD) per patient per year. 
Abbreviations: SD, standard deviation; UF, unintentionally forgetting; QT, questioning whether or not one took dose; QD, questioning how much was taken.
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care professional (26.2%) than subjects with T1D (35.3%, 

P,0.01).

Further, duration of disease also had a significant asso-

ciation with the results for UF, including frequency of UF, 

corrective action taken following UF, missed work time, and 

health care contact. Those who “never” experienced UF had 

Table 11 Impact of memory problems on contact with health care professionals (HCPs)

Unintentionally forgetting People’s  
Republic of China  
n=230

Germany  
n=104

USA  
n=181

UK  
n=190

Canada  
n=155

Total 
n=860

This last time, did you go to see your physician, or other 
health care professional, because of missing, or because of 
how you felt due to missing, this dose? Yes, n (%)

85 (37.0) 10 (9.6) 20 (11.0) 38 (20.0) 26 (16.8) 179 (20.8)

Did you call or email your physician, or other health care 
professional, because of missing, or because of how you 
felt due to missing, this dose? Yes, n (%)

86 (37.4) 10 (9.6) 23 (12.7) 45 (23.7) 37 (23.9) 201 (23.4)

Number of visits to HCPs per patient per yeara 3.0 0.7 1.1 1.5 1.4 1.7
Number of contacts (calls or e-mails) to HCPs per  
patient per yeara

3.1 0.7 1.3 1.8 2.0 1.9

Number of HCP minutes spent on visits per patient  
per yearb

30.0 7.0 11.1 15.0 14.0 17.1

Number of HCP minutes spent on contacts (calls or 
e-mails) per patient per yearb

15.5 3.5 6.4 9.0 10.0 9.6

Questioning whether or not took dose People’s  
Republic of China  
n=96

Germany  
n=56

USA  
n=86

UK  
n=86

Canada  
n=93

Total  
n=417

This last time, did you go to see your physician, or other 
health care professional, because of missing, or because of 
how you felt due to missing, this dose? Yes, n (%)

33 (34.4) 2 (3.6) 9 (10.5) 7 (8.1) 10 (10.8) 61 (14.6)

Did you call or email your physician, or other health care 
professional, because of missing, or because of how you 
felt due to missing, this dose? Yes, n (%)

33 (34.4) 3 (5.4) 12 (14.0) 8 (9.3) 11 (11.8) 67 (16.1)

Number of visits to HCPs per patient per yeara 2.4 0.3 0.8 0.6 0.9 1.1
Number of contacts (calls or e-mails) to HCPs per  
patient per yeara

2.4 0.4 1.1 0.6 1.0 1.2

Number of HCP minutes spent on visits per patient  
per yearb

24.0 3.0 8.0 6.0 9.0 11.0

Number of HCP minutes spent on contacts (calls or 
e-mails) per patient per yearb

12.0 2.0 5.5 3.0 5.0 6.0

Questioning how much was taken People’s  
Republic of China  
n=74

Germany  
n=29

USA  
n=33

UK  
n=50

Canada  
n=49

Total  
n=235

This last time, did you go to see your physician, or other 
health care professional, because of missing, or because of 
how you felt due to missing, this dose? Yes, n (%)

28 (37.8) 4 (13.8) 3 (9.1) 8 (16.0) 7 (14.3) 50 (21.3)

Did you call or email your physician, or other health care 
professional, because of missing, or because of how you 
felt due to missing, this dose? Yes, n (%)

32 (43.2) 2 (6.9) 5 (15.2) 9 (18.0) 10 (20.4) 58 (24.7)

Number of visits to HCPs per patient per yeara 2.7 0.9 0.5 1.0 0.7 1.3
Number of contacts (calls or e-mails) to HCPs per  
patient per yeara

3.1 0.5 0.9 1.1 1.0 1.5

Number of HCP minutes spent on visits per patient  
per yearb

27.0 9.0 5.1 10.0 7.0 13.2

Number of HCP minutes spent on contacts (calls or 
e-mails) per patient per yearb

15.5 2.5 4.3 5.5 5.0 7.7

Notes: aPercentage of patients go to see/call or email physician or other health care professional multiplied by average numbers of memory problem events by type (UF, QT, 
or QD) per patient per year; bIt is assumed that 10 minutes is spent per hcP visit, 5 minutes is spent per hcP contact (call or e-mail).
Abbreviations: UF, unintentional forgetting; QT, questioning whether or not one took dose; QD, questioning how much was taken.

