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Introduction

Type 1 diabetes mellitus (T1D) is a disease that requires con-
stant monitoring of blood glucose levels and daily diabetes 
management, 24/7, 365 days a year. It is a long-term health 
condition that constantly carries an emotional, physical, and 
financial burden, even at times when the disease itself does not 
bother the patient.1 Many patients feel overwhelmed and 

frustrated by the influence of T1D, and as a result it can lead to 
depression, anxiety, and worse diabetes outcomes.2 The preva-
lence rate of depression is more than three times higher in 
people with T1D compared with those without.3 In clinical 
practice, the quality of diabetes management is evaluated by 
glucose metrics, including HbA1c, time in range (TIR), time 
above range (TAR), time below range (TBR) and glucose vari-
ability, but generally not treatment satisfaction and well-being. 
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Abstract
Background: The GOLD trial demonstrated that continuous glucose monitoring (CGM) in people with type 1 diabetes (T1D) 
managed with multiple daily insulin injections (MDI) improved not only glucose control but also overall well-being and treatment 
satisfaction. This analysis investigated which factors contributed to improved well-being and treatment satisfaction with CGM.

Methods: The GOLD trial was a randomized crossover trial comparing CGM versus self-monitored blood glucose (SMBG) over 
16 months. Endpoints included well-being measured by the World Health Organization–Five Well-Being Index (WHO-5) and 
treatment satisfaction by the Diabetes Treatment Satisfaction Questionnaire (DTSQ) as well as glucose metrics. Multivariable 
R2-decomposition was used to understand which variables contributed most to treatment satisfaction.

Results: A total of 139 participants were included. Multivariable analyses revealed that increased convenience and flexibility 
contributed to 60% (95% confidence interval [CI] = 50%-69%) of the improvement in treatment satisfaction (Diabetes 
Treatment Satisfaction Questionnaire change version [DTSQc]) observed with CGM, whereas perceived effects on 
hypoglycemia and hyperglycemia only contributed to 6% (95% CI = 2%-11%) of improvements. Significant improvements 
in well-being (WHO-5) by CGM were observed for the following: feeling cheerful (P = .025), calm and relaxed (P = .024), 
being active (P = .046), and waking up fresh and rested (P = .044). HbA1c reductions and increased time in range (TIR) 
were associated with increased treatment satisfaction, whereas glycemic variability was not. HbA1c reduction showed also 
an association with increased well-being and increased TIR with less diabetes-related distress.

Conclusions: While CGM improves glucose control in people with T1D on MDI, increased convenience and flexibility 
through CGM is of even greater importance for treatment satisfaction and patient well-being. These CGM-mediated effects 
should be taken into account when considering CGM initiation.
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Advanced diabetes technologies, including continuous glu-
cose monitoring (CGM) systems, remain less accessible in 
many countries.4 Over time, CGM has become more com-
mon in developed nations, but self-monitoring of blood glu-
cose (SMBG) is still the most common method in wide 
geographic regions such as Africa, South America, Asia, and 
Eastern Europe. Therefore, increased understanding of the 
potential benefits of CGM versus SMBG is of importance. 
One limitation to more widespread availability of glucose 
monitoring methods has been its cost, often more expensive 
than insulin therapy per se.5-7

In creating a plan to manage T1D, clinicians should not 
only take into account how treatment affects the “numbers” 
but also patient well-being. Previously in the GOLD trial, 
CGM was shown to have beneficial effects on well-being 
and treatment satisfaction,8 but factors leading to these 
effects have not been studied. The current analysis investi-
gated factors contributing to improved well-being and treat-
ment satisfaction with CGM in persons with T1D managed 
with multiple daily insulin injections (MDI).

Material and Methods

The design of the GOLD trial has been described in detail 
and was approved by the ethics committee of the University 
of Gothenburg, Gothenburg, Sweden.9All participants gave 
verbal and written informed consent. Briefly, the GOLD trial 
was a randomized, open-label, controlled trial with a cross-
over design conducted over 69 weeks. Of 161 individuals 
randomized, 141 with available HbA1c values and continu-
ing treatment throughout the study in both treatment phases 
were included in the primary analysis.8 After a run-in period 

of up to eight weeks, patients were followed for 69 weeks 
where each treatment period lasted 26 weeks with a washout 
period of 17 weeks in between. Patients were randomized 
1:1 to glucose monitoring using a CGM (Dexcom G4) stand-
alone system or capillary SMBG. Enrolled patients were 
given basic instruction on insulin dosing, bolus correction, 
meals that can influence glucose levels, and effects of physi-
cal activity on glucose control.

