
Indian Journal of Endocrinology and Metabolism / Mar-Apr 2014 / Vol 18 | Issue 2166

IntroDuctIon

“Treat‑to‑target” is a concept used in designing therapeutic 
strategies, with treatment modalities oriented towards 
achieving a well‑defined, clinically relevant end‑target. 
A dynamic and responsive treatment plan that guides 
adjustments in the administration of  an intervention and 
facilitates target achievement lies at the base of  a treat‑to 
target approach.[1] The chosen targets are based on specific 
quantitative measures and the rationale for a specific target 
is based on comprehensive, evidence based, generally 
accepted target values. Usually treat‑to‑target strategy 
consists of  measures proposed by medical national and or 
international bodies.[2‑4] The principle of  ‘treat‑to‑target’ 
is founded on an important management approach 

used against some of  the most prevalent diseases like 
arterial hypertension and coronary heart disease.[2] The 
implementation of  treat‑to‑target in other therapeutic areas 
was facilitated by a better understanding of  risk factors (as 
in cardiovascular medicine) or the treatment paradigm as 
in rheumatology (treatment of  rheumatoid arthritis).[1,5] 
In cardiovascular medicine, “gold‑standard” measures like 
blood pressure, low density lipoprotein‑cholesterol (LDL‑C) 
etc., have long been popular for setting treatment targets in 
clinical practice.[5,6] Even in the case of  rheumatoid arthritis, 
which has a relative lack of  standard measures reflective of  
overall clinical status, pooled indices of  several measures, 
based on a Core Data Set of  seven measures have been 
used for defining targets.[7]

Cardiovascular pathologies, as well as rheumatoid arthritis 
are diseases involving normal physiologic functions 
dysregulation, which results in long‑term organ damage 
if  not treated‑a pattern of  pathophysiology shared with 
diabetes.[5,8] Thus, the principle of  treatment for achieving 
a certain target is also apposite to diabetes management. 
Treatment to achieve glucose level targets has been the 
cardinal principle in diabetes management, due to the 
availability of  different standardized glucose measurements 
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A B S T R A C T

Treat-to-target  is  a  therapeutic  concept  that  considers well  defined  and  specific  physiologic  targets  as  aims  in  controlling  the 
pathophysiology of the disease. It has been widely used in diseases that pathophysiology includes, chronic metabolic and physiological 
disturbances, namely rheumatic conditions, vascular medicine and diabetes. In diabetes, the availability of “gold‑standard” quantitative 
measures like fasting plasma glucose and glycated hemoglobin make the application of treat‑to‑target trials especially pertinent. 
Treatment modalities which have used single therapeutic agents or combinations or in combination with a variety of titration algorithms 
and implementation protocols have broadened our understanding of diabetes management with specific reference to insulin initiation 
and maintenance. Treat-to-target trials have been used to investigate a wide variety of questions including efficacy, safety, effect of 
treatment on comorbidities and patient satisfaction, ideal mechanisms to implement insulin initiation etc. A more generalized acceptance 
and implementation of treat-to-target trials may finally revolutionize diabetes management by combining aspects of individual care 
with standard treatment protocols.
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and their utility in accurately reflecting the clinical status of  
patients.[9‑11] Nonetheless, while the treat‑to‑target approach 
has been discussed in clinical settings for a long time, its 
systematic use has been generalized only in the past decade, 
a fact that finally unveiled its full clinical potential.[12,13] 
One of  the first studies to employ this approach was, the 
United Kingdom Prospective Diabetes Study (UKPDS) 
which prospectively investigated outcomes in patients 
treated with insulin plus oral antidiabetic drugs (OADs). 
While a specific glycemic target and subsequent titration 
algorithm were not a part of  its design, it investigated the 
risk of  complications at glycated hemoglobin (HbA1c) 
levels representing “near‑normal” glycemic control; this 
attempt thus, represents the evaluation of  complications 
in a glycemic target‑bound context.[14] The treat‑to‑target 
approach in diabetes is facilitated by several disease specific 
factors. The availability of  “gold standard” measures like 
HbA1c, fasting plasma glucose (FPG) and post prandial 
plasma glucose (PPPG) which are informative in all 
individual patients greatly helps in setting quantitative 
targets which provide a common context for interpretation 
of  individual results when accurate results are available.[15] 
Based on a large body of  evidence, the national and 
international organizations have established targets for 
glucose control, making treat‑to‑target trials interpretable 
in a standard clinical context. A majority of  stakeholders 
recommend a target of  HbA1c <7% and corresponding 
self‑measured plasma glucose measurements to obtain 
a glycemic control that reduces the risk of  late diabetes 
complications.[3,4,16]

