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A benefit—harm analysis of adding basal insulin vs. sulfonylurea to
metformin to manage type II diabetes mellitus in people with multiple
chronic conditions
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Abstract

Objectives: The benefits and harms of diabetes treatments need to be carefully weighed in people with type II diabetes mellitus (DM)
and multiple chronic conditions (MCCs). Our objective was to quantitatively assess the benefits and harms of the addition of basal insulin
(insulin) vs. sulfonylurea (SU) to metformin in people with DM and MCCs.

Study Design and Setting: Data inputs into the benefit—harms analysis included (1) baseline risks of patient-centered outcomes (death,
myocardial infarction, stroke, severe hypoglycemia, diarrhea, nausea) from cohorts and trials; (2) treatment effects for the addition of in-
sulin vs. SU from a network meta-analysis; and (3) patient preference survey for outcome weights. Statistical analysis calculated the prob-
ability that adding insulin has greater benefits than harms, when compared with an SU, overall and by prespecified subgroups.

Results: Including the six outcomes, the probability of net benefit for insulin compared with SU was similar, across subgroups by age
and diabetes duration (probability range, using conditional logit weights: 0.44—0.56). Adding patient preferences for treatment burden asso-
ciated with insulin injections shifted the probability to favor SU over insulin (probability range, using conditional logit weights: 0.01—0.12).

Conclusion: In people with DM and MCCs, we demonstrated incomplete evidence to conclude if basal insulin or SU should be added
in people with DM and MCCs on metformin alone. The benefit—harm balance was sensitive to treatment preferences, that is., perceived
treatment burden, indicating the importance of shared-decision making in caring for people with MCCs who are at high risk for experi-
encing harms associated with diabetes management. © 2019 Elsevier Inc. All rights reserved.
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1. Introduction

People living with type II diabetes mellitus (DM) have
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What is new?

e Understanding the benefits and harms of diabetes
treatments is important in people with type 2 dia-
betes (DM) and multiple chronic conditions
(MCCs) to inform care and treatment guidelines.

What this adds to what was known?

e In a quantitative benefit-harms analysis, the proba-
bility for net benefit for adding insulin compared
with sulfonylurea to metformin was similar, across
subgroups by age and diabetes duration (probabil-
ity range, using conditional logit weights: 0.44 to
0.56).

e Including treatment burden associated with insulin
injections shifted the probability to favor SU over
insulin.

What is the implication and what should change

now?

e Because patient preferences can greatly shift the
balance favoring one treatment over another,
shared-decision making is important when caring
for people with MCCs who are at high risk for
experiencing harms associated with diabetes
management.

greater risk of geriatric syndrome, including cognitive,
functional, and visual impairments, compared with aging
without DM [5].

For patients with DM and MCCs, the implications for
treatment include risks associated with polypharmacy as well
as greater risk of adverse effects from DM medications, espe-
cially hypoglycemia [6—8]. Among older adults aged
>70 years and longer DM duration, rates of hypoglycemia
and rates of reporting eye complications were both high
and similar to the rates of coronary artery disease events
[6]. Both the risk of future diabetes complications, such as
coronary artery disease events, and the risks of pharmaco-
logic therapy need to be delicately weighed when making
treatment decisions for older adults with DM and MCCs.

DM-focused clinical practice guidelines (CPGs),
including from the American Diabetes Association, Veter-
ans Administration, and the American College of Physi-
cians, recognize the unique needs and risks associated
with having DM, being older and having multiple coexist-
ing conditions [9—11]. However, there is a lack of
high-quality evidence informing these recommendations
in specific subgroups of patients or patients with MCCs
[10,12,13]. CPGs suggest individualized approaches for
older adults with DM and coexisting conditions, including
“assessment of medical, psychological, functional, and so-
cial geriatric domains™ to avoid hypoglycemia risk and

further guide therapy, but the assessment of the
benefit—harm balance is challenging [10].

