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Abstract 

Background:  The cost-effectiveness of screening for type 2 diabetes mellitus (DM2) in developing countries remains 
unknown. The Brazilian government conducted a nationwide population screening program for type 2 diabetes 
mellitus (BNDSP) in which 22 million capillary glucose tests were performed in individuals aged 40 years and older. 
The objective of this study was to evaluate the life-time cost-effectiveness of a national population-based screening 
program for DM2 conducted in Brazil.

Methods:  We used a Markov-based cost-effectiveness model to simulate the long-term costs and benefits of 
screening for DM2, compared to no screening program. The analysis was conducted from a public health care system 
perspective. Sensitivity analyses were conducted to examine the robustness of results to key model parameters.

Results:  Brazilian National diabetes screening program will yield a large health benefit and higher costs. Compared 
with no screening, screen detection of undiagnosed diabetes resulted in US$ 31,147 per QALY gained. Results from 
sensitivity analyses found that screening targeted at hypertensive individuals would cost US$ 22,695/QALY. When 
benefits from early glycemic control on cardiovascular outcomes were considered, the cost per QALY gained would 
reduce significantly.

Conclusions:  In the base case analysis, not considering the intangible benefit of transferring diabetes management 
to primary care nor the benefit of using statin to treat eligible diabetic patients, CE ratios were not cost-effective con-
sidering thresholds proposed by the World Health Organization. However, significant uncertainty was demonstrated 
in sensitivity analysis. Our results indicate that policy-makers should carefully balance the benefit and cost of the 
program while considering using a population-based approach to screen for diabetes.

© 2015 Toscano et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Background
The socioeconomic burden of type 2 diabetes mellitus 
(DM2) is large and increasing. Early detection and treat-
ment of DM2 seems a logical preventive action for sev-
eral reasons. First, diabetes-related complications can 
occur before diabetes clinical diagnosis. Second, effi-
cacy of early treatments in reducing complications is 
well established [1–8]. Third, acceptable and accurate 
screening tests are available [9, 10]. Importantly, recent 

evidence failed to demonstrate significant impact of 
screening asymptomatic individuals at increased risk 
for diabetes in reducing all-cause, cardiovascular, or dia-
betes-related mortality within 10 years [11]. However, a 
number of institutions have recommended opportunis-
tic screening for high-risk individuals in certain circum-
stances [12–16]. Opportunistic screening, carried out at 
a time when people are seen, by healthcare professionals, 
for a reason other than the disorder in question, is one of 
the potential approaches to screening for DM2 [12].

Several countries have implemented opportunistic 
selective DM2 screening in high-risk populations [12]. By 
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contrast, Brazil has implemented a massive population-
based diabetes screening program.

The prevalence of diabetes in Brazil is high and rep-
resents one of the major challenges to the Brazilian 
publicly-funded National Healthcare System (SUS) [17]. 
In 2001, the Brazilian Ministry of Health implemented 
a public health strategy aiming at reorganizing diabe-
tes and hypertension care delivery. The main aim of 
this strategy was to shift the focus of diabetes care from 
hospitals to primary care settings. A cornerstone of the 
strategy was the Brazil Nationwide Diabetes Screening 
Program (BNDSP), a one-time screening program con-
ducted through primary healthcare services using finger-
stick capillary blood glucose testing. Over 13,000 health 
care providers in approximately 40,000 SUS primary 
health care centers among Brazil’s 5507 municipalities 
were trained in diabetes diagnosis and management [18]. 
The BNDSP targeted 31 million adults aged 40 years or 
older who received health care through the SUS. Capil-
lary blood glucose testing was conducted. With a mas-
sive participation rate, between March 6 and April 7, 
2001, 22.1 million capillary blood glucose tests were per-
formed. An initial assessment found that the program led 
to the diagnosis of approximately 345,000 new cases of 
diabetes at a cost of US$ 76 per case [19].

Determining whether to incorporate such a public 
health strategy into standard practice requires weigh-
ing the estimated benefits of population screening in 
reducing long-term complications against the long-term 
costs it generates. Following global recommendations 
for countries conducting screening strategies [12], the 
objective of this study is to evaluate the long-term cost-
effectiveness of the BNDSP. Specifically, we estimated the 
lifetime costs and benefits of universal screening for type 
2 diabetes compared to standard practice in Brazil, that 
is, no organized screening, taking the perspective of the 
Brazilian Public Healthcare System.

Methods
We conducted a cost-effectiveness study in which a vali-
dated Markov model was populated with data from a 
national population-based screening program for DM2 
conducted in Brazil, to evaluate the life-time costs and 
benefits of screening for DM2.

Screening
During the BNDSP, a positive screening test was defined 
by a fasting capillary glucose ≥100 mg/dL or a casual glu-
cose ≥140 mg/dL, and fasting was defined as absence of 
food ingestion for at least 4  h prior to capillary glucose 
test [18]. Sensitivity and specificity of capillary blood 
glucose screening considered in the model were 68 and 
89  %, respectively [10]. These values were estimated 

considering the BNDSP participants reporting to be in 
fasting condition (47  %), for which the cut-off for posi-
tive test results was 100  mg/dL, and non-fasting condi-
tion (53 %), for which the cut-off was 140 mg/dL [19]. An 
additional fasting plasma glucose test and two extra phy-
sician visits were required for diagnostic confirmation of 
diabetes.

Universal DM2 screening as conducted in the BNDSP 
was compared to standard practice in Brazil at that time, 
that is, no organized screening. Progression of individu-
als with and without diabetes in the screening module is 
represented in Fig. 1. Individuals diagnosed with diabetes 
were assumed to enter the diabetes disease progression 
model (Fig. 2), described below.

