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Abstract
Introduction: Structured diabetes care programs in Argentina are scarce and do not inform about their cost using 

micro costing techniques. 

Aim: To estimate the incremental costs of a health care program for type 2 diabetes without complications 
implemented at sub-national level in Argentina during 2005.

Methods: United Kingdom Prospective Diabetes Study and Latin American Diabetes Association guidelines were 
used to identify which resources should be part of a diabetes program to implement in two Argentinean provinces – 
Córdoba and Misiones – with high and low socioeconomic characteristics, respectively. A micro costing approach was 
used to estimate costs from the perspective of a public health payer, taking a province without diabetes program as 
a comparative scenario. Probabilistic sensitivity analysis following Monte Carlo simulation was used to determine the 
number of visits and practices, probability of insulin treatment, combination therapy for hypertension, annual number 
of test strips and unit cost of all resources used.

Results: The main component of the annual incremental cost per patient in both provinces was self-monitoring 
blood glucose (~50%), followed by treatment of diabetes, dyslipidemia and hypertension. The lowest cost 
corresponded to human resources (<5%). The annual incremental cost per patient was 32% higher in Córdoba due to 
the pharmacological treatment of diabetes (> 90%).

Discussion: This study provides original evidence for Argentina that could facilitate the development and further 
evaluation of diabetes programs and resource use optimization in the public health care subsector in other provinces/
countries with comparable socioeconomic and health care settings.
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What Gap This Fills
What we already know

International reports show that an important economic investment 
is required for the implementation of diabetes care programs. However, 
data on such cost are not available in Argentina.

What this study adds

This first evaluation of the cost of implementing an ideal diabetes 
care program in Argentina at subnational level shows a marked 
heterogeneity in the relative economic weight of the different program 
components and also among provinces, being self-monitoring blood 
glucose the main determinant of the total cost. It is thus reasonable to 
implement precise guidelines together with a program, for its rational 
use according to the type of treatment and HbA1c target goals.   

Introduction
The continuously increasing prevalence of diabetes worldwide 

and of the associated invalidating complications in people with poor 
disease control represent a serious problem for health care systems 
and for society [1,2]. This situation can be alleviated through the 
implementation of structured health care programs for diabetes and 
its associated cardiovascular risk factors, that facilitate patient access to 
appropriate care and treatment.3 However, the effective implementation 
of such programs at public health care level requires sufficient scientific 
knowledge an data on their economic costs.

In Argentina, diabetes prevalence in the adult population increased 

from 8.4% in 2005 to 9.6% in 2009 [4]. Moreover, most people with 
diabetes have poor control of hyperglycemia and the associated 
cardiovascular risk factors [5] and present chronic complications [6] 
these facts negatively impact upon costs of care [7] and productivity 
[8]. 

Argentina has a federal organization with 24 subnational 
governments, in which the health care system comprises three 
subsystems: 1) the public health care system, 2) the social security 
system, and 3) the pre-paid health care subsector. To cope with the 
care demand, almost all the Argentinean provinces have implemented 
diabetes programs with different degree of treatment provision/
coverage. Their general objectives are in line with those formulated at 
national level: prevention, promotion, training, health care coverage, 
and provision of drugs and supplies for control and treatment. 

Data on the economic cost of these programs are unavailable or 
difficult to obtain, mainly due to non-existent, incomplete or deficient 
registries. This fact represents a serious constraint to achieving 
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program sustainability and resource use optimization/allocation, and 
to developing new effective diabetes programs. To overcome this 
situation, we estimated the incremental health care costs of two ideal 
provincial programs for the treatment of people with type 2 diabetes 
(T2DM) without complications for the year 2005. 

