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Compensi o finanziamenti negli ultimi due anni da:

Potenziali conflitti di interesse

• Astra Zeneca 
• Boehringer Ingelheim
• Eli Lilly
• Mundipharma

• MSD
• Novo Nordisk
• Sanofi
• Servier
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Diabetes is associated with serious complications 

Retinopathy, 
glaucoma or 
cataracts

Nephropathy

Neuropathy

Microvascular Macrovascular

Cerebrovascular disease

Coronary heart 
disease

Peripheral vascular 
disease
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Diabetes-related deaths in the Swedish NDR, 1998-2014

Rawshani A. et al., N Engl J Med 2017;376:1407–1418. 

T2DT1D

-42%

-38%

-46%

-52%
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McAllister D et al. Circulation 2018  

Age-, sex-, and deprivation-adjusted incidence of heart failure hospitalization by diabetes 
mellitus type and age in men with (A) or without (B) previous ischemic heart disease

A B

Age (yrs)
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Diabetes-related deaths in the Swedish NDR, 1998-2014

Rawshani A. et al., N Engl J Med 2017;376:1407–1418. 

T1D

HbA1c 
66.2
(8.2)

68.4 mmol
(8.41%)

+0.21%

-42%

-38%
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DCCT, Diabetes Control 
and Complications Trial.

Skyler JS. Endocrinol Metab Clin North Am. 1996, DCCT. N Engl J Med. 1993 and Diabetes. 1995
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Impact of Intensive Therapy for Diabetes

Study Microvasc CVD Mortality

UKPDS      
DCCT / 
EDIC*      

ACCORD   
ADVANCE   

VADT   

Initial Trial Long Term Follow-up * in T1DM

UKPDS Lancet 1998; Holman RR et al. NEJM 2008;  DCCT Research Group. NEJM 1993;  Gerstein HC et al. NEJM 2008;
Patel A et al. NEJM 2008; Duckworth W et al.  NEJM 2009. 
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DCCT-EDIC N Engl J Med 2005 and  Diabetes 2013 

Cumulative Incidence of the First Occurrence of MACE

Hazard ratio, 0.43 (95% CI, 0.12–0.79)
P=0.02
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All-cause mortality Heart failure

Strength of association for the most important risk factors  and Hazard Ratio for 
all-cause mortality and hospitalization for heart failure

Rawshani A. et al., Circulation 2019 
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Glycated hemoglobin (HbA1c)

Gradient Boosting for Mortality and Heart Failure and Strength of 
association of predictors for HbA1c in T1D

Mortality

Heart failure

Rawshani A. et al., Circulation 2019 
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HbA1c, Progression of Retinopathy, and Severe Hypoglycemia

DCCT. N Engl J Med. 1993 

Progression of Retinopathy Severe Hypoglycemia
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%

n =28538
Mean HbA1c 0 7,8%

HbA1c

%

LDL

Le Monografie degli Annali AMD 2018 – Diabete tipo 1 

Livelli di HbA1c e Fattori di Rischio Maggiori nei pazienti con T1D
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Adherence to recommendations for diabetes treatment

• self-monitoring of blood glucose, 

• administration of insulin or oral hypoglycaemic agents,

• diet, 

• physical activity, 

• foot care, 

• other self-care practices

ADHERENCE TO LONG-TERM THERAPIES -Evidence for action – WHO 2003
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McCarthy et al. Preventive Medicine 2016 

Cardiovascular health in adults with type 1 diabetes

T1D Exchange Clinic registry (67 US endocrinology practice)

Brasil

Viana et al. Trials (2016)

Diapositiva preparata da RAFFAELE NAPOLI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



‘the extent to which a person’s behaviour – taking 
medication, following a diet, and/or executing lifestyle 
changes - corresponds with agreed recommendations
from a health care provider’.

Adherence to long term therapy

ADHERENCE TO LONG-TERM THERAPIES -Evidence for action – WHO 2003
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The five dimensions of adherence
• poor socioeconomic status, 
• illiteracy, low level of education, 
• unemployment, lack of effective social support networks, 

unstable living conditions, 
• long distance from treatment centre, high cost of transport,                 

high cost of medication,
• changing environmental situations,
•
• Culture   and lay beliefs about illness and treatment,  
• family       dysfunction, age
• race

• poorly developed health services with inadequate or non-existent reimbursement 
by health insurance plans, 

• poor medication distribution systems, 
• lack of knowledge and training for health care providers on managing chronic 

diseases, overworked health care providers, lack of incentives and feedback on 
performance, short consultations, weak capacity of the system to educate 
patients and provide follow-up, 

• inability to establish community support and                                                    
self-management capacity, lack of knowledge on                                             
adherence and of effective interventions for                                            
improving it.

