Diabetes Care Volume 39, Supplement 2, August 2016

DIABETES TREATMENT OPTIONS

Clinical Considerations for Use
of Initial Combination Therapy
in Type 2 Diabetes

S137

Avivit Cahn1 and William T. Cefalu2

Diabetes Care 2016;39(Suppl. 2):S137–S145 | DOI: 10.2337/dcS15-3007
Downloaded from http://diabetesjournals.org/care/article-pdf/39/Supplement_2/S137/548623/dcs153007.pdf by guest on 25 September 2022

Type 2 diabetes is a progressive disorder characterized by increasing hyperglycemia and the need to gradually intensify therapy in order to achieve and maintain
glycemic control. Early initiation of combination therapy has been proposed as an
approach to achieve glycemic goals earlier and delay the deterioration of
glycemic control and with possible better preservation of b-cell function. We
discuss in this article the pros and cons of this approach, focusing on individuals
with HbA1c at diagnosis of 7.5–9.0%, where difference of opinion still exists on
management. Initial combination therapy is proposed to lead to better and faster
achievement of glycemic targets versus monotherapy and to impede clinical
inertia and may possibly slow the deterioration of b-cell function. However,
treating patients with sequential therapy is proposed to allow one to fully assess
the efﬁcacy and risk-to-beneﬁt ratio of each drug as it is added. Furthermore,
there is no evidence to support that rapid addition and titration of medications
according to the glycemic proﬁle achieved are inferior to initial combination
therapy if glycemic targets are attained in a timely manner. Initial combination
therapy is argued to postpone clinical inertia to the next decision point but does
not eliminate it. Additionally, it may have been the agents chosen and not the
timing of their initiation that led to improved b-cell function in the studies of
initial combination therapy, and there are no data currently comparing use of the
same drugs initiated simultaneously or sequentially. Heightened awareness of
providers, individualization of therapy and setting, and reaching glycemic targets
remain the mainstays of care.
Type 2 diabetes affected 415 million people worldwide in 2015, with a predicted rise
to nearly 642 million by 2040 (1). Tight glycemic control has been shown to reduce
the risk of complications, yet this is not easily achieved or maintained (2). The
disease is a progressive disorder characterized by ongoing deterioration of glycemic
control and worsening pancreatic function with the need to gradually intensify
therapy in order to maintain appropriate glycemic targets (3). In the UK Prospective
Diabetes Study (UKPDS), after 9 years of monotherapy with diet, insulin, or sulfonylurea, only 9, 28, and 24% of subjects, respectively, maintained an HbA1c level of
,7% (53 mmol/mol), and in the subset of obese patients randomized to metformin
only 13% attained an HbA1c of ,7% (53 mmol/mol) after 9 years (4).
Early initiation of combination therapy has been proposed as an approach to delay
the deterioration of glycemic control with possible better preservation of b-cell function
early on in the disease (5,6). Yet, there are advantages and disadvantages from each
perspective with regard to cost, side effect proﬁle, and complexity. Thus, the pros and
cons of this approach will be explored in this article in addition to discussion of the
mechanism of action, efﬁcacy, and safety of different combination therapies.
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PRO
Achieving Glycemic Targets

Avoiding Clinical Inertia

It has long been recognized that the extent of time spent in a state of hyperglycemia increases the risk of complications
(11). Hyperglycemia can leave an early
imprint in cells of the vasculature and of
target organs, creating a negative “metabolic memory,” favoring the future development of complications. However, in
spite of the importance of achieving appropriate glycemic targets there still
exists a gap between the goals set and
those attained. Clinical inertia is deﬁned
as failure to initiate or intensify treatment
in a timely manner in individuals whose
health is likely to improve with this