Córdoba and Misiones were selected as representative provinces 
from two Argentinean Regions: Pampean and Northeast, respectively. 
Selection criteria based on the following: 1) the Pampean and Northeast 
Regions have the lowest and highest percentage of people with 
unsatisfied basic needs, respectively; 2) the Northeast Region has the 
lowest activity and employment rates, whereas the Pampean Region 
has the highest [9] and 3) the percentage of people covered only by the 
public health care system is 35% and 49% for Córdoba and Misiones, 
respectively (First National Risk Factor Survey). Additionally, 
inclusion of provinces with such uneven socioeconomic profiles would 
allow the potential application of the conclusions obtained to other 
provinces or countries with comparable socioeconomic and health care 
settings, enabling them to estimate the health care costs of a program 
based on diabetes prevention, treatment and control, as proposed by 
international good practice guidelines. 

Methods
Resource identification for total and incremental cost estimation 

[10,11] based on the Latin American Diabetes Association Guidelines 
for the Management of T2Dm, [12] the UKPDS resource utilization, 
[13] and the technical report of the CDC Diabetes Cost-effectiveness 
Group [14]. Incremental cost analysis was performed using a null 
scenario without diabetes program. 

Three groups of resources were used for cost analysis: human 
resources, practices and drugs. Unit costs for drugs, practices, supplies 
and administrative salaries (human resources) were provided by the 
provinces of Córdoba and Misiones. 

Physician cost resulted from the combination of mean duration of 
a consultation, annual number of consultations, and fee per hour.

Administrative costs resulted from work hours (45 h/week) and 
salary per hour in both provinces. Cost per patient in both provinces 
was calculated considering the total number of people with diabetes 
covered by the Córdoba Diabetes Program in 2005 (Misiones had no 
Diabetes Program at that time), equivalent to 18% of the provincial 
population without medical coverage [15]. 

The cost of practices and tests was estimated multiplying the 
proposed number per year by the unit cost informed by each province 
(Table 1). Figures were equal to those used in the UKPDS [13] and the 
ALAD guidelines, [12] validated and adjusted after expert opinion 
consultation. Unit costs were those of the public sector for 2005 in 
Córdoba and 2009 in Misiones; prices were not deflated assuming a 
fixed-price by contract. The unit costs for micro albuminuria and 
stress test were obtained from the provincial social securities of both 
provinces.

Drug costs were calculated considering daily doses, annual 
consumption, probability of use and unit cost from provincial and 
social security drug purchases for 2005. The cost of therapy for diabetes 
and hypertension (monotherapy and combined therapy) was weighed 
to obtain an expected cost for a specific pharmacological treatment, 
namely, diabetes, hypertension/ dyslipemia, and self-monitoring 
blood glucose (SMBG). The probability of use of each pharmacological 
treatment was applied to weigh several treatment options; probabilities 

were obtained from the Argentinean Qualidiab registry [6] provincial 
records (personal communications) and expert opinion according to 
daily care and good practice guidelines.

Diabetes treatment cost was also estimated as a probability-weighted 
average of use of monotherapy with oral agents (glibenclamide or 
metformin), monotherapy with insulin (human, regular or NPH), and 
combined therapy with oral agents. The same methodology was applied 
for hypertension, but with a larger number of drugs (atenolol, enalapril, 
amlodipine and hydrochlorothiazide), thus allowing to average two 
alternative combination therapies with 2 or 3 drugs. The treatment 
proposed for dyslipemia was based only in the use of atorvastatin.

Costs for SMBG were estimated considering a weighted product 
between the proposed number of test strips (treated or not with insulin) 
and the corresponding unit cost. The proposed number of test strips 
was similar to the one used in the UKPDS and validated by the authors 
with local patterns of consumption. The cost of lancets was calculated 
with values from Córdoba for both provinces. 

We performed a probabilistic sensitivity analysis using Monte 
Carlo technique with 10,000 iterations. The variables included in the 
analysis were number of annual visits, salary per hour, number of 
annual practices, unit cost of each practice, unit cost of each drug, 
probability of insulin use and of combined therapy with two drugs for 
hypertension; mean weight (a diabetic population with higher weight 
will need a larger number of insulin units/day; this information was 
necessary to determine the number of insulin units as a function of 
the dose proposed [0.6 IU/kg/day]); number of annual strips (SMBG 
is more frequent in people treated with insulin, therefore, annual strip 
consumption is higher); unit cost of supplies for SMBG (lancets and 
strips).

