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Abstract
Introduction: The study aims to evaluate the cost-effectiveness (CE) of an early intervention in prediabetes (metformin) in order to 
prevent or slow down the onset of diabetes in those at high risk compared with the current “do nothing” approach.

Materials and methods: An Excel-based model was developed. The results of the CE and cost-utility analyses are presented as 
an ICER (incremental cost-effectiveness ratio) and ICUR (incremental cost-utility ratio), respectively. Markov model of the cost or 
potential savings from the perspective of the National Health Insurance Fund in Bulgaria was performed.

Results: The ICER of the metformin intervention in prediabetes patients compared with “do nothing” routine shows that metformin 
treatment produced more health benefits (number of prevented diabetes cases) on a lower cost for the public payer. The ICER calcu-
lated is -7,122.32 BGN per number of prevented diabetes cases and it confirms cost-savings are possible when metformin is applied 
compared with the “do nothing” approach. The ICUR per quality-adjusted life years (QALYs) gained also shows the metformin 
preventive intervention as a dominant and cost-saving alternative. The Markov model simulation confirms the intervention with 
metformin is less costly in a long-term and leads to higher QALYs.

Conclusion: The investment in a preventive intervention with metformin offers an excellent value for money. The ICER of the 
metformin intervention in prediabetes patients compared with “do nothing” routine shows that metformin preventive intervention 
produced more health benefits on a lower cost for the public payer in Bulgaria.
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Introduction

The IDF Diabetes Atlas 10th edition reports a continued 
global increase in diabetes prevalence, confirming dia-
betes as a significant global challenge to the health and 
well-being of individuals, families and societies. Diabetes 
is shown as a reason for 6.7 million deaths in 2021. It is 
a cause for at least USD 966 billion dollars in health ex-
penditure – a 316% increase over the last 15 years. 541 
million adults have Impaired Glucose Tolerance (IGT, 

prediabetes), which places them at high risk of type 2 dia-
betes (IDF Diabetes Atlas 2021).

According to Davies et al. the patients with type 2 di-
abetes in UK could have a shorter life expectancy. The 
paper also stated the importance diabetes onset to be pre-
vented through effective measures as lifestyle changes or 
with use of some medicine-based intervention (Davies et 
al. 2004). A recent study aims to evaluate and compare the 
life expectancy in diabetic patients vs. non-diabetic popu-
lation in Bulgaria. It reports equal life expectancy of both 
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groups due to improved control of the disease as well as 
the associated complications (Tachkov et al. 2020).

Tabak et al. define the state with abnormally high 
glucose levels but below the diagnostic levels for diabe-
tes as prediabetes or intermediate hyperglycemia. The 
paper suggest that 5–10% of people per year with pre-
diabetes are expected to progress to diabetes but there 
is an assumption also the same proportion will convert 
back to normoglycaemia. Very important is the obser-
vation that there is an association between the predi-
abetes condition and the appearance of early forms of 
nephropathy, chronic kidney disease, neuropathy, dia-
betic retinopathy and increased risk of macrovascular 
disease.. The important positive role of the lifestyle in-
tervention is emphasized (Tabak et al. 2012). Two years 
earlier Bertram et al. assessed and reported the cost-ef-
fectiveness of the screening for prediabetes followed by 
diet and exercise, or metformin treatment (Bertram et 
al. 2010).

In 2017, Barry et al. also conclude that lifestyle changes 
in the high-risk population could prevent the progression 
to diabetes (Barry et al. 2017).

The delay or the chance the onset of diabetes to be 
avoided indisputably lead to a lower risk of further com-
plications, keeping or even optimizing the health related 
quality of life of the patients, prolong their life expectan-
cy and has the potential for reducing the expenditures for 
medical treatment, social services and reducing the indi-
rect costs due to productivity losses associated long-term 
with the complications of diabetes.

Progression from prediabetes to diabetes

Around 5–10% of people with prediabetes become dia-
betic annually although conversion rate varies by popula-
tion characteristics and the guidelines’ definition of pre-
diabetes (Forouhi et al. 2007; Nathan et al. 2007; Tabak et 
al. 2012). In a meta-analysis of prospective studies pub-
lished up to 2004, the annualized incidence rates of diabe-
tes for isolated IGT (4–6%) and isolated Impaired fasting 
glucose (IFG) (6–9%) were lower than those for IFG and 
IGT combined (15–19%). In the recent major studies, the 
progression rates have been estimated to be similar: the 
annualized incidence was 11% in the Diabetes Prevention 
Program (DPP) Outcomes Study, 6% among participants 
with IFG in the US Multi-Ethnic Study of Atheroscle-
rosis (MESA), 9% among participants with IFG and 7% 
among those with an A1c 5.7–6.4% in a Japanese pop-
ulation-based study (Knowler et al. 2009; Heianza et al. 
2011; Yeboah et al. 2011). Studies suggest that the risk of 
diabetes development on the basis of FPG and 2-h post-
load glucose is broadly similar to that posed by A1c (Ger-
stein et al. 2007; Zhang et al. 2010). Large randomised 
control trials, such as the Diabetes Prevention Program 
(DPP), the Diabetes Prevention Study (DPS), and the Da 
Qing Study, have systematically proven that the majority 
of cases of type 2 diabetes can be prevented or delayed 
(Knowler et al. 2002; Lindstrom et al. 2003; Li et al. 2008). 
According to the American Diabetes Association (ADA) 

expert panel, up to 70% of individuals with prediabetes 
will eventually develop diabetes. In a Chinese diabetes 
prevention trial, the 20-year cumulative incidence of di-
abetes was even higher (>90%) among controls with an 
IGT defined with repeated oral glucose tolerance tests 
(OGTTs) (Li et al. 2008).

