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Abstract
Introduction  Insulin is the most effective 
antihyperglycemic treatment and basal insulin is the 
preferred initial formulation in patients with type 2 
diabetes. However, its effects are dose-dependent, so 
adequate titration is necessary to reach targets. We 
performed a meta-analysis to compare the efficacy and 
safety of patient-led versus physician-led titration of basal 
insulin in patients with uncontrolled type 2 diabetes.
Research design and methods  Four databases were 
searched from database inception through March 2020. 
Randomized controlled studies with at least 12 weeks 
of follow-up of patients with type 2 diabetes allocated to 
patient-led versus physician-led titration of basal insulin 
were selected. Data on glycemic endpoints (hemoglobin 
A1c (HbA1c), fasting plasma glucose (FPG), hypoglycemia) 
and other outcomes (insulin dose, body weight, patient-
reported outcomes, adverse events, rescue medication, 
discontinuation) were extracted. Data were pooled using a 
random-effects model.
Results  Six studies evaluating 12 409 patients were 
finally included. Compared with the physician-led 
performance, patient-led titration was associated with a 
statistically significant higher basal insulin dose (+6 IU/
day), leading to benefits on HbA1c (−0.1%) and FPG 
(−5 mg/dL), despite a higher risk of any level hypoglycemia 
(relative risk=1.1) and a slight increase in body weight 
(+0.2 kg). No difference was found for the other outcomes.
Conclusions  The present study showed that patient-led 
titration of basal insulin was not inferior to physician-led 
titration in patients with uncontrolled type 2 diabetes. 
Therefore, diabetes self-management education and 
support programs on basal insulin should be widely 
adopted in clinical practice and patients provided with 
tools to self-adjust their dose when necessary.

Introduction
Diabetes is a complex, chronic disease char-
acterized by high prevalence, morbidity, 
and excess mortality. It is associated with 
multiple complications and comorbidities, 
including overweight and obesity, cardio-
vascular disease, kidney failure, blindness, 

non-alcoholic fatty liver disease and cognitive 
impairment.1–4 Timely diagnosis, effective 
therapy and follow-up reduce the burden 

Significance of this study

What is already known about this subject?
►► Basal insulin is the preferred initial formulation in 
patients with uncontrolled type 2 diabetes; since 
the improvements in glycemic control that can be 
achieved with these agents are dose-dependent, ad-
equate titration is key to achieving targets.

►► Whether the titration of basal insulin performed 
by the patient is associated with similar outcomes 
compared with dose adjustments performed by the 
physician is unclear.

What are the new findings?
►► Compared with the physician-led performance, 
patient-led titration was associated with a higher 
daily basal insulin dose, leading to a statistically sig-
nificant but not clinically relevant advantage in terms 
of hemoglobin A1c and fasting plasma glucose, to-
gether with a limited increase in the risk of any level 
hypoglycemia and a slight body weight increase.

►► No differences were found for risk of level 3 hypogly-
cemia, requiring rescue medication, discontinuation, 
adverse events or patient-reported outcomes.

►► No heterogeneity was found for six out of eight out-
comes, confirming the robustness of findings re-
gardless of the characteristics of included patients, 
the concomitant therapy and the algorithm for titra-
tion of basal insulin.

How might these results change the focus of 
research or clinical practice?

►► In patients with uncontrolled type 2 diabetes, our 
findings indicate that patient-led titration should be 
regarded as not inferior to basal insulin dose adjust-
ments performed by physicians, and acknowledged 
as an adequate strategy to be widely adopted in clin-
ical practice.

http://drc.bmj.com/
http://orcid.org/0000-0002-1175-8998
http://orcid.org/0000-0003-2740-2547
http://orcid.org/0000-0003-1383-1850
http://orcid.org/0000-0002-2125-4937
http://orcid.org/0000-0002-5140-8060
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjdrc-2020-001477&domain=pdf&date_stamp=2020-07-06