intensiﬁcation (12). In a retrospective cohort study of .80,000 people with
type 2 diabetes in the U.K., between
years 2004 and 2006 with follow-up until
April 2011, signiﬁcant delays in treatment intensiﬁcation were noted. Median time to treatment intensiﬁcation
in people with an HbA 1 c $8.0 ($64
mmol/mol) taking one oral antidiabetes
drug was 1.6 years and for those taking
two oral antidiabetes drugs was .6.9
years (13). Fu et al. (14) analyzed a large
U.S. electronic medical record database
between the years 1997–2008 and
noted median time to treatment intensiﬁcation of 14 months after persistent HbA1c
$7.0% ($53 mmol/mol) for 6 months on
metformin alone. Insufﬁcient adherence
to “goal setting” and lack of adequate
patient-physician communication were
proposed to be contributors to clinical
inertia according to results of an online
patient-physician survey. Though physicians well appreciated the risks associated with poor diabetes control, only 25%
of patients reported they were worried
about developing diabetes complications,
whereas the rest were unconcerned or
believed the risk was remote (12).
A proactive approach to treatment intensiﬁcation was proposed .10 years
ago attempting to minimize time spent
in a state of hyperglycemia (15). Current
American Diabetes Association/European Association for the Study of Diabetes/American Association of Clinical
Endocrinologists treatment guidelines
support initiation of metformin therapy
at diagnosis parallel to lifestyle modiﬁcation (16,17). Initial combination therapy is to be considered in individuals
with an HbA1c .7.5% (.58.5 mmol/mol)
(16) or .9.0% (.75 mmol/mol) (17).
Thus, the debate really centers on the
need for combination therapy at levels
of HbA1c for which controversy exists
(i.e., HbA1c 7.5–9.0%) and whether at
these levels initiating combination therapy
based on pathophysiology is preferred
over adding stepwise therapy based on
glycemic goals.
b-Cell Preservation

Failure of the b-cell to compensate for
increasing insulin resistance has been
recognized as the hallmark of type 2 diabetes, and the rate of deterioration of
glycemic control parallels that of deterioration of b-cell function and/or decline
in mass (18–20).

Attempts at b-cell preservation are
best undertaken as early in the disease
stage as possible, as later attempts may
yield lesser results. There is insufﬁcient
evidence as of yet to identify the optimal means for b-cell preservation. Striving for normoglycemia early, at disease
onset, by intensive insulin therapy has
been shown to induce a remission that
has been demonstrated to last for as
long as 2 years (21). A shorter time interval between diagnosis and intensive
insulin therapy predicts a higher chance
for remission (22).
Several drug classes have demonstrated a possible effect on b-cell preservation. The thiazolidinedione rosiglitazone
has demonstrated glycemic durability superior to metformin and glyburide in
A Diabetes Outcome Progression Trial
(ADOPT) (3). Furthermore, improvement
in b-cell function has been demonstrated
to be the predominant underlying pathophysiological mechanism in inducing glycemic remission from impaired glucose
tolerance to normal glucose tolerance
with pioglitazone in the Actos Now for
the prevention of diabetes (ACT NOW)
study, further underpinning the beneﬁt
of this drug or class in the preservation
of b-cell function (23).
Incretin-based therapies have demonstrated the ability to preserve b-cell
function in animal models, though the
clinical implication of these data in human studies is not fully understood
(24,25). Administration of exenatide
for 172 weeks resulted in superior
b-cell function compared with glargine,
an effect that was partially maintained
even after drug cessation (26). Additionally, in a 52-week study of liraglutide
versus placebo, after 4 weeks of intensive insulin therapy patients receiving
liraglutide demonstrated improved
b-cell function versus placebo, though
this effect was not maintained after
drug washout (27).
Dipeptidyl peptidase (DPP)-4 inhibitors have shown a positive effect on
b-cell function in clinical studies as
well. Treatment with saxagliptin versus
placebo resulted in lesser reduction in
HOMA of b-cell functiondan effect
that was most prominent in patients
not taking any baseline medication or
taking metformin alone (28). An analysis of all phase III studies of linagliptin
has demonstrated a superior effect of
linagliptin on HOMA of b-cell function
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Hyperglycemia is the major risk factor
for microvascular complications, and
HbA1c reduction is a well-established
means of reducing development of complications (2). However, glycemic control is still not achieved in a large
number of patients. According to the
U.S. NHANES (National Health and Nutrition Examination Survey), during the
years 2007–2010 only 52.5% of individuals with self-reported diabetes had
achieved the goal of HbA1c ,7% (,53
mmol/mol) (7). Similarly, in a study conducted in nine European countries 37.4%
had an HbA 1c $7% ($53 mmol/mol)
(range 25.9% in the Netherlands to
52.0% in Turkey) (8). In Israel, 64.3% of
patients with diabetes attained their glycemic targets in year 2013: targets deﬁned as HbA1c ,7% (,53 mmol/mol) for
patients aged 18–75 years and HbA1c
,8.0% (,64 mmol/mol) for patients
aged .75 years or with diabetes
duration .10 years (9). Poor control
was observed in 12.2% of patients
with diabetes, with an HbA 1c .9.0%
(.75 mmol/mol) (9).
Attainment of glycemic targets is of
utmost importance, and the initial use
of combination therapy leads to greater
HbA1c reduction, enabling more individuals to achieve their glycemic goals (see
further discussion of the individual combinations). Initiating therapy with a single
drug, as is suggested by many algorithms,
may not sufﬁce, as the pathogenesis of
type 2 diabetes is complex and stems
from multiple metabolic defects (10).
Thus, addressing multiple metabolic
pathways simultaneously leads to an increased hypoglycemic effect.
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CON
The Need for Individualization of Care