Furthermore, these targets and the algorithms designed 
to achieve them have been under continued debate thus, 
making available targets and algorithms, open to continual 
scrutiny and updates; for example in comparison to other 
guidelines, a joint task force of  the European Society of  
Cardiology and the European Association for the Study 
of  Diabetes recommended a target for HbA1c <6.5% for 
patients with diabetes and cardiovascular disease (CVD) in 
its 2007 clinical guidelines.[2,3,16‑18] Figure 1 summarizes the 
ADA‑EASD recommended algorithm for the management 
of  hyperglycemia in type 2 diabetes mellitus (T2D).[16] 
The suitability of  employing these targets and treatment 
algorithms, with available therapeutic options in clinical 
practice becomes demonstrable by the use of  treat‑to‑target 
trials and can inform the academic discourse on this 
topic.[19] The failure of  a large number of  patients with 
diabetes in reaching glycemic targets despite the availability 
of  a large pool of  different therapeutic options for diabetes 
is noteworthy.[1] Thus, models of  individualized care with a 
variety of  agents, individually or in combination, need to be 
evaluated within the ambit of  guiding treatment principles. 
The treat‑to‑target approach in trials, enables examining 

such simultaneous targeting of  individual needs within the 
scope of  objective principles of  care.[20]

Clinical trials employing the treat‑to‑target approach have 
been used to examine a diverse array of  outcomes. Efficacy 
and safety outcomes have been the main focus but other 
outcomes relating to treatment satisfaction, health‑related 
quality of  life etc., have also been tested.[21‑23] Pertinent 
questions such as the initiation of  different insulins either 
singly or in combination with oral anti‑hyperglycemic drugs, 
or their relative safety at a given target, or efficacy in the 
face of  fixed safety targets etc., have been examined.[13] 
A narrow focus on one target (e.g. blood glucose) may 
result in the neglect of  other consequences (e.g. risk of  
hypoglycemia) with untoward effects, thus treat‑to‑target 
trials have also studied the effect of  treatment modalities 
on diabetes associated comorbidities like cardiovascular 
diseases (CVD) etc.[24] Similarly, non‑pharmaceutical 
interventions (e.g. effect of  group vs. individual education) 
have also been evaluated for their effect in complementing 
the efficacy of  pharmaceutical interventions.[25] Given 
the importance and range of  evidence emerging from 
treat‑to‑target trials, the current review will endeavor to 
present an overview of  the application, advantages and 
limitations of  treat‑to‑target trials in diabetes, prominent 
trials and their results and the major considerations 
operative in them.

applyIng treat‑to‑target In DIabetes: 
consIDeratIons, aDvantages anD 
DIsaDvantages

The treat‑to‑target concept has been used in several 
clinical trials in the past decade with the application of  
uniform titration algorithms, primarily, those initiating 
insulin. The availability of  a wide range of  new long and 
intermediate acting, basal and mixed insulin and the idea 
of  treat‑to‑target, are paradigms that allow investigators to 
develop new management protocols for the treatment of  
diabetes.[13] A variety of  factors including the stringency 
with which the algorithm is applied in the study, whether 
titrations are physician‑ or patient‑directed, frequency of  
dose adjustments, characteristics of  the patients, including 
their disease status and what oral drugs are concomitant 
and/or discontinued at the start of  insulin therapy, are 
important modulators of  the outcomes in treat‑to‑target 
trials.[26]

