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Abstract

Background—How to optimally prescribe blood pressure, lipid and glucose-lowering treatments 

to adults with type 2 diabetes in low- and middle-income countries (LMICs) remains unclear.

Methods—We developed a microsimulation model to compare: (i) a “treat to target” (TTT) 

strategy, aiming to achieve target levels of biomarkers (blood pressure <130/80 mmHg, low-

density lipoprotein <2.59 mmol/L, haemoglobin A1c <7%); with (ii) a “benefit-based tailored 

treatment” (BTT) strategy, aiming to lower estimated risk for complications (to a 10-year 

cardiovascular disease [CVD] risk <10%, and lifetime microvascular risk <5%) based on age, sex, 

and biomarker values. Data were obtained from cohorts in China, Ghana, India, Mexico, and 

South Africa, to span a spectrum of risk profiles.

Findings—TTT recommended treatment to many people at lower risk of diabetes complications, 

while BTT recommended treatment to fewer people at higher risk. BTT would be expected to 

avert 24% to 31% more complications than TTT, and be more cost-effective from a societal 

perspective (saving between $4 and $300 per DALY averted among the different countries 

simulated). Alternative treatment thresholds, matched by total cost or population size treated, did 

not change the comparative superiority of BTT, nor did titrating treatment using fasting plasma 

glucose (for areas without A1c testing). If insulin were unavailable, however, BTT was no longer 

significantly superior for preventing microvascular events, only for preventing CVD events.

Interpretation—A BTT strategy would be more effective and cost-effective than a TTT strategy 

in LMICs for prevention of both CVD and microvascular complications of type 2 diabetes. The 
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superiority of the BTT strategy for averting microvascular complications, however, would be 

contingent on insulin availability.
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Introduction

Treatment for type 2 diabetes is required for an increasing number of people worldwide, as 

the prevalence of diabetes continues to rise.1 Treatment of type 2 diabetes in low- and 

middle-income countries, in particular, requires careful consideration of how to maximize 

the benefits of treatment for the largest number of patients within highly-constrained 

budgets.

Treating type 2 diabetes requires management of three principal, co-existing risk factors for 

morbidity and mortality: high blood pressure, dyslipidaemia, and poor glycaemic control.2–4 

Treating these three risk factors has traditionally been guided by a “treat-to-target” (TTT) 

strategy focused on achieving specific levels of blood pressure, low-density lipoprotein 

cholesterol (LDL-C) and haemoglobin A1c.5 Recently, reflecting the concern that LDL-C 

levels are an imperfect marker for who benefits from statin treatment, U.S. practice 

guidelines have shifted towards a “benefit-based, tailored treatment” (BTT) strategy6—

directing clinicians to prescribe statin treatment based on composite estimates of 

cardiovascular disease (CVD) risk, which incorporate numerous interrelated risk factors 

(e.g., age, sex, tobacco smoking, blood pressure, lipid profile) rather than LDL-C levels 

alone.7,8 A similar shift for blood pressure treatment decisions has been proposed,9,10 given 

accumulating evidence from randomized trials that composite estimates of CVD risk are a 

better predictor of benefits from blood pressure treatment than systolic or diastolic blood 

pressure values alone.11–13 Less well-studied, is the idea of extending a BTT strategy to 

glycemic control, as some patients experience greater microvascular risk reduction from the 

same decline in hemoglobin A1c.16,17 Whether TTT or BTT is a better treatment approach 

for averting both macrovascular and microvascular complications in people with type 2 

diabetes remains unclear.

Treatment benefits for people with type 2 diabetes depend upon interactions between 

glycaemic control and blood pressure, lipids, and other co-morbidities.2–4,18 Hence, it 

remains unclear whether and under what circumstances a TTT approach or a BTT approach 

would provide more benefits to people with type 2 diabetes. Which treatment strategies are 

followed by clinicians will have profound implications for who receives treatment, how well 

treatment averts diabetes complications and related disability, and overall program cost and 

cost-effectiveness—all key considerations for government ministers evaluating whether and 

how to pay for treatment.19
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Here, we sought to compare both the effectiveness and cost-effectiveness of TTT and BTT 

approaches for diabetes management in low- and middle-income countries. We developed a 

microsimulation model to compare the effectiveness and cost-effectiveness of therapy. Our 

model was informed by high-quality data from five countries classified as low- or middle-

income by World Bank criteria,20 spanning a global spectrum of risk profiles: China, Ghana, 

India, Mexico, and South Africa.