Post‑screening interventions considered
During the BNDSP, specific recommendations were 
given regarding treatment. Diagnosed cases were man-
aged aiming at blood pressure target of 135/80  mmHg 
and fasting serum glucose level of 110 mg/dL. Therefore, 
we assumed that intensified glycemic and hypertension 
treatment were promptly initiated at diagnosis. Based 
on the United Kingdom Prospective Diabetes Study 
(UKPDS), we assumed the intensified glycemic control 
consisted of one or more generic drugs (metformin, glib-
enclamide, and/or insulin) aiming at fasting serum glu-
cose level of 110 mg/dL [1, 20]. The effect of intensified 
glycemic treatment is modeled as slowing progression 
of microvascular complications by reducing hemoglobin 
A1c, and thus lowering hazard rates for microalbuminu-
ria, nephropathy, peripheral neuropathy, and photoco-
agulation [1]. No effects on macrovascular complications 
were assumed in the base case [1].

All persons with hypertension were assumed to receive 
standard hypertension treatment (targeting diastolic 
blood pressure of 90  mmHg) until they receive a diag-
nosis of diabetes, after which they receive intensified 
hypertension treatment (targeting diastolic blood pres-
sure of 85 mmHg) [3] consisting of angiotensin convert-
ing enzyme inhibitor (captopril), β blocker (propranolol) 
or thiazides as single or combination therapy [2]. Model 
estimates of this approach assumed a 17–44  % relative 
risk reduction for stroke and 13  % risk reduction for 
CHD [2].

Model
We used a modified version of the CDC/RTI type 2 dia-
betes cost-effectiveness simulation model to simulate 
the long-term health and economic consequences of the 
BNDSP. The CDC/RTI model is a Markov-based model 
developed by the Centers for Disease Control and Pre-
vention and RTI International (CDC/RTI). The model 
simulates disease progression based on annual transition 
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of multiple disease states. The outcomes include lifetime 
development of diabetic complications, diabetes-related 
health care costs, life years, and quality adjusted life years 
gained (QALYs) [21]. In progressing through the model 
from the onset of diabetes to death, people with diabe-
tes can develop five types of complications: nephropathy, 
neuropathy, retinopathy, coronary heart disease (CHD), 
and stroke (Fig. 2). Each complication/health state has a 
corresponding health utility value ranging from 0 (death) 
to 1 (perfect health). The basic model structure and 
key model parameters have been previously described 

[21–23]. Annual transition probabilities for the health 
states considered in the model are presented in Table 1.

The model includes a screening module, and assumes 
that in the absence of screening, diagnosis would occur 
10 years after its onset while screening would reduce this 
pre-diagnosis interval by 5 years [24]. Progression of per-
sons through screening and clinical diagnosis is shown in 
Fig. 2.

The CDC/RTI model has been used to assess the cost-
effectiveness of screening for undiagnosed type 2 diabe-
tes and pre-diabetes in the United States [22, 23]. For this 

Fig. 1  Progression of individuals in the screening module, Nationwide Population Screening Program for Diabetes. Brazil, 2001
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study, we adjusted epidemiological and cost parameters 
using Brazilian data.

Epidemiological data
Demographic and mortality data for the general pop-
ulation were obtained from the Brazilian National 
Institute for Geography and Statistics (IBGE) for 
2002. Prevalence of risk factors for cardiovascular 

complications in the Brazilian population was based 
on surveys [25–27] (Table 2). Estimates of undiagnosed 
diabetes prevalence by age-groups and hypertension 
level were obtained from the BNDSP [28] (Table  2). 
Age and gender-specific estimates of the incidence of 
true diabetes in the population were obtained apply-
ing DISMOD II software [29] to data from a prevalence 
survey [30].

Fig. 2  Markov model of diabetes disease progression
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Economic data
Four types of costs were considered: associated with 
diabetes screening, diabetes treatment, diabetes-related 
complications, and other medical care.

Costs associated with screening and confirmatory diag-
nosis have been previously estimated based on actual 
expenses of the BNDSP, which has been previously 
described [19]. A total of 22.1 million capillary glucose 
tests were performed, of which 16.4  % were positive. 
Total screening and diagnostic costs were US$ 26.19 mil-
lion (Int$ 104.32 million), including national level costs 

of diagnostic material, social mobilization and media 
campaign, training of healthcare workers, and manage-
ment costs. The screening cost per screened individual 
was estimated at US$ 1.16. Diagnostic confirmation costs 
were US$ 2.97 per each individual screened positive dur-
ing the BNDSP.

The costs of glycemic control included three resource 
components: drug use, physician visits, and self-testing 
[31]. Treatment modalities considered were oral hypo-
glycemic agents only, insulin only, and both oral hypo-
glycemic agents and insulin. Intensified glycemic control 
considered initial treatment with metformin. The pro-
portion using each drug regimen varied by duration of 
diagnosed diabetes and was estimated from the UKPDS 
[1, 32]. Daily cost of medications were estimated consid-
ering average market prices assuming standard doses. 
Incremental cost of intensive glycemic control (relative to 
standard control) was estimated per year, depending on 
the number of years since diagnosis.

The costs of standard and intensified hypertension 
control were estimated to reflect clinical practice in 
Brazil, where standardized drug regimens include the 
use of generic thiazides, propranolol, and captopril. We 
assumed that the maximum number of drugs that would 
be taken at any given time was three [33]. The incre-
mental cost of intensive hypertension control, relative to 
standard control, was estimated per year, depending on 
the number of years since diabetes diagnosis.

Cost of diabetes-related complications included the 
cost of nephropathy, neuropathy, retinopathy, CHD, 
and stroke. One-time and annual costs of complica-
tions considered in the model (Table 3) were calculated. 
Healthcare resource utilization was estimated based on 
Brazilian guidelines, considering diagnosis and annual 
follow-up procedures for end stage renal disease, angina 
and stroke; one time diagnosis of peripheral neuropathy; 
and one time photocoagulation procedure. Each resource 
was multiplied by its unit costs, which for medical proce-
dures, exams, hospitalization and medical visits consid-
ered SUS reimbursement values [31].

One time angina and stroke costs were obtained from 
the National Information System on Hospitalizations 
in SUS (SIH), considering costs reimbursed by SUS for 
patients admitted to SUS in 2002 with diagnosis of the 
above conditions.