Diabetes, deﬁned by hyperglycemia, is
not a single disorder, and the heterogeneity of disease is becoming more evident with our better understanding of
the multiple pathophysiological defects
underlying the disease (32,33). Most individuals with diabetes are classiﬁed as
having type 2 diabetes, which reﬂects
a combination of insulin resistance and
impaired insulin secretion; however,
the relative contribution of each of
these two elements varies in different
patients.
Diabetes is not a disease of “one size
ﬁts all,” and individualization of care
with careful selection of medications is
becoming realized as one of the mainstays of care. Whereas it is known and
generally accepted that metformin is
the initial therapy after diagnosis, a
number of factors must be considered
prior to consideration of the added
therapy regarding whether it is given
sequentially or added initially with metformin. What we can agree on, as outlined above, is that there appear to
be given levels of HbA1c where there
is general agreement on when to consider initial combination therapy. As
stated, treatment guidelines support
initiation of metformin therapy at

diagnosis parallel to lifestyle modiﬁcation in individuals with an HbA1c .7.5%
(.58.5 mmol/mol) (16) or .9.0% (.75
mmol/mol) (17). What is not so clear is
whether initial combination therapy carries greater beneﬁt than sequential addition of therapy in subjects with much
lower HbA1c levels and who otherwise
may be asymptomatic. Given this dilemma, what factors need to be discussed in order to choose initial
combination versus sequential therapy?
It may be also best to agree on what we
do or do not know and to determine
whether timing of therapy may play a
difference. What is generally accepted
as known is follows:
1) Tight glycemic control reduces complications
2) Type 2 diabetes is a progressive
disease
3) There remain unmet clinical needs:
weight gain, hypoglycemia, etc.
4) Adherence and compliance remain
issues
5) Most therapies fail to adequately
control postprandial hyperglycemia
6) Most therapies fail to maintain longterm glycemic control
7) Clinical inertia is a factor in failure to
intensify therapy
To have a better understanding of
whether early initiation of combination
therapy has advantages over sequential
titration of individual agents, we
propose a discussion of the two strategies with regard to key clinical questions
as outlined in Table 1.
Would Clinical Inertia Be Reduced?

We recognize that diabetes is a progressive disease and requires intensiﬁcation
of therapy over time in order to maintain adequate glycemic control (4). Nevertheless, the rate of progression of

diabetes varies between individuals
and cannot be accurately predicted at
diagnosis. The Diabetes Research on Patient Stratiﬁcation (DIRECT) study identiﬁed multiple clinical, laboratory, and
genetic markers associated with faster
progression of diabetes after diagnosis,
yet the study could not account for additional behavioral patterns affecting
compliance with dietary and exercise
regimens, which are predictors for diabetes progression as well (34). Yet, we
do know that “clinical inertia,” deﬁned
as “failure to initiate or intensify therapy
despite an inadequate treatment response,” exists and appears to have increased over more recent years (35).
Thus, would the earlier timing of therapy for initial combination result in reduction of inertia? One would argue it
would not if sequential therapy is
added as recommended. For example,
Abdul-Ghani et al. (36) evaluated initial
combination therapy with metformin,
pioglitazone, and exenatide compared
with add-on therapy to metformin
with a sulfonylurea and then insulin. In
this study, as opposed to the triple initial therapy, the conventional approach
began with metformin at 1,000 mg/day,
and at 1 month, if fasting plasma glucose (FPG) concentration was .6.1
mmol/L (110 mg/dL), metformin was increased to 2,000 mg and glipizide
started at 5 mg/day. If, at 2 months,
FPG was .6.1 mmol/L (110 mg/dL) or
HbA 1c was .6.5%, glipizide was increased to 10 mg and then to 20 mg. If,
at 3 months, FPG was .6.1 mmol/L
(110 mg/dL) or HbA1c .6.5%, glargine insulin was started at 10 units before
breakfast and escalated weekly by 1–5
units (based on FPG and HbA1c levels)
to 60 units/day to maintain FPG at
,6.1 mmol/L (110 mg/dL). In this case,
sequential therapy was used aggressively