Methods

Model structure

We constructed a microsimulation model (Figure 1) to simulate adults aged 20– 79 years old 

and their risks of five major diabetes complications: the CVD complications of myocardial 

infarction (MI) and stroke, and the microvascular complications of end-stage renal disease, 

blindness, and diabetic ulcer. We adopted a microsimulation approach over a more 

traditional Markov cohort approach, because a microsimulation captures the correlations 

between individual demographic characteristics, risk factor values, and complication rates—

allowing us to account for important variations in risk within each country population 

(necessary for simulating the BTT approach), rather than only simulating the population 

average risk of complications.

We included parameters for: population projections by age, sex, and urban/rural residence by 

country from the United Nations (Appendix Table 1);21 age distribution and secular trends in 

type 2 prevalence from the International Diabetes Federation22 (Appendix Table 1); and risk 

factors for CVD and microvascular complications from cohorts including persons with type 

2 diabetes in each country (particularly the WHO Study on Global Aging and Adult Health, 

or SAGE, 2007–2010),23 supplemented by a PubMed search to ensure a broad range of 

possible values were incorporated (Appendix Table 2). The estimated prevalence of type 2 

diabetes was 9.3% in China, 2.2% in Ghana, 8.8% in India, 15.0% in Mexico, and 7.2% in 

South Africa, versus 14.3% in the US and 12.4% in the UK among the same age 

group.22,24,25 The SAGE study included N=3,993 in China; 3,938 in Ghana; 9,994 in India; 

38,746 in Mexico; and 2,352 in South Africa. Within each country, we simulated a 

representative age-adjusted population of 100,000 people with type 2 diabetes.26 We then 

utilized the internationally-validated UKPDS OM2 equations27,28 to estimate the ethnicity-

specific risk of each complication over time given a simulated individual’s risk factors, 

including systolic blood pressure, lipid profile, haemoglobin A1c, tobacco smoking, body 

mass index, and glomerular filtration rate. Age-, sex-, and country-specific mortality rates 

were incorporated from WHO estimates (Appendix Table 3). The Appendix text provides 

complete details on the model programming.

Comparative effectiveness of TTT and BTT

Under the TTT strategy, we simulated recommended treatment of people with type 2 

diabetes with: (i) a statin with dose titration to achieve low-density lipoprotein <2.59 

mmol/L (100 mg/dL);29 (ii) blood pressure agents to achieve a blood pressure <130/80 

mmHg;14 (iii) metformin, a sulfonylurea and, if needed, insulin replacing the sulfonylurea to 

achieve a haemoglobin A1c <7%5 (see sensitivity analyses, below, for testing of alternate 
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targets). We adopted medication choices following WHO guidelines (including NPH insulin 

as basal insulin, with regular insulin for prandial coverage as needed), and simulated dose 

effects on biomarkers and the risk of each complication based on meta-analyses of 

randomized trials (detailed in Appendix text).14,30–34 The TTT strategy attempts to achieve 

each of the targets independently, such that an individual person with normal BP would not 

require BP lowering treatment but may require only statin and glycemic treatment. Under 

the BTT strategy, we envisioned that CVD and microvascular risk could be assessed by risk 

tables (see Appendix Figure 1 for an example of a microvascular risk table), based on the 

UKPDS OM2 equations,27 similar to current WHO guideline charts displaying CVD risk by 

patient demographics and biomarker values.14 We simulated recommended treatment with: 

(i) statin treatment with simvastatin 40mg if an individual’s 10-year baseline CVD risk 

(combined risk of MI and stroke) was ≥10%;35 then (ii) subsequent addition of blood 

pressure agents to achieve a 10-year combined risk of MI and stroke ≥10% (provided blood 

pressure remained ≥110/55 mmHg for safety);36 and then (iii) glucose treatment with 

metformin, a sulfonylurea and, if needed, insulin replacing the sulfonylurea to achieve a 

lifetime combined risk of the major microvascular complications <5% (as long as fasting 

plasma glucose remained ≥3.33 mmol/L [60 mg/dL], for safety), with additional blood 

pressure agents and a statin prescribed to achieve the microvascular goal, if it was not 

achieved through glucose control alone (with blood pressure maintained ≥110/55 mmHg). 