Direct cost of clinical nephropathy; lower extrem-
ity amputation; and death due to stroke or CHD, were 
obtained from follow-up data from all patients with each 
of these conditions admitted at the Hospital de Clínicas 
de Porto Alegre of the Federal University of Rio Grande 
do Sul (HCPA) during 2002.

Normal medical care costs that are not specific to 
diabetes care were estimated considering the Brazilian 

Table 1  Annual transition probabilities for  health states 
considered in the model

CHD coronary heart disease

* Probability of a new case of CHD at period t given by a Weibull function

Health state Transition  
probability

Source

Normal to microalbuminuria

 Baseline 0.033 [1]

 Hypertensive with moderate control 0.056 [48]

 Hypertensive with tight control 0.038 [48]

Microalbuminuria to nephropathy

 Baseline 0.075 [2]

 Hypertensive with moderate control 0.151 [48]

 Hypertensive with tight control 0.128 [48]

Nephropathy to end-stage renal disease

 0–11 years since diabetes diagnosis 0.004 [49, 50]

 12–19 years since diabetes diagnosis 0.039 [49, 50]

 20–94 years since diabetes diagnosis 0.074 [49, 50]

Normal to peripheral neuropathy 0.0036 [1]

Peripheral neuropathy to lower-extremity amputation

 0–7 years since diabetes diagnosis 0.028 [51]

 8–12 years since diabetes diagnosis 0.046 [51]

 13–18 years since diabetes diagnosis 0.056 [51]

 19–94 years since diabetes diagnosis 0.140 [51]

Normal to photocoagulation

 Baseline 0.011 [1]

 Hypertensive with moderate control 0.017 [2]

 Hypertensive with tight control 0.010

Photocoagulation to blindness

 Baseline 0.107 [2]

 Hypertensive with moderate control 0.107 [2]

 Hypertensive with tight control 0.107 [2]

Normal to stroke Framingham  
equation

Stroke to death

 Immediate 0.142 [52]

 1 year 0.092 [52]

Normal to CHD

CHD(t) = [F(t) − F(t − 1)]/[1 − F(t − 1)]* [53]
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average government health expenditure/person (i.e., 
GNP per capita on health) of US$ 94 (Int$ 374) per year 
in 2002 [34]. Cost of death was estimated as a propor-
tion of hospital expenditures prior to death [35], obtained 
from the cohort of all patients at the HCPA who pro-
gressed to death during 2002.

Analyses
By estimating lifelong complications and death in a hypo-
thetical population cohort, the model predicts the life-
time incidence of diabetes complications and QALYs for 
each true case of diabetes, considering utility values of 
the CDC/RTI model [21–23]. Per person change in life-
years and QALY with screening were calculated, and the 
sum of all estimated costs and expected QALYs for each 
strategy considered in the analysis were used to calculate 
the incremental cost-effectiveness ratio of screening rela-
tive to no screening. All costs are presented in US dol-
lars, considering the exchange rate in December 2001 (1 
US$ =  R$ 2.35). To allow for international comparison, 

we present results in both US$ and international dol-
lars (Int$) considering year 2001/2002 purchasing power 
parity exchange rates (1 Int$ = R$ 0.59). All costs were 
converted to 2002 reais using the Consumer Price Index 
from the Brazilian Central Bank [36].

We took the perspective of the public health care sys-
tem, as the costs of the screening program were paid by 
the publicly funded SUS and the population receiving the 
benefits of the strategies evaluated is covered by the SUS. 
A baseline 5 % discount rate was applied to future costs 
and QALYs [37].

Sensitivity analysis
We conducted one way sensitivity analyses to investigate 
the effect of key parameter values and assumptions in 
cost-effectiveness ratios (Table 4).

We varied the costs of screening, intensified glycemic 
and hypertension therapy, and diabetes complications, 
as well utility weights associated with diabetes and its 
complications by ±20  %. The time assumed between 
diabetes onset and screening (detection benefit from 
screening) varied from 4 to 6 years, and discount rates 
varied from 1–10 %. Risk reduction of intensive glyce-
mic control on macrovascular complications were var-
ied to 20 % for both myocardial infarction and stroke, 
assuming that 50 % of the individuals newly diagnosed 
with diabetes would receive metformin, and consider-
ing risk reduction estimates from UKPDS 34, which 
showed a relative risk reduction of 41  % for stroke 
and 39  % for myocardial infarction [32]. We also esti-
mated how the cost-effectiveness of the BNDSP would 
change by assuming persons with diabetes would not 
receive intensive glucose and hypertension control 
under the non-screening scenario, and screening would 
occur only in hypertensive individuals only during the 
BNDSP.

Ethical considerations
This study has been carried out in accordance with 
the Declaration of Helsinki, and the study project was 
approved by the Ethics Committee of the Federal Univer-
sity of Rio Grande do Sul.

Results
Lifetime development of diabetic complications
Screening all adults aged 40 years or older decreased the 
incidence of all diabetes complications considered in the 
model and increased survival. Cumulative incidence was 
reduced from 0.49  % for non-screened population to 
0.28 % for the screened for end stage renal disease, from 
0.76 to 0.58 % for lower extremity amputation, from 8.4 
to 7.4 % for stroke, from 33.8 to 29.6 % for CHD, and from 
3.6 to 2.3  % for blindness. Screening leads to a slightly 

Table 2  Estimated prevalence of  undiagnosed diabetes, 
smoking, hypertension and  hypercholesterolemia in  the 
Brazilian population

Age group (years) Women (%) Men (%)

Prevalence of undiagnosed diabetes [28]

 40–44 1.77 2.31

 45–49 2.63 3.23

 50–54 3.56 4.30

 55–59 4.09 5.06

 60–64 4.57 4.61

 65–69 4.53 4.97

 70–74 4.62 4.75

 75 and older 4.79 4.53

Prevalence of smoking [25]

 18–34 11.8 19.2

 35–49 20.8 25.5

 50 and older 11.4 24.2

Prevalence of hypertension [26]

 35–44 17.9 15.3

 45–54 31 28.7

 55–64 47.2 37.7

 65–74 57.5 52.8

 75+ 52 46.5

Age group (years) Population (%)

Prevalence of hypercholesterolemia [27]

 Up to 24 8

 25–34 10.9

 35–44 20.9

 45–54 28.8

 55 and older 32.3
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longer life expectancy, adding approximately 13 weeks to 
the average lifespan of those detected at screening.

