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ABSTRACT

Key words

Objective. To determine the per patient and overall cost of illness of type 2 diabetes melli-
tus (T2DM) in Colombia from Ministry of Health and societal perspectives.

Methods. A published Markov transition model was adapted for Colombia, using the clini-
cal expertise of a Colombian endocrinologist. Transition probabilities for the model were derived
from an international literature review. A model was run for a time horizon of 42 years. Direct
resources (drugs, laboratory, medical, hospital, other health care) were identified and cost was
ascertained by using national price lists, international health care guidelines, and other Colom-
bian studies or data from other countries. Indirect costs (work time lost) were calculated by
using the human capital approach. Annual and lifetime direct and indirect costs, in 2007 U.S.
dollars with a 5% discount rate, were determined on a per patient basis and projected to the
overall Colombian population. Costs were clustered according to treatments and outcomes.
Results. The estimated annual cost was $2.7 billion from the societal perspective and $921
million from the Ministry of Health perspective. The annual direct cost per patient was
$288, and the indirect cost was $559 (total = $847). This cost was distributed across disease
outcomes as follows: diabetes treatment (drugs), 47%; cardiac and coronary disease, 24%;
stroke, 15%; amputation, 9%; nephropathy, 3% retinopathy, 2%. Macrovascular complications
made up 86% of the annual direct costs and 95% of the annual indirect costs of T2DM.
Conclusions. We estimated the annual cost of T2DM for Colombia from societal, Ministry
of Health, and Colombian Health System perspectives. We also estimated annual direct cost
per patient and the cost of treating diabetes and macrovascular complications. The economic
burden is substantial and comparable to results for other countries. The model showed a logi-
cal disease progression.

Burden of illness, cost of illness, diabetes mellitus, Colombia, Latin America.

Diabetes mellitus (DM) is a chronic
disease that is widespread. It has been
estimated that more than 180 million
people worldwide are affected, and this
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number is predicted to more than double
by 2030 (1). This disease is associated
with substantial morbidity and mortal-
ity. For example, in 2005, an estimated
1.1 million people died from DM and al-
most 80% of diabetes deaths occurred in
low- and middle-income countries (1).
Type 2 DM (T2DM) is a chronic disease
characterized by hyperglycemia and dys-
lipidemia due to underlying insulin re-
sistance. The condition commonly pro-
gresses to include microvascular (e.g.,
retinopathy, nephropathy, neuropathy)
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and macrovascular (e.g., heart, cerebral,
and peripheral vascular disease) compli-
cations (2, 3). Wannamethee et al. re-
ported that macrovascular complications
are the most common and are responsi-
ble for almost 70% of the deaths in dia-
betic patients dying from heart disease
(4). Grundy et al. determined that mor-
tality in chronic kidney disease exceeded
20% per year in patients with diabetes
and that cardiovascular disease is the
leading cause of death among diabetic
patients with end stage renal disease (3).

55



Original research

The importance of identifying and
quantifying the costs and consequences
of T2DM is that it will allow us to under-
stand more clearly the economic impact
of the disease. Cost-of-illness studies de-
scribe the resources used and potential
resources lost as a result of a disease. To-
gether with prevalence, incidence, mor-
bidity, and mortality data, these studies
help to portray the impact of a disease on
society (5). It is important to perform
cost-of-illness studies in order to inform
clinical decision making, develop poli-
cies and guidelines, and effectively allo-
cate resources.

Cost-of-illness studies of T2DM pub-
lished in the international literature have
used two methodologic approaches. The
first is the prevalence-based approach in
which the costs of diabetes are estimated
for a specific period of time (usually 1
year) for a specified cohort of diabetic
patients. The second is the incidence-
based approach to determine the costs of
diabetes for a cohort of patients, usually
from diagnosis until death. The preva-
lence approach estimates the burden of
disease for a determined period of time
and is normally cross-sectional, while
the incidence-based approach provides
longitudinal information of the costs over
a lifetime (6).

