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OBJECTIVE

To synthesize updated evidence on the cost-effectiveness (CE) of interventions to

manage diabetes, its complications, and comorbidities.

RESEARCH DESIGN AND METHODS

Weconducted a systematic literature reviewof studies fromhigh-income countries

evaluating the CE of diabetes management interventions recommended by the

American Diabetes Association (ADA) and published in English between June

2008 and July 2017. We also incorporated studies from a previous CE review from

the period 1985–2008. We classified the interventions based on their strength

of evidence (strong, supportive, or uncertain) and levels of CE: cost-saving (more

health benefit at a lower cost), very cost-effective (£$25,000 per life year gained

[LYG] or quality-adjusted life year [QALY]), cost-effective ($25,001–$50,000 per LYG

orQALY),marginally cost-effective ($50,001–$100,000per LYGorQALY), ornot cost-

effective (>$100,000 per LYG or QALY). Costs were measured in 2017 U.S. dollars.

RESULTS

Seventy-three new studies met our inclusion criteria. These were combined with

49 studies from theprevious review to yield 122 studies over the period 1985–2017.

A large majority of the ADA-recommended interventions remain cost-effective.

Specifically, we found strong evidence that the following ADA-recommended

interventions are cost-saving or very cost-effective: In the cost-saving category are

1) ACE inhibitor (ACEI)/angiotensin receptor blocker (ARB) therapy for intensive

hypertension management compared with standard hypertension management,

2) ACEI/ARB therapy to prevent chronic kidney disease and/or end-stage renal

disease in people with albuminuria compared with no ACEI/ARB therapy, 3)

comprehensive foot care and patient education to prevent and treat foot ulcers

among those at moderate/high risk of developing foot ulcers, 4) telemedicine for

diabetic retinopathy screening compared with office screening, and 5) bariatric

surgery compared with no surgery for individuals with type 2 diabetes (T2D) and

obesity (BMI ‡30 kg/m2). In the very cost-effective category are 1) intensive

glycemic management (targeting A1C <7%) compared with conventional glycemic

management (targeting anA1C level of 8–10%) for individualswithnewlydiagnosed

T2D, 2) multicomponent interventions (involving behavior change/education and

pharmacological therapy targeting hyperglycemia, hypertension, dyslipidemia,

microalbuminuria, nephropathy/retinopathy, secondary prevention of cardiovas-

cular disease with aspirin) compared with usual care, 3) statin therapy compared

withnostatintherapy for individualswithT2Dandhistoryofcardiovasculardisease,4)

diabetes self-management education and support compared with usual care, 5) T2D

screening every 3 years starting at age 45 years compared with no screening, 6)

integrated, patient-centered care compared with usual care, 7) smoking cessation

compared with no smoking cessation, 8) daily aspirin use as primary prevention for

cardiovascular complications compared with usual care, 9) self-monitoring of blood

glucose three timesperday comparedwithonceperdayamong thoseusing insulin,10)

intensive glycemic management compared with conventional insulin therapy for
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T2D among adults aged ‡50 years, and

11) collaborative care for depression

compared with usual care.

CONCLUSIONS

Complementing professional treatment

recommendations, our systematic review

provides an updated understanding of

the potential value of interventions to

manage diabetes and its complications

and can assist clinicians and payers in

prioritizing interventions andhealth care

resources.

Diabetes is a serious, common, and costly

disease, affecting 34 million Americans

(1) and leading to $327 billion (2) in annual

health expenditures in 2017. To better

manage and lower the burdens of diabe-

tes, the American Diabetes Association

(ADA) annually publishes its Standards of

Medical Care in Diabetes (SOC) (3), the

most comprehensive and up-to-date clin-

ical knowledge regarding diabetes care.

Worldwide, the SOC provides clinicians,

patients, researchers, and payerswith the

most current evidence-based screening,

diagnostic, prevention, and management

recommendations for diabetes. How-

ever, the cost-effectiveness (CE) of these

strategiesdin other words, the value

theyprovide for these investmentsdvaries

greatly and should be considered in man-

agement or policy decisions.

CE analysis is an analytical framework

that weighs the benefits and costs of an

intervention by comparing it with standard

care or other alternatives to see if the value

oftheinterventionjustifies itscost.TheCEof

different treatmentoptionsprovides critical

information to stakeholders at a variety of

levels; this information helps in develop-

ment of optimal treatment strategies or

policies to lower current and future health

and economic burdens and help determine

use of limited health care resources.