We aimed to address the need of CPG developers to have
quantitative methods that recognize the complexity of pa-
tients with MCCs, including their variation in preferences
about their care, to make recommendations informed by
the best available evidence [14]. The main objective of this
article was to synthesize available, high-quality evidence to
estimate the benefit—harm balance for the treatment decision
of whether to add basal subcutaneous insulin (i.e., “insulin’”)
or a sulfonylurea (SU) oral medication to first-line metformin
therapy for people with DM and MCCs. Both basal insulin
and SU are considered appropriate second-line therapies in
addition to metformin in patients who have not achieved gly-
cemic control [15]. We also sought to (1) assess the
benefit—harm balance of this treatment decision in different
subgroups, including older age, diabetes duration, and co-
morbidities and (2) describe the sensitivity of the
benefit—harm balance to patients’ preferences. This system-
atic approach to evidence synthesis aims to inform recom-
mendations for CPGs for people with DM and MCCs.

2. Methods

2.1. Approach to the quantitative benefit—harms
analysis

We used the Gail/National Cancer Institute approach for
assessing benefits and harms in a multidimensional, quanti-
tative benefit-harm analysis [16]. Multidimensional, quanti-
tative benefit—harm analytic approaches can provide
transparent information on the usually implicit process of
weighing effect estimates for multiple benefit and harm
outcomes simultaneously and can provide information on
the effect of variations in baseline risk in different popula-
tions. This multidimensional approach provides a probabil-
ity that adding insulin to metformin is more beneficial than
adding an SU and gives consideration to multiple data in-
puts, including multiple patient-centered outcomes, pa-
tients’ baseline risks for these outcomes, and patient
preferences for outcomes.

The inputs for the analysis required several data sources:
(1) baseline risks of the outcomes among older people with
DM and MCCs; (2) patients’ preference weights for dia-
betes outcomes derived from a survey of patients with
DM and MCCs; and (3) estimates of the treatment effects
on a wide range of patient-centered outcomes, extracted
from existing evidence syntheses. We describe each of
these data sources in detail below.

2.2. Data sources

2.2.1. Data source for baseline risks of outcomes rele-
vant to people with DM and MCC

We previously described the steps to inform the analysis
we conducted for this article, which involved a multistep
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mixed-methods process engaging multiple stakeholders to
identify a clinically relevant DM medication management
dilemma and high-priority patient-centered outcomes
[17]. Patients and caregivers identified high-importance pa-
tient-centered outcomes: vision loss, stroke, heart attack,
cancer, dialysis, chronic kidney disease, diabetic foot infec-
tion, low blood sugars, treatment burden, nausea, diarrhea,
depression, and weight gain [17]. We selected the Diabetes
and Aging cohort study [6] for information on baseline
risks for these outcomes of interest because the cohort re-
ported the most outcomes of interest from our list and fol-
lowed a population of older patients with type II diabetes
from general medical practices [6]. The Diabetes and Ag-
ing cohort study reported four of the patient-important out-
comes: all-cause mortality, coronary heart disease (which
included myocardial infarction [MI] in addition to coronary
bypass surgery and angioplasty), cerebrovascular disease
(which included stroke), and acute hypoglycemic events.
For the outcomes of nausea and diarrhea, we used the SU
trial arms of the systematic review that we used for treat-
ment effect estimates to estimate the baseline incidence
(see below) [18].

Our multidisciplinary team, including patients and care-
givers, prespecified the following subgroup by age, gender,
chronic kidney disease, coronary artery disease, recent
falls, cognitive impairment, recent episodes of low blood
sugar, chronic liver disease, chronic heart failure, advanced
disease, and MCCs. The Diabetes and Aging cohort re-
ported outcome incidences for two subgroups: by age
(60—69, 70—79, or >80 years) and diabetes duration
(0—9, >10 years) [17]. We did not find current evidence
to conduct subgroup analyses for the other prespecified
subgroups and focused our analysis on the subgroups by
age and diabetes duration.