Table 1—Factors to consider in choosing early initial combination therapy or
sequential titration of individual agents
c Would clinical inertia be reduced?
Would there be a delay in deterioration of glycemic control? Better durability? Better b-cell
function over time? Does the approach address pathophysiology better?
c Does it allow for assessing individual response?
c

c

Are the costs appropriate? Would this approach result in cost savings and reduction in
complications over time?

c

Is the risk-to-beneﬁt ratio acceptable?

c

Would it improve unmet clinical needs, such as weight gain, hypoglycemia, etc.?

c

Would adherence/compliance remain issues?
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versus comparators (29). Administration of vildagliptin versus placebo resulted in improved b-cell function as
well, yet the effect was not sustained
after a 4-week washout period (30).
The most successful methods for
b-cell preservation early in disease onset are yet unclear. It appears that alleviation of hyperglycemia, regardless of
the means, is the most important contributor to b-cell preservation. Possibly,
striving for normoglycemia early at disease onset, or even at the prediabetes
stage, and maintaining normoglycemia
safely by combination therapy as required may change the natural history
of disease (6). Whether the use of a particular drug or class carries beneﬁt beyond that of others is still unresolved. A
dedicated trial assessing the beneﬁt of
metformin, glucagon-like peptide 1 receptor agonists, or bariatric surgery on
b-cell function in early diabetes is underway and will hopefully shed some
light on the beneﬁt these approaches
may have (31).
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Would There Be a Delay in Deterioration of
Glycemic Control? Better Durability? Better
b-Cell Function Over Time? Does the
Approach Address Pathophysiology Better?

As outlined above in the triple therapy
data (36) and as well described in studies such as ADOPT (3) and others, durability may be a function of the agent
used and mechanism of action and
not simply due to timing of the agents
as initial therapy as opposed to sequential titration. We know of no other
study that has tested durability of the
same agents as a function of use as either initial combination therapy or sequential titration. All of the studies to
date have reported on differences
based on speciﬁc agent useddnot
the timing.

Figure 1—Time-related change in HbA1c.
HbA1c in participants receiving conventional
(Conventional) and initial combination (Triple) therapy during the 24-month follow-up
period (*P , 0.01). Reprinted with permission from Abdul-Ghani et al. (36).

Does it Allow for Assessing Individual
Response?

Our understanding of the genetic basis
of type 2 diabetes is expanding with
nearly 80 susceptibility loci identiﬁed,
and attempts have been made to correlate phenotype of glucose disposition
with particular genotypes (33,37). Accordingly, the individual response to
medications differs from one patient to
another. Clinical variables such as disease duration, age, baseline HbA1c, and
BMI have been found to predict clinical
responses to metformin, sulfonylureas,
basal insulin, or incretin-based therapies, whereby the variables affected
clinical responses differently in each
medication (38–40). It is also known
that any single agent may have a deﬁned
effect on HbA1c levels so that in individuals with poorly controlled HbA1c, i.e.,
HbA1c .9%, there may be general consensus on the need for initial combination therapy, as a single therapy is
unlikely to achieve glycemic target. In
addition, the ﬁeld of pharmacogenomics in diabetes is expanding with identiﬁcation of “susceptibility loci” to
individual drug classes (37,41).
The clinical response of one individual
to a particular medication can differ
from the response of another individual.
Therefore, it is of paramount importance to assess the beneﬁt of antidiabetes medications on a one-to-one basis
by sequentially adding each medication,
or not, after failure of the mono/dual
therapy. In this way, the full efﬁcacy of
the added-on medication can be fully
realized.
Are the Costs Appropriate? Would This
Approach Result in Cost Savings and
Reduction in Complications Over Time?