Masked CGM was performed in two of the last four 
weeks when participants used SMBG for glucose monitoring 
to compare CGM metrics between the two treatment 
sequences. To evaluate treatment experience, participants 
completed a series of self-reported questionnaires before and 
after each treatment phase, including

1.	 Diabetes Treatment Satisfaction Questionnaire status 
version (DTSQs)—original eight-item “status” 
form.10

2.	 World Health Organization–Five Well-Being Index 
(WHO-5) survey questionnaire—five-item scale 
used for collecting and assessing data related to 
patient well-being.11

3.	 Problem Areas in Diabetes Questionnaire, Swedish 
version (Swe-PAID-20)—a validated questionnaire 
with a 20-item scale regarding emotional distress in 
patients with diabetes.1,12,13

At the end of the study (week 69), patients completed 
the Diabetes Treatment Satisfaction Questionnaire change 
version (DTSQc), an eight-item scale where patients com-
pare treatment experience and satisfaction (intraindividual 
comparisons).14
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Procedures

To evaluate effects on treatment satisfaction, well-being, and 
emotional distress, comparisons of the DTSQs, WHO-5, and 
Swe-PAID-20 questionnaires were performed at the end of 
each treatment phase. Each individual item from each ques-
tionnaire was compared between CGM and SMBG sequences 
to understand what fields explained differences in treatment 
satisfaction, well-being, and emotional distress between 
CGM and SMBG. Corresponding analyses were performed 
for the DTSQc relating each item to the type of glucose mon-
itoring method (CGM vs SMBG).

To understand whether changes in certain glucose metrics 
were specifically related to treatment satisfaction, well-
being, or emotional distress, we correlated changes in 
DTSQs, WHO-5, and Swe-PAID-20 scores to changes in 
various glucose metrics between CGM and SMBG treatment 
sequences. Corresponding analyses were performed for the 
DTSQc. HbA1c and the following CGM metrics were evalu-
ated: mean glucose level, time in euglycemia, TIR, TAR, 
TBR, coefficient of variation (CV), standard deviation (SD), 
and mean amplitude of glycemic excursions (MAGE). 
Euglycemia, TIR, TAR, and TBR were analyzed for the fol-
lowing categories in mmol/L (mg/dL): TBR <3.0 (54), TBR 
<3.9 (70), time in euglycemia (3.9-8.0 (70-144), TIR 3.9–10 
(70-180), TAR >10 (180), and TAR >13.9 (250).

We also evaluated whether certain patient groups benefited 
more or less from CGM with respect to treatment satisfaction, 
well-being, and emotional distress by correlating baseline 
patient characteristics with changes in the overall scores of 
the questionnaires between CGM and SMBG treatment 
phases. The following baseline characteristics were consid-
ered: age, sex, HbA1c, diabetes duration, number of hypogly-
cemia events, time in euglycemia, TIR, TAR, and TBR.

Statistics

For descriptive purposes, data are presented as mean, stan-
dard deviation (SD), median, minimum, and maximum value 
for numeric variables, and as number and percent for cate-
gorical variables. Differences between groups were analyzed 
using the sign test on matched ordinal data by comparing the 
number of patients for whom the outcome increased or 
decreased between treatment phases. Correlation analyses 
were performed using Pearson correlation coefficients (r), 
presented with 95% confidence intervals (CIs).

To quantify the relative importance of each DTSQc item to 
overall treatment satisfaction with CGM compared with 
SMBG, multivariable R2-decomposition was performed 
using the LMG method.15,16 Compared with the effect size or 
raw magnitude of differences in individual items, this gives a 
simple summary of the effect as the fraction of the total vari-
ance in treatment satisfaction (DTSQc item 1) that may be 
attributed by each of the other DTSQc items while accounting 

for correlations between items. Confidence intervals were 
calculated using nonparametric bootstrap with 1000 bootstrap 
replicates.