more likely to skip a dose following UF (34.4%) compared 

with subjects with T1D (23.8%) and were less likely to mea-

sure blood glucose (T2D, 44.1%; T1D, 48.4%) or take a dose 

without measuring blood glucose (T2D, 21.5%; T1D, 27.8%) 

than subjects with T1D (P,0.001). Further, subjects with 

T2D were significantly less likely to contact/visit a health 
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a significantly higher mean duration of diabetes (15.1 years) 

compared with those who experienced UF more frequently 

(“very rarely/rarely”, 11.4 years; “sometimes”, 9.6 years; 

“often/very often”, 11.7 years; P,0.001). Those who took a 

dose of insulin without measuring blood glucose following 

UF also had a higher average duration of diabetes (13.7 years) 

compared with those who measured blood glucose (9.5 years) 

or skipped a dose (11.9 years, P,0.001). Those who did not 

miss work time had a greater average duration of diabetes 

(11.2 years) than those who did miss work time (9.3 years, 

P,0.05). Further, those who did not contact health care profes-

sionals had a greater average duration of diabetes (11.9 years) 

compared with those who did (10.0 years, P,0.01). 

Questioning whether or not a dose was taken
Some results for QT also varied significantly by age, type of 

diabetes, and duration of diabetes. Respondents who reported 

that they “never” experienced QT had a significantly higher 

mean age (45.1 years) than those who reported experienc-

ing QT more frequently (“very rarely, rarely”, 40.3 years; 

“sometimes”, 40.2 years; “often/very often”, 41.8 years, 

P,0.001). For corrective action, those who skipped a dose 

following QT had a significantly higher mean age (46.1 years) 

than those who measured blood glucose (39.8 years) and 

those who took a dose without measuring blood glucose 

(38.9 years, P,0.001). Also, respondents who missed work 

time were significantly younger (35.4 years) than those who 

did not miss work (38.6 years, P,0.05). Further, those who 

contacted health care professionals were significantly younger 

(37.0 years) than those who did not (43.5 years, P,0.001).

Type of diabetes was associated with both frequency of 

QT and corrective action following QT. Patients with T2D 

were significantly more likely to report that they “never” 

experienced QT (14.4%) than those with T1D (8.2%). On 

the other hand, subjects with T1D were significantly more 

likely to indicate that they “sometimes” experienced QT 

(23.0%) compared with those with T2D (17.0%, P,0.001). 

In terms of corrective action, subjects with T2D were signifi-

cantly more likely to skip a dose (45.0%) than subjects with 

T1D (34.3%). Patients with T1D, on the other hand, were 

more likely to take a dose without measuring blood glucose 

(27.4%) than those with T2D (17.1%, P,0.05). Both types 

were about equally likely to measure blood glucose and take 

insulin based on a reading (T1D, 38.3%; T2D, 37.8%).

Duration of diabetes was significantly associated with 

corrective action and health care contact following QT. 

Those who measured blood glucose following QT had a 

significantly shorter duration of diabetes (8.7 years) than those 

who skipped a dose following QT (12.2 years) or took insulin 

without measuring blood glucose (11.9 years, P,0.001). 

Moreover, those who contacted health care professionals as 

a result of QT had a significantly shorter duration of diabetes 

(8.2 years) than those who did not (11.5 years, P,0.01).

Questioning amount of dose taken
Some of the findings for QD also varied significantly by 

age, diabetes type, and duration of diabetes. Age was asso-

ciated with both frequency of QD and health care contact. 

Respondents who reported that they “never” experienced QD 

were older on average (44.7 years) than those who experienced 

QD more frequently (“very rarely/rarely”, 39.6 years; “some-

times”, 38.5 years; “often/very often”, 38.5 years, P,0.001). 

Also, respondents who contacted health care professionals 

following QD were younger on average (37.6 years) compared 

with those who did not (41.8 years, P,0.05).

Diabetes type was also related to the frequency of 

experiencing QD. Specifically, subjects with T1D reported 

experiencing QD more frequently than those with T2D, while 

subjects with T2D were significantly more likely to report 

that they “never” experienced QD (38.1%) than those with 

T1D (23.8%, P,0.001).