There are several studies estimating the
cost-effectiveness of the new, more
costly antidiabetes agents, yet many
of these are subject to multiple confounders. The comparator of the new
drug greatly affects the outcome of
the analysis, and it is difﬁcult to quantify
the cost-effectiveness of softer outcomes such as fewer hypoglycemic
events or improved quality of life (42).
Moreover, many of these studies are industry funded, adding further bias to
the analyses.
Initial combination therapy, as discussed below, may include in addition
to metformin a new and costly antidiabetes agent for which cost-effectiveness

must be individually assessed. The cost
of these novel agents remains a signiﬁcant barrier to their use in many regions
of the world, and evidence for longterm efﬁcacy and safety is often required by the local medical insurance
agents for individual reimbursement in
countries with better economic situations. Initial combination therapy may
minimize the time spent in hyperglycemia secondary to clinical inertia or progressive b-cell failure, yet it stands to be
proven in validated economic models
that the excess time spent in hyperglycemia is more costly than the initial
combination of two drugs, one of which
is usually relatively expensive. But if sequential therapy was used appropriately and agents were added in a
timely manner to minimize the time
spent in a hyperglycemia state as guidelines suggest, this argument for initial
combination therapy would also be
lessened.
The particular drugs and combinations assessed need to be studied comparatively evaluating their short-term
effectiveness in HbA 1c reduction as
well as their long-term beneﬁts on
b-cell function, durability, and reduction of complications in order to
provide better assessment of their
cost-effectiveness (43).
Is the Risk-to-Beneﬁt Ratio Acceptable?

Prescribing medications that may not be
mandatory may result in exposing many
individuals to unduly harm, as the longterm safety of antidiabetes medications
has yet to be determined.
Metformin has shown reasonable
safety in clinical trials and epidemiological studies and is therefore a reasonable ﬁrst-line therapy (16,17). The
pancreative and overall safety of incretinbased therapies, a commonly proposed second-line therapy, has yet to
be established (44–47). Thiazolidinedione
use has become restricted because
of safety issues as well (48). Sodium–
glucose cotransporter (SGLT) 2 inhibitors, a novel drug class, have only recently
become registered in many regions. The
ﬁrst long-term cardiovascular safety
trial of this class of drugs was recently
reported (49). Reports of ketoacidosis in patients with type 2 diabetes
using the drug warrant further study
and better delineation of the population
who may be at risk (50). However,
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and appropriately. When looking at the
time-related change in HbA1c, it appears
the sequential therapy worked just as
well as the initial triple therapy in reducing the HbA1c levels during the ﬁrst
6 months (Fig. 1). Clearly, over time
there was better HbA 1c control with
the initial triple therapy, but that is argued to be a function of the agents used
and the different mechanism of
actiondnot the timing of addition of
the agents. So, in this case, sequential
titration of therapy when done aggressively can achieve the target goals in a
timely manner. Starting initial combination therapy may not necessarily resolve
the issue of clinical inertia but, rather,
just postpone it to the next stage of required treatment intensiﬁcation. For reduction of clinical inertia, it is not the
suggested regimen; it is the heightened
awareness of the providers.
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Would it Improve Unmet Clinical Needs,
Such as Weight Gain, Hypoglycemia, Etc.?

There is no evidence to date that a
change of timing of the same agents
as early combination as opposed to
sequential titration of therapy will
have any favorable beneﬁts on weight.
Clearly, one could argue that addition of
sulfonylurea earlier in the course may
increase weight gain earlier, but if aggressive titration is achieved over a few
months, this may be minimal. With use of
the same agents, hypoglycemia would be
an issue regardless of timing.

Would Adherence/Compliance Remain
Issues?