In 2010, Li et al. (4) systematically re-

viewed all English-language studies pub-

lished between January 1985 and May

2008ontheCEofdiabetespreventionand

management interventions recommen-

ded by the ADA’s SOC 2008 (5). The

authors concluded that a large majority

of the interventions recommended by

ADA at that time were cost-saving or

very cost-effective. Since then, however,

many new technologies andmedications

have become available and have been

added to updated iterations of the ADA’s

SOC, leading to important changes in the

ways diabetes care is delivered, how com-

plications are managed, and the resulting

costs. Recently published CE studies on

these new technologies and medications

can provide evidence on how to prioritize

these novel interventions together with

older strategies that remain cost-effective.

To provide up-to-date guidance that

alignswith the2019SOC (themost up-to-

date version at the time of data analysis)

(6,7), we aggregated all available data

published in English regarding the CE of

ADA-recommended interventions to iden-

tify diabetes or gestational diabetes melli-

tus, manage diabetes, screen for diabetes

complications, and manage complications

and comorbidities. We included data from

the previous review by Li et al. and sys-

tematically added data from the last de-

cade to provide findings that are relevant

to contemporary clinical practice. The re-

sult allows us to assess economic implica-

tions of changes that have occurred in the

way diabetes care is delivered and how

complications are managed. As a comple-

ment to the ADA’s 2019 SOC recommen-

dations, findings from this review could

assist clinicians andpolicymakers in select-

ing interventions thatarenotonlyeffective

but also deliver value.

RESEARCH DESIGN AND METHODS

Data Sources and Literature Search

We followed the same search strategy

that was used in the 2010 review by Li

et al. (4). Briefly, we performed a thorough

literature search of seven databases (Cu-

mulative Index to Nursing and Allied Health

Literature [CINAHL], Cochrane, EMBASE,

MEDLINE, PsycINFO, Scopus, and Socio-

logical Abstracts [Soc Abs]) following the

CochraneCollaboration’sprotocol (8) cov-

ering theperiodof June 2008 to July 2017.

Medical subject headings matching the

previous review’s search protocol were

selected to create a search strategy. Our

search terms were diabetes (indicating

thediseaseofdiabetes: “type1,” “type2,”

“gestational,” “impaired glucose,” and “in-

sulin resistance”), costs (“cost or expendi-

ture,” “health care cost,” “costs or cost

analysis”), effectiveness (“benefit”OR “life

year” OR “quality-adjusted life years”

OR “disability adjusted life years”), cost-

effectiveness (indicating CE analysis, such

as “cost-effectiveness analysis” OR “cost-

utility analysis” OR “economic”). We also

screened reference lists of all included

articles and publications from leading

medical and diabetes-focused journals

during the period for additional articles

that may have been missed.

Article Screening and Selection

We included studies from populations in

high-income countries (based on World

Bank classifications [9]) that assessed the

economic value associated with diabetes

management interventions included in the

ADA’s SOC 2019 (7), the most up-to-date

version available at the time of our analysis.

We included studies of patients with un-

diagnosedordiagnoseddiabetes, including

type 1 diabetes (T1D), type 2 diabetes

(T2D), and gestational diabetes mellitus.

We included studies that used one of

the three major types of economic eval-

uations: cost-effectiveness analyses, cost-

utility analyses, or cost-benefit analyses,

with outcomes measured as cost per ad-

ditional quality-adjusted life year (QALY)

gained, cost per additional life year gained

(LYG), or cost per additional disability-

adjusted life year averted.

We included original research studies

published in English and excluded review

articles, commentaries or letters, confer-

ence abstracts, anddissertations. For this

review, we also excluded studies that

focused on preventing T2D. Each study

was screened for eligibility by two au-

thors (K.R.S., X.Zho., B.P.N., S.J., K.P., and

X.Zha. all participated in this stage), with

disagreements resolved by group discus-

sion and consensus.