Reversion to normoglycaemia

Several trials have demonstrated reductions in the risk of 
developing diabetes among prediabetes individuals after 
lifestyle and medicines-based interventions (Tuomileh-
to et al. 2001; Knowler et al. 2002; Torgerson et al. 2004; 
Gerstein et al. 2006, 2007; Ramachandran et al. 2006). 
Prediabetes may also convert back to normoglycaemia. In 
a populationbased observational study of the natural his-
tory of diabetes in England, 55%–80% of the participants 
with IFG at baseline had normal fasting glucose at 10-year 
follow-up (Barry et al. 2017). Other studies have reported 
lower conversion rates (19% in controls in the DPP Out-
comes study) (Knowler et al. 2009).

The health and economic burden of pre-
diabetes

The ADA placed the cost of diagnosed diabetes in 2017 
at $327.2 billion (American Diabetes Association 2017). 
Undiagnosed diabetes (7.9%, $31.7 billion), prediabetes 
(10.7%, $43.4 billion), and gestational diabetes mellitus 
(0.4%, $1.6 billion) combine with the prior estimate for 
diagnosed diabetes to total $403.9 billion annually (Dall 
et al. 2019). Compared those costs to the U.S. gross do-
mestic product the $403.9 billion economic costs of di-
abetes and prediabetes are approximately 2.1% of the 
2017 U.S. gross domestic product (Bureau of Economic 
Analysis 2017).

Transition rate from prediabetes to di-
abetes

Results from a recent study including 10,796 individuals 
(aged >20 years) with pre-diabetes (according to the IFG-
ADA and/or HbA1c-ADA criteria), showed that approx-
imately 70% developed type 2 diabetes within 10 years 
(DeJesus et al. 2017). A Korean cohort of 406 subjects with 
pre-diabetes was followed-up every 3–6 months for up to 
9 years. They report a transition rate from pre-diabetes to 
diabetes of 20% (Kim et al. 2014).

Cost-saving potential of preventive in-
terventions

According to Diabetes Prevention Program Research 
Group, over 10 years, from a payer perspective, lifestyle was 
cost-effective and metformin was marginally cost-saving 
compared with placebo. Investment in lifestyle and met-
formin interventions for diabetes prevention in high-risk 
adults provides good value for the money spent (Diabetes 
Prevention Program Research Group 2013).
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In Bulgaria currently no preventive initiatives are 
planned as part of the healthcare for prediabetes patients. 
It is not recognized as a crucial state where a preventive 
action can lead to higher quality of life of the population 
and there is no available assessment of the potential of 
savings if preventive care is applied.

The aim of the current research is to estimate the 
cost-effectiveness of the possible interventions in predia-
betes patients (treatment intervention) in order to prevent 
or delay the onset of type 2 diabetes in those at high risk 
compared with the current “do nothing” approach in Bul-
garia. Modeling of the savings was developed using the 
transition rate from prediabetes to diabetes from the per-
spective of the society and the payer in Bulgaria.

Methods and materials

An economic evaluation of implementing metformin as a 
preventative intervention in patients with prediabetes in 
Bulgaria versus “do nothing” alternative as it is the current 
situation in Bulgaria was conducted from the perspective 
of the payer institution National Health Insurance Fund 
(NHIF). The study was literature-based considering a hy-

pothetical cohort of 1,000 patients due to lack of actual 
and validated epidemiological data for prediabetes prev-
alence and incidence and the level of diagnosed patients 
per year in Bulgaria. The economic evaluation was per-
formed in two consecutive steps: (1) cost-effectiveness 
analysis using literature data for the number of averted 
diabetes cases due to treatment with metformin of the 
identified cases with prediabetes (Knowler et al. 2002); 
(2) a one-way Markov model using utility data and transi-
tion probabilities among different states (normoglycemia, 
prediabetes, diabetes and death) from the literature (Neu-
mann et al. 2014; Time to Act Now for Prediabetes 2020).

Both analyses were conducted from the perspective of 
a public payer - the National Health Insurance Fund in 
Bulgaria as only direct medical costs were considered. The 
primary economic endpoint was cost per 1 case averted 
and quality adjusted-life years (QALYs).