The probability of insulin use was considered a pivotal input under 
a beta distribution; this input was related to the chances of having other 
treatments, such as oral antidiabetic drugs (monotherapy vs. combined 
therapy). For the probability of being treated for hypertension with two 
drugs, the same assumption was used, i.e., a pivotal input under a beta 
distribution to reflect the relationship with the chances of being treated 
differently.  

Results
The incremental annual health care cost per patient (deterministic 

terms) was AR$ 1,503 and AR$ 1,141 for Córdoba and Misiones, 
respectively. The absolute difference between provinces (stochastic 
terms) adjusted to a normal distribution (AR$ 344 ± 135) was slightly 
lower than that recorded with the deterministic model. 

Table 1 shows the annual frequency of practices and tests and table 
2 show the cost of the proposed ambulatory treatment in each province, 
as recommended by the ALAD and other international guidelines to 
control hyperglycemia and the associated cardiovascular risk factors in 
people with T2DM.

Table 2 shows the annual health care costs per patient of the 
two provincial programs. In both provinces, SMBG was the main 
component of this cost (about 50% of the total), followed by the 
pharmacological treatment of diabetes, dyslipidemia and hypertension. 
Conversely, human resources only represented <5% of the expected 
annual incremental cost per patient.

The total cost of the program in Córdoba was 32% higher than in 
Misiones; such difference was not homogeneously distributed among 
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its different components; in general, differences were higher for 
Córdoba, excepting practices, whose costs were higher in Misiones. 
Since physical units (quantities and rates) were the same for both 
provinces, the mentioned differences might be ascribed to an uneven 
cost per unit. In fact, the unit cost of glibenclamide, metformin and 
insulin was 179%, 64% and 146% higher in Córdoba than in Misiones. 
Similar differences were reported for the pharmacological treatment 
of associated cardiovascular risk factors. In the case of diabetes SMBG, 
the unit cost of strips (48% higher in Córdoba) was the only source of 
variation. Regarding the unit cost of human resources, each province 
determined the gross monthly salary throughout the annual budget. 

Finally, although differences in the aggregate cost of practices 
and studies were not quantitatively important, they were relevant for 
microalbuminuria (582% higher in Misiones) and lipid profile (50% 
higher in Córdoba). In the case of microalbuminuria, the difference 
could be due to the fact that the only available information in Misiones 
came from the provincial social security, where costs are commonly 
higher than in the public health subsector.

The best statistical distributions of annual incremental health care 
costs per patient in both provincial programs were identified with the 
probabilistic sensitivity analysis, with a log-normal distribution for 
Córdoba and a gamma distribution for Misiones. Results by province 
were as follows: a) mean incremental costs were 32% lower in Misiones 
than in Córdoba; b) only 10% of simulated cases were similar in both 
provinces, and c) dispersion from the mean adjusted value was higher 
in Córdoba (Figure 1). 

Table 3 shows the main determinants of variability in incremental 
annual health care costs per patient. Such variability can be explained 
by a) the probability to use insulin or not, b) the required number of 
strips and their unit cost, and c) the number of HbA1c assessments. The 
impact of each variable was different in each province. 

One of the main aspects of our analysis is that SMBG was the 
principal determinant of treatment costs. Therefore, its use should 
be regulated to avoid financial uncoupling and inequities when 
implementing insulin treatment in T2DM, which would demand more 
frequent monitoring. 

Discussion
The current report provides the first cost evaluation of implementing 

an ideal provincial diabetes care program. Since this evaluation was 
performed in two provinces with highly different overall and health 
care budgets, the data could be translated to other provinces/countries 
with comparable socioeconomic and health care settings.