2.2.2. Preference survey to yield preference weights

To identify preference weights for patient-important out-
comes, we used a survey with best—worst scaling, based on
balanced incomplete block design [19,20]. In the survey,
we provided clinical scenarios to describe the outcomes,
except death, and then presented 13 blocks with four out-
comes each. Participants were asked to choose which of
the outcomes would be the most and least worrisome if
the outcome were to happen to them. The survey was pilot
tested for face validity and understandability.

We identified a random sample of 451 potential partici-
pants who were aged >60 years with DM plus two or more
additional chronic conditions and were English speaking,
using electronic health record data. Participants were
mailed the survey and also received reminder phone calls
during which they had the option to complete the survey
on the telephone. We received 217 completed surveys
(response rate 48%), and 207 participants’ surveys were
deemed sufficiently complete to include in analyses.

2.2.3. Selection of data sources to estimate treatment
effects

Our team identified a recently published systematic re-
view and network meta-analysis [21] assessing the compar-
ative effectiveness and risks associated with adding a
second-line diabetes medication to metformin. Two studies
of 109 included studies reported a direct comparison of
metformin + basal insulin vs. metformin + SU [22,23],
and one of them contained two of the outcomes of interest
[22] aligned with our clinical question. Treatment effect es-
timates for all the outcomes were based on their network
meta-analytic estimates of comparisons of second-line
agents (dual treatments with metformin by drug classes).
The authors of the systematic review provided the raw data
extracted from the randomized controlled trials (RCTs) on
all-cause mortality, MI, stroke, severe hypoglycemia, diar-
rhea, and nausea, as well as many other patient-important
outcomes we asked for. There was not enough evidence
(even indirect evidence) for the other patient-centered out-
comes of interest. Our team determined not to include
weight gain in the analysis because the direct estimate from
the study by Moon et al. [22] was opposite to the network
meta-analytic estimate yielding an imprecise and unstable
estimate. We compared the similarity of the trial results
from the network meta-analysis to treatment effects from
observational studies with this comparison [24,25]. The
observational study estimates were also included in a sensi-
tivity analysis, described below.

2.3. Statistical analysis

2.3.1. Estimation of treatment effects for basal insulin
vs. SU added to metformin for patient-important
outcomes

Using data from the network meta-analysis by Palmer
et al. [18], we calculated the treatment effects for
insulin + metformin vs. SU 4 metformin in patients with
MCCs who required additional treatment to improve glyce-
mic control. We calculated the logRR for the outcomes of
all-cause mortality, MI, stroke, hypoglycemia, nausea,
and diarrhea using the network ‘“meta’” command of STA-
TA version 13.1 (StataCorp. 2013. Stata Statistical Soft-
ware: Release 13. College Station, TX, StataCorp LP.),
which assumed random effects. Because few events
occurred (0—1 in most trial arms) for mortality, stroke,
and MI, we adjusted the estimates with the prior assump-
tion that with 95% probability, the relative risk (RR) of
metformin + insulin vs. metformin 4+ SU lies between
0.50 and 2.0 to reduce bias associated with sparse data
[26,27].

2.3.2. Calculation of preference weights from the pa-
tient survey

We used three analyses of the preference survey to set
weights [1]: Best minus worst scores, which count how
many times an outcome was selected as best (least
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worrisome) or worst (most worrisome), averaged across re-
spondents [2], conditional logit regression of choosing a
pair of outcomes as most worrisome and least worrisome
[3], and surface under the cumulative ranking curve (SU-
CRA) scores, estimating the mean difference of the scores
using a network meta-analysis model [28].

We scaled best-minus—worst scores, which originally
were on a scale of —4 to 4, to a scale of O to 1, to have
weights on a scale of 0 to 1, with 1 corresponding to death.
We assumed the same relative weight of loss of vision and
death when we converted conditional logit parameters (on
the log scale) to weights setting the reference (the least
worrisome outcome) to a weight of 0. SUCRA scores have
a natural scale of 0 to 1, and we did not need to rescale them.