Single-dose statin therapy, ordered first in the BTT protocol, was chosen because of prior 

work justifying this empiric dosing approach, and given limited availability of alternative 

statins and statin doses in low- and middle-income countries.35,37,38

Cost-effectiveness analysis

Per current cost-effectiveness analysis guidelines,39,40 we simulated the complete life-course 

of all persons alive or born who have or develop type 2 diabetes during the next 10 years 

(2016–2025).26,41 We integrated treatment costs from a societal perspective (regardless of 

payer), and expressed cost-effectiveness ratios as discounted costs over discounted 

disability-adjusted life-years (DALYs) at a 3% annual discount rate. We first calculated 

average cost-effectiveness ratios for both TTT and BTT, with “no treatment” as the 

comparator scenario, to correspond to WHO CHOICE guidelines, and given lack of data on 

current status-quo treatment access levels. We also calculated incremental cost-effectiveness 

ratios if TTT were switched to BTT at full availability/coverage. We calculated DALYs 

using disability weight values estimated by the Global Burden of Disease Project surveys,42 

drug costs for therapy in all countries based on per-unit buyer cost estimates from the 

International Drug Price Indicator Guide,43 and assay and service cost data based on 

published field surveys (Appendix Table 4). We expressed all costs in 2016 U.S. Dollars. 

See Online Supplementary Material for Consolidated Health Economic Evaluation 

Reporting Standards (CHEERS) checklist.

Sensitivity analyses

We performed six sensitivity analyses: (i) varying the BTT glycaemic treatment threshold 

from a baseline of 5% lifetime microvascular risk to thresholds of 3% and 7% risk; (ii) 

changing the TTT glycaemic biomarker from haemoglobin A1c to fasting plasma glucose 

(target <7mmol/L, per WHO guidance)14 to reflect lack of A1c assay availability in some 
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areas; (iii) setting the BTT treatment thresholds to produce the same total number of people 

treated as the TTT strategy within each country (where the number treated includes any form 

of treatment—any blood pressure agent, statin, or glycaemic control agent); (iv) simulating 

treatment if insulin were unavailable (i.e., only metformin and sulfonylurea available); (v) 

simulating outcomes if the BTT guidelines had 10% lower adherence from practitioners than 

the TTT scenario to reflect practitioner resistance to change from the conventional TTT 

approach, and (vi) simulating outcomes if combining the BTT approach for preventing CVD 

complications with the TTT approach for preventing microvascular complications.

In all scenarios, we performed discrete sensitivity analyses by repeating each country-

specific simulation 10,000 times, repeatedly sampling with replacement from normal 

distributions constructed around all input parameter estimates to estimate 95% confidence 

intervals around the results. The analysis included uncertainty in the risk equation 

coefficients, to account for the imprecision and potential errors involved in risk estimation, 

and subsequent consequences for patient outcomes. We performed simulations in R (v. 3.2, 

The R Project for Statistical Computing, Vienna).

Results

Comparative effectiveness of TTT and BTT

As shown in Table 1, the TTT strategy would recommend treatment to a larger proportion of 

patients with type 2 diabetes than would the BTT strategy. While the TTT strategy would 

recommend at least one form of treatment (at least one blood pressure, lipid, or glycaemic 

control agent) to between 99.1% to 99.4% of persons with type 2 diabetes across the studied 

countries, the BTT strategy would recommend treatment to between 1.2% and 2.9% fewer 

people (between 96.4% and 98.1% of persons with type 2 diabetes). Yet the TTT strategy 

would recommend fewer medications per person treated, meaning that the BTT strategy 

would more intensely treat a smaller population of patients (3.0 to 3.3 medications on 

average per person for TTT across the studied countries, versus 3.7 to 3.8 for BTT).

The BTT strategy would be expected to avert more complications (between 24.4% and 

30.5% more complications than TTT), and therefore had a significantly lower number 

needed to treat than did the TTT strategy (NNT to prevent a CVD event ranging from 15.4 to 

17.1 for BTT, versus 22.9 to 25.0 for TTT across countries, and NNT to prevent a 

microvascular event ranging from 57.1 to 70.3 for BTT versus 64.0 to 81.1 for TTT, which 

was significantly different within each country, Table 1). The BTT strategy would be 

expected to avert significantly more complications for all outcomes measured (40% to 53% 

more myocardial infarctions; 38% to 53% more strokes; 25% to 33% more blindness cases; 

and 12% to 15% more end-stage renal disease cases), with the exception of the outcome of 

diabetic ulcer, for which there was no significant difference between the TTT and BTT 

strategies (Table 1). The proportion of complications averted by the TTT averaged 14% for 

myocardial infarctions, 17% for strokes, 6% for blindness, 6% for renal failure and 19% for 

ulcers; the proportion averted by BTT averaged 21% for myocardial infarctions, 26% for 

strokes, 9% for blindness, 7% for renal failure and 19% for ulcers.
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Cost-effectiveness analysis