A number of methodologies are avail-
able when taking a prevalence-based
approach. Studies based on combined
population data are most often used and,
in diabetes, the data (e.g., primary diag-
nosis, complications) are grouped ac-
cording to diagnostic codes, such as the
International Classification of Diseases.
As an example of a study that used this
approach, Oliva et al. determined that
the direct costs for patients with DM in
Spain were between €2.4 and €2.675 bil-
lion for the year 2002 (7). Another exam-
ple was an American study by Taylor,
who estimated a direct cost for T2DM of
$6.9 billion from a national survey of
health expenses during 1997 (8). At the
international level, the CODE-2 study
was performed in eight European coun-
tries using a prevalence-based approach,
gathering data by means of written sur-
veys and interviews (9). In Spain, the lat-
ter study used retrospective collection of
data from medical records to examine re-
source consumption and found an an-
nual health care cost per patient of €1,305
for 1999. Additionally, the authors of
that study separated costs associated with
each major complication (10).
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From the studies based on the inci-
dence approach, two are highlighted. In
Spain, Hart et al. created a simulation
model to determine the current and fu-
ture direct costs of a group of patients
diagnosed with diabetes in 1997. They
estimated an average lifetime cost of
5.1 million pesetas (approximately U.S.
$42 300 in 1997) per patient (11). In the
second study, conducted in 1994 by
Stern and Levy, the direct costs of treat-
ment of a patient with type 1 DM were
considered over a period of 35 years.
They determined a mean lifetime cost of
£104 000 per person (12).

The prevalence of T2DM in Colombia
is just over 7.5% (13). The disease im-
poses a tremendous burden in terms
of human suffering, making it and its as-
sociated clinical and economic conse-
quences a major public health problem
(14). Despite the chronic nature of DM
and its devastating consequences, its eco-
nomic impact in Colombia is unknown.
No cost-of-illness studies have been pub-
lished in Colombia. Therefore, this study
was undertaken to fill that gap in our
knowledge.

Our objective was twofold. First, we
wanted to determine the average cost
of treating an individual with T2DM in
Colombia, including the direct and indi-
rect costs associated with the disease and
its consequences. Our second objective
was to extrapolate these costs to the en-
tire population of the country. The view-
points of interest were those of the Min-
istry of Health as payer and of society.
Specific objectives were to identify the
stages or health care states that a patient
experiences during the course of the dis-
ease, to determine the probability of each
event over time, to identify resources
consumed in each of the stages, to iden-
tify the cost of the resources consumed,
to calculate the overall lifetime cost of
T2DM per patient, to examine the ro-
bustness of the results, and to extrapo-
late these results to the population of
Colombia to estimate the total cost bur-
den due to this disease.

METHODS

The primary perspective for this study
was that of the Colombian Ministry of
Health as payer. Included in the analysis
were all direct costs including drugs,
medical care, hospitalization, laboratory
services, and services of other health care
professionals. The secondary perspec-
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tive was that of society in Colombia. As
well as direct costs, the analysis from the
latter perspective incorporated indirect
costs. These costs included loss of pro-
ductivity due to the disease, permanent
loss due to disease progression, and
labor loss due to death and disability.

Colombian Markov model

A Markov model (Figure 1) was cre-
ated to analyze all the relevant stages in
the progression of the disease. This
model contained the stages in the dis-
ease progression that have a major im-
pact in Latin America, according to the
study by Barcel6 and colleagues (15).
These stages included amputation, reti-
nopathy, cardiovascular disease, ne-
phropathy, neuropathy, and peripheral
vascular disease as complications. In this
model, cardiovascular disease included
cardiac (i.e., congestive heart failure) and
coronary (i.e., myocardial infarction) dis-
ease. We followed the recommendations
of the International Diabetes Federation
(16). Adaptation to Colombia was done
with the input of a local diabetologist/
endocrinologist.