Further, duration of diabetes was associated with both 

frequency of QD and corrective actions following QD. 

Respondents who reported experiencing QD “never” or 

“very rarely/rarely” had a significantly longer duration of 

diabetes (“never”, 12.4 years; “very rarely/rarely”, 11.5 years) 

compared with those who reported experiencing QD more 

frequently (“sometimes”, 9.9 years; “often/very often”, 

9.8 years, P,0.01). Additionally, those who measured blood 

glucose and took insulin based on a reading following QD had 

a significantly shorter average duration of diabetes (9.6 years) 

than those who took insulin without measuring blood glucose 

(13.1 years) or skipped a dose (12.7 years, P,0.05).

Insulin regime
Analyses revealed few significant differences in results by 

type of insulin regime, the most important of which are 

described below. Respondents using the basal bolus regime 

were more likely to report that they experienced UF (72.9%) 

than those using basal only (60.0%) or premix (64.4%, 

P,0.001). Respondents using a basal bolus or premix regime 

were more likely to experience QD than those using a basal 

only regime (basal bolus, 57.4%; basal only, 46.9%; premix, 

56.7%, P,0.05). In terms of confidence in knowing what 

to do following QT and QD, the basal only group was sig-

nificantly less likely (QT, P,0.001; QD, P,0.01) to report 
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being “very/extremely” confident (QT, 25.6%; QD, 22.2%) 

compared with the basal bolus (QT, 40.7%; QD, 35.4%) 

and premixed (QT, 35.1%; QD, 37.8%) groups. This may 

be due to respondents on basal bolus or premixed regimes 

having had diabetes for a longer period of time. For all three 

MPs, respondents on a basal bolus regime were more likely 

to report that a routine blood glucose measurement led to 

their realization of the MP compared with those taking a 

basal only or premix regime. This may be due to those with 

the basal bolus regime having more opportunities to measure 

blood glucose.

In terms of corrective action taken following QT, those 

on a basal bolus regime were more likely to skip an insu-

lin dose and be less likely to take an insulin dose without 

measuring blood glucose compared with the basal only and 

premixed groups. Additionally, those on the premix regime 

reported a significantly shorter average recovery time for 

returning to normal blood glucose levels following QD than 

the basal only and basal bolus groups. Respondents taking 

the premix regime were also more likely than those on the 

other regimes to report being late for work following QD. 

Those on the basal bolus regime were more likely to experi-

ence hyperglycemia following QT compared with those on 

the other insulin regimes. Finally, respondents on the basal 

only regime were more likely to call/email a physician or 

health care professional following QD than respondents on 

other regimes.

Discussion
These results demonstrate that MPs related to insulin-taking 

are prevalent among diabetes patients across the globe and 

that MPs impact more than simply missing a dose. This 

high incidence of MPs among people with diabetes is an 

important new finding that adds to our knowledge about 

insulin-taking behavior. While 68% of patients reported a 

UF in the past month, even more patients (79.6%) reported 

a QT in the past month and 54.7% reported a QD in the past 

month. Most patients (66.5%) reported having more than one 

MP, and of the three MPs, QT was the most prevalent. It is 

also clear from these findings that the impact of MPs is not 

inconsequential, and that these impacts are not, for the most 

part, influenced by type of regime, although there is some 

variation in results by age, type of diabetes, and duration of 

disease. Of further note is that 15% of the sample reported 

having MPs that were not medically diagnosed and may have 

affected their frequency of MPs. However, given that the 

sample was intended to represent the general population of 

people with diabetes and without known memory issues due 

to another medical condition such as dementia, we believe 

that inclusion of these respondents in our sample allows for 

the findings to be more representative of the real world of 

diabetes care.

Overall, the findings lead to a better understanding 

of the experience of diabetes patients concerning MPs 

related to the taking of insulin. We found that most patients 

become aware of MPs because they just did not “feel right”. 

Moreover, patients were most likely to be relaxing or waking 

up in the morning when they experienced an MP. Further, 

being busy and being tired, followed by major disruptions, 

were the most common reasons given for occurrence of 

MPs. Such information might be used by clinicians to help 

patients better understand when and where MPs are likely to 

occur in order to prevent them or address them in a timely 

manner.