Diabetes‑related health care costs, life‑years and QALYs
Compared with no screening, population screening 
increases lifetime costs, primarily due to increased costs of 
introducing treatment 5 years earlier. Modeling shows that 
this cost of treatment for five additional years for those diag-
nosed was approximately 20 times the cost of screening.

Screening adults 40 years or older would increase the 
life-time costs by US$ 489 but results in a gain of 0.035 
life-years and 0.0157 QALYs (Table  5). In the base-case 
analysis, the incremental cost-effectiveness ratio was esti-
mated to be US$ 31,147 (Int$124,060) per QALY.

Sensitivity analyses
In sensitivity analyses, cost-effectiveness ratios were sen-
sitive to several parameters (Table 4), including discount 
rates, detection benefit from screening, utility rates asso-
ciated with diabetes, and cost of intensified glycemic 
control. On the other hand, varying screening cost, com-
plication costs, and intensified hypertension control had 
minimal effect.

If benefit from early glycemic control on cardiovascu-
lar outcomes was assumed, i.e., when risk reduction of 

intensive glycemic control on macrovascular complica-
tions was considered 20  % for both myocardial infarc-
tion and stroke, cost-effectiveness ratio fell to US$14,769/
QALY (Int$ 58,825/QALY). Similarly, if screening was 
conducted only among hypertensive individuals, the cost-
effectiveness ratio decreased to US$22,695/QALY (Int$ 
90,395/QALY). Assuming that non-screened individuals 
did not receive intensive glucose and hypertension con-
trols after diabetes diagnosis, incremental cost-effective-
ness ratios were considerably more favorable, estimated 
at US$ 7505/QALY gained (Int$ 29,893/QALY).

Discussion
To our knowledge, this is the first cost-effectiveness study 
based on data of an actual population-based diabetes 
screening program. Additionally, our analysis was con-
structed by incorporating data from the screening pro-
gram into an internationally recognized and validated 
model [21, 23].

Some specificities of Brazilian healthcare system should 
be considered when interpreting our results. The BNDSP 
occurred within the unique one of a national reorganiza-
tion of primary care for diabetes. In this sense, screening 
was as much a strategy used to maximize mobilization as 
an isolated objective, and therefore several less tangible 
but equally important outcomes, not considered in this 
analysis, add to its benefits. These include the training 
of primary healthcare professionals in diabetes manage-
ment, the increase in population awareness of diabetes 
as a significant health problem, the increase in access to 
healthcare services and the greater availability of drug 
therapy for individuals with diabetes and hypertension. If 
these aspects were considered, as mentioned above, the 
benefits of screening strategy would be higher.

In our base case analysis we did not consider cardio-
vascular benefit from early glycemic control for which 
evidence was not available at the time of the BNDSP; nor 
the use of statins in individuals diagnosed with diabetes 
and with high cholesterol levels, to reflect clinical prac-
tice in Brazil at the time of the BNDSP. We did, however, 
assumed that all individuals received intensified glycemic 
and hypertension treatment once diagnosed with diabe-
tes, regardless of being diagnosed through screening or 
not. Considering such assumptions, our results were not 
cost-effective by WHO’s standards, which considers the 
cost-effectiveness threshold as up to 3 times the National 
Gross Domestic Product (GDP)/capita (US$ 9150 con-
sidering the 2002 Brazilian GDP per capita of US$ 3050). 
However, this recommended threshold is proposed for 
costs per disability life years (DALYs) and not QALYs, 
and has been criticized as having major shortcomings 
[38]. As recently presented in a publication discussing CE 
thresholds, cost–effectiveness analysis is useful only in 

Table 3  Direct medical costs of  diabetes complications 
in Brazil, 2001

End-stage renal disease

CA cardiac arrest, MI myocardial infarction

Diabetes complication Type of cost Cost (2001 US$)

Nephropathy

 Clinical nephropathy One time 267

 End stage renal disease Annual 9527

Neuropathy

 Peripheral neuropathy One time 18

 Lower extremity amputation One time 309

Retinopathy

 Photocoagulation One time 15

Coronary heart disease

 Angina One time 776

Annual 669

 History of CA/MI Annual 669

 CA/MI death without hospitalization One time 15

 CA/MI death within 30 days with 
hospitalization

One time 368

 CA/MI survivors One time 776

Stroke

 Stroke One time 955

Annual 462

 Immediate death from stroke One time 180

Cost of death One time 304
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the context of the choices available in a particular setting 
and context, and resulting CE ratios should be placed in 
the context of other, local policy and programme options, 
including funding sources. Other criteria for policy 

decisions, such as equity, ethics and political feasibility, 
should be taken into account when interpreting such 
results [38].

In sensitivity analysis, changes in the effect that is 
assumed for intensive glycemic control on CHD and 
stroke risk reduction significantly affected our results, 
with cost-effectiveness ratios as low as 14,769 US$/
QALY. Though still a subject of considerable controversy, 
the current weight of the evidence suggests that glyce-
mic control aiming for the UKPDS intervention group 
target, especially with metformin a first line treatment, 
may indeed protect against CHD and stroke [32, 39, 40]. 
However, as there is still controversy on the subject, we 
opted to be conservative and not consider such impact in 
the base case.

Another important finding in our sensitivity analysis 
was that higher screening program costs impacted little 
on overall cost-effectiveness. Screening costs have been 
shown to be significantly lower in low and middle income 
countries [12]. As compared to opportunistic screening, 
additional costs of population based screening programs 
delivered as mass-population preventive health interven-
tions, such as immunization campaigns, may be justifi-
able if they reach higher participation rates and are able 
to provide additional benefits to the population.

It is important to acknowledge that the costs of drug 
therapy, medical procedures and services in Brazil are 
very low when compared to published medical care cost 
in high income countries. Evidence suggests that health 
care system reimbursement is lower than the actual costs 
of services [41]. As the costs of managing complications 
were greater than those of early intensified treatment of 
hyperglycemia and hypertension, our cost-effectiveness 
ratios may well be conservative ones.

