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ABSTRACT
To evaluate whether continuous subcutaneous insulin infusion attenuates the
progression of diabetic complications, we retrospectively extracted data from 35
individuals who had developed type 1 diabetes mellitus aged ≤20 years and whose
treatment had been changed from multiple daily injections to continuous subcutaneous
insulin infusion. The annual changes in estimated glomerular filtration rate, urinary
albumin excretion rate, carotid intima-media thickness and brachial-ankle pulse wave
velocity during each treatment period were calculated. Although mean glycated
hemoglobin under the continuous subcutaneous insulin infusion treatment was lower
than that under the multiple daily injection treatment, there were no significant
differences in annual changes in diabetic nephropathy and atherosclerosis between the
two treatment periods. This pilot study showed that, in Japanese patients with juvenile-
onset type 1 diabetes mellitus, there was no significant difference in the progression of
diabetic nephropathy and atherosclerosis, at least in the early stage, between the two
treatments.

INTRODUCTION
Compared with multiple daily injection (MDI) therapy, contin-
uous subcutaneous insulin infusion (CSII) therapy improves
glycemic control in patients with type 1 diabetes mellitus1. In
addition, several studies carried out in Western countries
showed that CSII was associated with a reduced risk of diabetic
complications, such as nephropathy, retinopathy and macroan-
giopathy 2–4. The aim of the present study was to evaluate
whether CSII, as compared with MDI, attenuates the progres-
sion of diabetic complications in Japanese patients with
juvenile-onset type 1 diabetes mellitus.

MATERIALS AND METHODS
This was a retrospective observational study using a dataset
obtained from a health-check program for patients with type 1
diabetes mellitus. This program targeted patients who devel-
oped type 1 diabetes mellitus aged ≤20 years, and was carried
out annually at Osaka University Hospital and Osaka Police
Hospital, Osaka Japan, from 2000 to 2019. A total of 170
patients participated in the study. Of these, 35 patients who
met the following eligibility criteria were included in this study:
(i) treatment was changed from MDI to CSII (detailed in
Tables S1 and S2); and (ii) periods of MDI treatment and CSII
treatment were both over 2 years.
We used clinical data from four visiting points for each
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treatment periods (Figure 1). To evaluate glycemic control, we
used average glycated hemoglobin (HbA1c) values measured
during each treatment period. Urinary albumin excretion rate
(UAE) was calculated as urinary albumin per day and urinary
creatinine per day, which were obtained by 24-h urine collec-
tion. Carotid intima-media thickness (CIMT) was evaluated
using B-mode imaging ultrasonography with a high-frequency
linear probe (>7.5 MHz) according to the guidelines of the
Japan Society of Ultrasonics5. CIMT was defined as the average
value of three points measured at 10-mm intervals around the
maximum thickening point on the distal wall of the common
carotid artery. Brachial-ankle pulse wave velocity (baPWV) was
evaluated as previously reported6–8. A higher value of either the
left or right baPWV was adopted as a representative value.
Detailed methods are outlined in Tables S1 and S2.
To assess progression, we calculated the annual changes in

the estimated glomerular filtration rate (eGFR) in each treat-
ment period using the following equation:

Annual change in eGFR ¼ last eGFR� initial eGFRð Þ=observation period

We calculated the annual changes in UAE, CIMT and baPWV
in each treatment period by using equivalent formulas.
Summary statistics at baseline of the two treatment periods

are shown as mean – standard deviation for continuous data,
and as n (%) for categorical data. UAE was subjected to a loga-
rithmic conversion. Paired t-tests were used to compare glyce-
mic control and progress of diabetic complications between the
two treatment periods. Two-sided P-values of <0.05 were con-
sidered statistically significant. All statistical tests were carried
out using IBM SPSS Statistics version 25 (IBM Corp., Armonk,
NY, USA).