No evidence exists that would suggest
that earlier combination of therapy as
opposed to sequential titration would
result in greater adherence or compliance of patients.
SUGGESTED INITIAL
COMBINATION THERAPIES

Although nearly all antidiabetes drug
classes may be used in combination,
there are particular combinations that
have been extensively studied, particularly for those available as single pill
combinations, thereby enhancing patient compliance. Combination pills
comprised 6.7% of the prescriptions ﬁlls
in the U.S. retail pharmacies in 2012
(53). The most commonly used combinations were those of DPP-4 inhibitors
and metformin; however, combination
therapy of metformin-sulfonylureas
and metformin-pioglitazone were commonly used as well (53).
Metformin is now the most widely
accepted ﬁrst-line therapy for type
2 diabetes (16,17); therefore, most initial combination therapies proposed
include metformin. A recent metaanalysis assessed the beneﬁt of early
combination therapies that included
metformin versus metformin alone and
demonstrated superior results of the
combination therapy with better HbA1c
reduction (weighted mean difference
20.43% [95% CI 20.56, 20.30]) and increased odds of attaining the goal of
HbA1c ,7% (,53 mmol/mol) (relative
risk 1.40 [95% CI 1.33–1.48]) (54). With
exclusion of initial combinations that included sulfonylureas or glinides (13 comparisons analyzed) there was no increased
risk of hypoglycemia in the combination
group compared with the metformin
group (relative risk 1.20 [0.91–1.56]) (54).
Approximately 5–10% of individuals
cannot tolerate metformin therapy
(55), and therefore alternative combinations excluding metformin are studied
as well, though their use as ﬁrst-line
therapy is quite limited.
Table 2 shows selected studies assessing initial combination therapies
versus the individual monotherapies.
The combination of metformin and
DPP-4 inhibitors is widely used and is
available as a combination pill, thus enhancing patient compliance (56–59). A
meta-analysis including ﬁve studies

comparing initial combination therapy
versus metformin monotherapy demonstrated superior HbA1c reduction (mean
difference 20.49% [20.57, 20.40]) and
better FPG reduction (mean difference
20.80 mmol/L [20.87, 20.74]) but
lower weight loss (0.44 kg gained
[0.22, 0.67]). Initial combination therapy did not pose an increased risk of hypoglycemia or prolong the risk of
gastrointestinal side effects (60).
Combination of metformin with
thiazolidinediones has been studied in
multiple trials. Though the results of
these trials are positive, demonstrating
better HbA1c reduction with these ﬁxeddose combinations (61,62), safety issues
surrounding the drug class (48) have signiﬁcantly restricted its use. On the other
hand, pioglitazone has recently become
generically available, thus reducing its
cost and possibly increasing its use in
the near future.
The combination of pioglitazone and
DPP-4 inhibitors has been studied as
well (63–66). Better HbA 1c reduction
was perceived with the combination,
yet weight gain was greater with the
combination versus with pioglitazone
alone in some of the trials. The utility
of this combination as ﬁrst-line therapy
is limited and restricted to those who
cannot tolerate metformin or have a
contraindication to its use.
SGLT2 inhibitors are a novel class of
antidiabetes medications exerting their
effect by inhibiting renal glucose reabsorption and producing glucosuria.
Initial combination therapy of dapagliﬂozin and metformin has been shown to be
more effective in HbA1c reduction versus
dapagliﬂozin monotherapy or metformin monotherapy (67).
The SGLT2 inhibitors are becoming
available as single pill combination therapies with metformin, competing with
the metformin–DPP-4 inhibitor combination pills as possible ﬁrst-line initial
combination therapy. Both options
have minimal side effects, beyond those
of metformin alone, and do not cause
hypoglycemia. Whereas signiﬁcant
weight loss is observed with the combination of SGLT2 inhibitors and metformin (67), weight neutrality or minimal
weight gain is observed with the combination of DPP-4 inhibitors and metformin (60). The glucosuric effect of SGLT2
inhibitors is accompanied by an increased rate of endogenous glucose
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knowledge of this side effect and pathogenesis will allow the provider to manage this issue. Use of sulfonylureas has
been declining due to hypoglycemia
and unresolved cardiovascular safety
issues (51).
Overall, patients with diabetes are a
vulnerable population, at high cardiovascular risk and suffering from multiple
comorbidities, and the risk-to-beneﬁt
ratio of each drug must be carefully
weighed. Initial combination therapy
entails prescription of multiple drug
classes with their accordant known and
unknown risks.
There is no question that every agent
added will result in additional side effects for some patients. It is also wellknown that side effects are greater with
two-drug combinations as opposed to
monotherapy (52). Thus, sequential titration of therapy will allow the provider
to judge the side effect proﬁle of each
agent and address it appropriately,
whereas if side effects occur in initial
combination therapy, one may not be
sure which of the compounds in the
combination caused the side effects. Sequential therapy may minimize complexity of the regimen and potentially
can improve compliance. Initial combination therapy may mask an excellent
response to one element of the combination, or a poor response to another,
possibly condemning the patients to
years of use of a drug that carries minimal beneﬁt to them.
Unselective use of initial combination
therapy ignores the spectrum of disease
observed with diabetes and may result
in overtreatment of individuals who
may have maintained adequate glycemic control with monotherapy or even
just by lifestyle modiﬁcation for a prolonged period of time.
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Table 2—Selected trials comparing initial combination therapy with initial monotherapy
Combination
Metformin + DPP-4 inhibitors
Metformin + sitagliptin**