Some limitations of our study should be acknowledged. 
First, we considered only one-time screening. Periodic, 
repeat screening would most likely yield less favorable 
cost-effectiveness ratios, as demonstrated by previous 
studies [23]. Second, the intangible benefits of the screen-
ing program mentioned above, which appear large, were 
not measured in our analyses. Last, we did not consider 

Table 4  Sensitivity analysis

Base case Incremental 
cost-effectiveness 
ratio (US$/QALY)

Base case 31,147

Detection benefit from screening

 4 years 34,927

 6 years 27,005

Screening costs

 +20 % 31,636

 −20 % 30,708

Incremental intensified glycemic treatment costs

 +20 % 33,558

 −20 % 28,759

Incremental intensified hypertension treatment costs

 +20 % 31,083

 −20 % 31,234

Complication costs

 +20 % 30,876

 −20 % 31,442

Discount rates applied to costs and QALYs

 1 % 21,281

 10 % 44,424

Utility weights associated with diabetes

 +20 % 26,874

 −20 % 36,977

Effects of intensive glycemic control

 CHD risk reduction: 20 % 15,688

 Stroke risk reduction: 20 % 28,029

 CHD and stroke risk reduction: 20 % 14,769

Scenario Analysis

 Selective screening of screening of hypertensive 
individuals only

22,695

 Control group not receiving intensive  
glucose and hypertension treatment

7505

Table 5  Lifetime costs, life-years, QALYs and incremental cost-effectiveness per true case of diabetes diagnosed

Brazilian nationwide population screening program for diabetes, 2001

Cost (US$) (discounted) Health outcomes 
(discounted)

Incremental cost-
effectiveness ratio

Cost of  
treatment

Cost of  
complications

Cost of  
screening

Costs of intensified  
glycemic and  
hypertension control

Total  
costs

Remaining  
QALYs

Total cost/ 
QALY (US$)

No screening 3015 911 0 344.967 4271 4.6436

Screening 3308 888 35.965 528.104 4760 4.6593

Incremental 292.378 −22.478 36.965 183.137 489 0.0157 31,147
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the use of statins in individuals diagnosed with diabetes 
and with high cholesterol levels. We opted not to because 
at the time the BNDSP was implemented, statins were 
not recommended due to their very high costs then. 
Nowadays, with lower costs of statins due to the avail-
ability of generics and their demonstrated effect in reduc-
ing macrovascular complications in diabetic individuals 
with high cholesterol levels, the recommendation of use 
of statins would result in more favorable cost-effective-
ness ratios for a screening program similar to that imple-
mented in Brazil.

A WHO expert group has recommended that coun-
tries define policies for diabetes diagnosis and treatment 
[12]. Various guidelines from high income countries 
recommend selective screening for high risk individu-
als [13–16]. Recent studies have documented that highly 
intensive glycemic control is not beneficial [42] and have 
failed to document that intensive treatment after screen-
ing [43] reduces cardiovascular events and mortality [44]. 
However, the interventions we modeled were less inten-
sive and were compared to no screening.

Recent cost-effectiveness analyses of screening aimed 
to detect not diabetes, but rather those at high risk to 
develop the disease, have suggested that, in the long 
term, such screening, followed by an intensified program 
to promote and support lifestyle changes, may be not 
only cost-effective, but also cost saving [45]. If screening 
to detect those at high risk for diabetes is implemented, 
individuals with prevalent, previously undetected dia-
betes will inevitably be identified in the process. As 
the costs of initial preventive treatment in diabetes far 
exceed those of screening, population strategies aimed 
primarily at high risk individuals could make sense [45, 
46] although a recent meta-analysis has raised the impor-
tant issue of the effectiveness of community-based inter-
ventions [47].

New studies which evaluate screening benefits and 
costs to detect both diabetes and those at high risk to 
develop diabetes are necessary to clarify the cost-effec-
tiveness of population screening strategies in today’s 
context.

Our findings are useful to any country considering 
alternatives for screening programs for the early diagno-
sis of diabetes. However, countries with different health-
care systems may find a significant difference in the 
benefits and costs of subsequent treatment of diabetes 
to prevent complications. In this regard, these results are 
generalizable only to countries with health care systems 
in which access to treatment and prevention of complica-
tions from diabetes is reasonably guaranteed.

Authors’ contributions
CMT conceived the study, coordinated data collection process, drafted the 
manuscript, design of the study and performed the statistical analysis. XZ 

inputted all data into the model, critically assessed modelling results, and 
helped to draft the manuscript. KI participated in adapting the markov model 
for use in Brazil, revised data inputted to the model, and helped to draft the 
manuscript. BBD participated in the study conception and design, revised 
data inputted into the model, supervised statistical analysis, and critically 
revised the manuscript. CAP participated in the study conception and design, 
supervised the estimation of cost parameters inputted in the model, and 
critically revised the manuscript. PZ supervised the adaptation of the markov 
model for use in Brazil, critically revised data inputs into the model and 
results obtained, and helped to draft the manuscript. ME participated in the 
development of the markov model, made substantial contributions to study 
conception, and critically revised the manuscript. MIS participated in the study 
conception and design, supervised the process of primary data collection of 
diabetes-related parameters in Brazil, and critically revised the manuscript. All 
authors read and approved the final manuscript.

Author details
1 Federal University of Rio Grande do Sul, Porto Alegre, RS, Brazil. 2 Centers 
for Disease Control and Prevention, Atlanta, GA, USA. 3 Present Address: Fed-
eral University of Goiás (UFG), Rua T‑62, 595, Apto. 201, Goiânia, GO 74223‑180, 
Brazil. 4 Present Address: National Institutes of Health, Bethesda, Maryland, 
USA. 5 Present Address: UNICEF, New York City, New York, USA. 

