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Research Questions 

1. What is the clinical effectiveness of insulin pumps for patients with any type of diabetes? 

2. What are the evidence-based guidelines associated with use of insulin pumps for 

patients with any type of diabetes? 

Key Findings 

Six systematic reviews with meta-analyses, eight randomized controlled trials, and one 

evidence-based guideline were identified regarding the clinical effectiveness and safety of 

insulin pumps for pediatric and adult patients with either Type I or II Diabetes Mellitus. 

Methods 

A limited literature search was conducted on key resources including PubMed, the 

Cochrane Library, University of York Centre for Reviews and Dissemination (CRD) 

databases, Canadian and major international health technology agencies, as well as a 

focused Internet search. Methodological filters were applied to limit retrieval to health 

technology assessments, systematic reviews, meta-analyses, and guidelines. A focused 

search for randomized controlled trials was also conducted. For this search, the main 

concepts appeared in the title or as a major subject heading and filters were applied to limit 

retrieval to randomized controlled trials. Both searches were limited to English language 

documents published between January 1, 2013 and November 29, 2018. Internet links 

were provided, where available. 

Selection Criteria 

One reviewer screened citations and selected studies based on the inclusion criteria 

presented in Table 1. 

Table 1: Selection Criteria 

Population Patients with Type I or gestational Diabetes Mellitus  

  Pediatric population (<18 years of age) 

  Adult population (≥ 18 years of age) 
Pediatric patients with Type II Diabetes Mellitus who are < 5 years of age  

Intervention Insulin Pumps 

Comparator Q1: Injections; 
       Different types of insulin pumps 
Q2: No comparator 

Outcomes Q1: Clinical effectiveness and safety (e.g., hypoglycemic events) 
Q2: Guidelines 

Study Designs Health technology assessments, systematic reviews, meta-analyses, randomized controlled trials, 
evidence-based guidelines 
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Results 

Rapid Response reports are organized so that the higher quality evidence is presented first. 

Therefore, health technology assessment reports, systematic reviews, and meta-analyses 

are presented first. These are followed by randomized controlled trials and evidence-based 

guidelines.  

Six systematic reviews and meta-analyses, eight randomized controlled trials and one 

evidence-based guideline was identified regarding insulin pumps for pediatric and adult 

patients with either Type I or II Diabetes Mellitus. No relevant health technology 

assessments were identified. 

Additional references of potential interest are provided in the appendix. 

Overall Summary of Findings 

Two systematic reviews (SR) with meta-analyses (MA),1,2 were identified for pediatric 

patients with Type I Diabetes Mellitus (TIDM). Both studies compared continuous 

subcutaneous insulin infusion (CSII) to multiple daily injections (MDI) in patients. Overall, 

both studies concluded that glycosylated hemoglobin levels were significantly reduced in 

the CSII group compared to the MDI group.1,2 

The third SR included a MA3 for Type II Diabetes Mellitus (TIIDM) comparing CSII to MDI, 

although the patient population was not specified. Similar to the previously identified SRs,1,2 

the CSII group achieved a greater reduction in glycosylated hemoglobin levels as well as a 

reduction in insulin uptake.3 

The fourth SR with MA examined gestational diabetes patients, again comparing CSII to 

MDI.4 Generally, CSII improved glycemic control in the first trimester compared to MDI but 

the improvements did not last up until the last trimester.4  

The fifth SR with MA5 assessed patients with gestational diabetes while comparing CSII to 

MDI. Overall, no key differences were identified between groups although the CSII group 

had higher birth weights compared to the MDI group.5 

The authors of the last identified SR6 assessed patients with gestational diabetes. No 

significant differences among groups regarding glycosylated hemoglobin levels and 

maternal or fetal outcomes were reported.6 

Three randomized controlled trials (RCTs)7-9 were assessed for adult patients with TIIDM. 

One trial7 compared two different infusion sets to one another while another trial8 compared 

insulin pumps (the type not specified) to MDI. The last trial9 compared CSII with real time-

glucose monitoring (RT) to MDI with self-monitoring blood glucose (SMBG). All three 

studies reported that glycemic control levels were similar among comparative groups.7-9  

Another RCT10 was identified and included pediatric and adult patients with TIDM. The trial 

compared sensor-augmented pumps (SAP) with low glucose suspension to standard insulin 

pumps. SAP therapy with low glucose suspension reduced the combined rate of severe and 

moderate hypoglycemia in patients compared to standard insulin pump therapy.10 

An RCT11 was identified that included pediatric patients with TIDM, comparing CSII to MDI. 