Titration in treat‑to‑target trials: Plasma glucose targets
The question of  an appropriate and regularly monitored 
glycemic measure is central to treat‑to‑target trials. As 
evident from the 24‑hour patterns of  plasma glucose 
observed pre‑ and post‑treatment with the usual methods 
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of  pharmacologic intervention, treatment of  basal 
hyperglycemia has been more effective than control of  
postprandial hyperglycemia. FPG can often be reduced 
to 120 mg/dL or less, but PPG increments usually remain 
unaffected.[13] Riddle (2006) opines that a decline in HbA1c 
levels from 8.5%, to levels ranging from 6.5 to 7.5% is 
possible with such improvement of  basal hyperglycemia 
alone. Glycemic targets in treat‑to‑target trials include both 
FPG and HbA1c, and rarely PPG and this is consistent 
with the fact that many treat‑to‑target trials include 
basal/pre‑mixed insulin intervention either singly or in 
combination with OADs. Use of  PPG for interventions 
targeting post‑meal glucose levels is possible.

Given the target bound nature of  treat‑to‑target trials, 
a well‑defined target level of  measures is required. The 
Glycaemia Optimization Trial (GOT), which randomized 
patients to five different plasma glucose targets ranging 
from 80 to 120 mg/dL (while other factors were similar) 
provides us with clear evidence supporting 100 mg/dL 
as an ideal target.[27] While, the rates of  hypoglycemia 
were similar with targets from 100 to 120 mg/dL, for a 
target between 100 to 90 mg/dL the rate of  hypoglycemia 
doubled and further aggravated at a target of  80 mg/dL.[27] 
Other trials have confirmed the increased incidence of  
severe hypoglycemia at targets lower than 100 mg/dL, with 
incidences of  severe hypoglycemia between 5 to 9.3% for 
a target of  95 mg/dL.[28,29] For a FBG within the range 
of  80 to 120, HbA1cdiffered in a range of  only 0.25%. 
A small reduction was obtained despite a high insulin 
dose (more than 20 U) that was used to achieve the lowest 
FPG target.[27] Thus, differences in the absolute morning 
FPG target within the 80 to 120 mg/dL range have a very 
marginal effect on achieved HbA1c values and 100 mg/dL 
represents a safe target while representing no significant 
loss of  glycemic control compared to lower FPG values.[27] 
The insulin dose at the start of  insulin dose titration for 
achieving FPG‑100 mg/dL is usually 10 U to 20 U, or 
based on the measured morning FPG using the formula 
of  Holman and Turner [(FPG in mg/dL‑50)/10], which 
typically yields doses just under 20 U.[30]

Implementation of titration mechanism
The implementation of  the titration mechanism is of  key 
importance in treat‑to‑target trials. The implementation 
methodology has a major impact on the adherence to the 
protocol algorithm. In a review on treat‑to‑target trial, 
Strange (2007) mentioned that “specific algorithms in 
the protocol offer a glycemic control advantage over a 
guideline goal range which leaves titration to the physician’s 
discretion”. While some trials simply state a guideline target 
and leave titration up to the physician’s discretion, others have 
implemented titration through various mechanisms.[26] The 

mechanisms broadly are a result of  two primary questions; 
firstly, whether centralized control of  titration is more applicable 
in a given context and secondly whether patient‑directed 
titration protocols perform as well as physician‑directed ones. 
The final titration algorithm has elements of  all or some of  
these. These mechanisms include titration through physician 
discretion with no specific enforcement measures put in 
place centrally, physician directed but centrally monitored 
and enforced measures, patient‑directed titration with close 
clinic oversight, or patient‑directed titration.[26]

Centralized oversight of  algorithm adherence through a 
rigorous application of  titration can help realize the best 
possible HbA1c with a therapy. This is seen in the results of  
two clinical trials [4001 and Treat‑To‑Target (TTT)] which 
used the same titration algorithm and study insulins, with 
the only major difference between the trials being physician 
discretion in 4001 trial versus the centralized oversight of  
algorithm adherence in TTT trial. The average end HbA1c 
values for the two insulins under investigation were 8.3 and 
8.1% in 4001 trial[31] and 7.0 and 7.0%, in TTT trial.[12] The 
centralized enforcement methodology proves its utility in 
answering questions about efficacy target best achievable 
with specific drugs, but in clinical practice it is very resource 
intensive and its plausibility is questionable.[26]