Acknowledgements
The authors which to acknowledge the participants of the “Campanha 
Nacional de Detecção de Diabetes Mellitus” (CNDDM) Working Group, 
listed below, whose work make this study possible: Secretaria de Políticas de 
Saúde—Ministério da Saúde: Ana Luiza Vilasbôas, Ana Lourdes Marques Maia, 
Carlos Alberto Machado, Cláudio Duarte da Fonseca, Cristiana M. Toscano, 
Elisabeth Kalil Nader, Islene de Araujo Carvalho, Laurenice Pereira Lima, Marco 
Antonio Mota Gomes, Maria Moema Borges Leal de Britto, Romero Bezerra 
Barbosa, Tatiana Lotfi de Sampaio, Vaneide Marcon Cachoeira. Sociedade Bra-
sileira de Diabetes: Adriana Costa e Forti. Federação Nacional de Associações de 
Diabéticos: Fadlo Fraige Filho. Instituto de Saúde Coletiva—Universidade Federal 
da Bahia: Lucélia Magalhães. Programa de Pós-graduação em Epidemiologia—
Universidade Federal do Rio Grande do Sul: Bruce Bartholow Duncan, Luciana 
Bertoldi Nucci, Maria Inês Schmidt, Sotero Serrate Mengue. Departamento de 
Medicina Social—Faculdade de Medicina de Ribeirão Preto—Universidade de São 
Paulo: Laércio Joel Franco.

Declaimer
The findings and conclusions in this report are those of the authors and 
do not necessarily represent the official position of the Centers for Disease 
Control and Prevention.

Funding
Funding for this study was provided by the Brazilian Ministry of Health with 
the support of the Pan American Health Organization. The cost-effectiveness 
model was developed by the Centers for Disease Control and Prevention and 
RTI International, Triangle Park, and the, Atlanta, GA.

Competing interests
The authors declare that they have no competing interests.

Received: 15 June 2015   Accepted: 15 October 2015

References
	1.	 UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose 

control with sulphonylureas or insulin compared with conventional treat-
ment and risk of complications in patients with type 2 diabetes (UKPDS 
33). Lancet. 1998;352(9131):837–53.

	2.	 UK Prospective Diabetes Study Group. Tight blood pressure control and 
risk of macrovascular and microvascular complications in type 2 diabetes: 
UKPDS 38. BMJ. 1998;317(7160):703–13.

	3.	 Hansson L, Zanchetti A, Carruthers SG, Dahlof B, Elmfeldt D, Julius S, 
HOT Study Group, et al. Effects of intensive blood-pressure lowering 
and low-dose aspirin in patients with hypertension: principal results of 



Page 10 of 11Toscano et al. Diabetol Metab Syndr  (2015) 7:95 

the Hypertension Optimal Treatment (HOT) randomised trial. Lancet. 
1998;351(9118):1755–62.

	4.	 Estacio RO, Jeffers BW, Gifford N, Schrier RW. Effect of blood pressure con-
trol on diabetic microvascular complications in patients with hyperten-
sion and type 2 diabetes. Diabetes Care. 2000;23(Suppl 2):B54–64.

	5.	 Schrier RW, Estacio RO, Esler A, Mehler P. Effects of aggressive blood 
pressure control in normotensive type 2 diabetic patients on albu-
minuria, retinopathy and strokes. Kidney Int. 2002;61(3):1086–97. 
doi:10.1046/j.1523-1755.2002.00213.x.

	6.	 Collins R, Armitage J, Parish S, Sleigh P, Peto R. MRC/BHF Heart 
Protection Study of cholesterol-lowering with simvastatin in 5963 
people with diabetes: a randomised placebo-controlled trial. Lancet. 
2003;361(9374):2005–16.

	7.	 Gaede P, Vedel P, Larsen N, Jensen GV, Parving HH, Pedersen O. Multifacto-
rial intervention and cardiovascular disease in patients with type 2 diabe-
tes. New Engl J Med. 2003;348(5):383–93. doi:10.1056/NEJMoa021778.

	8.	 Johnson JA, Bowker SL. Intensive glycaemic control and cancer 
risk in type 2 diabetes: a meta-analysis of major trials. Diabetologia. 
2011;54(1):25–31. doi:10.1007/s00125-010-1933-3.

	9.	 Rolka DB, Narayan KM, Thompson TJ, Goldman D, Lindenmayer J, Alich 
K, et al. Performance of recommended screening tests for undiagnosed 
diabetes and dysglycemia. Diabetes Care. 2001;24(11):1899–903.

	10.	 Zhang P, Engelgau MM, Valdez R, Cadwell B, Benjamin SM, Narayan KM. 
Efficient cutoff points for three screening tests for detecting undiag-
nosed diabetes and pre-diabetes: an economic analysis. Diabetes Care. 
2005;28(6):1321–5.

	11.	 Simmons RK, Echouffo-Tcheugui JB, Sharp SJ, Sargeant LA, Williams KM, 
Prevost AT, et al. Screening for type 2 diabetes and population mortality 
over 10 years (ADDITION-Cambridge): a cluster-randomised controlled 
trial. Lancet. 2012;380(9855):1741–8. doi:10.1016/s0140-6736(12)61422-6.

	12.	 World Health Organization (WHO). Screening for type 2 diabetes: Report 
of a World Health Organization and International Diabetes Federation 
Meeting. Geneva, Switzerland; 2003.

	13.	 Screening for type. 2 diabetes mellitus in adults: U.S. Preventive 
Services Task Force recommendation statement. Ann Intern Med. 
2008;148(11):846–54.

	14.	 Perk J, De Backer G, Gohlke H, Graham I, Reiner Z, Verschuren M, et al. Euro-
pean guidelines on cardiovascular disease prevention in clinical practice 
(version 2012). The fifth joint task force of the European society of cardiol-
ogy and other societies on cardiovascular disease prevention in clinical 
practice (constituted by representatives of nine societies and by invited 
experts). Eur Heart J. 2012;33(13):1635–701. doi:10.1093/eurheartj/ehs092.

	15.	 Pottie K, Jaramillo A, Lewin G, Dickinson J, Bell N, Brauer P, et al. 
Recommendations on screening for type 2 diabetes in adults. CMAJ. 
2012;184(15):1687–96. doi:10.1503/cmaj.120732.