• severity of symptoms, level of disability 
(physical, psychological, social and 
vocational), 

• rate of progression and severity of the 
disease, 

• the availability of effective treatments
• Co-morbidities,

• Complexity   of the medical regimen, 
duration of   treatment, 

• previous       treatment failures, 
frequent      changes in treatment, 

• the immediacy of beneficial effects, 
side-effects, and 

• the availability of medical support to 
deal with them.

resources, knowledge, attitudes, beliefs,        perceptions 
and expectations      of the patient

ADHERENCE TO LONG-TERM THERAPIES -Evidence for action – WHO 2003
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Persistence curves stratified by 
proportion of prescribed drug taken

Time course of adherence/compliance parameters
(execution, persistence)

VrijensB et al BMJ 2008

Persistence, Adherence and compliance
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Methods for assessing adherence to a medication regimen.

Farmer KC Clinical Therapeutics 1999
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A Systematic Review of Insulin Adherence Measures in Patients with Diabetes

Stolpe S et al. J Manag Care Spec Pharm. 2016
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A Systematic Review of Insulin Adherence Measures in Patients with Diabetes

Stolpe S et al. J Manag Care Spec Pharm. 2016
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A Systematic Review of Insulin Adherence Measures in Patients with Diabetes

Stolpe S et al. J Manag Care Spec Pharm. 2016
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Correlates of Insulin Injection Omission in T1d And T2D

Peyrot M et al Diabetes Care 2010

• Internet survey of 502 U.S. adults self-identified as taking insulin 
by injection to treat type 1 or type 2 diabetes

• Intentional insulin omission was reported by more than half of 
respondents (57%); regular omission was reported by 20%. 

• Significant independent risk factors for insulin omission were: 
younger age, lower income and higher education, type 2 diabetes, 
not following a healthy diet, taking more daily injections, 
interference of injections with daily activities, and injection pain 
and embarrassment. 

• Risk factors differed between type 1 and type 2 diabetic patients, 
with diet nonadherence more prominent in type 1 diabetes and age, 
education, income, pain, and embarrassment more prominent in type 
2 diabetes

Multiple regression analysis of frequency of insulin injection omission

Diapositiva preparata da RAFFAELE NAPOLI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Factors associated with injection omission/non-adherence in T1D and T2D

Peyrot M et al DOM 2012

• Telephone survey of 1530 insulin-treated adults with self-reported 
diabetes (110 type 1 and 1420 type 2) in several countries. 

• Mean age  ∼60 years, ∼15 years duration of diabetes and ∼9 years 
duration of insulin treatment.

• One third (35%) of respondents reported one or more days (mean:∼3 
days) of insulin omission/non-adherence. Insulin 
omission/nonadherence differed widely across countries (range=20–
44%);

• Most risk factors had similar relationships with insulin omission/non-
adherence across countries

• Insulin omission/non-adherence was associated with: male gender, 
younger age, type 2 diabetes or more frequent hypoglycaemia; pts 
less successful with other treatment tasks, regarded insulin 
adherence as less important, had more practical/logistical barriers 
and difficulties with insulin adherence, were concerned that insulin 
treatment required lifestyle changes or were dissatisfied with the 
flexibility of injection timing

*p<0.05; **p<0.01; ***p<0.001.

Correlates of insulin omission/non-adherence days per month (N=1530).
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Insulin adherence behaviours and barriers

Peyrot M et al Diab Med 2012

• Internet survey of 1250 physicians (600 specialists, 650 
primary care physicians) who treat patients with diabetes 
and telephone survey of 1530 insulin-treated patients (180 
with Type 1 diabetes, 1350 with Type 2 diabetes)

• 33.2% of patients reported insulin omission⁄non-
adherence at least 1 day in the last month, with an 
average of 3.3 days. 72.5% of physicians report that their 
typical patient does not take their insulin as prescribed, 
with a mean of 4.3 days per month of basal insulin 
omission⁄non-adherence and 5.7 days per month of 
prandial insulin omission⁄non-adherence.

• Patients and providers indicated the same five most 
common reasons for insulin omission⁄non-adherence: too 
busy; travelling; skipped meals; stress ⁄ emotional 
problems; public embarrassment. 

• Most physicians report that many insulin-treated patients 
do not have adequate glucose control (87.6%) and that 
they would treat more aggressively if not for concern 
about hypoglycaemia (75.5%).