All statistical tests were two-tailed and conducted at the 
5% significance level. Statistical analyses were performed 
using SAS Software version 9.4 (SAS Institute, Cary, North 
Carolina) and R language and environment for statistical 
computing version 4.1.3 (R Core Team, Vienna, Austria). 
Multivariable R2-decomposition was performed using the R 
relaimpo version 2.2-6 package.

Results

Patient Characteristics

A total of 139 study participants had information from the 
questionnaires in both treatment phases and were included in 
the current analysis. Mean (SD) age at baseline was 44.6 
(12.6) years, 61 (43.9%) were women, mean duration of dia-
betes was 22.1 (11.9) years, and mean HbA1c was 8.7% (0.8) 
or 71.8 mmol/mol (9.1). Overall patient characteristics were 
similar to all randomized patients (n = 161) (Supplemental 
Table S1).

Treatment satisfaction.  There was a significant difference 
in overall treatment satisfaction with CGM compared with 
SMBG according to DTSQc (P < .001), with 83 (61.0%) 
patients reporting a preference for CGM compared with 
43 (31.6%) preferring SMBG (Table 1). Patients also 
reported a reduction in perceived time with unacceptably 
high blood glucose levels with CGM (P = .013). There 
were no significant differences with respect to perceived 
time in unacceptably low blood glucose levels (P = .20) 
and satisfaction in understanding diabetes (P = .19). 
DTSQs results showed an overall similar pattern as 
DTSQc (Supplemental Table S2).

Multivariable analyses showed that 76% (95% CI = 66%-
85%) of the variation in overall treatment satisfaction (DTSQc 
item 1) could be explained by patient perceptions of hyper-
glycemia and hypoglycemia control, convenience, flexibility, 
and diabetes understanding (DTSQc items 2-6) (Figure 1). 
The most important factors in treatment satisfaction were 
increased convenience and flexibility, each of which 
explained 30% of the variation in treatment satisfaction 
(95% CI = 22%-37% and 24%-36%, respectively). Perceived 
hypoglycemia and hyperglycemia control explained only 6% 
of the total variation in treatment satisfaction (Figure 1).

Well-being and T1D management.  Data from the WHO-5 
questionnaire showed that patients experienced a significant 
increase in feeling cheerful and in good spirits (P = .025), 
feeling calm and relaxed (P = .024), feeling active and vig-
orous (P = .046), and quality of rest (P = .044) with CGM 
compared with SMBG (Table 2). There was no significant 
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Table 1.  Comparison of DTSQc Between CGM and SMBG Treatments.

DTSQc item
CGM vs SBMG

(n = 136) P value

Q1: How satisfied are you with your current treatment?
  Less satisfied now (−3 to −1) 43 (31.6%)  
  Equally satisfied now (0)   10 (7.4%)  
  More satisfied now (1 to 3) 83 (61.0%) P < .001
Q2: How often have you felt that your blood sugars have been unacceptably high recently?
  Less of the time now (−3 to −1) 74 (54.8%)  
  Equally of the time now (0) 15 (11.1%)  
  More of the time now (1 to 3) 46 (34.1%) P = .013
Q3: How often have you felt that your blood sugars have been unacceptably low recently?
  Less of the time now (−3 to −1) 58 (43.0%)  
  Equally of the time now (0) 33 (24.4%)  
  More of the time now (1 to 3) 44 (32.6%) P = .20
Q4: How convenient have you been finding your treatment to be recently?
  Less convenient now (−3 to −1) 44 (32.6%)  
  Equally convenient now (0)   13 (9.6%)  
  More convenient now (1 to 3) 78 (57.8%) P = .003
Q5: How flexible have you been finding your treatment to be recently?
  Less flexible now (−3 to −1) 38 (27.9%)  
  Equally flexible now (0) 20 (14.7%)  
  More flexible now (1 to 3) 78 (57.4%) P < .001
Q6: How satisfied are you with your understanding of your diabetes?
  Less satisfied now (−3 to −1) 49 (36.3%)  
  Equally satisfied now (0) 22 (16.3%)  
  More satisfied now (1 to 3) 64 (47.4%) P = .19
Q7: Would you recommend this form of treatment to someone else with your kind of diabetes?
  Less likely to recommend the treatment now (−3 to −1) 49 (36.0%)  
  Equally likely to recommend the treatment now (0)   10 (7.4%)  
  More likely to recommend the treatment now (1 to 3) 77 (56.6%) P = .016
Q8: How satisfied would you be to continue with your present form of treatment?
  Less satisfied now (−3 to −1) 44 (32.4%)  
  Equally satisfied now (0)   11 (8.1%)  
  More satisfied now (1 to 3) 81 (59.6%) P = .001