Data Abstraction

For studies from June 2008 through July

2017, we used the same detailed data

extraction form used by Li et al. (4) to

systematically gather the following infor-

mation from each included study: publi-

cation information (title, first author’s

name, publication year), study popula-

tion, intervention and comparison, study

method (within trial versus modeled/

simulation), analytical timehorizon and

discounting, perspective used, costs,

health outcome measures, survey instru-

ments for measuring utility, incremental

cost-effectiveness ratio (ICER), whether a

sensitivity analysis was conducted, and

study conclusion(s). For studies from Jan-

uary1985 throughMay2008,weused the

previously abstracted data from Li et al.

Quality Assessment of Included

Studies

To evaluate the quality of the includedCE

studies,weselectedawidelyusedquality
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assessment tool based on The BMJ au-

thors’ guide for economic studies (10),

which was used in the 2010 review by

Li et al. We considered four quality score

items: source of cost-specific data, cate-

gories of costs, source of benefit-specific

data, and categories of benefits. We clas-

sified studies that did not report all four

items as “low quality.” Of studies that had

all four components, we assessed nine

additional items (analytical time horizon,

study perspective, description of the CE

model, diagram for constructing the de-

cision tree, currency and year of cost, cost

discounting, benefit discounting, ICERs,

and sensitivity analysis) for further clas-

sification.Weassignedonepoint foreach

item that was reported. We rated each

studyas “fair” if it scored3or less, “good”

if it scored 4–6, and “excellent” if it scored

7–9 points.We restricted our analysis to

articles rated as “excellent” or “good”

quality. Our quality assessment meth-

odology mirrored that used by Li et al.

Figure 1 illustrates the complete process

for screening articles.

Data Analysis and Synthesis

To synthesize findings, we first grouped

articles into four broad categories: 1)

screening for undiagnosed diabetes

(including T2D and gestational diabetes

mellitus), 2) managing diabetes and risk

factors to prevent diabetes-related com-

plications (comprehensive lifestyle inter-

ventions; diabetes self-management

education [DSME]; self-monitoring of

blood glucose [SMBG]; intensive glyce-

mic, blood pressure, and lipid control;

integrated and coordinated care; smok-

ing cessation), 3) screening for and early

treatment of diabetes complications (car-

diovascular disease [CVD], eye complica-

tions, foot ulcers, end-stage renal disease

[ESRD]), or 4) treating diabetes-related

complications and comorbidities (CVD,

eye complications, foot ulcers, and co-

morbidities such as obesity, mental health,

and sleep apnea). Within each of the four

broadergroups,wefurtherclassifiedstud-

ies into specific categories corresponding

to each ADA-recommended intervention.

To facilitate comparisons across stud-

ies, we converted all costs and ICERs to

2017 U.S. dollars using the Consumer

Price Index (11). If costs were reported

in other currencies, we used the annual

exchange rate from the Federal Reserve

Bank (12) to convert them intoU.S. dollars.

If a study did not mention the year used in

cost calculations, we assumed cost was for

the one year prior to publication. ICERs

were expressed as dollars per QALY or

dollars per LYG and were rounded to the

nearest hundred dollars. We calculated a

range and median ICER for each interven-

tion category.

Classifying the Interventions

We classified interventions based on their

median levels ofCE (five tiers) and strength

of evidence (three levels). As there are no

universally accepted thresholds to judge

whether an intervention is cost-effective,

wegrouped theCE tiers of the intervention

based on conventional norms according to

their estimated ICERs: 1) cost-saving when

the intervention generates better health

outcomes and costs less than the com-

parison intervention or is cost neutral

(ICER 5 0), 2) very cost-effective if the

ICER is greater than zero but less than

or equal to $25,000 per QALY or LYG, 3)

cost-effective if the ICER is greater than

$25,000 but less than or equal to $50,000

per QALY or LYG, 4) marginally cost-

effective if the ICER is greater than$50,000

but less thanorequal to$100,000perQALY

or LYG, and 5) not cost-effective if the ICER

is greater than $100,000 per QALY or LYG.

Since there are no conventional norms for

thresholds of cost per LYG, we used the

same threshold for cost per QALY, which

was the sameapproachusedby Li et al. (4).