The results of the cost-effectiveness analysis and 
cost-utility analysis are presented by calculation of ICER 
and incremental cost-utility ration (ICUR) for the out-
come and the costs measure, respectively. ICERs represent 
the additional costs paid per case averted and ICUR - the 
incremental costs over the QALYs gained. The following 
formulas were applied:

Measurement of service used and costs

Total monetary costs incurred by a patient included only 
direct medical costs estimated from the healthcare per-
spective (NHIF), consisting of the following components: 
1) the cost of therapy, 2) routine monitoring laboratory 
costs; 3) the cost for complications and 4) physician’s visits 
costs. The therapy costs were calculated on a yearly basis 
using the medicines reimbursed value per pack, referring 
to the publicly available Positive Drug List, January 2021. 
The routine monitoring costs, costs for complications and 
visits were estimated based on the monitoring require-
ments specified in the pharmacotherapy guidelines and 
corresponding prices, specified in the National Frame-
work Agreement for 2020–2022 (Clinical paths, CP № 
078.1, 192, 088.1) (Tables 1, 2). The probabilities for com-
plications in type 2 diabetes are extracted from published 
research by Lin et al. 2021 (Lin et al. 2021).

Effectiveness measurement

The results of the cost-effectiveness analyses are expressed 
for a 2.8-year time horizon in accordance with the design 
of Knowler et al. study. The incremental cost-effectiveness 
ratio (ICER) represents the ratio of the incremental costs 
over the number of diabetes cases averted. Effectiveness 
data were based on Knowler et al. study where the inci-
dence of diabetes with the metformin intervention was 

reduced by 31% (95 percent confidence interval, 17 to 43 
percent), as compared with placebo. We used the informal 
Bulgarian willingness-to-pay (WTP) threshold related 
to the WHO CHOICE model based on the GDP/capita 
(GDP/capita for Bulgaria = 17 170 BGN for 2019) (Na-
tional Statistical Institute 2022).

Table 1. Resources used for monitoring and respective costs.

Strategies for diabetes monitoring paid by NHIF Costs, 
BGN

Diagnostics and treatment of decompensated type 2 diabetes 
in adults over 18 ys

702.00

Chemical examination of urine (pH, protein, bilirubin, 
urobilinogen, glucose, ketons, urine specific gravity, nitrites, 
white and red blood cells)

1.10

Blood glucose profile 4.50
Glycated hemoglobin 11.00
ASAT 1.50
ALAT 1.50
Alkaline phosphatase (ALP) 1.70
Sodium and kalium 3.40
Lipid profile test (including total cholesterol, LDL, HDL, 
triglycerides)

5.00

Gamma-glutamyl transferase (GGT) test 1.70
Oral Glucose Tolerance Test (OGTT) 4.70
Prophylaxis examination in adults over 18 ys with high-risk 
factors for development of diabetes

12.00

Specialized medical examination within dispencary 
observation for patients with one or more chronic diseases

12.50

Primary specilized examination within dispensary observation 23.00
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Utility

Utilities values for every stage (normoglycemia, prediabe-
tes, diabetes and death) in the model were obtained from 
the literature as it was stated above and in Table 3.

Structure of the model

We modeled diabetes disease progression in order to es-
timate cost-effectiveness of treatment interventions in pa-
tients with prediabetes in Bulgaria. A Markov model was 
developed in Microsoft Excel (Fig. 1) for both scenarios - 
with and without metformin for patients with prediabetes. 
We assumed a lifelong lifetime horizon as the perspective 
is the perspective of National Health Insurance Fund. In 
the Markov model, we used an annual cycle to model the 
progression of diabetes. In the model, prediabetes patients 
can be treated with Metformin once prediabetes is detected 
by screening or diagnosed by symptoms. All probabilities 
used are presented in Tables 4, 5. The costs and outcomes 
were presented in discounted and undiscounted values 

as the discounting rate is 3.5% for both according to the 
requirements in the HTA guideline for the Bulgarian set-
tings (Ordinance on prices in Bulgaria 2013).

Sensitivity analysis

One-way deterministic sensitivity analyses (Tornado Di-
agram) were conducted for the costeffectiveness analysis 
to test the robustness of the results. The costs were varied 
within a ±5%, ±15% and ±30% intervals, the effectiveness 
- within a ±5% interval and ICER were recalculated.

Assumptions

The assumptions are related mainly with the transition 
probabilities obtained from the literature (Time to Act 
Now for Prediabetes 2020) and precalculated for some of 
the transitions shown in Tables 4, 5. No information for 
transition from diabetes to normoglycemia was found and 
it was assumed as 0.

Figure 1. Structure of the model.

Table 2. Resources used for complications management and 
respective costs.

Reimbursed 
interventions for 

complications

Cost of 1 
CP for 1 pt 
in 1 year, 

BGN

Probability of 
complications 

onset within 15 
years period

Weighted average 
cost of the 

complications, 
BGN

Surgical intervention 
in diabetic foot 
without vascular 
reconstructions

1 230.00 0.01 12.30

Diagnostic and 
treatment of chronic 
renal failure in adults 
over 18 ys

460.00 0.181 83.26

Table 3. Utilities values used in the model.

State Normoglycemia Prediabetes Diabetes Death
Utilities values 0.768 0.738 0.745 0

Table 4. Transition probabilities for the first scenario – inter-
vention with Metformin.

Normoglycemia Diabetes** Prediabetes** Death*
Normoglycemia 0.5318 0.0072 0.45 0.011
Diabetes** 0 0.895 0.075 0.03
Prediabetes** 0.01713 0.0432 0.93267 0.007
Death* 0 0 0 1

* Tachkov et al. 2019; ** Bоrissova A-M et al. 2012.