The BTT strategy had equivalent cost but significantly greater effectiveness than the TTT 

strategy in all countries studied, averting significantly more DALYs (Table 1). The absolute 

costs of both strategies varied from ~$500 to ~$1,000 per person per year among the studied 

countries, due to variations in medication costs (with 11% of total costs coming from blood 

pressure agents, statins, and glycaemic control agents, including 4% of total costs coming 

from insulin) and healthcare service costs (with 55% of total costs coming from 

microvascular disease management costs such as dialysis and ulcer treatment, and the 

remainder from CVD management costs of post-MI/stroke care). The BTT strategy averted 

between 0.016 and 0.038 more DALYs per person per year. In terms of average cost-

effectiveness ratios compared to the “no treatment” strategy, the BTT strategy had an 

average cost-effectiveness of $7,200 to $12,000 per DALY averted across the studied 

countries, while the TTT strategy had an average cost-effectiveness that was always higher 

within each country, of $10,500 to $16,700 per DALY averted across the studied countries; 

the incremental cost-effectiveness ratio of shifting from TTT to BTT varied from −$4 to −

$300 per incremental DALY averted across the studied countries, indicating a cost-savings 

from BTT (Table 1).

Patients treated similarly or differently by TTT and BTT

We compared those patients prevented from experiencing a complication by TTT versus by 

BTT, in terms of their pre-treatment characteristics, to identify whether any factors 

substantially differed between the groups, or whether any particular biomarkers could 

predict who would benefit more from one strategy versus the other. We did not observe any 

single biomarker to predict which persons would be prevented from a complication by TTT 

and not BTT, or vice versa. We observed that persons more likely to have a complication 

averted by TTT rather than BTT were substantially younger (by 6.2 years on average), and 

more likely to be female (19.8% more females) (Table 2). In general, those averted from a 

complication by TTT but not BTT were also of lower risk (4.0% lower 10-year CVD risk, 

4.4% lower lifetime microvascular risk; Table 2).

To further compare the effectiveness and efficiency of pharmaceutical treatment among the 

two approaches, we compared risks and outcomes among those patients treated more 

intensively (with more medications) under the TTT strategy with those treated more 

intensively under the BTT strategy (Table 3). Both CVD and microvascular risks were lower 

among patients treated more intensively by TTT than by BTT (~12% lower 10-year CVD 

risk, and ~3% lower microvascular risk on average among those treated more intensively by 

TTT than by BTT). In terms of economic efficiency, the relative cost of treatment among 

persons treated more intensively by TTT was 2.5 to 3.7 times higher per DALY averted than 

among those treated more intensively by BTT, indicating lower efficiency of the TTT 

strategy per dollar spent in these subgroups of patients. Similarly, the pharmaceutical 

efficiency of TTT was 13.0% to 18.8% lower, with 0.2 to 0.5 fewer DALYs saved per 1,000 

person-years of pharmaceutical treatment dispensed (Table 3).
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Sensitivity analyses

Altering the threshold for treating microvascular risk under the BTT strategy from the base 

case of 5% lifetime risk to 3% lifetime risk (Appendix Table 5) or to 7% lifetime risk 

(Appendix Table 6) did not significantly alter the comparative effectiveness or cost-

effectiveness of BTT relative to TTT; the uncertainty range around risk calculations, costs 

and DALYs was larger than the incremental differences made by these slight adjustments to 

the BTT microvascular treatment threshold. Hence, the overall effectiveness and cost-

effectiveness under these alternative treatment thresholds (3% or 7%) largely overlapped 

with the base case (5%), continuing to be significantly better than TTT even after accounting 

for the uncertainties in risk calculation and input parameter values through the discrete 

sensitivity analysis.

Using fasting plasma glucose (target <7mmol/L)14 rather than haemoglobin A1c to guide 

TTT treatment had no major effects on the comparative difference between TTT and BTT 

strategies (Appendix Table 7). The TTT strategy had slightly improved outcomes on 

average, likely due to the slightly greater glycaemic control implied by a fasting plasma 

glucose target of 7mmol/L versus an A1c of 7%, but the confidence intervals under this 

scenario marginally increased, given less consistency in how fasting plasma glucose 

correlated to long-term microvascular outcomes.