2 BMJ Open Diab Res Care 2020;8:e001477. doi:10.1136/bmjdrc-2020-001477

Clinical Care/Education/Nutrition

of the disease, as well as its economic impact on people 
with diabetes, their families, and the healthcare system.1 
Therefore, the definition of a management plan based 
on lifestyle modifications, medications and other inter-
vention (eg, bariatric surgery), when needed, is strongly 
recommended.2

It is common knowledge that type 2 diabetes is often 
characterized by a progressive clinical course. Indeed, 
concerning pharmacologic therapy, patients are gener-
ally started on metformin monotherapy, then a shift 
to dual/triple combination therapy often becomes 
necessary to maintain glycemic targets.5 The choice of 
additional drugs should be made taking into account 
patient preference and clinical characteristics, including 
the presence of indicators of a high risk or history of 
cardiovascular disease, heart failure or chronic kidney 
disease.6–8 However, the definition of diabetes is based 
on hyperglycemia, and glycemic management aiming at 
blood glucose concentrations close to the normal range 
has been shown to reduce the incidence and progression 
of complications, both microvascular and possibly macro-
vascular.9 Therefore, together with the above-mentioned 
issues and the impact on body weight, risk of hypogly-
cemia, tolerability and costs, the glucose-lowering power 
of each drug must always be considered, too. Insulin is 
the most effective antihyperglycemic treatment and basal 
insulin is the preferred initial formulation in patients with 
type 2 diabetes.5 It can be introduced early in patients 
with very high hemoglobin A1c (HbA1c) levels (>10%; 
86 mmol/mol), symptoms of hyperglycemia, or evidence 
of ongoing catabolism (eg, weight loss), or added to any 
other available drug, if further intensification is needed.5 
It is important to note that the improvements in glycemic 
control that can be achieved with basal insulin are dose-
dependent.6 On one hand, it follows that insulin can 
lower glucose over a wide range, to almost any glycemic 
target as limited by hypoglycemia. On the other hand, the 
goals can be achieved only thanks to adequate titration, 
performed either by the patient or by the physician.5 6

Despite polytherapy, glycemic targets are not achieved 
in a large proportion of people with type 2 diabetes.10–12 
Different factors may play a role, including thera-
peutic inertia, limited adherence and the progressively 
increasing discrepancy between the burden of this 
disorder and the healthcare resources.12 Diabetes self-
management education and support is key for patient 
empowerment, in terms of informed decision-making, 
self-care behavior, problem-solving, and active collabo-
ration with the healthcare system.13 This approach has 
been shown to reduce the risk of all-cause mortality in 
patients with type 2 diabetes.14 In an insulin perspective, 
the patient is provided with tools to adjust the daily dose 
when necessary. Remarkable numbers of patients are 
currently using basal insulin, but a high level of evidence 
on the results and implications of patient self-adjustments 
is currently lacking. Therefore, we conducted the present 
study to achieve solid information on the efficacy and 
safety of patient-led versus physician-led titration of basal 

insulin in patients with uncontrolled type 2 diabetes. A 
systematic search was carried out to identify randomized 
controlled trials (RCT) on the topic. We also performed 
a meta-analysis of the available data, comparing the two 
options in terms of (1) glycemic endpoints, including 
HbA1c, fasting plasma glucose (FPG), and hypogly-
cemia; and (2) other outcomes, including daily basal 
insulin dose, body weight, patient-reported outcomes, 
adverse events, initiation of rescue medication, and 
discontinuation.

Methods
The meta-analysis was registered in PROSPERO (Inter-
national Prospective Register of Systematic Reviews; 
CRD42020176794) and performed in accordance with 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses statement (online supplementary 
table S1).15

Data sources and searches
A five-step research strategy was drawn up. First, we 
searched for sentinel studies in PubMed. Second, we iden-
tified keywords in PubMed. Third, the terms “diabetes”, 
“insulin”, “titration”, “investigator” and “physician” were 
researched on PubMed to test the strategy. Fourth, 
CENTRAL, Scopus and Web of Science were researched 
using the same strategy. Lastly, references of the included 
studies were searched to find additional papers. The last 
search was performed on March 28, 2020. No language 
restriction was adopted. Two investigators (MC, FP) 
independently searched for papers, screened titles and 
abstracts of the retrieved articles, reviewed the full texts, 
and selected the articles for inclusion.