Table 5. Transition probabilities for the second scenario – “do 
nothing” approach.

Normoglycemia Diabetes** Prediabetes** Death*
Normoglycemia 0.5318 0.0072 0.45 0.011
Diabetes** 0 0.895 0.075 0.03
Prediabetes** 0.015 0.075 0.903 0.007
Death* 0 0 0 1

* Tachkov et al. 2019; ** Bоrissova A-M et al. 2012.
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Results
Cost-effectiveness analysis

The cost-effectiveness analysis performed compares the 
current “do nothing” approach with the metformin calcu-
lated for a period of 2.8 years based on the approach in the 
Diabetes Prevention Program Research Group study and 
the analysis considers the metformin treatment is used for 
the same period.

The Incremental Cost-effectiveness ratio (ICER) of the 
metformin intervention in prediabetes patients compared 
with “do nothing” routine shows that metformin treat-
ment produced more health benefits (number of prevent-
ed diabetes cases) on a lower cost for the public payer. The 
ICER calculated is -7,122.32 BGN per number of prevent-
ed diabetes cases and it confirms costsavings are possible 
when metformin is applied compared with the “do noth-
ing” approach (Table 6).

The Metformin intervention is the less costly and the more 
effective alternative versus the “do nothing” scenario. It is the 
dominant alternative and the ICER value is in the 4th quad-
rant of the Cost-effectiveness acceptability curve (Fig. 2).

The result of the one-way deterministic sensitivi-
ty analysis (Tornado Diagram) is shown on Fig. 3. The 

variation of the costs and the effectiveness impacts the 
ICERs but constantly confirms the investment in care 
and treatment of the patients with prediabetes will pays 
off with future savings and better health outcomes for the 
protected patients.

Cost-utility analysis

The Markov model simulation confirms the interven-
tion with metformin is the dominant alternative in long-
term vs the current “do nothing” routine - less costly 
and leads to higher QALY. The cost-utility analysis of 
the costs and QALYs gained was performed and it shows 
a cost-saving potential with an ICUR = -1,909.93 BGN 
per QALY gained. If we apply 3.5% discount rate for 
both the costs and the QALYs, the ICUR = -2,349.77 
BGN (Table 7 and Fig. 4).

Table 6. Cost-effectiveness analysis.

Intervention Cost*, 
BGN

Effectiveness ** ∆C, BGN ∆E ICER, 
BGN

Metformin 259,329 310
Do nothing 2,467,248 0 -2,207,919 310 -7,122.32

* Cost for 1000 adults for 2.8 years; ** number of prevented diabetes cases.

Figure 2. Cost-effectiveness diagram.
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Discussion

The presented pharmacoeconomic evaluation is the first 
of its kind from the perspective of the public fund in Bul-
garia. It aims to analyze the economic effect of preventive 
strategies among patients with prediabetes in the coun-
try considering a hypothetical cohort of individuals. The 
study was inspired by the significant economic and social 
burden of diabetes classified as a socially significant dis-
ease. Undoubtedly, diabetes is a disease for which a special 
medical care is considered in Bulgaria such as education 
about the disease, interpretation of clinical results, com-
plex assessment of the status of patient with diabetic foot 
syndrome and neuropathy, anthropometric assessment of 
the obesity, interpretation of osteodensitometry, glucose 
levels measurement, consultation with specialist for the 
high-risk adults, results’ assessment within the medical 
examination of the patients with type 2 diabetes. More-
over, it is recognized as a socially significant disease but 
there is an unmet need for an early preventive action. 
However, prediabetes treatment is not publicly financed 
despite it is a significant risk factor for diabetes develop-
ment at a later stage. The preventive change in the lifestyle 
and the treatment with metformin in patients with predi-
abetes leads to reducing of the onset of type 2 diabetes and 
its complications. The results from our study, presenting a 
hypothetical cohort of patients, Highlight the importance 
and costeffectiveness of these preventive interventions for 
prediabetes payed with public money. Despite the lack of 
nationally based data, which could be defined as a strong 
limitation of the current study, the results are quite similar 
with the published literature. Moreover, the model could 
be deemed as a validated one and be used further. They 
are many studies available, which explore the potential 

of the preventive interventions to bring savings of the 
public sources. The DPP Research Group study in 2012 
concluded that over 10 years, from a payer perspective, 
lifestyle was cost-effective and metformin was marginally 
cost saving compared with placebo. Investment in lifestyle 
and metformin interventions for diabetes prevention in 
high-risk adults provides good value for the money spent 
(Diabetes Prevention Program Research Group 2013). An 
IDF report from 2016 compared the cost per Quality Of 
Life Year (QALY) gained from comprehensive lifestyle 
programs to prevent type 2 diabetes from a health system 
perspective (International Diabetes Federation 2016).

Despite not being as effective as lifestyle intervention, 
metformin has been proven to be effective in the primary 
prevention of type 2 diabetes (Knowler et al. 2002). This 
combined with the relative low cost of metformin, opens 
interesting opportunities in terms of cost-effectiveness 
and cost-savings.