We classified the evidence level of the

CE findings as strong, supportive, or un-

certain. Strong evidence includedfindings

from one of the following two categories:

Category 1:

1. The CE of the intervention was eval-

uated by two or more studies, AND

2. these studies were rated as at least

“good” in quality, AND

3. the effectiveness of the interventions

was based on either well-conducted,

generalizable randomized clinical tri-

als with adequate power or well-

conductedmeta-analyses or a diabetes

disease simulation model that was val-

idated, AND

4. the effectiveness of the interventionwas

alsoratedas levelAor levelBevidenceby

the ADA’s SOC 2019 (13), AND

5. the ICERs of the intervention from

different studies consistently fell into

the same CE tier.

Category 2:

1. CE assessment meets items 3 and 4

from category 1, but only one study

evaluated the intervention, AND

2. the study was rated as “excellent” in

quality.

We considered evidence on the CE of

an intervention to be supportive if:

1. theCEof the interventionwas evaluated

by only one study AND this study was

rated lower than “excellent” quality, ORFigure 1—Flowchart for article inclusion.
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2. the effectiveness of the intervention

was supported by level C evidence

according to the ADA’s SOC 2019 (13)

or by expert consensus only, OR

3. the CE was based on a simulation by a

diabetes disease model that was not

validated (a model was considered to

be validated if it was explicitly stated

in the text of the article or if themodel

was known to be validated based on

previous literature).

For each ADA-recommended inter-

vention within each evidence-CE level

category, we described its comparison

intervention, the study population in

which the interventionwas implemented,

and the ADA’s level of evidence rating.

We also reported the number of studies

that evaluated the CE of this intervention

(based on the current evidence and on

theprevious review), and themedianand

range of the ICERs across the studies.

RESULTS

Our initial search yielded 18,195 articles

over theperiodof June 2008 to July 2017.

After removal of duplicates and screening

of all abstracts, 1,445 articles remained,

of which we reviewed full texts to iden-

tify 73 CE studies that met our inclusion

criteria. We added the 49 relevant stud-

ies on diabetes management from the

2010 review by Li et al. (encompassing

1985–2008), bringing the total number

of studies to 122 over the period 1985–

2017 (Fig. 1). Table 1 describes the CE

studies included in our final review by

intervention category. Studies that eval-

uated multiple interventions or a single

intervention in diverse subgroups were

assigned to more than one intervention

or population category, respectively.

Supplementary Fig. 1 provides a sum-

mary of the numbers of studies across

the four broad intervention categoriesd

screening for undiagnosed diabetes (8

studies), managing diabetes and risk fac-

tors to prevent diabetes-related com-

plications (71 studies), screening for and

early treatment of diabetes complications

(33 studies), and treating diabetes-related

complications and comorbidities (19

studies)das well as how the number of

articles in each category changed from

the previous review (1985–2008) to the

current review (1985–2017). Except for

smoking cessation, the number of ar-

ticles in every category increased over

time, and five new categories emerged:

preventing CVD complications, treating

CVD complications, and addressing co-

morbidities of obesity, mental health,

and sleep apnea.

In Table 2, we classified each of the

ADA-recommended interventions based

on their levels of CE and strength of

evidence by intervention category, using

all studies over the period 1985–2017. To

facilitate use by clinicians and decision

makers, we describe the findings across

each of the four intervention categories

from a health system perspective.

Strong Evidence

Screening for Undiagnosed Diabetes

Screening for T2D every 3 years starting

at age 45 years for the U.S. population

without diabetes, compared with no

screening, had strong evidence of being

very cost-effective at $7,898/QALY (ev-

ery 1 year compared with every 3 years

was also very cost-effective at $8,139/

QALY). On the other hand, there was

strong evidence that universal opportunis-

tic screening for undiagnosed T2D among

the U.S. population (whether or not fol-

lowed by treatment), compared with tar-

geted screening in high-risk individuals,

was not cost-effective (.$100,000/QALY).

Managing Diabetes and Risk Factors to

Prevent Diabetes-Related Complications

For interventions tomanage diabetes and

risk factors to prevent complications, the

evidence was mixed. We found strong

evidence that DSME for individuals with

diabetes, compared with usual care, is

very cost-effective ($5,047/QALY). Addi-

tionally, there were several new studies

on the daily frequency of SMBG, which led

to the new finding that SMBG three times

perday, comparedwithSMBGonceperday,

is very cost-effective ($3,719/QALY) among

adults with T2D currently taking insulin.