2.3.3. Benefit—harm analysis to assess the probability
that basal insulin has a more favorable benefit—harm
balance compared with SU when added to metformin

We used the Gail/National Cancer Institute approach for
quantitative benefit—harm analysis [16]. The first step was
to calculate the expected number of events for each outcome
over 5 years in a population of 10,000 based on the baseline
incidence and the treatment effect estimates. We set the inci-
dence rate in the simulated Metformin + SU population us-
ing baseline risks described previously. We considered all-
cause mortality as a competing risk. In 100,000 repetitions
of the analysis, we considered uncertainty of the estimates
in baseline incidence and relative effects by sampling values
from normal distributions according to the confidence inter-
val (CI) of the respective estimate. We assessed the robust-
ness of our results to the selection of baseline risks for
each of the outcomes in the subgroups by applying correc-
tions for incident stroke and MI using the rates from the
Look AHEAD RCT in which participants were younger
and had a relatively shorter diabetes duration [29].

The final step was to calculate the probability that insu-
lin is associated with a more favorable benefit—harm bal-
ance compared with SU, as the proportion of the 100,000
repetitions where the index was negative, that is, where
there were less-weighted events (corresponding to number
of deaths) in the insulin group than in the SU arm.

2.4. Sensitivity analyses

We conducted several sensitivity analyses. In our first
sensitivity analysis, we added treatment burden as an addi-
tional outcome into the analysis. For treatment burden, we
considered the average importance that the respondents in
our survey assigned to the additional treatment burden of
an injection. In our second sensitivity analysis, we used
the relative treatment effect estimates for outcomes from
a retrospective cohort study conducted in the Veterans
Health Administration (VHA), Medicare, and National
Death Index databases [25,30] as prior knowledge in the
network meta-analyses by adding a corresponding study
to the network.

3. Results

Table 1 shows the estimates for the treatment effects of
the addition of insulin vs. SU to metformin for the patient-
important outcomes of mortality, MI, stroke, hypoglyce-
mia, diarrhea, and nausea based on indirect and direct
comparisons in the RCTs included in the network meta-
analysis by Palmer et al. [18] corrected for sparse data bias.
Although patients in focus groups identified other outcomes
(blindness, loss of vision, chronic kidney disease, end-stage
renal disease, acute renal failure, depression, and liver
injury) as important, there are no data available to address
these outcomes across the two treatments. After adjustment
for sparse data, the addition of insulin compared with SU
was associated with greater risk for mortality (RR: 1.10,
95% CI: 0.56, 2.14) and a lower risk for MI (RR: 0.94,
95% CI: 0.48, 1.84). The risk of hypoglycemia, nausea,
and diarrhea was lower with the addition of basal insulin
compared with SU. Only the relative risk estimate for
nausea was statistically significant.

Table 2 shows the preference weights using different ana-
Iytic approaches for the patient preferences survey (best
minus worst score, SUCRA, conditional logit, and equal
weights). Death was assigned as having the greatest relative
importance (value = 1) in all modeling approaches, all scaled
between [0, 1]. All outcomes were considered important to
some extent, as each outcome was selected as one of the most
worrisome outcomes by some patients. By definition, “equal
weights”’ showed all outcomes equally weighted as 1. For the
other analytic approaches, on average, loss of vision was
considered to be the most worrisome outcome (range of pref-
erence weights: 0.79—0.97), followed by stroke (range of
preference weights: 0.71—0.91), MI (range of preference
weights: 0.68—0.72), and cancer (range of preference
weights: 0.66—0.71).