In 2018, Roberts et al. focused their efforts to exam-
ine the costs and effects of different intensity lifestyle pro-
grams and metformin in participants with different cat-
egories of intermediate hyperglycemia. The results show 
Low-intensity lifestyle programs were the most cost-effec-
tive (£44/QALY, £195/QALY and £186/ QALY compared 
to no intervention in IGT, IFG and HbA1c, respectively). 
Intensive lifestyle interventions were also cost-effective 
compared to no intervention (£2775/QALY, £6820/QALY 
and £7376/QALY, respectively, in IGT, IFG and HbA1c). 
Metformin was cost-effective relative to no intervention 
(£5224/QALY, £6842/QALY and £372/QALY in IGT, IFG 
and HbA1c, respectively), but was only cost-effective rel-
ative to other treatments in participants identified with 
HbA1c. An England-wide program for 50–59 year olds 
could reduce type 2 diabetes incidence by <3.5% over 50 
years and would cost 0.2–5.2% of the current diabetes 
budget for 2–9 years (Roberts et al. 2018). Based on the 
UK preventive program results, there is an identified need 
of a primary preventive program in Bulgaria to be created 
to promote and support the life-style changes in the high-
risk population reported with the highest ICER.

Table 7. Cost-utility analysis.

Intervention SUM Costs SUM QALY ∆C, BGN ∆E ICUR, BGN
Metformin 3,913,460 13,490
Do nothing 4,805,672 13,111 -892,213 380 -2,349.77

Figure 4. Cost-utility diagram.
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In 2014, a case report based on an information about Di-
abetic care NPO, Burgas shows the results from a program 
at a regional level focused on providing care for adult peo-
ple with multimorbidity. Country experts in 31 European 
countries identified programs at a national, regional or local 
level. Programs had to comprise a formalized cooperation 
between two or more services, of which at least one medical 
service; and they had to be evaluated - or had an evaluation 
planned - in some way. The cost savings for local care pro-
viders amounted to about 1.2 million BGN (more than 600 
000 Euros). Savings are calculated using the price paid to 
hospitals by the National Health Insurance Fund per am-
putation, per price of device (e.g. wheelchair) and per pay-
ment for a social assistant (ICARE4EU case report 2015).

To the best of our knowledge, no other studies on the 
cost-effectiveness assessment of a therapeutic interven-
tion in prediabetes patients in Bulgaria are available. The 
reason probably is the lack of preventive programs and 
payment of the treatment intervention. The analysis still 
can be very valuable for the decision makers because it 
compares the public direct costs and outcomes for the 
current routine vs the related cost and outcomes of the 
possible metformin intervention that is affordable and 
easily can be applied. Considering the perspective, only 
direct medical costs were included in the model. A broad 
society-based perspective would distinguish the whole set 
of benefits brought by the existing preventive strategies for 

diabetes. Additional research considering local epidemi-
ological and individual level health-utility data as well as 
broader perspective needs to be performed to find out the 
possible indirect non-medical costs generated by the mor-
bidity, invalidity and productivity losses associated long-
term with the complications of diabetes.

Conclusions

The investment in an intervention with metformin offers an 
excellent value for money. The ICER of the metformin inter-
vention in prediabetes patients compared with “do nothing” 
routine shows that metformin intervention produced more 
health benefits on a lower cost for the public payer in Bul-
garia. For a more complete study of the profitability of pre-
ventive actions in prediabetes, a methodologically-substan-
tiated program for early diagnosis, timely correction and 
monitoring of prediabetes in Bulgaria should be developed.

Funding

This study is financed by the European Union-NextGen-
erationEU, through the National Recovery and Resilience 
Plan of the Republic of Bulgaria, project № BG-RRP-
2.004-0004-C01“.

References
American Diabetes Association (2018) Economic costs of diabetes in 

the U.S. in 2017. Diabetes Care 41: 917–928. https://doi.org/10.2337/
dci18-0007

Barry E, Roberts S, Oke J, Vijayaraghavan S, Normansell R, Greenhal-
gh T (2017) Efficacy and effectiveness of screen and treat policies in 
prevention of type 2 diabetes: systematic review and meta-analysis of 
screening tests and interventions. BMJ 2017: 356[i6538]. https://doi.
org/10.1136/bmj.i6538

Bertram MY, Lim SS, Barendregt JJ, Vos T (2010) Assessing the cost-ef-
fectiveness of drug and lifestyle intervention following opportunistic 
screening for pre-diabetes in primary care. Diabetologia 53(5): 875–
881. https://doi.org/10.1007/s00125-010-1661-8

Bоrissova A-M, Shinkov A, Vlahov I, Dakovska L, Blajeva E, Todorov T 
(2012) Prevalence of diabetes mellitus and prediabetes in Bulgaria 
today. Endocrinologia Jornal 4: 182–192. [Article in Bulgarian]

Bureau of Economic Analysis (2017) Gross Domestic Product, 4th Quar-
ter and Annual 2017 (Advance Estimate). Washington, DC, Depart-
ment of Commerce, 2018.