Data are presented as number (percent). Each item was scored on a scale from −3 (much less satisfied now) to 3 (much more satisfied now) and 
presented in categories from −3 to −1 (less satisfied now), 0 (equally satisfied now), and 1 to 3 (more satisfied now). A positive value means preference 
for CGM. Change data are presented as number and percentage with decrease, equal, or increase in scores between treatments. Comparisons between 
treatments were performed using the sign test.
Abbreviations: CGM, continuous glucose monitoring; DTSQc, Diabetes Treatment Satisfaction Questionnaire change version; Q, question/item; SMBG, 
self-monitoring of blood glucose.

difference with respect to the last item, “My daily life has 
been filled with things that interest me” (P = .17).

Problem areas in diabetes.  Results from the Swe-PAID-20 
questionnaire are presented in Table 3. During CGM treat-
ment, there was a lower score for feeling discouraged with 
the diabetes treatment plan compared with SMBG  
(P = .008), feeling depressed when thinking about living 
with diabetes (P = .010), not knowing if mood or feelings 
are related to diabetes (P = .016), and feelings of guilt or 
anxiety when getting off track with diabetes management  
(P = .028). No other items of the Swe-PAID-20 question-
naire differed significantly between treatments.

Correlation with changes in glycemic metrics.  A lower reduction 
in HbA1c with CGM compared with SMBG was associated 
with lower increase in treatment satisfaction and well-being 
with CGM according to the DTSQs (r = −0.23, P = .016) 
and WHO-5 (r = −0.20, P = .028) (Table 4). A greater 
increase in time in euglycemia (3.9–8 mmol/L and  
TIR = 3.9–10 mmol/L) during CGM treatment compared 
with SMBG was positively correlated with change in DTSQc 
 (r = 0.20, P = .027; r = 0.27, P = .003, respectively) and 
negatively correlated with change in Swe-PAID-20  
(r = −0.20, P = .027; r = −0.22, P = .017, respectively). 
More time in hyperglycemia was associated with greater dia-
betes problems according to Swe-PAID-20 (r = 0.19,  
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Figure 1.  Fraction of total variance in satisfaction of CGM 
versus SMBG (DTSQc item 1) explained by patient-reported 
hyperglycemia and hypoglycemia control, convenience, flexibility, 
and understanding of diabetes (DTSQc items 2-6). Error bars 
represent 95% CIs. Analyses were performed using multivariable 
R2-decomposition.
Abbreviations: CGM, continuous glucose monitoring; CI, confidence 
interval; DTSQc, Diabetes Treatment Satisfaction Questionnaire change 
version; SMBG, self-monitored blood glucose.

Table 2.  Comparison of the WHO-5 Measure of Current Mental Well-Being Between CGM and SMBG Treatments.

WHO-5 item
CGM

(n = 137)
SMBG

(n = 137)
Change from SMBG to 

CGM P value

Q1: I have felt cheerful and in good spirits 3.6 (1.0)
4 (0; 5)

3.5 (0.9)
4 (1; 5)

Decrease 27 (19.7%)
Equal 67 (48.9%)

Increase 43 (31.4%)

P = .025

Q2: I have felt calm and relaxed 3.4 (1.1)
4 (0; 5)

3.2 (1.1)
3 (1; 5)

Decrease 32 (23.4%)
Equal 58 (42.3%)

Increase 47 (34.3%)

P = .024

Q3: I have felt active and vigorous 3.2 (1.2)
3 (0; 5)

3.0 (1.0)
3 (0; 5)

Decrease 31 (22.6%)
Equal 51 (37.2%)

Increase 55 (40.1%)

P = .046

Q4: I woke up feeling fresh and rested 2.8 (1.3)
3 (0; 5)

2.6 (1.2)
3 (0; 5)

Decrease 34 (24.8%)
Equal 46 (33.6%)

Increase 57 (41.6%)

P = .044

Q5: My daily life has been filled with things that interest me 3.6 (1.2)
4 (0; 5)

3.5 (1.0)
4 (0; 5)

Decrease 30 (21.9%)
Equal 61 (44.5%)

Increase 46 (33.6%)

P = .17

Data within groups are presented as mean (SD) and median (minimum value; maximum value). 0 = none of the time, 5 = all of the time. Change data are 
presented as number and percentage with decrease, equal or increase in scores between treatments. Comparisons between treatments were performed 
using the sign test.
Abbreviations: CGM, continuous glucose monitoring; Q, question/item; SMBG, self-monitoring of blood glucose; WHO-5, World Health 
Organization–Five Well-Being Index.