Metformin + saxagliptin

Metformin + linagliptin

RCT, 104 weeks
Sitagliptin 50 mg + metformin 1,000 mg b.i.d.
Sitagliptin 50 mg + metformin 500 mg b.i.d.
Metformin 1,000 mg b.i.d.
Metformin 500 mg b.i.d.
Sitagliptin 100 mg QD
RCT, 76 weeks (uptitration of metformin)
Saxagliptin 5 mg + metformin 2,000 mg
Saxagliptin 10 mg + metformin 2,000 mg
Saxagliptin 10 mg
Metformin 2,000 mg
RCT, 24 weeks
Metformin 1,000 mg + vildagliptin 50 mg b.i.d.
Metformin 500 mg + vildaglitpin 50 mg b.i.d.
Vildagliptin 50 mg b.i.d.
Metformin 1,000 mg b.i.d.
RCT, 24 weeks
Linagliptin 2.5 mg + metformin 500 mg b.i.d.
Linagliptin 2.5 mg + metformin 1,000 mg b.i.d.
Linagliptin 5 mg QD
Metformin 500 mg b.i.d.
Metformin 1,000 mg b.i.d.
Placebo

Pioglitazone + DPP-4 inhibitors
Pioglitazone + alogliptin
RCT, 26 weeks
Pioglitazone 30 mg + alogliptin 25 mg
Pioglitazone 30 mg + alogliptin 12.5 mg
Pioglitazone 30 mg
Alogliptin 25 mg
Pioglitazone + linagliptin
RCT, 24 weeks
Pioglitazone 30 mg + linagliptin 5 mg
Pioglitazone 30 mg
Pioglitazone + sitagliptin
RCT with extension, 54 weeks
Pioglitazone 45 mg + sitagliptin 100 mg
Pioglitazone 45 mg
Pioglitazone + vildagliptin
RCT, 24 weeks
Pioglitazone 30 mg + vildagliptin 100 mg QD
Pioglitazone 15 mg + vildagliptin 50 mg QD
Pioglitazone 30 mg QD
Vildagliptin 100 mg QD
Metformin + SGLT2 inhibitor
Metformin + dapagliﬂozin
RCT, 24 weeks
Dapagliﬂozin 10 mg + metformin XR
Dapagliﬂozin 10 mg
Metformin XR
DPP-4 inhibitor + SGLT2
inhibitor
Linagliptin + empagliﬂozin

RCT, 24 weeks (primary end point)
Empagliﬂozin 25 mg + linagliptin 5 mg
Empagliﬂozin 10 mg + linagliptin 5 mg
Empagliﬂozin 25 mg
Empagliﬂozin 10 mg
Linagliptin 5 mg

HbA1c change from baseline (%)

Weight change (kg)

21.7 (21.8, 21.5)
21.4 (21.6, 21.2)
21.3 (21.5, 21.2)
21.1 (21.3, 20.9)
21.2 (21.4, 20.9)

21.2 (22.0, 20.3)
0 (20.8, 0.9)
22.4 (23.3, 21.5)
20.8 (21.9, 0.3)
0.5 (20.7, 1.7)