Table 3 shows the expected number of events for each
outcome (death, MI, stroke, severe hypoglycemia, diarrhea,
and nausea). The incidence rates for nausea and diarrhea
were similar in all age groups. Because we did not have
age-specific information on nausea and diarrhea, people
aged >69 years had relatively fewer events of nausea
and diarrhea compared with people aged <69 years due
to the higher competing risk of death. Although not reach-
ing statistical significance, the overall difference in
numbers of events due to adding insulin instead of SU
was largest for the outcomes of diarrhea and nausea, but
the precision was also lowest for these outcomes (i.e., for
age 60—69 years, insulin had 1,860 [per 10,000] diarrhea
events vs. 2,705 [per 10,000] in SU arm). Increasing age
was associated with the greatest increase in event rates
for the outcomes of MI, death and stroke, greater than dura-
tion of diabetes and treatment with SU or basal insulin.

Table 4 shows the benefit—harm balance and compares the
results using different approaches to derive weights from the
survey on patients’ preferences. When we used equal weights
not accounting for patient preferences (i.e., all outcomes
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Table 1. Treatment effects (relative risks) for metformin + basal insulin vs. metformin + sulfonylurea for patient-important outcomes with available
data®” and description of network meta-analysis (number of trials, events, sample size, and trial duration) per outcome [18]

RCTs in network

Median trial duration

Outcome meta-analysis (18), n Total events, n Total sample size, N (min/max), mo RR (95% CI)

Mortality 41 128 34,822 7.4 (5.5, 26) 1.10 (0.56, 2.14)°
Myocardial infarction 31 87 26,456 6 (5.5, 26) 0.94 (0.48, 1.84)°
Stroke 27 79 26,017 12 (5.5, 26) 1.02 (0.52, 2.01)°
Hypoglycemia 73 4,619 45,710 6 (5.5, 26) 0.61 (0.37, 1.01)
Diarrhea 65 3,212 43,515 6 (5.5, 26) 0.67 (0.39, 1.16)
Nausea 46 2,445 30,921 6 (5.5, 26) 0.20 (0.08, 0.50)

Abbreviation: Cl, confidence interval; RR, relative risk.

@ We did not identify direct or indirect evidence for the following outcomes: blindness, loss of vision, chronic kidney disease, end-stage renal

disease, acute renal failure, depression, and liver injury.

b Adjusted for sparse data bias with a prior relative risk of 1 (0.5, 2).

received the same weight [Table 2]), the benefit—harm anal-
ysis strongly favored the addition of insulin to metformin
over SU, across age and by diabetes duration strata (probabil-
ity range: 0.86—0.97). Although SUCRA assigned less
weight to death compared with other approaches, results
from SUCRA and conditional logit weights showed similar
probabilities for the benefit of insulin vs. SU, closer to a coin
toss (probability range: 0.44—0.61). In the best minus worst
score approach, the outcomes of nausea, diarrhea, and hypo-
glycemiareceived greater weight than with SUCRA and con-
ditional logit weights, and more of these events occurred with
SU (Table 3). The best minus worst scaling showed the great-
est probability for adding insulin over SU in the youngest age
group (age 60—69 years) and those with a shorter diabetes
duration (< 10 years), with a probability of 0.82 (probability
range 0.82—0.93), and the probability decreased with
increasing age and diabetes duration (Table 3).

Fig. 1A demonstrates the impact of the variation in indi-
vidual preferences on the benefit—harm balance, using the

weights from individual best minus worst scores. We iden-
tified a wide range of individual variation in patients’ pref-
erences, which resulted in a spread of probability estimates.
For example, we found a range in probabilities from insulin
being clearly favored to SU being slightly favored, with the
ranges similar by duration of diabetes.

In Fig. 1B, we assessed the sensitivity of the
benefit—harm balance to perceived treatment burden asso-
ciated with insulin injections. By most respondents in the
survey, insulin injections were considered burdensome;
therefore, the benefit—harm balance shifted in favor of
SU over insulin. Appendix Table 1 shows the sensitivity
of the benefit—harm balance to adding the outcome of
perceived treatment burden, across subgroups by age and
diabetes duration. The addition of SU was favored in all
age groups and all durations of diabetes when treatment
burden was considered.