RESULTS
Table 1 shows the characteristics at the first visit during the
MDI and CSII treatment periods separately (reference values
are presented in the Tables S1 and S2). HbA1c level was

significantly lower and baPWV was significantly higher at the
first visit during the CSII period than during the MDI treat-
ment period. There were no significant differences between the
other variables.
The median treatment periods of MDI and CSII were 5.5

and 7.6 years, respectively. As shown in Table 2, the mean
HbA1c level under CSII treatment was lower than that under
MDI treatment. There were no significant differences in annual
changes in eGFR, log10UAE, CIMT and baPWV between the
two treatment periods.

DISCUSSION
The results of the present study are consistent with those of
previous studies in that switching from MDI to CSII was asso-
ciated with a reduction in HbA1c levels9–12. Previous studies
showed that the annual age-related decline in eGFR in the gen-
eral population and patients with type 1 diabetes mellitus were
estimated at <1 mL/min/1.73 m2 and 1.25 mL/min/1.73 m2,
respectively 13–15. As the annual decline in eGFR during the
MDI treatment period and that during CSII treatment in the
present study were 0.59 – 4.00 and 0.79 – 2.03 mL/min/
1.73 m2, respectively, these annual declines were considered as
almost within normal range, irrespective of treatment type. One
possible explanation for this phenomenon is that the partici-
pants of the present study were relatively young, and the
decline in their eGFR remained too small for detection of the
difference between treatment periods.
Similarly, the progression of UAE was quite minor in both

treatment periods, and there was no significant difference
between the treatment periods. In contrast, treatment with CSII
over 4 years significantly reduced UAE compared with treat-
ment with MDI in Danish patients with type 1 diabetes melli-
tus2, although age, duration of type 1 diabetes mellitus and
baseline UAE levels of the study participants were greater than
those of the present study. The differences in the background
of the study participants between the studies might account for
the discrepancy in the findings.

The switch
in treatment

MDI treatment period (≥ 2years) CSII treatment period (≥ 2years)

The first visiting points
during the MDI

treatment period

The last visiting points
during the MDI

treatment period

The first visiting points
during the CSII

treatment period

The last visiting points
during the CSII

treatment period

Figure 1 | Timeline of treatment changes and data collection. The switching of the treatment was carried out between the last visiting points
during the multiple daily injections (MDI) treatment period and the first visiting points during the continuous subcutaneous insulin infusion (CSII)
treatment period. The period between the last visiting points during the MDI treatment period and the first visiting points during the CSII
treatment period was within 2 years (31 patients were 1 year and four patients were 2 years).
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The mean annual progression of CIMT after treatment with
MDI and CSII was −0.001 – 0.018 and − 0.002 – 0.013 mm/
year, respectively, and there was no significant difference. These
values were comparable to those in the general population16,
whereas previous studies showed that the progression of carotid
atherosclerosis was accelerated in patients with type 1 diabetes
mellitus17–21.
Although the mean annual progression value of baPWV in the

general population has not been established yet, a previous study
reported an age coefficient of 7.3 cm/s/age22. In this study, the
mean annual progression of baPWV under treatment with MDI
and CSII was 10.50 – 35.76 and 14.65 – 21.63 cm/s/year, respec-
tively, without significant differences. Therefore, the elasticity of
the arterial walls might be impaired more rapidly in individuals
with type 1 diabetes mellitus than in the general population.
The strengths of the present study were that the observation

period was relatively long, and that the annual progression of

nephropathy and atherosclerosis during each treatment period
was quantitatively measured in individuals.
The present study had some limitations. First, it was a retro-

spective study with a small sample size. Second, the follow-up
period differed according to the patients. Third, as discussed in
a review article23, long-term glycemic variability is associated
with diabetic macrovascular complications regardless of the
method of insulin administration. Several studies also showed
associations between glycemic variability assessed by continuous
glucose monitoring system and progression of diabetic compli-
cations24,25. However, we have no data relating to glycemic
variability indices. Finally, the acceleration of the progression of
complications related to aging, if any, was not considered in
the present study. Further studies with larger sample sizes and
longer observation periods are necessary.
In conclusion, the present pilot study showed that in Japa-

nese patients with juvenile-onset type 1 diabetes mellitus, there

Table 2 | Mean glycated hemoglobin and progress of each complication before and after treatment change