Study selection
RCTs with at least 12 weeks of follow-up of patients with 
type 2 diabetes randomized to patient-led or physician-led 
titration of basal insulin were selected. Studies were 
excluded if (1) based on insulin other than degludec, 
detemir, glargine U-100 or glargine U-300; (2) based on 
the simultaneous titration of prandial and basal insulin; 
and (3) titration in the patient-led arm was performed 
using technology (eg, devices, web tools, smartphone 
applications, or text messages).

Data extraction and quality assessment
The following information was extracted independently 
by the same investigators in a piloted form: (1) general 
information on the study (author, year of publication, 
country, study type, follow-up period, inclusion criteria, 
number of patients, characteristics of patients at base-
line); (2) algorithms for titration of basal insulin in 
the patient-led and physician-led arms; (3) glycemic 
endpoints, including HbA1c, FPG and number of 
patients with at least one hypoglycemic event; (4) 
daily basal insulin dose; (5) body weight; (6) patient-
reported outcomes; (7) adverse events; (8) number of 
patients requiring rescue medication; and (9) number 
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Figure 1  PRISMA flow diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

of discontinuations. For hypoglycemia, separate anal-
yses were performed for any event and severe events 
requiring assistance for treatment only (level 3 hypogly-
cemia).9 The main paper and supplementary data were 
examined. Data were cross-checked, and any discrepancy 
was discussed.

The risk of bias of the included studies was assessed 
independently by two reviewers (MC, FP) according to 
The Cochrane Collaboration tool. The following aspects 
were evaluated: random sequence generation; allocation 
concealment; blinding of participants and personnel; 
blinding of outcome assessment; incomplete outcome 
data; and selective reporting. Regarding other bias, 
funding was assessed. Each domain was assigned a low, 
unclear or high risk of bias.16

Data synthesis and analysis
The primary outcome was the difference in change in 
HbA1c from baseline to the last available follow-up 
between the patient-led and the physician-led titration 
of basal insulin. Secondary outcomes included differ-
ences in (1) change in FPG, daily basal insulin dose, 
and body weight; (2) number of patients with at least 
one hypoglycemic event, number of patients requiring 
rescue medication and number of discontinuations; 
and (3) patient-reported outcomes and adverse events. 
Endpoints were analyzed as (1) continuous variables and 
summarized as weighted mean difference and (2) dichot-
omous variables, and the relative risk (RR) was estimated. 
For the third endpoints, we only collected data in tables, 
given the heterogeneous reporting. If SD was missing in 
a study for a specific outcome, it was calculated from SE 
or 95% CI; if none of these was available, the largest value 
among the other studies was assigned. Pooled data were 
presented with 95% CI. Heterogeneity between studies 

was assessed using I2, with 50% or higher being regarded 
as high. Publication bias was assessed with Egger’s test; 
the trim-and-fill method was used to estimate its effect. 
All analyses were two-sided and were carried out using 
RevMan V.5.3 (The Cochrane Collaboration) and 
Prometa V.3.0 (Internovi) with a random-effect model. 
Significance was set at p<0.05.

Results
Study characteristics
In total, 331 papers were found, 36 of which were on 
PubMed, 138 on CENTRAL, 115 on Scopus, and 42 on 
Web of Science. After removing 106 duplicates, title and 
abstract of 225 articles were analyzed; 196 records were 
excluded (review; study protocol; not titration strategies; 
titration performed using technology; insulin other than 
detemir, degludec, glargine U-100 or glargine U-300; 
titration of prandial insulin only or simultaneous titra-
tion of prandial and basal insulin; not within the scope 
of the meta-analysis). The remaining 29 papers were 
retrieved in full text and 6 studies were finally included 
in the meta-analysis (figure 1).17–22 No additional study 
was retrieved from the references of included studies.