The estimated incremental cost per person represent about 
10% of per capita gross domestic product of Argentina and it was 
approximately 7 times higher than the public health expenditure per 
capita in both provinces. Considering the target population in each 
province, the additional cost represents 19% and 11% of the provincial 
health expenditure of Córdoba and Misiones, respectively.

Practice/Test Number
Unit cost
Cordoba Misiones

HbA1c 4 $ 15.0 $ 20.0

Microalbuminuria 1 $ 2.2 $ 15.0

ECG 1 $ 15.0 $ 20.0

Stress test 1 $ 10.8 $ 10.8

Lipid profile* 1 (4) $ 10.1 $ 5.0

Eye exam 4 $ 10.1 $ 5.0

Urine test 1 $ 1.8 $ 1.0

Albuminuria 1 - $ 1.0

Creatinine 1 $ 1.5 $ 1.0

Blood test + ERS 1 $ 13.5 $ 8.0

Glycemia 4 $ 0.92 $ 1.0

*With dyslipidemia, 4 lipid profiles should be performed
ECG, electrocardiogram; ERS, erythrocyte sedimentation rate

Table 1: Annual frequency of practices and tests in the proposed ambulatory 
treatment.

Córdoba
$ (%)

Misiones
$ (%)

Difference
(%)

Human Resources 58.57 (4) 42.74 (3.7) +37

Physicians ($/h) 52.40 37.70

Administrative staff  ($/h) 6.17 5.04

Diabetes pharmacological treatment 259.32 (17) 135.78 (12) +91

Monotherapy (OHA, 54%) 77.01 39.44
Monotherapy (Insulin, 30%) 643.64 339.54
Combination therapy (2 OHA, 
16%) 154.03 78.88

SMBG 732.26 (49) 550.59 (48) +33

T2DM with insulin (30%) 1344.82 1004.19

T2DM without insulin (70%) 469.73 356.19

Hypertension/dyslipemia 
pharmacological treatment 293.97 (20) 245.64 (22) +20

Hypertension 60.37 55.84

Monotherapy (40%) 32.89 30.84

Combined therapy (2 drugs) 
(40%) 65.14 61.55

Combined therapy (3 drugs) 
(20%) 105.78 94.40

Dyslipemia 233.60 189.80

Practices and tests 158.74 (11) 165.85 (15) -42

Expected annual and individual 
incremental cost 1502.86 1140.59 +32

OHA, oral hypoglycemic agent; SMBG, self-monitoring blood glucose; T2DM, type 
2 diabetes mellitus
Table 2: Expected annual incremental cost per patient according to the proposed 
treatment. Deterministic scenario.

Figure 1: Expected annual and individual incremental costs of the proposed 
treatment in Córdoba and Misiones (Monte Carlo simulation probability density 
function).
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The estimated incremental cost per person represent about 
10% of per capita gross domestic product of Argentina and it was 
approximately 7 times higher than the public health expenditure per 
capita in both provinces. Considering the target population in each 
province, the additional cost represents 19% and 11% of the provincial 
health expenditure in the provinces of Córdoba and Misiones, 
respectively [16]. 

A marked heterogeneity was recorded in the relative weight of 
the different program components, being that of drugs and medical 
supplies the highest (86%). Within this figure, of the risk factors 
associated to T2DM (hyperglycemia, hypertension and dyslipidemia), 
hyperglycaemic treatment (conditioned by SMBG cost) had the highest 
magnitude and hypertension the lowest. These data coincide with those 
reported in the CDC study, i.e., hyperglycemia and hyperlipidemia 
treatment was cost-effective while hypertension treatment was cost-
saving [14]. This might be an important element to consider when 
establishing priorities in case of insufficient budget availability. 

The scarce relative weight of medical care costs (human resources) 
on total program costs merits an additional analysis. Since the quality 
of care provided partly depends on the time devoted to patients, our 
results suggest that the allocation of human resources to a diabetes care 
program might be a key condition to improve its outcomes without 
seriously affecting its cost.