Adjusting the BTT treatment thresholds such that the same total population was treated in 

each country by BTT as by the TTT strategy (Appendix Table 8) did not appreciably change 

the comparative results, with the TTT strategy still being inferior in effectiveness and cost-

effectiveness across all countries.

If insulin were unavailable, the total numbers needed to treat to prevent a microvascular 

event increased under both strategies (Appendix Table 9), and BTT remained comparatively 

more effective than TTT only for CVD outcomes but not for microvascular outcomes. TTT 

was superior to BTT in terms of averting more renal disease and ulcer complications when 

insulin was unavailable (by between 300 and 368 events per 100,000 people with diabetes). 

However, BTT remained significantly more cost-effective relative to ‘no treatment’ 

comparator due to the higher number of CVD events prevented (by between 1,800 and 2,100 

events per 100,000 people with diabetes), which outweighed the smaller difference in 

microvascular events prevented. The proportion of major microvascular events prevented 

decreased by as much as 40% due to the lack of insulin availability, and overall costs 

increased because the high cost of treating preventable complications exceeded the cost of 

insulin and supplies, leading to a rise in average cost per DALY averted of $292 for TTT 

treatment and $1,048 for BTT treatment above the base case simulation. BTT was no longer 

cost-saving as compared to TTT, but the incremental cost-effectiveness ratio of switching 

from TTT to BTT would be highly cost-effective in all countries, varying from $840 to 

$1600 per DALY averted across the countries (less than GDP per capita).20

If a BTT guideline had 10% lower adherence from practitioners than TTT (Appendix Table 

10), the strategy would still avert more CVD and microvascular complications at a 

population level, and maintain a lower average cost-effectiveness ratio than TTT as 

compared to the ‘no treatment’ comparator. We estimated that adherence would need to be 
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45% lower for BTT than TTT overall for the TTT strategy to become superior in 

effectiveness, and 30% lower overall for TTT to become superior in cost-effectiveness.

If combining the BTT approach for preventing CVD complications with the TTT approach 

for preventing microvascular complications (Appendix Table 11), the combined approach 

would have intermediate efficacy to the TTT and BTT outcomes, with less synergistic 

prevention of CVD events through averting microvascular disease (e.g., CVD events 

prevented by preventing kidney disease) than when adopting BTT for both CVD and 

microvascular disease prevention. As compared to using the BTT strategy for both CVD and 

microvascular prevention, using BTT for CVD and TTT for microvascular complications 

reduced the number of myocardial infarctions and strokes prevented by ~4% and the number 

of blindness and renal-failure complications prevented by ~3%, with no significant change 

in ulcer outcomes.

Discussion

We observed that a strategy focused on reaching target levels of biomarkers (a treat-to-target, 

or TTT, strategy) would be expected to avert 24% to 31% fewer complications of diabetes 

than a strategy focused on treating persons with a high estimated risk of complications (a 

benefit-based tailored treatment, or BTT, strategy). The TTT strategy was more costly and 

less effective ($3,100 to $5,500 more expensive per DALY averted), and less efficient in 

terms of the DALYs averted per dollar and the DALYs averted per pharmaceutical 

dispensed. Because of complex interactions between micro- and cardiovascular (e.g., renal 

disease modifies the risk of CVD complications), treatment to lower microvascular risk also 

affected CVD outcomes, which accentuated the superiority of the BTT strategy as compared 

to the TTT strategy. TTT was particularly inferior because the risk of any given diabetes 

complication was based on multiple simultaneous factors, rather than any single biomarker; 

hence, the TTT strategy was fundamentally unable to consistently direct therapy towards 

persons who would most benefit. However, the superiority of BTT treatment for preventing 

microvascular events may critically depend on the availability of insulin, which is 

unavailable in some low-and middle-income country settings. The TTT strategy would be 

superior to the BTT strategy if insulin were unavailable, in terms of preventing end-stage 

renal disease and blindness. Nevertheless, the BTT strategy remained more effective overall 

due to the 5-fold greater number of CVD cases averted, and hence was more cost-effective 

than the TTT strategy even in the absence of insulin. Overall, managing glycaemic control 

with insulin adds substantially to the complexities of patient care as well as to the logistics, 

and cost, of drug purchasing and distribution.44

Our analysis benefited from using equations that have been validated in ethnically-diverse 

populations,27,28 having data from recent nationally-representative WHO surveys providing 

consistent measurements of biomarkers,23 and using meta-analyses of international trials to 

inform estimates of relative risk reduction rather than assuming reversibility of risk. Yet the 

analysis has several important limitations. We had to assume that equations from the UK 