P = .040 for time >10 mmol/L) and less treatment satisfac-
tion according to DTSQc (r = −0.19, P = .039 for time 
>13.9 mmol/L). There were no significant associations 
between change in glycemic variability measures, CGM SD, 
CV, and MAGE, with change in treatment satisfaction and 
well-being with CGM compared with SMBG (Table 4).

Predictors of CGM effects.  Evaluated baseline variables, includ-
ing age, sex, diabetes duration, number of hypoglycemia 

events, and time in hyperglycemia, were not significantly asso-
ciated with change in treatment satisfaction and well-being 
with CGM compared with SMBG. However, more time in 
hypoglycemia (<3.0 mmol/L) at baseline was associated with 
a lower increase in treatment satisfaction with CGM compared 
with SMBG in terms of DTSQs (r = −0.22, P = .014) and 
DTSQc (r = −0.21, P = .021) (Supplemental Table S3).

Discussion

In this study from the GOLD trial, improved convenience 
and flexibility in use of CGM were key explanatory factors 
for overall improved treatment satisfaction in T1D adults 
managed with MDI. In contrast, perceived effects of CGM in 
reducing hyperglycemia and hypoglycemia were of rela-
tively little importance for overall treatment satisfaction. 
Regardless of sex or age, individuals reported similar bene-
fits from use of CGM with respect to treatment satisfaction, 
well-being, and emotional distress, whereas patients with 
more time in hypoglycemia experienced less effects on treat-
ment satisfaction.

Researchers have reported an existing gap in knowledge 
regarding the experience of CGM due to a lack of compre-
hensive recordings of patient-reported outcomes in several 
studies.17 The current GOLD trial earlier demonstrated over-
all improvements in treatment satisfaction and well-being by 
CGM, whereas the underlying factors have not previously 
been explored.8 Similarly, in the DIAMOND trial that evalu-
ated CGM versus SMBG in adult persons with MDI as in the 
current GOLD trial, increased satisfaction with CGM and 
well-being was also found.18 In the SWITCH trial, CGM 
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Table 3.  Comparison of Swe-PAID-20 Questionnaire Between CGM and SMBG Treatments. 

Swe-PAID-20 item
CGM

(n = 139)
SMBG

(n = 139)
Change from SMBG to 

CGM P value

Q1: Not having clear and concrete goals for your 
diabetes care?

1.1 (1.0)
1 (0; 3)

1.2 (1.0)
1 (0; 4)

Decrease 43 (31.2%)
Equal 61 (44.2%)

Increase 34 (24.6%)

P = .11

Q2: Feeling discouraged with your diabetes treatment 
plan?

0.8 (0.9)
1 (0; 4)

1.1 (1.0)
1 (0; 4)

Decrease 42 (30.4%)
Equal 73 (52.9%)

Increase 23 (16.7%)

P = .008

Q3: Feeling scared when you think about living with 
diabetes?

1.1 (1.0)
1 (0; 4)

1.1 (1.2)
1 (0; 4)

Decrease 31 (22.3%)
Equal 76 (54.7%)

Increase 32 (23.0%)

P = 0.55

Q4: Uncomfortable social situations related to your 
diabetes care?

0.9 (1.0)
1 (0; 4)

0.8 (1.1)
1 (0; 4)

Decrease 23 (17.2%)
Equal 75 (56.0%)

Increase 36 (26.9%)

P = .35

Q5: Feelings of deprivation regarding food and meals? 0.8 (0.8)
1 (0; 3)

0.8 (0.9)
1 (0; 3)

Decrease 28 (20.7%)
Equal 79 (58.5%)

Increase 28 (20.7%)

P = 1.00

Q6: Feeling depressed when you think about living 
with diabetes?

1.0 (1.0)
1 (0; 4)

1.2 (1.1)
1 (0; 4)

Decrease 41 (29.5%)
Equal 74 (53.2%)

Increase 24 (17.3%)

P = .010

Q7: Not knowing if your mood or feelings are related 
to your diabetes?