The ICERs for intensively managing

glycemia varied according to a patient’s

age, duration of diabetes, and diabetes

type (1 or 2). We found that intensive

glycemic management compared with

conventional management was very cost-

effective among young individuals with

newly diagnosed T2D ($4,318/QALY)

and older individuals (aged $50 years)

with T2D ($15,398/QALY) and was cost-

effective when given to individuals with

T1D regardless of age ($41,339/QALY).

For blood pressure management, ACE

inhibitor (ACEI) and angiotensin receptor

blocker (ARB) therapies, used either for

intensive hypertension management

(compared with suboptimal blood pres-

sure management) or to prevent chronic

kidney disease and/or ESRD in patients

with albuminuria, compared with no

ACEI/ARB therapy, emerged with strong

evidence of being cost-saving.

Over the period 1985–2017, studies

comparing multicomponent interven-

tions (including behavior change and

medication adherence to improve gly-

cemia, blood pressure/CVD, lipids, and

nephropathy/retinopathy prevention and

screening together) with usual care have

shown a range of value achieved from

cost-effective to cost-saving. Overall,

however, we found that these multi-

component interventions were on av-

erage very cost-effective ($2,315/QALY)

for individuals with T1D and T2D com-

pared with usual care.

Diabetes management interventions

that remained consistent with the pre-

vious reviewas very cost-effectivewere

1) integrated, patient-centered care based

on the Chronic Care Model for individ-

uals with T2D compared with usual care

($11,339/QALY), and2) smokingcessation

for individuals with diabetes compared

with no smoking cessation (,$31,750/

QALY).

Screening for and Early Treatment of

Diabetes-Related Complications

We found strong evidence for two cost-

saving screening and early treatment

interventions: 1) comprehensive foot

care and patient education to prevent

and treat foot ulcers among individuals

with diabetes and at moderate/high risk

of developing foot ulcers, comparedwith

usual care, and 2) telemedicine for di-

abetic retinopathy screening among in-

dividuals with diabetes compared with

office screening for diabetic retinopathy.

Additionally, we found strong evidence

that screening for eye complications

every 1–2 years for individuals with di-

abetes, compared with no screening, is

very cost-effective ($8,763/QALY).

Treatment of Diabetes-Related

Complications and Comorbidities

Statin therapy for secondary prevention

of CVDdi.e., in individuals with T2D and

ahistoryofCVDdcomparedwithno statin

therapy remained consistent from thepre-

vious reviewasvery cost-effective ($4,627/

QALY), while among individuals with

T2D, hyperlipidemia, and no history of

CVD, statin therapywasmarginally cost-

effective ($67,873/QALY). A new finding in

1560 Cost-effectiveness of Diabetes Management Diabetes Care Volume 43, July 2020
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this review was that daily aspirin use for

primary prevention of CVD among individ-

uals with T2D, compared with usual care,

was very cost-effective ($2,395/QALY).

There were eight studies evaluating

the CE of bariatric surgery in individuals

with T2D and obesity (BMI $30 kg/m2)

compared with no bariatric surgery. All

eight studies found this intervention to

be cost-saving. Additionally, three stud-

ies evaluated the CE of collaborative care

models to comanage depression in indi-

vidualswithT2Danddepression compared

with usual care and found such treatment

to be very cost-effective ($18,814/QALY).

Studieson twonewADA-recommended

drugs (ranibizumab for diabetic retinopa-

thy and duloxetine for painful diabetic

peripheral neuropathy) were also in-

cluded in this review. Bothdranibizumab

compared with panretinal photocoagu-

lation and duloxetine compared with

desipraminedwere found to be margin-

ally cost-effective ($51,008/QALY and

$67,188/QALY, respectively).

Supportive and Uncertain Evidence

There were nine specific interventions

for which the level of CE was based on

supportive evidence. Among these, cost-

saving interventions are 1) reimburse-

ment for ACEI by public insurance for

individuals with diabetes compared with

paying out of pocket and 2) group-based

peer support for individuals with T2D

comparedwithusualcare.Verycost-effective

interventions, based on supportive evidence,

were both new findings in this updated

review:1) statin treatment at T2Ddiagnosis

comparedwith no lipid-regulating treat-

ment ($3,294/QALY) and 2) bariatric

surgery for individuals with T2D and

overweight compared with no surgery

($23,320/QALY). Continuous positive air-

way pressure (CPAP) therapy for individ-

ualswith T2Dandobstructive sleep apnea

compared with usual care was also cost-

effective ($27,750/QALY).Adhering to the

National Cholesterol Education Program

Adult Treatment Panel III guidelines for

adults with T2D and mixed dyslipidemia

compared with usual care was marginally

cost-effective ($67,873/QALY).