Markov models assume that a patient
is always in one of a finite number of dis-
crete health states, called Markov states.
All events are represented as transitions
from one state. As people progress
through the simulation model from the
onset of diabetes to death, they can de-
velop five types of complications: ne-
phropathy, neuropathy, retinopathy,
coronary heart disease, and stroke. Peo-
ple can die of some of these complications
or of other causes. The model includes
transition probabilities between disease
stages on each of the five complication
paths. Although it is possible (and may
often occur) that patients have more than
one complication simultaneously, those
states were not included for the sake of
simplicity. Consequently, there could be
some minor underestimation of costs.

We used an incidence-based model
over the lifetime of a typical patient with
T2DM. The model began when the pa-
tient was diagnosed with the disease at
age 40. We used this age, since a survey
by Barcel6 and Rajpathak (17) reported a
prevalence of 8.1% in Colombians aged
35-64 years. In consultation with local
clinical experts, we decided to begin the
model at age 40. It continued until the
patient reached the average age at death
for a person in this country, which is 72
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FIGURE 1. Markov model for diabetes in Colombia
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TABLE 1. Type of progressions, submodels, and probabilities of transition used in the model

Transition
Type of progression Submodel description? probability ~ Reference
Controlled T2DMP Transition probability for T2DM with oral therapy 0.10 20
Transition probability for T2DM with insulin therapy 0.023 20
Cardiac and Transition probability for congestive heart failure, 0.0331 21-23
coronary disease acute myocardial infarction, fatal acute myocardial

infarction, cardiac arrest, and fatal cardiac arrest
Nephropathy Transition probability for nephropathy, ESRDP 0.0016 21,23

with dialysis, ESRD with transplant, adjusted

by sex and age
Amputation Transition probability for amputation 0.0022 22
Retinopathy Transition probability for retinopathy 0.0029 21
Stroke Transition probability for stroke and fatal stroke 0.0112 21,22

a Transition probabilities correspond to the incidence in the first year of diagnosis.
b T2DM = type 2 diabetes mellitus, ESRD = end stage renal disease.

years (5). Statistics from age of onset
until death (40-72 years) were age ad-
justed for survival using published life
tables for Colombia (18). The same pro-
cedure was performed to estimate death
due to disease progression as was done
in the study by Clarke et al. (19). This cal-
culation allowed us to estimate the prob-
ability for any time in the disease stage.
Table 1 lists the transition probabilities
that we entered into the model (20-23).

The analysis (including Monte Carlo
simulations) was performed using Tree-
Age Pro 2007 Suite® software. We esti-
mated the proportions of patients with
various complications (e.g., kidney fail-
ure, blindness, infection, diabetic foot,
compromised peripheral circulation) and
how long it took to develop each of these
complications. We compared the final
model with that developed by Zhou et al.
(24) on which this model was based.

We obtained clinical data to populate
the model from a variety of sources. The
first choice was to use information de-
rived from national statistics of Colom-
bia, the Ministry of Health, local diabetes
societies, and local publications. If we
could not find information specific to
Colombia, then we used data from other
Latin American countries or from the Pan
American Health Organization. Other-
wise, data were obtained and adapted
from international literature. This deci-
sion was in agreement with the point of
view of the Colombian expert, who con-
firmed that the incidence of diabetes is
very similar among populations and that
differences lie basically in the age of di-
agnosis of the disease.

Table 1 shows the different submodels
that are included in the analysis as well as
the different health conditions embraced
in each of them. The transition probabili-
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ties are based on different clinical studies
and vary with time and the risk profile of
the study population. Each cycle in this
model had a term of 1 year.

Determining costs

The complexity in determining the
costs and resources used in patients with
T2DM in this country was the greatest
challenge we faced because of the small
number of studies or the availability of
specific data. However, to obtain a cost
approximation, we estimated the annual
cost of the diabetes treatment and its
complications for a patient.

Cost was done in 2007 Colombian pesos
(U.S. $1 =2 121 Colombian pesos) as well
as U.S. dollars, with costs derived from
price lists of the Ministry of Health. If
such lists were not available, then we de-
termined them from other local sources
and standard price lists. As a final step,
we adapted international costs for Co-
lombia using purchasing power parities
(25). Cost and outcomes accrued after 1
year or more were discounted at an an-
nual rate of 5%. The costs are presented
in Colombian pesos adjusted by inflation
to year 2007 (26-28).