1.0 (0.9)
1 (0; 4)

1.2 (1.0)
1 (0; 4)

Decrease 38 (27.5%)
Equal 76 (55.1%)

Increase 24 (17.4%)

P = .016

Q8: Feeling overwhelmed by your diabetes? 1.2 (0.9)
1 (0; 4)

1.2 (1.1)
1 (0; 4)

Decrease 43 (31.2%)
Equal 62 (44.9%)

Increase 33 (23.9%)

P = .26

Q9: Worrying about low blood sugar reactions? 1.1 (1.0)
1 (0; 4)

1.2 (1.0)
1 (0; 4)

Decrease 36 (25.9%)
Equal 73 (52.5%)

Increase 30 (21.6%)

P = .74

Q10: Feeling angry when you think about living with 
diabetes?

0.9 (1.0)
1 (0; 4)

0.8 (1.0)
1 (0; 4)

Decrease 29 (20.9%)
Equal 75 (54.0%)

Increase 35 (25.2%)

P = .26

Q11: Feeling constantly concerned about food and 
eating?

1.0 (0.9)
1 (0; 3)

1.0 (1.1)
1 (0; 4)

Decrease 35 (25.2%)
Equal 71 (51.1%)

Increase 33 (23.7%)

P = .52

Q12: Worrying about the future and the possibility of 
serious complications?

1.8 (1.1)
2 (0; 4)

1.9 (1.1)
2 (0; 4)

Decrease 38 (27.3%)
Equal 67 (48.2%)

Increase 34 (24.5%)

P = .45

Q13: Feelings of guilt or anxiety when you get off 
track with your diabetes management?

1.3 (1.0)
1 (0;4)

1.5 (1.2)
1 (0; 4)

Decrease 44 (31.7%)
Equal 69 (49.6%)

Increase 26 (18.7%)

P = .028

Q14: Not accepting your diabetes? 0.6 (0.9)
0 (0; 4)

0.7 (1.0)
0 (0; 4)

Decrease 25 (18.0%)
Equal 94 (67.6%)

Increase 20 (14.4%)

P = .22

Q15: Feeling unsatisfied with your diabetes physician? 0.2 (0.5)
0 (0; 2)

0.3 (0.6)
0 (0; 3)

Decrease 19 (13.7%)
Equal 105 (75.5%)

Increase 15 (10.8%)

P = .70

Q16: Feeling that diabetes is taking up too much of 
your mental and physical energy every day?

1.0 (1.0)
1 (0; 4)

1.1 (1.1)
1 (0; 4)

Decrease 33 (23.7%)
Equal 77 (55.4%)

Increase 29 (20.9%)

P = .18

Q17: Feeling alone with your diabetes? 0.6 (0.8)
0 (0; 3)

0.7 (0.9)
0 (0; 4)

Decrease 31 (22.3%)
Equal 78 (56.1%)

Increase 30 (21.6%)

P = .91

Q18: Feeling that your friends and family are not 
supportive of your diabetes management efforts?

0.4 (0.7)
0 (0; 3)

0.5 (0.7)
0 (0; 3)

Decrease 20 (14.4%)
Equal 104 (74.8%)

Increase 15 (10.8%)

P = .21

(continued)
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Swe-PAID-20 item
CGM

(n = 139)
SMBG

(n = 139)
Change from SMBG to 

CGM P value

Q19: Coping with complications of diabetes? 0.9 (1.0)
1 (0; 4)

0.9 (1.1)
  1 (0; 4)

Decrease 29 (20.9%)
Equal 85 (61.2%)

Increase 25 (18.0%)

P = .56

Q20: Feeling unsatisfied with your diabetes specialist 
nurse?

0.1 (0.3)
0 (0; 2)

0.1 (0.5)
  0 (0; 4)

Decrease 10 (7.2%)
Equal 125 (89.9%)
Increase 4 (2.9%)

P = .10

Data within groups are presented as mean (SD) and median (minimum value; maximum value). 0 = not a problem, 4 = serious problem. Change data are 
presented as number and percentage with decrease, equal or increase in scores between treatments. Comparisons between treatments were performed 
using the sign test.
Abbreviations: Swe-PAID-20, Problem Areas in Diabetes Questionnaire, Swedish version; CGM, continuous glucose monitoring; Q, question/item; SMBG, 
self-monitoring of blood glucose.