	16.	 National Institute for Health and Care Excellence (NICE). Preventing type 
2 diabetes—risk identification and interventions for individuals at high 
risk: guidance. UK: NICE; 2012.

	17.	 Oliveira AF, Valente JG, Leite IC, Schramm JM, Azevedo AS, Gadelha AM. 
Global burden of disease attributable to diabetes mellitus in Brazil. Cad 
Saude Publica. 2009;25(6):1234–44.

	18.	 Nucci LB, Toscano CM, Maia AL, Fonseca CD, Britto MM, Duncan BB, et al. 
A nationwide population screening program for diabetes in Brazil. Rev 
Panam Salud Publica. 2004;16(5):320–7.

	19.	 Toscano CM, Duncan BB, Mengue SS, Polanczyk CA, Nucci LB, e Forti 
AC, et al. Initial impact and cost of a nationwide population screening 
campaign for diabetes in Brazil: a follow up study. BMC Health Serv Res. 
2008;8:189. doi:10.1186/1472-6963-8-189.

	20.	 Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year follow-
up of intensive glucose control in type 2 diabetes. N Engl J Med. 
2008;359(15):1577–89. doi:10.1056/NEJMoa0806470.

	21.	 Hoerger TJ, Segel JE, Zhang P, Sorensen SW, editors. Validation of the 
CDC-RTI diabetes cost-effectiveness model. Durham: Research Triangle 
Park, RTI International; 2009.

	22.	 CDC Diabetes Cost-effectiveness Group. Cost-effectiveness of inten-
sive glycemic control, intensified hypertension control, and serum 
cholesterol level reduction for type 2 diabetes. JAMA J Am Med Assoc. 
2002;287(19):2542–51.

	23.	 Hoerger TJ, Harris R, Hicks KA, Donahue K, Sorensen S, Engelgau M. 
Screening for type 2 diabetes mellitus: a cost-effectiveness analysis. Ann 
Intern Med. 2004;140(9):689–99.

	24.	 Harris MI, Klein R, Welborn TA, Knuiman MW. Onset of NIDDM occurs at 
least 4–7 year before clinical diagnosis. Diabetes Care. 1992;15(7):815–9.

	25.	 Szwarcwald CL, Viacava F. World health survey in Brazil, 2003. Cad Saude 
Publica. 2005;21(Suppl):4–5. doi:10.1590/S0102-311X2005000700001.

	26.	 Schmidt MI, Duncan BB, Hoffmann JF, Moura L, Malta DC, Carvalho RM. 
Prevalence of diabetes and hypertension based on self-reported morbid-
ity survey, Brazil, 2006. Rev Saude Publica. 2009;43(Suppl 2):74–82.

	27.	 Nascimento Neto RM. Sociedade Brasileira de Cardiologia (SBD). Atlas 
Corações do Brasil. Brazil: Sociedade Brasileira de Cardiologia; 2004.

	28.	 Nucci LB. A Campanha Nacional de Detecção do Diabetes Mellitus: 
Cobertura e Resultados Glicêmicos. Porto Alegre: Universidade Federal 
do Rio Grande do Sul; 2003.

	29.	 Barendregt JJ, Van Oortmarssen GJ, Vos T, Murray CJ. A generic model 
for the assessment of disease epidemiology: the computational basis of 
DisMod II. Popul Health Metr. 2003;1(1):4.

	30.	 Malerbi DA, Franco LJ. Multicenter study of the prevalence of diabetes 
mellitus and impaired glucose tolerance in the urban Brazilian popula-
tion aged 30–69 year. The Brazilian Cooperative Group on the Study of 
Diabetes Prevalence. Diabetes Care. 1992;15(11):1509–16.

	31.	 DATASUS. Informações de Saúde—Assistência à Saúde/Produção Ambu-
latorial. Brasilia: DATASUS; 2005.

	32.	 UK Prospective Diabetes Study (UKPDS) Group. Effect of intensive blood-
glucose control with metformin on complications in overweight patients 
with type 2 diabetes (UKPDS 34). Lancet. 1998;352(9131):854–65.

	33.	 da Saude Ministerio. Secretaria de Politicas Públicas. Plano de Reorgani-
zação da atenção à hipertensão arterial e ao diabetes mellitus: fase de 
detecção de casos suspeitos de DM. Rev Saude Publica. 2001;35:3.

	34.	 World Health Organization (WHO). Global Health Expenditure Database. 
In: WHO, editor. Geneva, Switzerland; 2002. http://www.who.int/
healthaccounts/ghed/en/.

	35.	 Lubitz JD, Riley GF. Trends in Medicare payments in the last 
year of life. New Engl J Med. 1993;328(15):1092–6. doi:10.1056/
NEJM199304153281506.

	36.	 Instituto Nacional de Geografia e Estatística (IBGE). Sistema Nacional de 
Indice de Preços ao Consumidor. Brasil: IBGE. http://www.ibge.gov.br/
home/estatistica/indicadores/precos/inpc_ipca/defaulttab.shtm

	37.	 Brasil. Ministério da Saúde. Secretaria de Ciência Tecnologia e Insumos 
Estratégicos. Diretrizes Metodológicas : Diretriz de avaliação econômica. 
In: Secretaria de Ciência Tecnologia e Insumos Estratégicos, editor. 2a ed. 
Brasilia: Ministério da Saúde; 2014. p. 132.

	38.	 Marseille M, Larson B, Kasi DS, Kahn JG, Rosen S. Thresholds for the cost-
effectiveness of interventions: alternative approaches. Bull World Health 
Organ. 2015;93(2):6.

	39.	 Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year follow-
up of intensive glucose control in type 2 diabetes. New Engl J Med. 
2008;359(15):1577–89. doi:10.1056/NEJMoa0806470.

	40.	 Saenz A, Fernandez-Esteban I, Mataix A, Ausejo M, Roque M, Moher D. 
Metformin monotherapy for type 2 diabetes mellitus. Cochrane Database 
Syst Rev. 2005;(3):CD002966. doi:10.1002/14651858.CD002966.pub3.