Appendix Table 1 shows a sensitivity analysis, which
included results from an observational study in the VHA

Table 2. Preference weights derived from the patient preference survey with different analytic approaches scaled to an interval of (0,1) (conditional
logit parameters on log scale, surface under the cumulative ranking curve [SUCRA] scores, best minus worst scores) and equal weights

Outcome Conditional logit (logOR) SUCRA Best minus worst score Equal weights
Death 1 1 1 1
Loss of vision 0.79 0.97 0.79 1
Stroke 0.71 0.91 0.74 1
Myocardial infarction 0.68 0.82 0.72 1
Cancer 0.66 0.71 0.69 1
Chronic kidney disease 0.58 0.70 0.63 1
End-stage renal disease (dialysis) 0.50 0.59 0.59 1
Diabetic foot infection 0.37 0.49 0.48 1
Dangerously low blood sugars 0.35 0.45 0.48 1
Episodes of low blood sugars 0.16 0.21 0.33 1
Nausea or diarrhea 0.08 0.11 0.28 1
Treatment burden 0.07 0.26 0.29 1
Depression 0.05 0.21 0.25 1
Weight gain 0 0.06 0.23 1
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Table 3. Number of expected events (95% CI based on CI of the relative effect estimate and baseline incidence) per 10,000 people over 5y with
type Il diabetes for each clinical outcome, by subgroups of age and diabetes duration

Outcomes
Treatment Myocardial Severe
Age arm? Death infarction Stroke hypoglycemia Diarrhea Nausea
Diabetes
duration
> 10y
60—69 Su 1,530 (1,458, 1,602) 673 (617, 729) 384 (344, 424) 433 (390, 476) 2,705 (0, 5,375) 1,105 (169, 2,038)
Insulin 1,739 (890, 3,004) 659 (320, 1,201) 409 (196, 751) 272 (158, 438) 1,860 (0, 4,401) 246 (27, 674)
70-79 SuU 2,806 (2,711, 2,901) 773 (713, 834) 602 (550, 654) 652 (597, 706) 2,502 (0, 4,970) 1,022 (156, 1,884)
Insulin 3,125 (1,689, 5,074) 749 (362, 1,366) 632 (305, 1,152) 408 (235, 656) 1,702 (0, 4,054) 225 (25, 619)
80+ SuU 4,854 (4,700, 5,006) 835 (745, 923) 662 (585, 739) 686 (610, 762) 2,145 (0, 4,262) 876 (134, 1,615)
Insulin 5,227 (3,115, 7,606) 795 (371, 1,473) 684 (318, 1,268) 423 (231, 698) 1,436 (0, 3,467) 190 (21, 527)
Diabetes
duration
<10y
60—69 Su 934 (895, 974) 396 (367, 424) 254 (232, 276) 143 (128, 159) 2,797 (0, 5,557) 1,143 (175, 2,106)
Insulin 1,071 (536, 1,901) 390 (188, 717) 272 (131, 502) 90 (52, 145) 1,932 (0, 4,566) 256 (29, 700)
70-79 Su 1,922 (1,860, 1,985) 502 (467, 538) 432 (399, 466) 224 (202, 246) 2,644 (0, 5,253) 1,080 (165, 1,991)
Insulin 2,171 (1,130, 3,681) 491 (237, 902) 458 (221, 838) 140 (81, 226) 1,812(0, 4,294) 240 (27, 657)
80+ SuU 4,090 (3,968, 4,211) 567 (503, 631) 664 (601, 727) 238 (203, 274) 2,283 (0, 4,536) 933 (143, 1,720)

Insulin 4,460 (2,559, 6,772) 544 (255, 1,014) 690 (328, 1,267) 147 (81, 243) 1,538 (0, 3,689) 203 (23, 563)

@ Treatment arms are sulfonylurea (SU) vs. basal insulin (insulin).

population, along with the network meta-analysis results,
for the treatment effects of metformin + insulin vs.
metformin + SU. The addition of the observational study’s
results changed the benefit—harm probabilities for all out-
comes, compared with Table 3, which showed the main re-
sults. Except for the equal weights approach, the addition of
insulin to metformin was associated with lower probability
of benefit compared with the addition of SU to metformin,
even in the best—worst scale and the equal weight
approaches.