Table 3.  (continued)

Table 4.  Correlation Between Change in Glycemic Outcome Measures From SMBG to CGM Treatment With Change in Diabetes 
Treatment Satisfaction and Quality of Life From SBMG to CGM Treatment.

Pearson correlation coefficient (95% CI)

  DTSQs DTSQc WHO-5 Swe-PAID-20

CGM SD −0.11 (−0.29 to 0.08)
P = .26

−0.06 (−0.24 to 0.12)
P = .52

−0.16 (−0.33 to 0.02)
P = .076

−0.01 (−0.19 to 0.17)
P = .94

CGM CV   0.04 (−0.14 to 0.23)
P = .65

  0.11 (−0.08 to 0.28)
P = .25

−0.03 (−0.21 to 0.15)
P = .76

−0.01 (−0.19 to 0.17)
P = .93

HbA1c (mmol/mol)     −0.23 (−0.40 to −0.04)
P = .016

−0.14 (−0.31 to 0.05)
P = .14

  −0.20 (−0.37 to −0.02)
P = .028

  0.02 (−0.16 to 0.19)
P = .87

MAGE −0.09 (−0.27 to 0.09)
P = .32

−0.12 (−0.29 to 0.06)
P = .20

−0.09 (−0.27 to 0.09)
P = 0.31

  0.12 (−0.06 to 0.29)
P = .20

Time in hypoglycemia
  <3.0 mmol/L   0.13 (−0.06 to 0.30)

P = .18
  0.12 (−0.07 to 0.29)

P = .21
  0.03 (−0.15 to 0.21)

P = .71
−0.06 (−0.23 to 0.12)

P = .53
  <3.9 mmol/L   0.09 (−0.10 to 0.27)

P = .34
  0.18 (−0.00 to 0.35)

P = .056
  0.11 (−0.07 to 0.28)

P = .24
−0.07 (−0.24 to 0.11)

P = .46
Time in euglycemia  

3.9–8 mmol/L
  0.10 (−0.09 to 0.28)

P = .30
  0.20 (0.02 to 0.37)

P = .027
  0.10 (−0.08 to 0.28)

P = .28
    −0.20 (−0.37 to −0.02)

P = .027
Time in range  

3.9–10 mmol/L
  0.10 (−0.09 to 0.28)

P = .32
  0.27 (0.09 to 0.43)

P = .003
  0.04 (−0.14 to 0.22)

P = .66
    −0.22 (–0.38 to −0.04)

P = .017
Time in hyperglycemia
  >10 mmol/L −0.06 (−0.24 to 0.13)

P = .54
−0.16 (−0.33 to 0.02)

P = .09
−0.07 (−0.24 to 0.12)

P = .48
  0.19 (0.01 to 0.35)

P = .040
  >13.9 mmol/L −0.13 (−0.31 to 0.05)

P = .17
    −0.19 (−0.36 to −0.01)

P = .039
−0.14 (−0.31 to 0.04)

P = .14
−0.06 (−0.23 to 0.12)

P = .54

Data are presented as Pearson correlation coefficient with 95% CI. Significant results are highlighted in bold.
Abbreviations: CGM, continuous glucose monitoring; CI, confidence interval; CV, coefficient of variation; DTSQc, Diabetes Treatment Satisfaction 
Questionnaire change version; DTSQs, Diabetes Treatment Satisfaction Questionnaire status version; HbA1c, hemoglobin A1c; MAGE, mean amplitude of 
glycemic excursions; Swe-PAID-20, Problem Areas in Diabetes Questionnaire, Swedish version; SD, standard deviation; SMBG, self-monitoring of blood 
glucose; WHO-5, World Health Organization–Five Well-Being Index.