Physician report: patient success with insulin treatment tasks (n = 1250)*

Patient (n = 530) and 
physician (n = 964) reported 
reasons* for insulin
omission⁄non-adherence
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Determinants of Adherence to Diabetes Medications: Findings From a Large Pharmacy 
Claims Database

Kirkman MS et al. Diabetes Care 2015

Odds ratios, 95% CI, and P values 
for multivariate model of factors
associated with diabetes 
medication adherence

Data on a cohort of >200,000 patients  
treated for diabetes with noninsulin 
medications in the second half of 2010 
and had continuous prescription 
benefits eligibility through 2011. 
Adherence was defined as a medication 
possession ratio >0.8.
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Patient-reported adherence to insulin regimen is associated
with glycemic control among Japanese patients with T2D

Mashitani et al. DRCP  2013

Patient characteristics based on insulin injection adherence (based on questionnaire)
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Patient-reported adherence to insulin regimen is associated
with glycemic control among Japanese patients with T2D

Mashitani et al. DRCP  2013

Relative risks (RRs) of good glycemic control in patients with type 2 diabetes treated with insulin
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Real-world factors affecting adherence to insulin therapy in patients with T1D or T2D

Davis M et al Diab Med 2013

Adherence in patients initiating therapy with a vial/syringe or a pen device or switching from a vial/syringe to a pen device
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Davis M et al Diab Med 2013

Summary of predictive 
factors for adherence to 
insulin and strategies for 

improving adherence to 
insulin

Real-world factors affecting adherence to insulin therapy in patients with T1D or T2D
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• Median follow-up of 5.4 years comprising 51 820 person-years.

• 2171 (43.8%) of 4952 participants assigned to placebo had at least 
one discontinuation of study drug during follow-up 

• 3520 (71.1%) assigned to placebo were taking study drug at the last 
visit. 

• Participants assigned to placebo took study drug for 83.1% of the 
follow-up time from randomisation until either a primary outcome 
event or final follow-up.

REWIND

Gerstein HC et al.  Lancet., Published online June 10, 2019
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The Impact of Treatment Noncompliance on Mortality in T2D

Currie CG et al. Diabetes Care  2012

Number of death events, length of follow-up periods, crude event rates, and crude relative risks

UK general practice, Health Improvement Network (THIN, N = 15,984)
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The Impact of Treatment Noncompliance on Mortality in T2D

Currie CG  et al. Diabetes Care  2012

Multivariate Cox regression 
model of all-cause mortality 
(N = 13,401)*
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OAD Medication Adherence and Hospitalization, Mortality, and 
Healthcare Costs in Adult Ambulatory Care Patients With T2D

Hong JS  et al. Med Care 2011

Retrospective cohort study of 40,082 patients 
enrolled in Korea’s national health insurance
program
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Andrade CS et al. BMJ 2017

Factors associated with HbA1c levels in 979 Brazilian patients with type 1 diabetes
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Adherence to insulin treatment, glycaemic control, and ketoacidosis in insulin-dependent diabetes mellitus

Morris AD et al. Lancet 1997

89 patients, mean age 16 (SD 7) years, diabetes duration 8 (4) years, and glycosylated
haemoglobin (HbA1c) 8·4 (1·9)%, 

The medically recommended insulin dose and cumulative volume of insulin prescriptions 
supplied were used to calculate the days of maximum possible insulin coverage per annum, 
expressed as the adherence index

Association of age to glycaemic control (bottom
panel) and age to adherence index (upper panel)

Linear regression of the association between (HbA1c) and adherence index
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Clinical correlates of poor glycaemic control within insulin regimens among children with T1D

Snyder LL et al. Diabetic Medicine 2019

Self- or parent-reported data from 1095 children with Type 1 diabetes 
aged 10–17 years (694 on insulin pump, 188 BB, and 213 on mixed regimen

≥ 9.5%

7.5% to <9.5%);

<7.5%

OR (95% CI) for logistic regression model predicting poor glycaemic
control [HbA1c ≥  9.5%] within insulin regimens in children with Type 1 
diabetes

Diapositiva preparata da RAFFAELE NAPOLI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Missing bolus doses has profound effect on metabolic control 
in T1D CSII-treated adolescents

Olinder AL et al. Pediatric Diabetes. 2009

90 CSII-treated (>6 months), aged 12–18 yr, from diabetes clinics in Sweden. They recorded their meal intake the previous day, which was
compared with downloaded pump data, and the frequency of missed boluses was stated. HbA1c and diabetes-related data were recorded. 
HRQOL and treatment satisfaction were measured with questionnaires. 

Comparisons between the groups who had missed <15 or >15% of the bolus doses the day before the visit

38%
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Insulin restriction is associated with increased rates of diabetes 
complications and increased mortality risk in women withT1D

Goebel-Fabbri AE et al. Diabetes Care 2008

• 11-year follow-up study of 234 women 
with type 1 diabetes. Mean age was 
45 years, diabetes duration was 28 
years, BMI was 25 kg/m2, A1C was 
7.9%. 