The different program cost in both provinces (32%) was also 
remarkable. The methodology used in the study allows the identification 
of the item/s involved but not the cause/s of such a difference. Another 
study design would be needed to answer this question. 

The probabilistic sensitivity analysis confirmed the information 
presented in Table 2, i.e., that SMBG was the main determinant of 
such cost. Since SMBG is a useful tool for the education, control and 

treatment of people with T2DM, it would be necessary to optimize its 
use rather than to discontinue it, as recommended by the International 
Diabetes Federation [1,2]. Consequently, it would be reasonable to 
establish precise guidelines for strip provision according to type of 
treatment, HbA1c target goals and equity criteria, rather than granting 
them based on the free demand of the couple provider/user. 

The sensitivity analysis also states the relative importance of 
the number of HbA1c performed over the total cost per person. We 
considered a mean number of 4 HbA1c tests per year under a Poisson 
distribution, but even in developed countries such as the United States 
such number is much lower. Thus, in this ideal world the total program 
cost per person would be overestimated. 

Several factors limit our conclusions, namely: a) a null scenario 
(a hypothetical province without diabetes care program was used to 
analyze and compare costs per province); thus results are not conclusive, 
b) the lack of equivalent units of measure in both provinces, which 
limited the effective comparison of costs, and c) the unavailability of a 
systematic record of clinical and metabolic indicators and of drug and 
device utilization. These limitations should promote the development 
and implementation of data record strategies to correct such 
shortcoming. Anyhow, our results are the only comparative economic 
data published and available in Argentina. Therefore, they provide a 
preliminary objective diagnosis of the cost of a diabetes care program 
from the perspective of a public health payer. An additional value 
derives from the fact that data were obtained from two provinces with 
completely different socioeconomic scenarios; thus, the applicability 
of outcomes to health care systems with quite uneven availability of 
economic resources is higher. 

Altogether, our results represent a warning for healthcare 
providers and financing entities to consider the total cost and the 
different components when planning the implementation of diabetes 

Contribution to variance Correlation coefficient

Córdoba Misiones Córdoba Misiones

Unit cost of strips (1 strip) 0.1806 0.2818 0.4085 0.5126

Probability to use insulin in T2DM 0.4752 0.2743 0.6626 0.5058

Number of HbA1c practices/year 0.0636 0.1847 0.2425 0.4150

Number of strips and lancets/year in T2DM without insulin 0.0789 0.0609 0.2700 0.2384

Number of strips and lancets/year in T2DM with insulin 0.0672 0.0491 0.2493 0.2140

Number of ECG/year 0.0133 0.0403 0.1108 0.1938

Number of microalbuminuria/year 0.0002 0.0275 0.0137 0.1602

Unit cost of lancets (1 lancet) 0.0092 0.0173 0.0924 0.1269

Unit cost of atorvastatin (1 mg) 0.0116 0.0134 0.1037 0.1120

Number of stress tests/year 0.0063 0.0121 0.0760 0.1064

Number of lipid profiles/year in people with dyslipemia 0.0281 0.0087 0.1612 0.0900

Weight (Kg) [0.6 IU/Kg/day]* 0.0314 0.0061 0.1703 0.0753

Number of consultations to physician/year 0.0049 0.0041 0.0673 0.0619

Unit cost of HbA1c (1 practice) 0.0003 0.0027 0.0168 0.0501

Number of additional consultations to physician/year 0.0025 0.0020 0.0476 0.0434

*The insulin dose proposed was 0.6 IU/kg body weight
T2DM, type 2 diabetes mellitus; ECG, electrocardiogram

Table 3: Probabilistic sensitivity analysis of the expected annual and individual incremental treatment costs in both provinces.
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care programs; also, the need for the early establishment of appropriate 
guidelines to extend care coverage and avoid economic imbalance and 
distributive inequities. 
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