Therewere three specific interventions

in the “uncertain evidence” category: 1)

screening a 30-year-old pregnant woman

between 24–28 weeks’ gestation (base

case) forgestationaldiabetesmellituscom-

paredwithno screening (cost-saving);2)

SMBG once per day and provision of

monitoring devices and strips for indi-

viduals with T1D and for those with T2D

not using insulin compared with usual

care (SMBG once per day without provision

ofdevices and strips), at.$100,000/QALY;

and 3) computerized decision-support sys-

tems linked to electronic health records

and shared between patients and physi-

cians ($190,417/QALY).

CONCLUSIONS

Oursystematicreviewprovidesanupdated

understanding of the potential value of

interventionstomanageandtreatdiabetes

from a health system perspective. Since

the last review in 2010, the evidence that

interventions to manage diabetes are

cost-effective has grown in terms of

additional evaluations to bolster exist-

ing evidence, as well as new economic

evaluations of novel interventions and

methods of care delivery. ACEI/ARB ther-

apy compared with standard hyperten-

sion management, comprehensive foot

care compared with usual care, and in-

tensive glycemicmanagement compared

with conventional therapy are confirmed

as very cost-effective interventions, while

multicomponent interventions compared

with usual care, statin therapy for second-

ary prevention compared with no statin

therapy, T2D screening every 3 years com-

pared with no screening, and screening

for eye complications compared with no

screening are confirmed as very cost-

effective interventions. New findings

include telemedicine for diabetic reti-

nopathy screening and bariatric surgery

for type 2 diabetes and BMI$30 kg/m2

as cost-saving interventions and aspirin

use for primary prevention of cardiovas-

cular complications, SMBG three times

per day for insulin-treated patients (com-

pared with once per day), intensive gly-

cemic management among those aged

$50 years, and collaborative care for

depression as very cost-effective interven-

tions. This reviewcomplementsprofessional

treatment recommendations and can assist

clinicians and payers in prioritizing interven-

tions inanevidence-basedmanner thatmay

Figure 2—Summary of the CE of interventions (strong evidence only). CKD, chronic kidney disease; DM, diabetes; DR, diabetic retinopathy; PDPN,

painful diabetic peripheral neuropathy; undx, undiagnosed.
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lead to better allocation of health care

resources.

Figure 2 is a comprehensive guide to our

findings.Overall, theADA-recommended

interventions included in the previously

published review remain cost-saving,

very cost-effective, or cost-effective. The

strength of the evidence improved from

supportive to strong for both DSME

(compared with usual care) and inte-

grated, patient-centered care based on

the Chronic CareModel (compared with

usual care) due to additional studies on

these topics during the 2008–2017 time

period. Interventions that are cost-saving

should be implemented, and those that

are very cost-effective or cost-effective

based on strong evidence warrant con-

sideration for implementation. ADA-

recommended interventions rated as

cost-saving, very cost-effective, or cost-

effectivewith supportive evidence should

beadopted if extra resourcesareavailable

or if similar interventions with strong

evidence are unavailable or infeasible

in a specific setting.

Our review highlighted the value as-

sociated with new and innovative inter-

ventions to manage and treat diabetes,

including technology-related innova-

tions and those focused on addressing

diabetes-related comorbidities. The focus

on technological innovations and diabe-

tes-related comorbidities is well-aligned

with the ADA SOC 2019 (14) (as well

as the recently updated ADA SOC 2020

[3,14]). In addition, the inclusion of collab-

orative care models for depression is a big

step towardacknowledging andaddressing

the comorbid conditions of diabetes and

depression, which is increasingly being

seen as an important consideration in

the care of people with diabetes (15).