Dall TM, Yang W, Gillespie K, Mocarski M, Byrne E, Cintina I, Beronja 
K, Semilla AP, Iacobucci W, Hogan PF (2019) The economic burden 
of elevated blood glucose levels in 2017: Diagnosed and undiagnosed 
diabetes, gestational diabetes mellitus, and prediabetes. Diabetes 
Care 42(9): 1661–1668. https://doi.org/10.2337/dc18-1226

Davies MJ, Tringham JR, Troughton J, Khunti KK (2004) Prevention 
of type 2 diabetes mellitus. A review of the evidence and its appli-
cation in a UK setting. Diabetic Medicine 21: 403–414. https://doi.
org/10.1111/j.1464-5491.2004.01176.x

DeJesus RS, Breitkopf CR, Rutten LJ, Jacobson DJ, Wilson PM, Sauver JS 
(2017) Incidence rate of prediabetes progression to diabetes: Mod-
eling an optimum target group for intervention. Population Health 
Management 20(3): 216–223. https://doi.org/10.1089/pop.2016.0067

Diabetes Prevention Program Research Group (2013) The 10-year 
cost-effectiveness of lifestyle intervention or metformin for diabetes 
prevention: an intent-to-treat analysis of the DPP/DPPOS [published 
correction appears in Diabetes Care. Diabetes Care 35(4): 723–730. 
https://doi.org/10.2337/dc11-1468

Forouhi NG, Luan J, Hennings S, Wareham NJ (2007) Incidence of Type 
2 diabetes in England and its association with baseline impaired 
fasting glucose: the Ely study 1990–2000. Diabetic Medicine 24(2): 
200–207. https://doi.org/10.1111/j.1464-5491.2007.02068.x

Gerstein HC, Santaguida P, Raina P, Morrison KM, Balion C, Hunt D, 
Yazdi H, Booker L (2007) Annual incidence and relative risk of dia-
betes in people with various categories of dysglycemia: a systematic 
overview and meta-analysis of prospective studies. Diabetes Research 
and Clinical Practice 78(3): 305–312. https://doi.org/10.1016/j.dia-
bres.2007.05.004

Gerstein HC, Yusuf S, Bosch J, Pogue J, Sheridan P, Dinccag N, Hanefeld 
M, Hoogwerf B, Laakso M, Mohan V, Shaw J, Zinman B, Holman RR 
(2006) Effect of rosiglitazone on the frequency of diabetes in patients 
with impaired glucose tolerance or impaired fasting glucose: a ran-
domised controlled trial. Lancet 368(9541): 1096–1105. https://doi.
org/10.1016/S0140-6736(06)69420-8

Heianza Y, Hara S, Arase Y, Saito K, Fujiwara K, Tsuji H, Kodama S, 
Hsieh SD, Mori Y, Shimano H, Yamada N, Kosaka K, Sone H (2011) 

https://doi.org/10.2337/dci18-0007
https://doi.org/10.2337/dci18-0007
https://doi.org/10.1136/bmj.i6538
https://doi.org/10.1136/bmj.i6538
https://doi.org/10.1007/s00125-010-1661-8
https://doi.org/10.2337/dc18-1226
https://doi.org/10.1111/j.1464-5491.2004.01176.x
https://doi.org/10.1111/j.1464-5491.2004.01176.x
https://doi.org/10.1089/pop.2016.0067
https://doi.org/10.2337/dc11-1468
https://doi.org/10.1111/j.1464-5491.2007.02068.x
https://doi.org/10.1016/j.diabres.2007.05.004
https://doi.org/10.1016/j.diabres.2007.05.004
https://doi.org/10.1016/S0140-6736(06)69420-8
https://doi.org/10.1016/S0140-6736(06)69420-8


Yordanova S et al.: Cost-effectiveness of metformin816

HbA1c 5·7-6·4% and impaired fasting plasma glucose for diagnosis 
of prediabetes and risk of progression to diabetes in Japan (TOPICS 
3): a longitudinal cohort study. Lancet 378(9786): 147–155. https://
doi.org/10.1016/S0140-6736(11)60472-8

IDF Diabetes Atlas (2021) IDF Diabetes Atlas, 10th edn. https://diabe-
tesatlas.org/idfawp/resourcefiles/2021/07/IDF_Atlas_10th_Edi-
tion_2021.pdf

International Diabetes Federation (2016) Cost-effective solutions for 
the prevention of type 2 diabetes. International Diabetes Federation, 
Brussels, Belgium. https://idf.org/aboutdiabetes/resources/

Kim YA, Ku EJ, Khang AR, Hong ES, Kim KM, Moon JH, Choi SH, Park 
KS, Jang HC, Lim S (2014) Role of various indices derived from an 
oral glucose tolerance test in the prediction of conversion from pre-
diabetes to type 2 diabetes. Diabetes Research and Clinical Practice 
106(2): 351–359. https://doi.org/10.1016/j.diabres.2014.08.014

Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, 
Walker EA, Nathan DM, Diabetes Prevention Program Research 
Group (2002) Reduction in the incidence of type 2 diabetes with life-
style intervention or metformin. The New England Journal of Medi-
cine 346(6): 393–403. https://doi.org/10.1056/NEJMoa012512