Another important question which needs attention is the 
extent of  patient involvement in titration. Patient‑directed 
algorithms can yield significant benefits as seen from 
the AT.LANTUS trial which compared two treatment 
algorithms for insulin glargine initiation and titration: 
Algorithm 1 (physician‑directed) versus algorithm 
2 (patient‑directed). The patient‑directed titration group 
showed significantly better improvements in HbA1c and 
lower incidence of  hypoglycemia. While the specific effect 
of  a patient‑directed titration in this study is not completely 
clear due to the differences in the algorithms in the two 
comparison groups, nonetheless the overall impact of  
patient‑directed titration can be seen.[32] Blonde et al., while 
not comparing patient‑directed with physician‑directed 
titration, reported that patient‑directed titration in their 
study had led to a majority of  subjects achieving the ADA 
recommended guideline of  HbA1c <7% at the end of  the 
study with low rates of  hypoglycemia.[33] Patient‑directed 
algorithms can save on crucial clinical resources and patients’ 
involvement in administration of  therapy is known to be 
associated with better glycemic outcomes.[34] There have 
also been attempts to implement computerized titration 
algorithms[35] but these attempts have drawn criticism on the 
grounds that the “electronic system may have limited the 
ability of  both patient and physician to make appropriately 
individualized decisions when needed, leading to mediocre 
results from a one size fits all scheme”.[20] Patient direction 
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is considerably easier to implement in clinical practice but 
reflects the relative effectiveness of  a therapy with patients 
rather than its efficacy in them.

Treat‑to‑target trials: Advantages and limitations
The treat‑to‑target trials allow combining individualized 
treatment decisions with standardized treatment 
algorithms into a therapeutic option that better reflects 
the contemporary clinical practice. Looking into crucial 
questions of  comparison which reflect on the efficacy 
and safety of  therapeutic options is thus possible due to a 
closely related titration protocol; it is possible to evaluate 
efficacy at a fixed rate of  hypoglycemia or evaluating 
hypoglycemia at an equal HbA1c target value.[12] The 
inclusion of  insulin as a part of  therapy much earlier than 
was thought possible is a result of  the understanding gained 
from treat‑to‑target trials.[12]

While, questions of  efficacy and safety are central 
within the purview of  clinical trials, the possibility of  
patient‑directed protocols or trials which incorporate 
elements of  patient‑directed titration protocols make results 
interpretable in terms of  the actual effectiveness of  the drug 
with the end‑user.[26] Thus the impact of  diabetes treatment 
on patient quality of  life (QoL), and the appropriate curative 
course of  action against it, is more clear.[36] Concerns about 
efficacy also often cloud the impact that treatment can 
have on diabetes comorbidities due to focus on glycemic 
control.[37] As the final glycemic target is the same for the 
patients in treat‑to‑target trials, insulin is often titrated to 
variable doses in different individuals as in clinical practice; 
while the extra‑glycemic impact of  treatment at a fixed dose 
might not be entirely apparent, it is clearer when the target 
rather than the dose is fixed. The measurement of  treatment 
impact on diabetes comorbidities in a glycemic target‑bound 
clinical environment is thus easier in treat‑to‑target trials.[19]

The variety and applicability of  results from treat‑to‑target 
results have been reported to be sometimes confounded due 
to the effect of  sample size. The true effect of  treat‑to‑target 
approach, in a specific algorithm, can be overshadowed by 
a large sample size in another algorithm.[24] Furthermore, 
outcomes in treat‑to‑target trials are dependent on the rigor 
with which the algorithm is enforced in the study.[26] Thus, in 
the absence of  centralized monitoring of  titration protocol, 
higher than normal subjectivity in the data can be expected.