Study quality assessment
The risk of bias of the included studies is shown in 
online supplementary table S2. Information on random 
sequence generation was not reported in any study, while 
a central allocation was reported only in three.19 21 22 
Blinding of participants and personnel and blinding of 
outcome assessment bias were rated as low: studies were 
open-label, so there could have been a high risk of perfor-
mance and detection bias, but no other study design 
could have been used since basal insulin needs to be 
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titrated. As regards incomplete outcome data bias, all 
studies reported a similar discontinuation rate in the 
two arms. All of the studies’ prespecified outcomes were 
reported in the prespecified way. Finally, an industrial 
sponsor funded all the studies.17–22

Qualitative analysis
The characteristics of the included articles are summa-
rized in table 1.17–22 The studies were published between 
2005 and 2020, had sample sizes ranging from 212 to 5619 
patients, and with follow-up ranging from 12 to 26 weeks. 
All studies were RCTs. Three studies were multinational, 
one was conducted in Canada, one in Italy and one in the 
USA. Three studies used glargine U-300 as basal insulin, 
two glargine U-100, and one detemir. Data on target 
FPG, frequency of titration and titration algorithms are 
reported in online supplementary table S3. Participants 
were adult outpatients diagnosed with type 2 diabetes, 
with an HbA1c from 7% to 12% (53–108 mmol/mol), 
insulin-naive or insulin-treated. Overall, 12 409 patients 
were included; 51% were men, the weighted mean age was 
58.6±10.9 years, and the weighted mean baseline HbA1c 
was 8.7±1.4%. Of these, 6174 were allocated to patient-led 
titration of basal insulin and 6235 to physician-led.

Quantitative analysis
The primary outcome was the difference in change in 
HbA1c from baseline to the last available follow‐up. 
Compared with physician-led performance, patient-led 
titration of basal insulin was associated with an additional 
reduction in HbA1c by −0.12% (95% CI −0.16 to −0.07; 
I2=0%) (figure 2A). In line with this, patients allocated 
to this treatment were characterized by a lower FPG 
(−5.2 mg/dL; 95% CI −9.3 to −1.2; I2=59%) (figure 2B) 
and a higher daily basal insulin dose (5.9 IU/day; 95% CI 
0.2 to 11.8; I2=92%) (online supplementary figure S1). As 
to the incidence of hypoglycemic events, patient-led titra-
tion was associated with a higher risk of any level hypogly-
cemia (RR=1.12; 95% CI 1.02 to 1.23; I2=18%), despite a 
similar risk of level 3 episodes (RR=1.20; 95% CI 0.73 to 
1.98; I2=0%) (figure 3).

Patient-led titration was also associated with a higher 
body weight by 0.25 kg (95% CI 0.06 to 0.44; I2=0%) 
(online supplementary figure S2). No differences in risk 
of requiring rescue medication, risk of discontinuation 
or patient-reported outcomes were found. In Yale et al,20 
a higher satisfaction was reported by healthcare profes-
sionals for the patient-led algorithm (online supplemen-
tary figures S3 and S4 and online supplementary table 
S4). No drug-related serious adverse event was reported, 
while a similar frequency of drug-related treatment-
emergent adverse events was reported in the two study 
arms (data not shown).

There was no evidence of publication bias (online 
supplementary table S5).

Discussion
The aim of this meta-analysis was to identify the best 
available evidence of the efficacy and safety of patient-led 

versus physician-led titration of basal insulin in patients 
with uncontrolled type 2 diabetes. Six RCTs were found, 
with a follow-up ranging from 12 to 26 weeks, evaluating 
12 409 adult insulin-naive or insulin-treated patients with 
HbA1c between 7% and 12% (53 and 108 mmol/mol). 
The overall results of our meta-analysis showed a higher 
efficacy of the patient-led strategy on HbA1c, FPG and 
daily basal insulin dose. However, patients allocated to 
this arm showed a higher body weight and risk of any 
level hypoglycemia. No differences were found for risk 
of level 3 hypoglycemia, requiring rescue medication, 
discontinuation, adverse events or patient-reported 
outcomes. Also, no heterogeneity was found for six out 
of eight outcomes, confirming the robustness of our find-
ings regardless of the characteristics of included patients, 
the concomitant therapy and the algorithm for titration 
of basal insulin. To our knowledge, this is the first meta-
analysis on the topic. Papers were searched without time 
restrictions and inclusion criteria were defined prior to 
the database searches. We believe this to be a significant 
contribution to the current understanding in this field, 
since studies evaluating populations from different coun-
tries with different inclusion criteria and protocols could 
thus be interpreted together.