showed improved treatment satisfaction in patients managed 
with continuous subcutaneous insulin infusion (CSII), where 
increased flexibility and convenience contributed.19 In the 
HypoCOMPaSS study including individuals with T1D man-
aged with both MDI and CSII with problematic hypoglyce-
mia, CGM showed to be more convenient and effective, and 
less intrusiveness regarding what patients benefit from CGM 

with respect to treatment satisfaction, well-being, and emo-
tional distress.20

Increased flexibility and convenience explained about 
60% of the overall treatment satisfaction in CGM, whereas 
experienced effects on hyperglycemia and hypoglycemia 
accounted for only 6%. Increased flexibility and convenience 
are likely explained by patients easily getting information on 
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glucose levels and their directions. The fact that the patient 
does not need to perform capillary testing in many instances 
may be another important factor. As CGM in the GOLD trial 
earlier has been shown to reduce time in hypoglycemia 
(<3.9 mmol/L by around 50% and time <3.0 mmol/L by 
65%), it may seem surprising that patients only experience 
rather small effects on hypoglycemia.21 One possible expla-
nation may be that patients when using SMBG for glucose 
monitoring are not fully aware of their time in hypoglyce-
mia, and thereby not either the great improvement by CGM. 
Correspondingly, it is difficult to explain why patients with 
more time in hypoglycemia experienced less effects on treat-
ment satisfaction, in particular as we have earlier shown that 
this patient group has the greatest effect in reducing hypogly-
cemia.22 CGM has also earlier been shown to improve hypo-
glycemia confidence as well as being associated with less 
hypoglycemia distress.21,23

During CGM in the current study patients felt more 
cheerful, calm and relaxed, were more active, and woke up 
more fresh and rested. The reason why CGM affects several 
different fields of well-being may be due to improved flex-
ibility and convenience with treatment and thereby influenc-
ing daily life and work. Furthermore, the improved overall 
glucose control, fewer hypoglycemias and less glucose vari-
ability by CGM may be other essential factors. In the current 
study improved HbA1c was related to overall treatment sat-
isfaction and well-being, and more time in euglycemia and 
TIR with increased treatment satisfaction and less diabetes-
related distress. However, reduced glucose variability by 
CGM was generally not related to patient-reported out-
comes. Possible explanations may be that patients have over 
long periods in clinical practice been informed of the impor-
tance of improving HbA1c. Another factor may be that the 
overall control is essential for mental processes and cogni-
tive function.24,25 In the DIAMOND trial comparing CGM 
and SMBG CGM satisfaction was unrelated to various glu-
cose metrics.18

It has been debated to what extent CGM may be stressful 
and lead to anxiety for patients continuously getting infor-
mation on their glucose levels and actions they need to take.17 
Moreover, certain patients believe they will be stressed by 
carrying a device on the body. The strong data in the current 
study showing an overall improvement, although individual 
patients may have another experience, contradicts this 
assumption and instead shows that the convenience and flex-
ibility are dramatically increasing with CGM. This finding is 
essential when considering CGM initiation for the individual 
patient. It is of particular importance because diabetes has 
been associated with burnout syndromes and depression 
where the complexity of treating diabetes may be one essen-
tial contributing factor.2,25,26 Moreover, many persons with 
T1D today still do not have the possibility to receive CGM. 
Therefore, the current findings are essential for decision 
makers. Continuous glucose monitoring does not only 
improve overall glucose control and hypoglycemias, but the 

treatment is also more flexible, convenient, and influences 
several important fields of well-being important in daily life.

A strength of the current study is a randomized design and 
comprehensive measures of validated patient-reported out-
comes. Another strength is its relatively large size in combi-
nation with a cross-over design making it possible with 
intraindividual comparisons and leading to relatively high 
statistical power. This has been shown to be of importance in 
particular when it comes to evaluating patient-reported out-
comes by CGM.23 With respect to limitations, it should be 
noted that patients included in the GOLD trial were Caucasian 
adults managed with MDI and an HbA1c of 7.5% (58 mmol/
mol) or higher. Although correlations between certain glu-
cose metrics and patient-reported outcomes existed, they 
were generally not strong. It is important to note that the 
CGM system used in the study required daily calibration and 
was less accurate than the generation of CGM systems cur-
rently used in clinical practice.

While CGM improves glucose control in people with 
T1D on MDI, increased convenience and flexibility through 
CGM is of even greater importance for treatment satisfaction 
and patient well-being. These CGM-mediated effects should 
be taken into account when considering CGM initiation. As 
women, men, younger, and older adults with various diabetes 
duration benefit equally by CGM, these data indicate a need 
in a wide group of persons with T1D. The fact that major 
effects on hypoglycemia by CGM seem to have relatively 
little effect on treatment satisfaction and well-being needs 
further research.
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