treat‑to‑target In DIabetes clInIcal 
trIals

Efficacy and safety
A wide array of  measures has been used in treat‑to‑target 
trials yielding widely applicable data which has enabled us 

to extend and deepen our understanding of  diabetes. In 
an early trial, TTT, the question of  evaluating efficacy at a 
fixed rate of  hypoglycemia or evaluating hypoglycemia at 
an equal HbA1c target value was addressed. The study was 
a randomized, open‑label, parallel and 24‑week multicenter 
trial whose aim was to achieve a target FPG of  5.5 mmol/L. 
The trial involved overweight subjects with inadequate 
glycemic control (HbA1c >7.5%), who received bedtime 
glargine or NPH once daily, titrated using an algorithm 
along with one or two pre‑study oral agents. Outcome 
measures were FPG, HbA1c, hypoglycemia, and percentage 
of  patients reaching HbA1c ≤7% without documented 
nocturnal hypoglycemia. The study showed that systematic 
titration of  bed‑time basal insulin added to oral therapy 
can safely achieve an HbA1c target of  7% in a majority 
of  overweight patients with T2D and HbA1c between 
7.5‑10.0% on oral agents alone; glargine caused significantly 
less nocturnal hypoglycemia than NPH.[12]

Other recent studies have since used different insulin 
formulations. Zinman et al., compared ultra‑long‑acting 
insulin degludec with glargine for efficacy and safety in 
insulin‑naive patients with T2D inadequately controlled 
with OADs. Insulin was titrated to achieve a pre‑breakfast 
plasma glucose of  3.9 to 4.9 mmol/L and consistent 
with the treat‑to‑target design, reduction of  HbA1c from 
baseline to end of  trial was similar between treatments. 
Degludec and glargine in combination with OADs showed 
similar long‑term glycemic control while lower rates of  
nocturnal hypoglycemia was seen with degludec (0.25 vs. 
0.39 episodes/patient‑year of  exposure; P = 0.038).[38] The 
study also demonstrated a significant reduction in the level 
of  FPG in the degludec group compared to the glargine 
group. Though the difference in confirmed hypoglycemia 
was not statistically significant, the rate of  confirmed 
hypoglycemia in the degludec group was 18% lower.

The treat‑to‑target concept has also been exploited in studies 
evaluating the utility of  therapeutic option specifically either 
in type 1 or type 2 diabetes In the BEGIN Basal‑Bolus 
Type 1 study, insulin degludec was tested versus insulin 
glargine in basal‑bolus treatment with mealtime insulin 
aspart in type 1 diabetes (T1D). The basal insulin dose 
was titrated with the aim of  achieving before‑breakfast 
self‑measured plasma glucose (SMPG) concentration of  
3.9 to 5.0 mmol/L. The bolus insulin doses were titrated 
with the aim of  achieving SMPG concentrations of  3.9 to 
5.0mmol/L before the next meal at bedtime. For a decrease 
of  HbA1c by 0.4% in both the treatment groups, the rate 
of  nocturnal confirmed hypoglycemia was 25% lower with 
degludec than with glargine (4.41 vs. 5.86 episodes per 
patient‑year of  exposure; P = 0.021).The authors suggest 
that insulin degludec might be useful as basal insulin for 
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patients with T1D because it provides effective glycemic 
control while lowering the risk of  nocturnal hypoglycemia.[39]

Similarly, the BEGIN Basal‑Bolus Type 2 trial tested the 
same basal bolus combinations in patients with T2D. The 
study found a significant difference in the rates of  nocturnal 
confirmed hypoglycemia in the two treatment groups with 
degludec showing a lower rate of  hypoglycemia compared 
to glargine.[40] These studies while reflecting upon the 
relative efficacy and safety of  different therapeutic options, 
specifically address a long‑held notion favoring suboptimal 
glycemic control to hypoglycemia. The common thread that 
runs through the results of  these studies is that new basal 
insulins such as degludec, that are associated with lower risk 
of  hypoglycemia, might enable an early initiation of  insulin 
in patients with diabetes. An overview of  treat‑to‑target 
trials and their prominent results has been presented 
in [Table 1].[35,41‑46]