The study also demonstrates that MPs related to insulin-

taking have serious impacts on diabetes management. The 

majority of respondents expressed concern about experienc-

ing hyperglycemia following an MP, and many reported being 

concerned about diabetes complications in the future. Indeed, 

about half of respondents for each MP indicated that they 

actually experienced hyperglycemia as a consequence of their 

MP (UF, 58.4%; QT, 48.7%; QD, 46.4%). This has important 

implications because research shows that hyperglycemia is 

associated with decreased immune function, cardiovascular 

symptoms including increased blood pressure and heart rate, 

thrombosis, vascular problems related to cell inflammation, 

central nervous system injury, increased hospital admission 

and length of stay, and increased mortality.12

Respondents also expressed moderate degrees of worry 

when considering which corrective action to take following 

an MP. While between 38% (QT) and 46% (UF) of respon-

dents measured blood glucose and took action based on the 

reading, many respondents took insulin without measuring 

blood glucose or skipped a dose, essentially doing nothing. 

Additionally, about a quarter of patients indicated that they 

were not at all or only a little confident in knowing what 

to do when they experienced an MP (UF, 29%; QT, 25%; 

QD, 26%). This finding strongly suggests that patients would 

benefit from increased patient education on how to handle 

MPs associated with insulin-taking.

The results also show that average recovery times fol-

lowing MPs were not brief or fleeting, particularly for UF. 

Patients who experienced a UF indicated longer recovery 

times compared with those who experienced a QT or QD. 

This is not surprising given that those who simply question a 

dose may have actually taken the dose or the correct amount. 
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Nevertheless, QT and QD still have important implications 

for patients’ well-being. As the study showed, respondents 

reported that all three MPs had moderate negative impacts 

on respondents’ physical and emotional functioning, on 

average.

Beyond impacts on the individual patient, the results 

showed that MPs related to insulin-taking have implications 

for patients’ family members. Indeed, between 32% (QD) 

and 39% (UF) of patients indicated that causing family 

members to worry was a concern they had related to their 

MP. Thus, the impact of patient MPs clearly extends beyond 

the individual, even for simply questioning a dose. Future 

research should explore further the impact of treatment of 

diabetes on patients’ family members.

In addition to the impact on individual patients and their 

families, the results also suggest that MPs among patients 

have economic impacts globally. The study demonstrates 

that MPs have an adverse effect on time at work, including 

being late to work, leaving early, missing meetings, or miss-

ing a full day. Indeed, between 15% (QT) and 20% (UF) of 

respondents reported being at work when their MPs occurred, 

and a substantial number reported missing work time as a 

result of MPs. Additionally, respondents reported that MPs 

led to additional blood glucose measurements, leading to 

greater costs for blood glucose testing strips. Further, MPs 

are associated with increased health care costs, as many 

patients reported visiting or contacting physicians or other 

health care professionals due to MPs.

Beyond direct economic impacts, the results suggest that 

MPs related to insulin-taking have additional intangible eco-

nomic impacts. Respondents reported that MPs had moderate 

negative impacts on patient-reported physical and emotional 

functioning. Patients also reported moderate negative impacts 

of MPs on physical and emotional functioning at work, which 

has implications for worker productivity, because workers 

may not be functioning at their optimal levels following an 

MP. Further, the impact on family members may be another 

intangible cost of MPs, and is not well understood.

As expected, the analyses revealed significant differ-

ences in the patient experience of MPs and their impact by 

country. In particular, the experience and impact of MPs 

among diabetic patients in the People’s Republic of China 

were in many cases different from those of diabetic patients 

from other countries in the sample. Some of these differ-

ences may be explained by differences in cultural and health 

care beliefs and practices in the People’s Republic of China 

compared with other countries in the survey. For example, 

more MPs occurred at work in the Chinese subjects. This 

difference may be explained by the fact that the Chinese 

spend a greater proportion of their time at work. Additional 

analyses suggest that type of insulin regime is not the 

source of these differences between the People’s Republic 

of China and other countries. Further research is needed 

to better understand this cross-country variation.

The results show some significant differences across 

demographic and disease-specific factors, including age, type 

of diabetes, and duration of diabetes. While age was associ-

ated with a lower frequency of QT and QD, it was associated 

with a greater frequency of UF. Age was also positively 

associated with skipping a dose following both UF and QT. 