Overall, the researchers concluded there was no clinical benefit associated with one type of 
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therapy over another as glycosylated hemoglobin concentration was comparable among 

groups.11 

Three RCT’s12-14 were identified that included unspecified patient populations with TIDM. 

The first trial12 compared CSII to MDI with glargine therapy in unselected patients with TIDM 

using continuous glucose monitoring (CGM). Researchers observed that glycosylated 

hemoglobin levels significantly improved in the CSII group compared to the MDI with 

glargine group.12 The second trial13 compared SAP to MDI and the effects these therapies 

had on albuminuria among selected patients. The researchers concluded that the SAP 

group had lower glucose variability and glycosylated hemoglobin levels compared to the 

MDI group as well as decreasing the urine albumin creatine ratio among SAP patients.13 

The third trial14 compared SAP therapy with or without the threshold-glucose suspend 

among selected patients. Researchers concluded that the SAP threshold-suspend group 

had a reduction nocturnal hypoglycemia, without increasing glycated hemoglobin values 

compared to the standard SAP therapy.14 

The guideline by the National Institute for Health and Care Excellence (NICE) outlines 

specific outcomes that are necessary for optimal control of diabetes along with potential 

therapies that may be most suitable for both types of diabetes in pediatric patients.15 

Table 2: Included Studies 

Author 

(Year) 

Diabetes 
Type 

Patient 

Population 

Intervention Comparator Outcomes Results 

Systematic Reviews and Meta-analyses 

Benkhadra 
(2017)1 

TIDM Pediatric (< 18 

years) and adult 

(≥ 18 years) 

patients 

CSII MDI  HbA1c levels  

 Hypoglycemic 
events 

 Time spent in 
hypoglycemia  

 MA showed significant 
reduction in HbA1c 
levels in t CSII group for 
both adults and children 

 No different in 
hypoglycemic events 
and time spent in 
hypoglycemia between 
groups  

Qin (2017)2 TIDM Pediatric (< 18 

years) patients 

CSII MDI  HbA1c (%) 
change 

 Total daily insulin 
injections 

 Incidence of DKA 

 Incidence of 
severe 
hypoglycemia 

 8 studies included 

 HbA1c lower in children 
treated with CSII 
compared to MDI 

 No differences in 
incidence of DKA or 
severe hypoglycemia 

Pickup 
(2017)3 

TDIIM Not specified  CSII MDI  HbA1c levels 

 Insulin dosing 

 5 trials identified 

 CSII achieved greater 
reduction in HbA1c 
levels than MDI 

 26% reduction in insulin 
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Author 

(Year) 

Diabetes 
Type 

Patient 

Population 

Intervention Comparator Outcomes Results 

Rys (2018)4 Gestational 
diabetes 

Pregnant 
patients 

CSII MDI  GWG 

 Insulin dosing  

 HbA1c levels 

 47 studies identified 

 CSII resulted in GWG 
and lower daily insulin 
dosing 

 CSII resulted in 
improved glycemic 
control in first trimester 
and lower insulin 
requirements 

Farrar 
(2016)5 

Pre-
existing 
and 
gestational 
diabetes 

Pregnant 
patients 

CSII MDI  C-section 

 Large for 
gestational age 

 Perinatal mortality 

 Birthweight 

 Development of 
TIIDM 

 Maternal weight 
gain 

 Mean blood 
glucose levels pre 
trimester 

 Hyperglycemia 

 Hypoglycemia 

 5 studies included 

 No key differences in 
primary outcomes 
between trials 

 Increased birth weight 
with CSII compared to 
MDI 

Ranasinghe 
(2015)6 

Gestational 
diabetes 

Pregnant 
patients 

CSII MDI  HbA1c levels 

 Maternal and fetal 
outcomes 

 7 studies included 

 MA showed no 
difference in maternal or 
fetal outcomes 

 Similar improvements in 
HbA1c levels in both 
groups 

Randomized Controlled Trials 

Freckman 
(2017)7 

TIDM Adults (≥ 18 
years) patients 
 
N=80 

IIS: Accu-
Chek 
FlexLink Plus 
(FL plus) 

IIS: Accu-
Chek 
FlexLink 
infusion set 
(FL) 

 VAS (pain 
outcomes) 