Apart from testing different therapeutic options for 
their efficacy and safety, treat‑to‑target studies have also 

investigated optimal methods to initiate and maintain 
insulin therapy in different treatment algorithms. The 
AT.LANTUS study investigated initiation of  once‑daily 
glargine therapy in patients sub optimally controlled 
on multiple OADs using two treatment algorithms.[22] 
Algorithm 1 was a clinic‑driven titration and algorithm 2 
was a patient‑driven titration with titration being based on 
target FPG ≤5.5mmol/L. HbA1c decreased significantly 
between baseline and endpoint for patients receiving 
glargine plus 1 OAD (algorithm 1= −1.3% vs. algorithm 
2= −1.5%; P = 0.03) and glargine plus > 1 OAD (algorithm 
1= −1.5% vs. algorithm 2= −1.8%; P = 0.001).[22] Greater 
reduction in HbA1c was seen in patients randomized to 
the patient‑driven algorithm (algorithm 2) on glargine 
plus >1 OAD.

Patient education about insulin therapy and empowering 
patients to initiate and maintain insulin therapy has 
been previously suggested to be associated with better 
outcomes.[34] The treat to target approach in achieving 
LDL‑C targets was explored in the MIND.IT study.[24] 

Table 1: Overview of results from treat‑to‑target trials
Reference Therapy Outcomes Comments
Swinnen et al. 2010[41] IGlar versus IDet in % of patients reaching 

HbA1c<7%
% of patients reaching HbA1c<7%:
IGlar ‑ 27.5 and IDet ‑ 25.6% 

Duration: 24 weeks
Non‑inferiority of 
IGlar versus IDet

Rosenstock et al. 2007[42] IDet or IGlar+OADs; insulin‑naive patients 
with type 2 diabetes

Mean HbA1c:
IDet ‑ 7.2%; IGlar ‑ 7.1%
Change in FPG:
10.8 to 7.1 (IDet) and 7.0mmol/L (IGlar)

Differences 
between groups 
non‑significant

Holman et al. 2007[35] BiAsp BID, Prandial IAsp TID, or Basal IDet 
OD/BID in patients on max. dose of OADs

Mean HbA1c (%):
BiAsp ‑ 7.3%, Prandial IAsp ‑ 7.2%, Basal 
IDet ‑ 7.6%

Duration: 1 year
Basal group 
difference; 
P=0.001

Heise et al. 2011[43] IDegAsp (70IDeg+30% IAsp), 
AF (55IDeg+45% IAsp) and IGlar in 
insulin‑naïve subjects with type 2 diabetes 
inadequately controlled with OADs

HbA1c <7.0% without confirmed hypos 
IDegAsp: 51%; AF: 47%; IGlar: 50%

IDegAsp showed 
better post‑dinner 
plasma glucose 
control

Raskin et al. 2009[44] IDet and IGlar in a basal‑bolus regimen in 
type 2 diabetes

Change in HbA1c from baseline:
IDet ‑ 1.1%
IGlar ‑ 1.3%

Duration: 26 weeks
P=0.001

Hollander et al. 2008[45] IDet or IGlar in a basal‑bolus in patients 
with type 2 diabetes

Mean HbA1c at 52 weeks 
(Change from baseline):
IDet ‑ 7.19% (‑1.52%)
IGlar ‑ 7.03% (‑1.68%)

Duration: 
52 weeks; no 
significant 
difference

Liebl et al. 2009[46] Basal‑bolus therapy (IDet OD+IAsp 
mealtimes) or BiAsp30 BID

Change in HbA1c (%):
1.56% ‑ basal‑bolus therapy
BiAsp 30‑1.23%

Duration: 26 weeks

Heller et al.[39] 2012 Basal‑Bolus therapy (IDeg OD or IGlar OD 
with IAsp) in type 1 DM

Change in HbA1c(%):
0.40%‑IDeg
0.39%‑IGlar

Duration: 52 weeks

Zinman et al.[38] IDeg or IGlar with OADs in type 2 DM Mean HbA1c after 52 weeks
7.1 – IDeg
7.0‑ IGlar

Duration: 52 weeks

Garber et al.[40] Basal‑Bolus itherapy (IDeg OD or I Glar 
OD with IAsp) in type 2 DM