Knowler WC, Fowler SE, Hamman RF, Christophi CA, Hoffman HJ, 
Brenneman AT, BrownFriday JO, Goldberg R, Venditti E, Nathan DM 
(2009) 10-year follow-up of diabetes incidence and weight loss in the 
Diabetes Prevention Program Outcomes Study. Lancet 374(9702): 
1677–1686. https://doi.org/10.1016/S0140-6736(09)61457-4

Li G, Zhang P, Wang J, Gregg EW, Yang W, Gong Q, Li H, Li H, Jiang Y, 
An Y, Shuai Y, Zhang B, Zhang J, Thompson TJ, Gerzoff RB, Roglic 
G, Hu Y, Bennett PH (2008) The long-term effect of lifestyle inter-
ventions to prevent diabetes in the China Da Qing Diabetes Preven-
tion Study: a 20-year follow-up study. Lancet 371(9626): 1783–1789. 
https://doi.org/10.1016/S0140-6736(08)60766-7

Lin M-Y, Liu J-S, Huang T-Y, Wu P-H, Chiu Y-W, Kang Y, Hsu C-C, 
Hwang S-J, Luh H (2021) Data analysis of the risks of type 2 diabetes 
mellitus complications before death using a datadriven modelling ap-
proach: Methodologies and Challenges in prolonged diseases. Infor-
mation 12(8): 326. https://doi.org/10.3390/info12080326

Lindström J, Louheranta A, Mannelin M, Rastas M, Salminen V, Eriks-
son J, Uusitupa M, Tuomilehto J, Finnish Diabetes Prevention Study 
Group (2003) The Finnish Diabetes Prevention Study (DPS): Lifestyle 
intervention and 3-year results on diet and physical activity. Diabetes 
Care 26(12): 3230–3236. https://doi.org/10.2337/diacare.26.12.3230

Nathan DM, Davidson MB, DeFronzo RA, Heine RJ, Henry RR, Prat-
ley R, Zinman B (2007) Impaired fasting glucose and impaired glu-
cose tolerance: implications for care. Diabetes Care 30(3): 753–759. 
https://doi.org/10.2337/dc07-9920

National Statistical Institute (2022) GDP. National Statistical Institute, 
Bulgaria. https://www.nsi.bg/en/content/2328/gdp

Neumann A, Schoffer O, Norström F, Norberg M, Klug SJ, Lindholm L 
(2014) Health-related quality of life for pre-diabetic states and type 2 di-
abetes mellitus: a cross-sectional study in Västerbotten Sweden. Health 
Qual Life Outcomes 12: 150. https://doi.org/10.1186/s12955-014-0150-z

Ordinance on prices in Bulgaria (2013) Ordinance on terms, rules and 
procedure for regulation and registration of prices for medicinal 
products, Effective 30 April 2013. Adopted by Council of Ministers 
Decree No 97 of 19 April 2013, 60 pp. https://www.ncpr.bg/images/
REGULATIONS/2020/NUPRRRCLP_EN.pdf

Ramachandran A, Snehalatha C, Mary S, Mukesh B, Bhaskar AD, Vijay 
V, Indian Diabetes Prevention Programme (IDPP) (2006) The Indian 
Diabetes Prevention Programme shows that lifestyle modification 
and metformin prevent type 2 diabetes in Asian Indian subjects with 
impaired glucose tolerance (IDPP-1). Diabetologia 49(2): 289–297. 
https://doi.org/10.1007/s00125-005-0097-z

Roberts S, Craig D, Adler A, McPherson K, Greenhalgh T (2018) Eco-
nomic evaluation of type 2 diabetes prevention programmes: Mar-
kov model of low- and high-intensity lifestyle programmes and 
metformin in participants with different categories of intermediate 
hyperglycaemia. BMC Medicine 16(1): 16. https://doi.org/10.1186/
s12916-017-0984-4

Struckmann V, Barbabella F, Dimova A, van Ginneken E (2015) ICA-
RE4EU case report Regional non-profit organisation (NPO) “Dia-
betic care” Burgas, Bulgaria. http://www.icare4eu.org/pdf/Diabet-
ic_Care_Burgas_programme_Case%20Report.pdf

Tabak AG, Herder C, Rathmann W, Brunner EJ, Kivimaki M (2012) 
Prediabetes: a high-risk state for diabetes development. Lancet 379: 
2279–2290. https://doi.org/10.1016/S0140-6736(12)60283-9

Tachkov K, Mitov K, Koleva Y, Mitkova Z, Kamusheva M, Dimitrova M, 
Petkova V, Savova A, Doneva M, Tcarukciev D, Valov V, Angelova G, 
Manova M, Petrova G (2020) Life expectancy and survival analysis 
of patients with diabetes compared to the non diabetic population in 
Bulgaria. PLoS ONE 15(5): e0232815. https://doi.org/10.1371/jour-
nal.pone.0232815

Tachkov K, Mitov K, Mitkova Z, Kamusheva M, Dimitrova M, Petkova 
V, Savova A, Doneva M, Tcarukciev D, Valov V, Angelova G, Manova 
M, Petrova G (2019) Improved quality of diabetes control reduces 
complication costs in Bulgaria, Biotechnology & Biotechnological 
Equipment 33(1): 814–820. https://doi.org/10.1080/13102818.2019.
1604160