Parameters n Period of MDI treatment Period of CSII treatment P-value

Mean HbA1c (%) 35 8.26 – 1.29 7.47 – 0.99 <0.001
ΔeGFR (mL/min/1.73 m2/year) 35 −0.56 – 4.02 −0.79 – 2.03 0.77
ΔLog10UAE (mg/g�Cre/year) 35 0.016 – 0.108 −0.025 – 0.121 0.13
ΔCIMT (mm/year) 35 −0.001 – 0.018 −0.002 – 0.013 0.83
ΔbaPWV (cm/s/year) 17 10.50 – 37.56 14.65 – 21.43 0.67

Average numbers of the glycated hemoglobin (HbA1c) values used to calculate the “mean HbA1c” values were 5.9 in the period of multiple daily
injections (MDI) treatment and 8.0 in the period of continuous subcutaneous insulin infusion (CSII) treatment, respectively. baPWV, brachial-ankle
pulse wave velocity; CIMT, carotid intima-media thickness; eGFR, estimated glomerular filtration rate; UAE, urinary albumin excretion rate.

Table 1 | Characteristics at baseline according to treatment

Parameters (n = 35) Baseline of MDI treatment Baseline of CSII treatment P-value

Age (years) 22.2 – 3.2 28.8 – 4.5 <0.001
Male (%) 5 (14.3%) 5 (14.3%) –
Duration of diabetes (years) 12.8 – 5.2 19.4 – 5.8 <0.001
Smoking (%) 4 (11.4%) 4 (11.4%) 1.00
BMI (kg/m2) 22.6 – 2.4 23.0 – 2.6 0.10
HbA1c (%) 8.48 – 1.40 7.51 – 1.11 0.001
LDL-C (mg/dL) 95.7 – 20.7 101.5 – 28.9 0.23
Statin (%) 0 (0%) 1 (2.9%) 1.00
Systolic blood pressure (mmHg) 112.8 – 11.1 114.3 – 11.8 0.41
Antihypertensives (%) 0 (0%) 3 (8.6%) 0.25
eGFR (mL/min/1.73 m2) 104.5 – 20.6 98.4 – 14.6 0.09
UAE (mg/g�Cre) 5.95 (4.57, 7.64) 4.67 (2.67, 7.46) 0.37
Log10UAE (mg/g�Cre) 0.83 – 0.35 0.77 – 0.60 0.45
Albuminuria (%) 2 (5.7%) 4 (11.4%) 0.50
CIMT (mm) 0.62 – 0.08 0.61 – 0.09 0.44
baPWV (cm/s)† 1,171.5 – 206.7 1,228.4 – 154.0 0.03

Categorical data are expressed as n (%), and continuous data as the mean – standard deviation or geometric mean (interquartile range). Antihyper-
tensives include angiotensin-converting enzyme inhibitors, angiotensin receptor blockers and calcium antagonists. †n = 17. baPWV, brachial-ankle
pulse wave velocity; BMI, body mass index; CIMT, carotid intima-media thickness; CSII, continuous subcutaneous insulin infusion; eGFR, estimated
glomerular filtration rate; HbA1c, glycated hemoglobin; LDL-C, low-density lipoprotein cholesterol; MDI, multiple daily injections; UAE, urinary albu-
min excretion rate.
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was no significant difference in the progression of diabetic
nephropathy or atherosclerosis, at least in the early stage after
switching treatment, between the MDI and CSII treatment
periods.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Table S1 | Characteristics at baseline and the last visit of multiple daily injection treatment.

Table S2 | Characteristics at baseline and the last visit of continuous subcutaneous insulin infusion treatment.
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