Change in HbA1c(%)
1.1%‑IDeg
1.2%‑ IGlar

Duration 52 weeks

HbA1c: Glycated hemoglobin, FPG: Fasting plasma glucose, IDet: Insulin detemir, IGlar: Insulin glargine, OAD: Oral antidiabetic drugs, BiAsp: Biphasic insulin 
aspart, OD: Once daily, BID: Bis in die (twice daily), TID: Ter in die (three times a day), IDegAsp: Insulin degludec aspart, IAsp: Insulin aspart, AF: Alternative 
formulation (55%Ideg + 45%Iasp)
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This approach resulted in nearly twice the number of  
patients receiving statins with an aim of  achieving the 
target range compared to those on usual care (43% versus 
28%; P < 0.001).[24] However; these impressive figures 
were dependent on adherence to the prescribed therapy 
which can be effectively improved with a structured patient 
education program, for example, DAFNE in T1D and 
DESMOND or X‑PERT in T2D.[47] The MEMO trial 
demonstrated that we can achieve stringent metabolic 
targets in those patients in whom caution is advised 
about intensification of  therapy (based on ACCORD, 
ADVANCE and VADT), with a treat‑to‑target approach 
fortified with a structured education program.[48] Such 
studies, examining optimal methods of  administering 
therapy have the potential to inform and enrich the current 
discourse on insulin therapy and its optimal use.

Diabetes: Comorbidities, quality of life and patient 
satisfaction
Diabetes is a multidimensional disease showing a range 
of  physiological and psychological effects and is often 
associated with multiple comorbidities. Often, desired 
management of  diabetes (e.g., by insulin initiation) is 
complicated by the incidence of  these comorbidities or due 
to the effect of  therapy on QoL.[34] Treat‑to‑target trials 
have also been used to investigate measures associated with 
comorbidities like CVD, and measures of  QoL, patient 
satisfaction etc., Ardigo et al., examined the effectiveness 
of  treat‑to‑target strategy for LDL‑C control in T2D. 
The study compared usual care of  CVD prevention with 
a multifactorial intensive care approach aiming to achieve 
target values for the main CV risk factors. A significant 
improvement in LDL‑C beyond usual practice was seen 
to be associated with the application of  a multifactorial 
treat‑to‑target intervention. While the results in this study 
might be significantly impacted by the larger sample size, a 
variety of  variables including the rate of  statin prescription, 
withdrawal from treatment and LDL‑C levels offer a 
comprehensive overview of  CV risk factors in diabetes 

patients.[24] In another planned study currently underway, 
the effect of  an 18 m treatment with one of  three insulin 
analogue regimens (1. insulin detemir before bedtime; 
2. biphasic insulin aspart 30 before dinner with the possibility 
to increase to 2/3 injections daily; 3. insulin aspart before 
the main meals thrice daily and insulin detemir before) 
and metformin vs. placebo is proposed to be evaluated, 
the primary outcome measure being carotid intima‑medial 
thickness in T2D patients aiming for an HbA1c ≤7.0%.[23] 
While, reduction in HbA1c levels is associated with reduced 
CV risk, the risk of  CV aggravation is a persistent factor 
in the treatment of  diabetes patients.[37,49] While the central 
concern of  glycemic control and CV risk in diabetes are 
being addressed separately in clinical trials, treat‑to‑target 
trials have the potential to help us understand diabetes 
comorbidities in a clinical scenario where glycemic targets 
need primary attention.[23] Such understanding might go a 
long way in deciphering new benefits of  diabetes treatment 
or point out hidden dangers, and thus contribute to the 
use of  right options in the right context. Table 2 presents 
an overview of  studies which measured CV and patient 
satisfaction outcomes.

Fremantle et al., 2012 compared the effect of  insulin 
degludec and insulin glargine on health‑related QoL, in 
patients with T2D starting on insulin therapy, using the 
36‑item Short Form (SF‑36) version 2 questionnaire. At 
endpoint, the overall physical health component score was 
significantly better with degludec versus glargine (+0.66), 
primarily due to a difference (+1.10) in the bodily 
pain domain score. In the mental domains, vitality was 
significantly higher with insulin degludec versus insulin 
glargine (+0.81). The study concluded that compared with 
insulin glargine, insulin degludec leads to improvements 
in both mental and physical health status for patients with 
T2D initiating insulin therapy.[36]