The algorithms adopted differed among the studies. 
First, the same FPG level or range was targeted in both 
arms of each study. However, it varied from ≤100 mg/
dL FPG in Davies et al17 to 80–130 mg/dL FPG in 
Russell-Jones at al,21 being 110 mg/dL or 80–100 mg/
dL or 80–110 mg/dL in the other studies. Second, basal 
insulin was titrated more frequently in the patient-led 
arm, as expected. Particularly, titration was performed 
every 3–4 days by patients versus weekly at most by physi-
cians. The only exception was Yale et al,20 where the 
patients increased the insulin dose by +1 IU/day, whereas 
physician-titrated insulin was done at least once weekly 
but not more often than once every 3 days.20 Third, three 
studies reported similar dose adjustment by both patients 
and physicians,19 21 22 while a more aggressive titration was 
reported in the physician-led arm in two studies.17 20 In 
Meneghini et al18 a comparison could not be performed 
because only a reference to the standard-of-care practice 
was made for the physician-led algorithm. Despite these 
differences, patient-led titration was consistently asso-
ciated with a higher daily basal insulin dose, leading to 
improved HbA1c and FPG. Therefore, regardless of the 
method adopted in each study, significant benefits can be 
achieved by means of patient training on how to perform 
titration of basal insulin, even when compared with 
dose adjustments performed by physicians in an RCT 
setting. It is important to note that, while the frequency 
of patient-led adjustments seems to be reasonable and 
sustainable also in a real-life setting and for periods longer 
than the duration of the included studies, the same does 
not hold true for physician-led adjustments. The discrep-
ancies between RCT and real-world findings reported 
for several interventions, showing that the former results 
were not found to be replicable in the latter setting, may 
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Figure 2  Forest plot of meta-analysis for difference in change in hemoglobin A1c (A) and fasting plasma glucose (B) from 
baseline to the last available follow-up on patient-led versus physician-led titration of basal insulin. IV, inverse variance.

Figure 3  Forest plot of meta-analysis for relative risk of any level hypoglycemia (A) and level 3 hypoglycemia (B) on patient-
led versus physician-led titration of basal insulin. M-H, Mantel-Haenszel.

possibly have a less relevant role in this context as long 
as training sessions are planned and can be repeated as 
often as necessary until patients can demonstrate compe-
tent unaided use.21 23 24

When the statistical significance is met for a specific 
outcome, the clinical relevance of that finding should 
also be assessed. Compared with the physician-led perfor-
mance, patient-led titration was found to be associated 
with absolute differences in change in HbA1c by −0.1%, 

FPG by −5 mg/dL, body weight by +0.2 kg and risk of any 
level hypoglycemia by 1.1. The clinical implications of 
these findings may be limited. Therefore, from a clin-
ical perspective, patient-led titration should be regarded 
as at least non-inferior to basal insulin dose adjustment 
performed by the physician. The only exception could 
be for the difference in change in daily basal insulin dose 
(+6 IU/day), corresponding to about +15% of the daily 
basal insulin dose in the physician-led arm at the last 
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available follow-up (44 IU/day). Interestingly, no differ-
ences were found for patient-reported outcomes, adverse 
events, rescue medication or discontinuation; therefore, 
no reduced treatment compliance has to be expected 
when patients are directly involved in managing their 
basal insulin dose.20