Multicomponent interventions are also

featuredprominently in the current review

and may have implications for delivery

systemdesign, especially in the context of

persistent gaps in achievement of diabe-

tes care goals (16,17). Among individuals

with diabetes, interventions that included

a combination of practice change, be-

havior change and education, pharma-

cologic therapy targeting hyperglycemia,

hypertension, dyslipidemia, microalbu-

minuria, or nephropathy/retinopathy,

and secondary prevention of CVD with

aspirin were very cost-effective com-

pared with usual care, based on strong

evidence. Of note, our review predates

the ASCEND (A Study of Cardiovascular

Events in Diabetes) trial, which showed

that theprimaryCVDpreventionbenefits

of aspirin were offset by the increased

risk of major bleeding events (18).

In somecases,CEevaluationsmayhelp

to provide more insight into how ADA-

recommended interventions might be

prioritized for specific populations re-

ceiving the intervention. For example,

bariatric surgery was cost-saving among

individuals with T2D and obesity but only

very cost-effective among individuals

with T2D and overweight, likely due to

larger health risks posed by obesity. We

also noted differences in the CE of statin

therapy for individuals with diabetes

with and without CVD; when used as

secondary prevention, there is clear value

to statin use (cost-saving). However, for

primary prevention, statin use has been

found to be less cost-effective. We found

that the CE of intensive glycemic man-

agement (with a goal of reducing A1C

values) depends on age and duration since

diabetes diagnosis. Among young individ-

uals with newly diagnosed T2D, intensive

glycemic management, compared with

conventional insulin therapy, is cost-

saving; indeed, recent research shows

that earlier intensive management is

associated with lower long-term risk of

complications (19). For older individuals

(aged $50 years) with T2D and shorter

life expectancy, the ability to see bene-

fits of intensive glycemicmanagement is

limited, in part because cardiovascular

ormortality benefitsmaynotbe seen for

at least 10 years (20). In individuals with

T1D, intensive glycemic management

compared with conventional insulin ther-

apy remains cost-effective.

There are a few key areas that future

economic evaluations of diabetes should

consider. First, more studies are needed

to evaluate the CE of interventions that

fell in the “supportive” or “uncertain”

evidence categories. In cases where in-

terventionshaveuncertain valuedue to a

small number of studies (i.e., incomplete

knowledge), adding to the evidence base

couldhelp to clarify their value. There are

also a number of new, efficacious med-

ications and treatments for themanage-

ment of glycemia (glucagon-like peptide

1 receptor agonists, sodium–glucose co-

transporter 2 inhibitors), lipids (PSK9

inhibitors), and heart failure (sacubi-

tril/valsartan [Entresto]) that were not

included in this review because there

are no published CE studies. For studies

with weaker efficacy data, further ef-

ficacy studies are needed.

Second, more studies are needed that

address interventions in real-world set-

tings, as our current review is predom-

inantly based on randomized controlled

trials or computer simulation models. In

real life, however, there aremany factors

to consider in addition to the CE of an

intervention, such as 1) coverage for the

intervention in question (determine ac-

cess), 2) motivation (side effects ormode

of delivery [e.g., injectable versus oral]

may deter patients from taking specific

medications), and 3) whether the risk

reduction in real life is similar towhatwas

observed in trials and models (i.e., ef-

fectiveness versus efficacy). These are

many of the unknowns that clinicians and

policymakersmust consider as theyattempt

to use the data from this review in practice.

Third, there may be additional cost-

effective interventions that exist but

have not been studied or about which

the right questions are not being asked.

For example, the 2010 review included

one article regarding the CE of smoking

cessation, which was found to be very

cost-effective. There were no addi-

tional articles in this category from

2008–2017, likely because it is univer-

sally understood that smoking cessa-

tion is good and thus no one would be

compelled to argue its value; a more

interestingcontemporaryeconomicques-

tion might be to inquire how often a

smoking cessation intervention should

be implemented for it to be most cost-

effective and most adoptable by clini-

cians and their patients.

The CE of an intervention in decision-

making is important, but it is not the only

factor to consider. CE analysis does not

address equity in the distribution of costs

and the benefits of an intervention, societal

or personal willingness to pay, social and

legal aspects, or ethical issues associated

with each intervention. However, with an

eye toward finding diabetes management

and treatment interventions that can best

increase thevalueofourhealth caredollars,

this reviewof themost up-to-date available

evidence can help to guide clinicians and

policymakerstowardthemostcost-effective

use of their prescriptions and health care

dollars.
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