Farmer et al., 2011 examined differences in treatment 
satisfaction following randomized addition of  

Table 2: Treat‑to‑target trials: cardiovascular and patient satisfaction outcomes
Reference Therapy Outcomes Comments
Ardigo et al. 2012[24] Usual care versus intensive care 

to achieve target values for the 
main CV risk factors

% patients on LDL‑C target:
IC – 43%; UC ‑ 27%

Duration: 2 years
P<0.001

Farmer et al. 2011[21] BiAsp BID, Prandial IAsp 
TID or Basal IDet OD/
BID to metformin or 
sulphonylureas (maximum 
tolerated dose)

Insulin treatment satisfaction questionnaire 
median IQR (score):
IAsp ‑76.5; BiAsp ‑ 83.3; IDet ‑ 84.1

1 year self‑completed Insulin 
treatment satisfaction 
questionnaires; ITSQ score ‑ IQR

Davies et al. 2008[22] Algorithm 1– Clinic driven
Algorithm 2 – Patient driven; 
Therapy was either
IGlar+(1 or>1 OAD)

Mean HbA1c (%):
Algorithm 1: (IGlar+1) = ‑1.3%; (IGlar+ >1) = ‑1.5%
Algorithm 2: (IGlar+1) = ‑1.5%; (IGlar+ >1) = ‑1.8%

Duration: 24‑week
Difference between two algorithms 
significant for IGlar + >1 OADs

CV: Cardiovascular, LDL‑C: Low density lipoprotein‑C, IGlar: Insulin glargine, OAD: Oral antidiabetic drugs, IQR: ITSQ score/rating, OD: Once daily, BID: Bis in die (twice 
daily), TID: Ter in die: Three times a day, BiAsp: Biphasic insulin aspart, IAsp: Insulin aspart, IDet: Insulin detemir
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biphasic (biphasic insulin aspart), prandial (insulin aspart) 
or basal insulin (insulin detemir) to oral therapy in T2D 
using self‑completed Insulin Treatment Satisfaction 
Questionnaires (ITSQ). Prandial insulin compared with 
the basal or biphasic groups generally showed lower 
scores for 1‑year adjusted ITSQ scores and significantly 
different scores were observed between groups for each 
of  the ITSQ domains. Median ITSQ scores were lower in 
patients with a gain in body mass index (BMI) >1.23 kg/m² 
over 1 year compared to those with a lesser or no gain 
in BMI and in those with occurrence of  hypoglycemia 
compared to those with no hypoglycemia.[21] This suggests 
a relationship between increased weight and lower insulin 
treatment satisfaction. Different treat‑to‑target studies have 
reported weight gain between 0.7 to 3.9kg during their 
respective study periods.[12,25,31,50] Concerns of  weight gain 
and fear of  hypos are well‑known factors that may delay 
insulin initiation.[34] Clear identification of  therapy‑specific 
concerns are possible using treat‑to‑target trials when 
different therapeutic options are being employed to achieve 
similar targets.

conclusIons

Treat‑to‑target trials represent, the combination of  
individualized care within standard diabetes management 
protocols seen within the context of  a target driven clinical 
practice. In contemporary clinical practice, a large number 
of  patients do not reach required glycemic targets despite 

the availability of  a wide variety of  therapeutic options.[34] 
Understanding the utility of  currently available therapeutic 
options, especially, long‑ and intermediate‑acting insulins in 
terms of  the best efficacy and safety outcomes achievable 
using them in individuals being treated in a target‑bound 
manner is important. This affords us the opportunity to design 
appropriate treatment protocols. Further vigorous application 
of  treatment modalities keeping in view single targets may 
have multifarious effects on the patients. Understanding these 
effects within the context of  overall diabetes management 
protocols is another major contribution of  treat‑to‑target 
trials. Most importantly, though, the evaluation of  actual 
treatment algorithms and titration protocols summates the 
available data and yields information about the mechanistic 
aspects diabetes management. Treat‑to‑target trials thus 
have the potential to redefine our understanding of  diabetes 
management practices in a context which reflects the 
target‑oriented nature of  diabetes clinical practice and their 
effectiveness with individual patients.
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