	41.	 Kuchenbecker RS. Impacto clínico e econômico de um plano estruturado 
de alta hospitalar administrado a pacientes adultos portadores de dia-
betes mellitus tipo dois Ee cardiopatia isquêmica atendidos no Hospital 
de Clínicas de Porto Alegre. Porto Alegre: Universidade Federal do Rio 
Grande do Sul (UFRGS); 2006.

	42.	 Gerstein HC, Miller ME, Genuth S, Ismail-Beigi F, Buse JB, Goff DC Jr, 
et al. Long-term effects of intensive glucose lowering on cardiovas-
cular outcomes. New Engl J Med. 2011;364(9):818–28. doi:10.1056/
NEJMoa1006524.

	43.	 Engelgau MM, Gregg EW. Tackling the global diabetes burden: 
will screening help? Lancet. 2012;380(9855):1716–8. doi:10.1016/
s0140-6736(12)61682-1.

	44.	 Van den Donk M, Griffin SJ, Stellato RK, Simmons RK, Sandbaek 
A, Lauritzen T, et al. Effect of early intensive multifactorial therapy 
compared with routine care on self-reported health status, general 
well-being, diabetes-specific quality of life and treatment satisfaction 
in screen-detected type 2 diabetes mellitus patients (ADDITION-
Europe): a cluster-randomised trial. Diabetologia. 2013; doi:10.1007/
s00125-013-3011-0.

	45.	 Zhuo X, Zhang P, Gregg EW, Barker L, Hoerger TJ, Tony PC, et al. A nation-
wide community-based lifestyle program could delay or prevent type 

http://dx.doi.org/10.1046/j.1523-1755.2002.00213.x
http://dx.doi.org/10.1056/NEJMoa021778
http://dx.doi.org/10.1007/s00125-010-1933-3
http://dx.doi.org/10.1016/s0140-6736(12)61422-6
http://dx.doi.org/10.1093/eurheartj/ehs092
http://dx.doi.org/10.1503/cmaj.120732
http://dx.doi.org/10.1186/1472-6963-8-189
http://dx.doi.org/10.1056/NEJMoa0806470
http://dx.doi.org/10.1590/S0102-311X2005000700001
http://www.who.int/healthaccounts/ghed/en/
http://www.who.int/healthaccounts/ghed/en/
http://dx.doi.org/10.1056/NEJM199304153281506
http://dx.doi.org/10.1056/NEJM199304153281506
http://www.ibge.gov.br/home/estatistica/indicadores/precos/inpc_ipca/defaulttab.shtm
http://www.ibge.gov.br/home/estatistica/indicadores/precos/inpc_ipca/defaulttab.shtm
http://dx.doi.org/10.1056/NEJMoa0806470
http://dx.doi.org/10.1002/14651858.CD002966.pub3
http://dx.doi.org/10.1056/NEJMoa1006524
http://dx.doi.org/10.1056/NEJMoa1006524
http://dx.doi.org/10.1016/s0140-6736(12)61682-1
http://dx.doi.org/10.1016/s0140-6736(12)61682-1
http://dx.doi.org/10.1007/s00125-013-3011-0
http://dx.doi.org/10.1007/s00125-013-3011-0


Page 11 of 11Toscano et al. Diabetol Metab Syndr  (2015) 7:95 

2 diabetes cases and save $5.7 billion in 25 years. Health Aff (Millwood). 
2012;31(1):50–60. doi:10.1377/hlthaff.2011.1115.

	46.	 Palmer AJ, Tucker DM. Cost and clinical implications of diabetes preven-
tion in an Australian setting: a long-term modeling analysis. Prim Care 
Diabetes. 2012;6(2):109–21. doi:10.1016/j.pcd.2011.10.006.

	47.	 Kahn R, Davidson MB. The reality of type 2 diabetes prevention. Diabetes 
Care. 2014;37(4):943–9. doi:10.2337/dc13-1954.

	48.	 The Diabetes Control and Complications Trial Research Group. 
Lifetime benefits and costs of intensive therapy as practiced in the 
diabetes control and complications trial. JAMA J Am Med Assoc. 
1996;276(17):1409–15.

	49.	 Humphrey LL, Ballard DJ, Frohnert PP, Chu CP, O’Fallon WM, Palumbo 
PJ. Chronic renal failure in non-insulin-dependent diabetes mellitus. 
A population-based study in Rochester, Minnesota. Ann Intern Med. 
1989;111(10):788–96.

	50.	 Eastman RC, Javitt JC, Herman WH, Dasbach EJ, Zbrozek AS, Dong F, et al. 
Model of complications of NIDDM. I. Model construction and assump-
tions. Diabetes Care. 1997;20(5):725–34.

	51.	 Humphrey LL, Palumbo PJ, Butters MA, Hallett JW Jr, Chu CP, O’Fallon 
WM, et al. The contribution of non-insulin-dependent diabetes to 
lower-extremity amputation in the community. Arch Intern Med. 
1994;154(8):885–92.

	52.	 Sacco RL, Shi T, Zamanillo MC, Kargman DE. Predictors of mortality and 
recurrence after hospitalized cerebral infarction in an urban community: 
the Northern Manhattan Stroke Study. Neurology. 1994;44(4):626–34.

	53.	 Anderson KM, Odell PM, Wilson PW, Kannel WB. Cardiovascular disease 
risk profiles. Am Heart J. 1991;121(1 Pt 2):293–8.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://dx.doi.org/10.1377/hlthaff.2011.1115
http://dx.doi.org/10.1016/j.pcd.2011.10.006
http://dx.doi.org/10.2337/dc13-1954

	Cost-effectiveness of a national population-based screening program for type 2 diabetes: the Brazil experience
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Screening
	Post-screening interventions considered
	Model
	Epidemiological data
	Economic data
	Analyses
	Sensitivity analysis
	Ethical considerations

	Results
	Lifetime development of diabetic complications
	Diabetes-related health care costs, life-years and QALYs
	Sensitivity analyses

	Discussion
	Authors’ contributions
	References