Prospective Diabetes Study would be relevant and capture risks among low- and middle-

income country populations, using ethnic-specific parameters which capture variations in 

risk among persons of African and South Asian descent. Similar parameters are unavailable 
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for the Chinese population, and it remains unclear whether that population would have 

significant variations in risk equations. It is improbable, however, that the availability of 

more population-specific parameters would alter the comparative benefits of the two 

strategies. We also lacked data on access or adherence to therapy, which would linearly scale 

our results to lower levels of impact; hence, we focused on how different guidelines would 

offer different treatment recommendations, and estimated the (large) degree to which 

adherence would have to be differentially worse in the BTT scenario to neutralize our 

finding of superior BTT outcomes. We found that the superiority of BTT to TTT was 

consistent for settings in which haemoglobin A1c testing was unavailable, but further work 

would need to determine what strategy would be optimal in settings without insulin access. 

Importantly, we lacked data on differential risk of hypoglycemia and other adverse events 

among the two approaches, or data on detailed treatment availability and quality. This will 

require further evaluation, noting that the BTT approach to glycemic control has not been 

directly clinically studied, the necessary next step in research after this comparative 

effectiveness modeling study. The risk of hypoglycemia may be higher under the BTT 

strategy given that it recommends more insulin treatment at a population level. We also 

focused on medications available on the WHO Essential Medicines list, which may be 

expanded pending cost-effectiveness evaluations of newer agents. Statin therapy may also 

become more accessible, and our estimates of CVD event outcomes would be subject to an 

additional 14% relative risk reduction if simvastatin 40mg daily were replaced by 

atorvastatin 40mg daily,35 further increasing the comparative effectiveness of the BTT 

approach.

In future work, researchers should also examine how importantly risk equation coefficients 

vary among diverse cohorts, and how both patients and clinicians in diverse settings respond 

to the prospect of shifting towards a BTT approach to therapy. Our results highlight the 

importance of further data collection for individual countries to determine optimal and cost-

effective risk thresholds for therapy, as has occurred for statin therapy among people without 

diabetes in some high-income nations.45 Prior to such work, our current results indicate that 

a BTT strategy would be more effective and cost-effective than a TTT strategy overall, 

primarily by concentrating effective therapy among patients with high risk of CVD and 

microvascular complications.

Putting research in context

Two authors (SB and VS) independently conducted PubMed and Google Scholar searches 

for articles with the keywords “treatment targets”, “personalized treatment”, “risk-based 

therapy” or “benefit-based tailored therapy”, along with the keyword “diabetes” from 1980 

through July 2016. Based on consensus discussion, we found four relevant papers on the 

subject of this study. Two of the papers involved prior simulation models of the U.S. 

population, and suggested that for lipid and blood pressure treatment, benefit-based tailored 

therapy would be more effective and cost-effective than treat-to-target therapy for patients 

without diabetes.35,46 One additional paper involved a simulation model of U.S. populations 

with type 2 diabetes, and reported that for most patients older than 50 years with an HbA1c 

level less than 9% receiving metformin therapy, additional glycaemic treatment usually 

offers modest benefits,47 supporting treatment based on a comprehensive consideration of 
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risk rather than a universal target for A1c achievement. Finally, one additional paper 

involved a simulation of people without diabetes in low- and middle-income countries, and 

reported that a benefit-based tailored therapy approach to blood pressure treatment would be 

more effective and cost-effective than a treat-to-target approach for CVD prevention.36

By comparison to the existing literature, our current study offers a direct comparison of the 

treat-to-target and benefit-based tailored treatment strategies among persons with type 2 

diabetes in low- and middle-income country populations. It specifically reveals that a 

benefit-based tailored treatment strategy for blood pressure, lipid, and glycaemic control 

would be more effective and cost-effective than a treat-to-target strategy for prevention of 

both CVD and microvascular complications of type 2 diabetes; however, the superiority of 

the benefit-based tailored treatment strategy for averting microvascular complications would 

necessitate insulin availability.
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Figure 1. Model diagram
Legend: T2DM = type 2 diabetes mellitus; CVD = cardiovascular disease; TTT = treat-to-

target strategy; BTT = benefit-tailored treatment strategy; BP = blood pressure; LDL-C = 

low-density lipoprotein; A1c = haemoglobin A1c.
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