Determining direct costs associated
with the disease

Direct cost of T2DM treatment. We con-
sidered two aspects in determining the
annual cost to maintain a T2DM patient,
which were as follows. First, the minimal
standards from the disease management
guidelines issued by the International
Diabetes Federation, which are broadly
accepted and used in patient care, were
adapted to identify the resources used
(16). Second, a monetary value using the
accepted local tariffs adjusted according
to inflation to 2007 was assigned (in
Colombian pesos). The costs were then
converted to U.S. dollars and projected
over one full year.

In the model, a patient with T2DM
may be initially controlled with diet and
exercise, then with oral drugs, and fi-
nally with insulin therapy. The annual
costs of a patient treated with oral ther-
apy and with insulin were estimated
separately (see Table 2) (29, 30).

Determining annual treatment costs
associated with complications. We
searched for local data and publications
on the annual costs per patient for each
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TABLE 2. Cost and resource utilization data for treatment of type 2 diabetes in Colombia

Cost, Colombian

Type of therapy Resource utilization pesos x 1 0002
Screening and Prevention activities 16 (29)
diagnostics (16) Glucose determination 17 (29)
Care delivery (16) Education (31) 16 (29)
Health promotion 6 (29)
Psychological care 11 (29)
Lifestyle management (nutritionist consult) 12 (29)
Clinical monitoring (HbA1cP + general consultation) 83 (29)
Blood glucose strips 584 (30)
Glucose meter equipment¢ 26 (30)
Cardiovascular risk protection (lipid profile measures, 47 (29, 30)
generic statin)
Renal risk protection (monitoring) (dipstick) 8(29)

Glucose treatment with metformind (850 milligrams) daily +

sulfonyluread

Total 2.455
Insulin therapy care Education 16 (29)
delivery (16) Health promotion 6 (29)
Psychological care 11 (29)
Lifestyle management (nutritionist consult) 12 (29)
Clinical monitoring (HbA1c + general consultation) 83 (29)
Blood glucose strips 584 (30)
Glucose meter equipment® 26 (30)
Cardiovascular risk protection (lipid profile measures, 47 (29, 30)
generic statin)
Renal risk protection (monitoring) (dipstick) 8 (29)
Insulin therapy (metformin + insulin NPH? + syringe) 6.340 (30)
Total 7172

2 Adjusted for inflation to year 2007 in Colombian pesos (U.S. $1
b HbA1c = glycosylated hemoglobin.

=2 121 Colombian pesos) (24-26).

¢ Glucose meter equipment cost amortized over 5 years in Colombian pesos.

d Generic drug selected from Colombian price list.

TABLE 3. Cost data for treatment of complications of type 2 diabetes, Colombia (direct and indi-

rect costs)

Type of cost

Event or stage description

Cost x 1 0002

Cost of progression

Angina, first year of the event
Angina, subsequent years
Cardiac failure, first year

Cardiac failure, subsequent years

Fatal stroke
Stroke, first year of the event
Stroke, subsequent years

Proteinurea (care delivery + ACE inhibitor)o<
Hemodialysis and peritoneal dialysis

Renal transplant, first year

Renal transplant, subsequent years
Lower extremity amputation, first year of event

Retinopathy
Indirect costs (40-42)

< 65 years

Acute myocardial infarction first year
Acute myocardial infarction, subsequent years

Cost of productivity loss per year patient < 65 years old
Cost of permanent disability (progression diseases) patients

Cost of productivity loss due to mortality in patients < 65 years 5 539

2 Adjusted for inflation to year 2007 in Colombian pesos (U.S. $1

=2 121 Colombian pesos) (26-28).

b Estimated cost (adapted from International Diabetes Federation (16)) in 2007 Colombian pesos.