Time to Act Now for Prediabetes (2020) Time to Act Now for Prediabe-
tes The Economic Burden in Six Emerging Markets. The Economist 
Intelligence Unit Limited 2020. https://www.eiu.com/n/campaigns/
time-to-act-nowfor-prediabetes/?linkId=100000012187689

Torgerson JS, Hauptman J, Boldrin MN, Sjöström L (2004) XENical in 
the prevention of diabetes in obese subjects (XENDOS) study: a ran-
domized study of orlistat as an adjunct to lifestyle changes for the 
prevention of type 2 diabetes in obese patients. Diabetes Care 27(1): 
155–161. https://doi.org/10.2337/diacare.27.1.155

Tuomilehto J, Lindström J, Eriksson JG, Valle TT, Hämäläinen H, 
Ilanne-Parikka P, Keinänen-Kiukaanniemi S, Laakso M, Louheranta 
A, Rastas M, Salminen V, Uusitupa M, Finnish Diabetes Prevention 
Study Group (2001) Prevention of type 2 diabetes mellitus by chang-
es in lifestyle among subjects with impaired glucose tolerance. The 
New England Journal of Medicine 344(18): 1343–1350. https://doi.
org/10.1056/NEJM200105033441801

Yeboah J, Bertoni AG, Herrington DM, Post WS, Burke GL (2011) Im-
paired fasting glucose and the risk of incident diabetes mellitus and 
cardiovascular events in an adult population: MESA (Multi-Ethnic 
Study of Atherosclerosis). Journal of the American College of Cardi-
ology 58(2): 140–146. https://doi.org/10.1016/j.jacc.2011.03.025

Zhang X, Gregg EW, Williamson DF, Barker LE, Thomas W, Bullard KM, 
Imperatore G, Williams DE, Albright AL (2010) A1C level and future 
risk of diabetes: a systematic review. Diabetes Care 33(7): 1665–1673. 
https://doi.org/10.2337/dc09-1939

https://doi.org/10.1016/S0140-6736(11)60472-8
https://doi.org/10.1016/S0140-6736(11)60472-8
https://diabetesatlas.org/idfawp/resourcefiles/2021/07/IDF_Atlas_10th_Edition_2021.pdf
https://diabetesatlas.org/idfawp/resourcefiles/2021/07/IDF_Atlas_10th_Edition_2021.pdf
https://diabetesatlas.org/idfawp/resourcefiles/2021/07/IDF_Atlas_10th_Edition_2021.pdf
https://idf.org/aboutdiabetes/resources/
https://doi.org/10.1016/j.diabres.2014.08.014
https://doi.org/10.1056/NEJMoa012512
https://doi.org/10.1016/S0140-6736(09)61457-4
https://doi.org/10.1016/S0140-6736(08)60766-7
https://doi.org/10.3390/info12080326
https://doi.org/10.2337/diacare.26.12.3230
https://doi.org/10.2337/dc07-9920
https://www.nsi.bg/en/content/2328/gdp
https://doi.org/10.1186/s12955-014-0150-z
https://www.ncpr.bg/images/REGULATIONS/2020/NUPRRRCLP_EN.pdf
https://www.ncpr.bg/images/REGULATIONS/2020/NUPRRRCLP_EN.pdf
https://doi.org/10.1007/s00125-005-0097-z
https://doi.org/10.1186/s12916-017-0984-4
https://doi.org/10.1186/s12916-017-0984-4
http://www.icare4eu.org/pdf/Diabetic_Care_Burgas_programme_Case%20Report.pdf
http://www.icare4eu.org/pdf/Diabetic_Care_Burgas_programme_Case%20Report.pdf
https://doi.org/10.1016/S0140-6736(12)60283-9
https://doi.org/10.1371/journal.pone.0232815
https://doi.org/10.1371/journal.pone.0232815
https://doi.org/10.1080/13102818.2019.1604160
https://doi.org/10.1080/13102818.2019.1604160
https://www.eiu.com/n/campaigns/time-to-act-nowfor-prediabetes/?linkId=100000012187689
https://www.eiu.com/n/campaigns/time-to-act-nowfor-prediabetes/?linkId=100000012187689
https://doi.org/10.2337/diacare.27.1.155
https://doi.org/10.1056/NEJM200105033441801
https://doi.org/10.1056/NEJM200105033441801
https://doi.org/10.1016/j.jacc.2011.03.025
https://doi.org/10.2337/dc09-1939

	Cost-effectiveness of treatment intervention in prediabetic patients in Bulgaria
	Abstract
	Introduction
	Progression from prediabetes to diabetes
	Reversion to normoglycaemia
	The health and economic burden of prediabetes
	Transition rate from prediabetes to diabetes
	Cost-saving potential of preventive interventions

	Methods and materials
	Measurement of service used and costs
	Effectiveness measurement
	Utility
	Structure of the model
	Sensitivity analysis
	Assumptions

	Results
	Cost-effectiveness analysis
	Cost-utility analysis

	Discussion
	Conclusions
	Funding
	References