4. Discussion

The benefit—harm analysis shows insufficient evidence
that basal insulin had a better benefit—harm balance when
added to metformin, compared with adding SU to metformin,
among patients with type II diabetes and MCCs, across sub-
groups by age and diabetes duration. We showed that the
benefit—harm balance is sensitive to patients’ preferences,
using varying approaches to the preference weights, as well
as in the sensitivity analysis assuming treatment burden for

Table 4. Probability™” of benefit for the addition of basal insulin to metformin compared with addition of sulfonylurea—based on the outcomes, all-
cause mortality, stroke, myocardial infarction, severe hypoglycemia, nausea, and diarrhea

Weights

Age

Conditional logit

SUCRA

BWS score

Equal weights

Diabetes duration >10y
60—69
70-79
80+

Diabetes duration < 10y
60—69
70-79
80+

0.53 (0.53, 0.61)
0.48 (0.48, 0.53)

0.46 (0.45, 0.49)

0.56 (0.56, 0.68)
0.49 (0.49, 0.55)

0.44 (0.44, 0.48)

0.57 (0.57, 0.66)
0.51 (0.51, 0.58)

0.48 (0.47, 0.52)

0.61 (0.61, 0.74)
0.51 (0.51, 0.6)

0.45 (0.45, 0.5)

0.74 (0.74, 0.88)
0.64 (0.64, 0.77)

0.56 (0.56, 0.67)

0.82(0.82, 0.93)
0.67 (0.67, 0.82)

0.55 (0.55, 0.67)

0.96 (0.96, 0.99)
0.92 (0.92, 0.98)

0.88 (0.88, 0.98)

0.97 (0.97, 0.99)
0.94 (0.94, 0.98)

0.86 (0.86, 0.97)

Abbreviation: BWS, best—worst scaling.
@ Probability ranges from O to 1 where 0.5 is the same as a coin toss; probability > 0.5 favors addition of insulin, probability <0.5 favors the

addition of SU.

b Probability ranges based on possible estimates based on an analysis using different baseline incidences for myocardial infarction, stroke,

nausea, and diarrhea.
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Fig. 1. Probability®® of benefit for addition of basal insulin to metformin compared with addition of sulfonylurea (SU), given individual preference
weights, using the best minus worst scores. (A) Without treatment burden considered. (B) Considering treatment burden of injecting insulin. ?Prob-
ability ranges from O to 1 where 0.5 is the same as a coin toss; probability > 0.5 favors addition of insulin, probability <0.5 favors the addition of
SU. PProbability ranges based on possible estimates based on an analysis using different baseline incidences for myocardial infarction, stroke,

nausea, and diarrhea.

insulin injections. Considering the available evidence, for pa-
tients concerned about treatment burden with insulin, the
benefit—harm balance favors SU for patients, irrespective
of age and duration of diabetes. Further studies comparing
the addition of basal insulin vs. SU to metformin monother-
apy may change the benefit—harm balance, as we could not
include many patient-important outcomes, because there
was no evidence available (e.g., blindness and chronic kidney
disease), and the relative effects for mortality, MI, and stroke
are based on sparse data.

To our knowledge, these results are the first
benefit—harm analysis to assess medication choices in type
IT diabetes. The strength of the quantitative benefit—harm
analytic approach is that it includes and synthesizes the
highest quality data for the particular question and enables
us to look at different benefit to harm balance across sub-
groups and adds transparency, making the relative impor-
tance assigned to different outcomes explicit. Statistical
uncertainty, that is, imprecision in estimates can be taken
into account, and nonstatistical uncertainty arising from
lacking evidence can be explored in sensitivity analyses.
Transparent, quantitative approaches similar to the one
we used can be useful for guideline developers to commu-
nicate the underlying assumptions and justify their recom-
mendations, as well as grading the overall evidence. The
challenge with the method is in applying it in the clinic
to inform a personalized treatment decision for a given