¢ ACE = angiotensin-converting enzyme.

stage of disease progression. We found
local studies that provided annual costs
for acute myocardial infarct (31) as well
as for dialysis and renal transplant dur-
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ing the first year (32). We determined the
annual costs of proteinuria treatment
using International Diabetes Federation
guidelines (16) and local prices (29).
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Local data for the other stages of dis-
ease progression were not found. There-
fore, we adapted comparable costs from
Spain, which provided the required in-
formation. We did a conversion using
purchasing power parity of Colombian
pesos (25). Table 3 describes these costs
(31-42). To convert to Colombian pesos,
we used the United Nations Children’s
Fund gross national income per capita
data for 2005 (43).

Determining indirect costs

Indirect costs included loss of produc-
tivity due to the disease, permanent loss
due to disease progression, and labor
loss due to death. We estimated cost with
the human capital approach, by which
we estimated the productivity cost as the
future reduction in gross income due
to mortality and/or morbidity. This ap-
proach estimates potential productiv-
ity loss due to reduced remunerated time
(40).

In addition, accounting for those peo-
ple who are not in the labor market was
also considered; therefore, leisure time
was taken into consideration. For the
same reason, an adjustment for the rate
of unemployment was not made.

We followed the method described by
Mattke and coworkers (40) to estimate
productivity losses related to the disease.
With this methodology, the first step was
to make a salary conversion. We used the
gross national income per capita for 2006
(43) converted to 2007 U.S. dollars (44)
for this calculation. We estimated im-
paired ability to work and loss of work-
days according to the approach of May-
field et al. (41). Then, we estimated the
cost derived from days lost due to ab-
senteeism and working days with limi-
tations (i.e., presenteeism). We used a
maximum working age of 65 years (i.e.,
retirement age) (44, 45), since this ap-
proach considers the entire population
without correcting for unemployment
rates. Thus, we also included leisure time
of people who were not employed. Table
3 describes the indirect costs (40—42).

Total cost

The Markov model calculated the total
cost per patient for each analytic per-
spective. We multiplied these costs by
the population of people with T2DM in
Colombia to arrive at the overall cost
burden.

Rev Panam Salud Publica/Pan Am | Public Health 26(1), 2009
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FIGURE 2. Markov model for type 2 diabetes mellitus in Colombia
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FIGURE 3. Survival curve for type 2 diabetes mellitus in Colombia
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Sensitivity analysis

Uncertainty about the model’s as-
sumptions, variables, and costs was ex-
plored with one-way sensitivity analy-
ses. The state “controlled T2DM patient”
was selected as a base case. One-way
sensitivity analyses were done for all vari-
ables, but, because of the large number
of variables tested, only the following
relevant ones were included: age, dis-
count rate, cost of acute myocardial in-
farction occurring in the first year, cost
of stroke occurring in subsequent years,
transition probabilities for “controlled
T2DM patient with insulin,” congestive
heart failure and myocardial infarction,
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Stage

and stroke. Four intervals were used with
each variable.

RESULTS
Outcomes

Figure 2 presents the estimated risk re-
duction for a patient who is controlled as
the disease progresses as well as the in-
creases in different health state progres-
sions. The survival probability curve of
T2DM patients in Colombia was esti-
mated from the first year of diagnosis
over a period of 32 years with the dis-
ease. This curve is shown in Figure 3. It
was estimated that about 15% of the pa-

1), 2009
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tients would be alive at year 32. Table 4
presents the estimated prevalence for
T2DM and its complications in the Co-
lombian model compared with the model
of Zhou et al. (24).

Estimating the cost of disease
per patient

The cost of T2DM was determined tak-
ing into consideration the perspectives
of society and of the Ministry of Health
as payers. The estimated lifetime cost
per patient including both direct and
indirect costs (societal perspective) was
57 565 000 Colombian pesos (U.S. $27 140).
This amount represents an average an-
nual cost per patient of 1 784 000 Colom-
bian pesos (U.S. $845) using a discount
rate of 5%.

From the perspective of the Ministry
of Health as payer, the average cost of
T2DM projected for a patient was 19 576 000
Colombian pesos (U.S. $9 230) using a
discount rate of 5%. This value amounts
to an annual cost per patient of 611 750
Colombian pesos (U.S. $288).