 AEs 

 Similar pain outcomes 
reported in both groups 

 13 patients experienced 
AEs 

 2 patients experienced 
SAEs 

RESPONSE 
Study Group 
(2017)8 

TIDM Adults (≥ 18 
years) patients 
 
N=317 

Insulin pump MDI  Change in HbA1c 
levels at 2 years 

 Proportion of 
patients achieving 
HbA1c <t 7.5% 

 Body weight 

 Insulin dose 

 Moderate and 
severe 
hypoglycemia  

 235 patients had 
baseline HbA1c g>  
7.5% 

 HbA1c levels, severe 
hypoglycemia improved 
in both groups 
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Author 

(Year) 

Diabetes 
Type 

Patient 

Population 

Intervention Comparator Outcomes Results 

Little (2014)9 TIDM Adults (≥ 18 
years) patients 
 
N=96 

 CSII 

 RT-CGM 

 MDI 

 SMBG 

 Hypoglycemia 
awareness 

 Severe 
hypoglycemia 

 Biochemical 
hypoglycemia 

 At 24 weeks, there was 
no significant difference 
in awareness 
comparing CSII with 
MDI and RT-CGM with 
SMBG 

 Treatment satisfaction 
higher in CSII group 
than MDI group 

 Similar biomedical 
outcomes attained with 
MDI and SMBG 
regimens compared 
with CSII/RT-CGM 

Ly (2013)10 TIDM Pediatric (< 18 
years) and adult 
(≥ 18 years) 
patients 
 
N=95 

Sensor-
augmented 
pump with 
low-glucose 
suspension 
pump (n= 49) 

Standard 
insulin pump 
therapy 
(n=46) 

 Incidence of 
severe or 
moderate 
hypoglycemia 

 DKA  

 Event rates of severe 
and moderate 
hypoglycemia 
decreased in both 
groups 

 There was no change in 
glycated hemoglobin in 
either group 

Blair (2018)11 TIDM Pediatric (< 18 
years) patients 
 
N=293  

CSII MDI  Change in HbA1c 
levels  

 HbA1c 
concentrations of 
< 48 mmol/mol 

 Severe 
hypoglycemia 

 DKA  

 Treatment-related 
AE 

 Bodyweight 

 Insulin 
requirement 

 QoL 

 HbA1c concentrations 
at 12 months were 
comparable 

 Severe hyperglycemia 
and DKA was low in 
both groups 

 Insulin use and AEs 
were higher in the CSII 
groups compared to 
MDI group 

Ruiz-de-
Adana 
(2016)12 

TIDM Not specified 
 
N=45 

CSII (using 
CGM) 

MDI with 
glargine 
(using CGM) 

 HbA1c levels  

 QoL 

 Hypoglycemia 
rate 

 DKA 

 Significant 
improvements in HbA1c 
levels for CSII group 

Rosenlund 
(2015)13 

TIDM Not specified 
 
N=55 

SAP (n= 26) MDI (n= 29)  UACR 

 HbA1c levels  

 Glucose variability  

 GFR 

 UACR was reduced 
significantly in SAP 
group compared to MDI 

 HbA1c levels and 
glucose variability also 
decreased more in SAP 
compared to MDI 
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Author 

(Year) 

Diabetes 
Type 

Patient 

Population 

Intervention Comparator Outcomes Results 

Bergenstal 
(2013)14 

TIDM Unspecified 
 
N=247 

Threshold-
suspend SAP 
(n=121) 

Standard 
SAP 
(n=126) 

 Nocturnal 
hypoglycemic 
events 

 HbA1c levels 
 

 HbA1c values were 
similar between groups 

 Nocturnal hypoglycemic 
events were lower in 
threshold-suspend SAP 
group compared to 
standard SAP group 

AE = adverse event; CSII = continuous subcutaneous insulin infusion; DKA = diabetic ketoacidosis; FL = FlexLink; GCR = glomerular filtration rate; GWG = gestational 

weight gain; HbA1c = hemoglobin A1C; IIS = insulin infusion sets; MA = meta-analysis; MDI – multiple daily injections; QoL = quality of life; RT-CGM = real-time 

continuous glucose monitoring; SAE = serious adverse event; SAP = sensor-augmented insulin pump; SMBG = self-monitoring of blood glucose; TIDM = Type I Diabetes 

Mellitus; TIIDM – Type II Diabetes Mellitus; UACR = urine albumin creatinine ratio; VAS = visual analog scale. 
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