• Restriction likely due to general 
psychological distress (such as 
depression and anxiety), diabetes-
specific distress, fear of 
hypoglycemia, concern about weight 
gain, and related eating disorder 
behaviors

Characteristics of women 
who died during follow-up

71163
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Treatment non-compliance is associated with increased all-cause 
mortality in patients with T1D

Currie CG et al. J Diab Compl 2013

• Observational cohort study of data extracted from The 
Health Improvement Network (THIN) database, 
comprising data on patients served by over 350 primary 
care practices in the UK

• Of 2946 patients with type 1 diabetes, 867 (29.4%) 
had a record of either appointment nonattendance or 
medication non-compliance in the 30 month compliance 
assessment period

Baseline characteristics according to diagnosis 
of medication non-compliance and clinic non-
attendance.

Multivariate Cox regression model of medication non-
compliance and clinic nonattendance
on mortality risk
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Medication Nonadherence is prevalent in T2D and is associated
With Hospitalization and Mortality

Ho PM et al. Arch Intern Med. 2006

A retrospective cohort study of 11 532 patients (Kaiser Permanente of Colorado)

Association Between Medication Nonadherence and Outcomes Using Different PDC Cutoffs

Association Between Medication Nonadherence and Outcomes PDC = proportion of days covered

Diapositiva preparata da RAFFAELE NAPOLI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Factors affecting treatment adherence in adolescents with T1D

Borus JS and Laffel L Current Opinion in Pediatrics 2010 
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Interventions With Adherence-Promoting Components in Pediatric T1D

Hood KK Diabetes Care  2010

• 15 studies meta-analysis including 997 
youth with type 1 diabetes.

• Direct interventions were those that 
focused entirely on direct, behavioral 
processes. 

• Combined interventions focused on one or 
several behavioral tasks, but the emphasis 
of the intervention was on promoting coping 
or problem-solving skills or a family process 
involved in diabetes management. 

Effect sizes and confidence intervals for the individual studies

Diapositiva preparata da RAFFAELE NAPOLI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Improving Patients’ compliance to lower HbA1c in T1D 
Meta-analyses of RCT of psychological, telecare, and educational interventions

Viana LV et al. Trials 2016

• 19 articles met the inclusion criteria (1782 pts, 49.4% males, age 18 years. The RCTs (2 to 24 months in duration) were 
divided into 4 groups: psychology (7 studies; 818 patients), telecare (6 studies; 494 patients); education (5 studies; 349 
patients), and psychoeducation (1 study; 153 patients). All studies reported some type of adherence measurement of the 
interventions. 

• Decrease in HbA1c was observed after psychology (MD −0.310; 95 % CI, −0.599 to −0.0210, P = 0.035) but not after 
telecare (MD −0.124 %; 95 % CI, −0.268, 0.020; P = 0.090) or educational (MD −0.001; 95 % CI, −0.202, 0.200;P = 0.990) 
interventions.

Forest plots of interventions to improve compliance with lower HbA1c in patients with T1D
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Mobile phone text messaging in improving glycaemic control for patients with T2D

Viana LV et al. Trials 2016

• Eleven randomized controlled 
trials were included in the final 
review, with a total of 1710 
participants. One study focused 
on medication adherence only, 
while the remaining had 
educational and motivational 
messages.

• Five studies showed a 
significant improvement in 
HbA1c with the intervention. 
The remaining studies 
demonstrated a trend to 
improvement in HbA1c. Our 
meta-analysis on 9 of the 11 
studies found an overall 
reduction in HbA1c of 0.38% (-
0.53; -0.23, p-value <0.001)..
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Interventions to improve safe and effective medicines use by consumers: an 
overview of systematic reviews (Review)

Ryan R, et al. The Cochrane Collaboration. 2018

• Medicines self-monitoring and self-management programmes appear generally effective to improve medicines 
use, adherence, adverse events and clinical outcomes; and to reduce mortality in people self-managing 
antithrombotic therapy. 

• Other promising interventions to improve adherence and other key medicines-use outcomes, which require 
further investigation to be more certain of their effects, include:

• simplified dosing regimens: with positive effects on adherence;
• interventions involving pharmacists in medicines management, such as medicines reviews (with positive 

effects on adherence and use, medicines problems and clinical outcomes) and pharmaceutical care 
services (consultation between pharmacist and patient to resolve medicines problems, develop a care 
plan and provide follow-up; with positive effects on adherence and knowledge). 

There are many different potential pathways through which consumers’ use of 
medicines could be targeted to improve outcomes, and simple interventions may 
be as effective as complex strategies. However, no single intervention assessed 
was effective to improve all medicines-use outcomes across all diseases, 
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