22.31 6 0.07*
22.33 6 0.07*
21.55 6 0.08*
21.79 6 0.07*

21.2
20.7
20.3
21.0

21.8 6 0.06*
21.6 6 0.06*
21.1 6 0.06*
21.4 6 0.06*

21.19 6 0.22
21.17 6 0.23
21.62 6 0.22
20.59 6 0.22*
†

Ref.
56

57

58

59

21.2 6 0.1*
21.6 6 0.1*
20.5 6 0.1*
20.6 6 0.1*
21.1 6 0.1*
0.1 6 0.1*
63
21.71 6 0.081*
21.56 6 0.081*
21.15 6 0.083*
20.96 6 0.081*

3.14 6 0.295*
2.51 6 0.296
2.19 6 0.302*
20.29 6 0.291*

21.06 6 0.07*
20.75 6 0.11*

2.3*
1.2*

22.4 (22.5, 22.2)*
21.9 (22.0, 21.7)*

4.8 (3.8, 5.8)
4.1 (3.1, 5.2)

21.9 6 0.1*
21.7 6 0.1*
21.4 6 0.1*
21.1 6 0.1*

2.1 6 0.3*
1.4 6 0.3*
1.5 6 0.3
0.2 6 0.3*

21.98 (22.13, 21.83)*
21.45 (21.59, 21.31)*
21.44 (21.59, 21.29)*

23.33 (23.80, 22.86)*
22.73 (23.19, 22.27)*
21.36 (21.83, 20.89)*

21.08 6 0.06*
21.24 6 0.06*
20.95 6 0.06
20.83 6 0.06*
20.67 6 0.06*

22.0*
22.7*
22.1
22.3
20.8*

64

65

66

67

68

Data are means 6 SE or means (95% CI). QD, once a day; RCT, randomized controlled trial; XR, extended release. *P , 0.05 for comparison of combination vs.
monotherapy. **Statistical testing was not performed for between-group differences. †No clinically signiﬁcant changes in body weight were noted.

production, a mechanism that offsets
the drugs’ glucose-lowering effect
by ;50%. DPP-4 inhibitors inhibit glucagon secretion, thus reducing endogenous

glucose production, and the combination of the two drug classes appears to be a promising therapeutic
modality (68).

Initial combination therapy of
empagliﬂozin/linagliptin has demonstrated superior HbA1c reduction versus
linagliptin alone, yet the efﬁcacy of
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CONCLUSIONS

The dilemma of initial combination
therapy or sequential addition of medications as treatment fails is yet unresolved. As outlined above, a patient
with poorly controlled diabetes is one
in whom most clinicians would likely
start combination therapy just based
on the fact that any single agent initially
may not be effective. The VERIFY trial
(Vildagliptin Efﬁcacy in combination
with metfoRmIn For earlY treatment
of type 2 diabetes mellitus) (70), which
is expected to continue for 5 years, will
compare initial combination therapy of
metformin and vildagliptin to sequential addition of vildagliptin after treatment failure with metformin. This trial
may shed light on unanswered questions such as the effect of DPP-4 inhibitors on preservation of b-cell function
and, possibly, the “price” of clinical inertia on long-term glycemic control.
The answer, for now, lies in individualization of care while bearing in mind
the suggestions of recent guidelines.
Clinical inertia reﬂects something we
all transgress in as physicians often led
by our patients’ unwillingness to “add
another drug” or by our own thoughts
or concerns of the additional pill burden
we are imposing upon our patients. The
novel agents that have a favorable side
effect proﬁle and do not carry a risk of
hypoglycemia may lead physicians to be
more willing to intensify therapy at
lower HbA 1c levels and to strive for
lower targets in patients who may beneﬁt from them.
There is not a single answer for the
dilemma presented in this article, yet

the considerations mentioned must be
weighed in each individual case. Moreover, the initial path taken is not necessarily a “no return.” With a choice to
initiate sequential therapy, close followup of the patient must be undertaken
aiming to intensify treatment within
weeks and not months if glucose targets
are not met. Alternatively, if the choice
to initiate combination therapy yields
any untoward effects, stepping back
down to monotherapy is an alternative
as well.
Appropriate glycemic targets must be
set for the individual patient, and only
then can one decide upon the path to
follow, as the Chesire cat told Alice (71):
“Would you tell me, please, which way I
ought to go from here?”
“That depends a good deal on where you
want to get to,” said the Cat.
“I don’t much care where d” said Alice.
“Then it doesn’t matter which way you
go,” said the Cat.
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