This raises the question as to whether one specific 
patient-led algorithm for titration of basal insulin should 
be preferentially used in clinical practice. Because 
there was no heterogeneity of findings for our primary 
outcome (eg, HbA1c), no recommendation can be based 
on our data. The ideal titration algorithm should be 
simple to ensure patient compliance, effective to allow 
targets to be reached, and safe to minimize the risk of 
hypoglycemia. First, the target to be reached should 
be defined. A study compared two patient-led titration 
algorithms using detemir in insulin-naive patients with 
type 2 diabetes. Compared with 80–110 mg/dL, an FPG 
range of 70–90 mg/dL was found to be more effective on 
HbA1c and associated with a comparable rate of hypogly-
cemia.25 Possibly, the lower half of the premeal glucose 
target of 80–130 mg/dL recommended by the American 
Diabetes Association should be targeted, as long as it can 
be achieved without an increased risk of hypoglycemia.9 
Second, the dose adjustments (and frequency) should 
be defined. A study compared two algorithms using 
degludec in insulin-naive patients with type 2 diabetes. 
No difference was found between two once-weekly dose 
adjustments, namely a less aggressive titration based on a 
single pre-breakfast glycemia or a more aggressive titra-
tion based on the lowest value of three consecutive days’ 
pre-breakfast glycemias.26 Similar findings were recently 
reported in another study in insulin-naive patients 
with type 2 diabetes treated with detemir.27 Third, it is 
important to decide whether training should be deliv-
ered in groups or individually, although one study found 
no difference between the two approaches.28 Overall, 
current literature does not support the use of a specific 
algorithm that should be selected based on individual 
patient characteristics, type of basal insulin and goals.

Limitations of the present paper should be discussed. 
First, a limited number of studies, usually with short-
term follow-up, were found. Specifically, we were able 
to find data related to six studies in which patients were 
only followed up to 26 weeks. In addition, patients had 
an HbA1c at baseline ranging between 7% and 12% (53 
and 108 mmol/mol), and some studies limited enroll-
ment to patients with a maximum HbA1c of 10% (86 
mmol/mol). Whether the inclusion of patients with 
higher HbA1c levels or followed up for longer periods 
would have led to different results remains to be assessed. 
Five of six studies used glargine, either U-100 or U-300, 
as basal insulin and one used detemir, while no study 
using degludec was found, and this is a second limitation. 
Indeed, all included studies using detemir or glargine 
reported similar findings, including a higher daily basal 
insulin dose in the patient-led titration arm, either 
statistically significant or not; however, the latter basal 

insulin is characterized by different pharmacokinetic 
and pharmacodynamic profiles.29 Third, it is common 
knowledge that RCTs are generally developed to assess 
the efficacy and safety of a therapeutic agent or strategy 
under ideal conditions. Specifically, the frequency of 
visits/contacts/calls is higher than can generally be 
assured in clinical practice.30 Caution should thus be 
employed when generalizing these results to clinical 
practice. Lastly, studies assessing patient-led titration of 
basal insulin using technology are available in the litera-
ture, and a good efficacy/safety profile is being reported 
for this intervention, too. Compared with the physi-
cian-led performance, technology-supported patient-led 
titration was found to be associated with an earlier but 
similar change in HbA1c in one study.31 Compared with 
standard patient-led titration, technological support was 
found to be associated with similar outcomes in one 
study or even an earlier decline and greater reduction in 
another study.32 33 Preliminary results are interesting, but 
the limited number of patients studied and the hetero-
geneity among interventions call for further research on 
this topic. In summary, all available options should always 
be discussed with the patient, the key role of glucose 
monitoring addressed, and a shared decision made about 
whether adjustments of basal insulin should be predom-
inantly patient-led (following adequate training with or 
without technological support) or physician-led. Also, 
the insulin therapy should always be included in a full 
care program, based on lifestyle measures first, and tack-
ling all the components of the metabolic syndrome.

In patients with uncontrolled type 2 diabetes for 
whom basal insulin is indicated, adequate titration is 
key to achieving the target HbA1c without hypoglycemic 
events. Compared with the physician-led performance, 
patient-led titration was associated with a higher daily 
basal insulin dose, leading to a statistically significant but 
not clinically relevant advantage in terms of HbA1c and 
FPG, together with a limited increase in the risk of any 
level hypoglycemia and a slight body weight increase. 
Therefore, patient-led titration should be regarded as 
not inferior to basal insulin dose adjustments performed 
by physicians, and acknowledged as an adequate strategy 
to be widely adopted in clinical practice. Further studies 
comparing the two strategies are needed to fully assess 
potential differences in long-term outcomes.
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