Further, respondents who missed work time due to UF and QT 

were significantly younger on average than those who did not 

miss work time. For all three MPs, respondents who contacted 

a health care professional following the MP were significantly 

younger than those who did not. There were also some signifi-

cant differences in results by type of diabetes. T2D subjects 

reported experiencing QT and QD less frequently compared 

with T1Ds. Additionally, T2D subjects were more likely to 

skip a dose following UF and QT compared with T1D sub-

jects. T2D subjects were also less likely to contact a physi-

cian/health care professional following UF. The results also 

revealed some significant differences by duration of disease. 

Duration of disease was negatively associated with frequency 

of UF and QD. Also, respondents who missed work time due 

to UF had significantly lower duration of disease compared 

with those who did not miss work time. Respondents who 

contacted a health care professional following UF and QT 

also had a lower duration of disease than those who did not 

contact a health care professional. These findings suggest that 

some targeted educational interventions for certain subgroups 

of patients may be warranted, specifically subjects with T2D 

at the time of diagnosis.

The web survey found that MPs were generally not 

related to type of regimen. Although there were some 

significant differences across type of regime, there was no 

consistent pattern of difference. This is expected because 

MPs are more likely to be inherent in individuals rather than 

the insulin regime they are taking. In the limited instances 

in which the basal bolus regimen was associated with a 

greater incidence of MPs, this may be explained by the basal 

bolus regime allowing more opportunities to forget, given 

the greater complexity of the regimen compared with the 

basal only and premix regimes. Indeed, research suggests 

that multiple medications, regimen complexity, and frequent 

dosing are associated with medication nonadherence in 

diabetes patients.4,7,13
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Finally, additional analyses showed that blood glucose 

measurement was associated with a greater likelihood of both 

experiencing hyperglycemia and missing time at work. These 

results may be due to the fact that those who are experiencing 

more severe impacts are in reality the ones who did not take 

their dose when having a QT or took the incorrect dose when 

having a QD. Thus, the MP-related nonadherence resulted in 

feeling the ill effects of poor glucose control and led these 

respondents to assess their blood glucose in response to their 

symptoms. Given the high prevalence and incidence of MPs, 

and that for QT 50% of patients did not use a memory aid or 

used one and still were not sure if they had taken their dose, 

all patients would benefit from a “memory aid”, which would 

give them accurate and reliable information as to whether or 

not the MP resulted in nonadherence. However, these truly 

nonadherent patients are the group who would likely benefit 

most from having a “memory aid” that would give them 

accurate information regarding their insulin adherence in 

a more timely manner. With this information, patients may 

then be more able to reduce the number and/or frequency 

of additional blood glucose monitoring and take corrective 

action sooner before negative consequences occur.

While the study makes important contributions to the 

understanding of MPs and insulin-taking behavior among 

diabetes patients, some limitations should be recognized. 

There is some potential for selection bias, as the survey was 

conducted online. In the People’s Republic of China, for 

example, it is estimated that there were 389 million Internet 

users in 200914 in a population of about 1.3 billion at that 

time,15 so a proportion of the population was not able to com-

plete the online survey, and it is possible that MPs and insulin-

taking behaviors are different in this population. Additionally, 

the study was based on patient self-reports, so potential recall 

bias may have been an issue affecting our results, given that 

patients were asked to report on past incidents. However, 

patients were only asked to report on incidents in the past 

month, so it is likely that recall bias was somewhat limited. 

Social desirability bias may have influenced responses, as 

patients are more likely to give more positive assessments of 

their insulin-taking behavior. The web survey format, which 

allows for complete anonymity of the respondent, may have 

limited this potential source of bias.

Conclusion
This study contributes to our knowledge about insulin-taking 

behavior and MPs among people with diabetes globally. 

The results demonstrate that MPs associated with insulin-

taking are quite common, and this is the first study to explore 

such MPs in depth. The findings shed light on the experiences 

of MPs in diabetes patients from five countries, as well as the 

consequences of MPs, which are not trivial. Overall, there is 

some variation in the experiences and impacts of MPs by age, 

type of diabetes, and duration of disease, but few differences 

across types of insulin regime. Some cross-country differ-

ences in results were evident, with results from the People’s 

Republic of China frequently differing significantly from the 

results of other countries in the study. Further research is 

needed to understand these differences. The findings suggest 

that MPs should be considered in the treatment of diabetes in 

order to improve insulin adherence, diabetes management, 

and patient outcomes.
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