patient when the benefit—harm balance varies according
to the baseline risk or the patient’s preference. Ultimately,
this analytic approach could be scaled into point-of-care
tools to integrate patient-level and published data to help
patients and clinicians make more informed decisions.
Even before we had the capacity to run models for each
individual weighing each outcome, our results are informa-
tive. For example, evidence consistently shows that patients
perceive high treatment burden with insulin as a major bar-
rier to initiation and adherence [31—33]. We did not detect
any meaningful differences in outcome preferences across
age groups in our survey nor did we identify any other use-
ful predictor variable; therefore, we applied the preferences
of all 207 respondents to each subgroup. Larger scale pa-
tient preference surveys or machine learning algorithms
to describe the underlying structure of the preference data
may help to explain the high variation in preferences we
observed. Although differences in preferences across sub-
groups are not established, importantly, surveys to inform
on the relative importance of outcomes should be per-
formed in the target population, as healthy individuals, cli-
nicians, and guideline developers can have different
preferences [34,35]. However, we were unable to assess dif-
ferences by preferences across all subgroups of interest
because of the dearth of published data. Pooling large co-
horts together in a diabetes data consortium (e.g., Chronic
Kidney Disease Prognosis Consortium) could enable well-
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powered analyses of subgroups. As noted in the section
Methods, the VA study provided a “real-world” treatment
example among veterans started on metformin, comparing
those who had insulin vs. SU added on. The addition of
the treatment effects from an observational “‘real world”
study from the VA changed the results for all outcomes
showing that the addition of insulin to metformin was asso-
ciated with lower probability of benefit compared with the
addition of SU to metformin. Likely the results changed
because the VA study reported significantly greater risk
of hypoglycemia in the insulin (compared with SU) group,
which was the opposite for the trials, and insulin increased
mortality to a greater extent in the VA study compared with
the trial results.

Strengths of our analytic approach include stakeholder
engagement in identifying the research question and out-
comes, the transparency of the data sources, and their lim-
itations. In addition, we had access to explicit preference
weights derived from a patient survey, as guideline devel-
opers usually balance benefits and harms for patients across
multiple outcomes, as a gestalt and without access to pa-
tient input about preferred outcomes.

We identified several important limitations of the
approach and our findings. First, we limited our analysis
to one comparison of second-line agents, as a proof in
concept approach. Further research could expand this
approach, looking across multiple different treatment op-
tions. Second, we lacked evidence for most of the outcomes
that patients deemed of high importance, indicating a need
for further study on these outcomes. Third, the available ev-
idence for the outcomes we could analyze (other than
nausea) did not demonstrate a statistically significant differ-
ence between treatments. Fourth, we sought the most
recent, highest quality evidence for this analysis, and the re-
sults could (and should) change as more evidence is gener-
ated, and we anticipate being able to update these findings
with new published evidence. Fifth, although we presented
several ways to analyze a best—worst scaling preference
survey and generate average weights for the patient popula-
tion, we are unable to determine which approach is most
appropriate in our population. Further research could
explore which analysis in fact represents average weights
best. However, in cases where the variation in preferences
is large, analyses with average weights may be of limited
value.

In conclusion, we demonstrated the lack of evidence,
including patient preferences, supporting the addition of
basal insulin vs. SU to metformin. When perceived or
actual treatment burden associated with insulin injections
is high, SU is clearly favored. We also showed the sensi-
tivity of the benefit—harm approach to treatment decisions
in people with DM and MCCs, indicating the importance of
shared decision-making in caring for people with MCCs
who are at high risk for experiencing harms associated with
diabetes management. Insufficient evidence exists for many
patient-important outcomes, including blindness and renal

outcomes, to confidently judge the benefit—harm balance
of adding basal insulin vs. SU to metformin in people with
MCCs.
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