The average indirect cost was 37 767 000
Colombian pesos (U.S. $17 806) using a
discount rate of 5%. That value amounts
to an annual cost per patient of 1 187 000
Colombian pesos (U.S. $559).

Table 5 summarizes the annual costs
(in U.S. dollars) per patient according to
the disease stage differentiated into di-
rect and indirect costs. In addition, costs
are presented as percentages according
to health stage. The stages associated
with the greatest costs were diabetes
treatment (47%), cardiac and coronary
diseases (24%), and stroke (15%). Micro-
vascular complications were responsible
for the smallest proportion of the total
cost.

Cost of disease in Colombia

The mean cost per year extrapolated to
the Colombian population was esti-
mated taking into consideration a preva-
lence rate of 7.5% (5) and demographic
data (45) for 2007. The estimated mean
overall (i.e., direct and indirect) cost at-
tributed to T2DM was 5.7 billion Colom-
bian pesos (U.S. $2.7 million). Separated
according to type, direct costs were $1.95
billion Colombian pesos (U.S. $921 mil-
lion) and indirect costs were $3.77 bil-
lion Colombian pesos (U.S. $1.77 million).
Table 6 summarizes the total costs and
their breakdown into indirect costs and
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TABLE 4. Cumulative rates of occurrence for different health stages used in the model

Colombian model, Zhou model,
Progression Type of progression % %2
Controlled type 2 Diet and exercise, oral therapy, 47.9 17,0 23,¢ 699
diabetes mellitus and/or insulin therapy
Macrovascular disease All heart disease 45.6 27
Congestive heart failure 6.7 16.4¢
Myocardial infarction 8.5 16.4¢
Stroke 15.0 18.0
Microvascular disease Nephropathy 1.5 3.0
Retinopathy 3.2 3.3
Amputation 2.7 5

@ Zhou and colleagues (24) based on the Wisconsin Epidemiologic Study of Diabetic Retinopathy cohort.

b Controlled type 2 diabetes mellitus.

¢ Type 2 diabetes mellitus treated with oral therapy.

9 Type 2 diabetes mellitus treated with insulin therapy.
¢ Combined value for stages.

complications in thousands of dollars
for the Colombian population for 2007.
Thirty-four percent of the total cost was
attributable to direct costs and 66% to in-
direct costs.

Sensitivity analyses

Table 7 presents the outcomes from
the sensitivity analyses. We found that
results were relatively insensitive to
changes in important variables and that
the cost of controlled T2DM in patients
remained the dominant variable. First,
there was a negative relationship be-
tween age and cost and probabilities.
However, the discount rate had little ef-
fect. The cost of a controlled T2DM pa-
tient was reduced if age increased; there
was a negative relationship between the
cost of a controlled T2DM patient and
the discount rate.

DISCUSSION

In this study, we estimated the cost of
T2DM in Colombia using an incidence

approach. A Markov model that allowed
simulating the progression of diabetes
and its complications was developed,
which allowed us to predict its long-
term impact on patients and the associ-
ated costs.

The model was adapted from inter-
nationally published studies and it in-
corporated local disease incidence data.
Transition probabilities between disease
stages and selected incidence data were
validated by a local expert. This process
increases both the applicability and cer-
tainty of the estimates that we used.

Figure 2 shows the cumulative inci-
dence for each disease stage during the
analytic time horizon of 32 years. This
graph displays a rational transition of
the patient through the various disease
stages. As expected, a patient with di-
abetes in the initial stage has a high
probability of being controlled, but as
the disease progresses, this probability
decreases. Likewise, the probabilities of
complications and associated mortality
increase during the progression of the
disease.

TABLE 5. Direct and indirect annual costs per patient in Colombia in 2007 U.S. dollars and cost

proportion per health stage

Direct cost?

Indirect cost?

Health status (range) Percent (range) Percent
Controlled type 2 diabetes 136.1 (114.4, 157.7) 47 181.5 (152.6, 210.3) 33
mellitus patient
Amputation 26.9 (26.3, 27.6) 9 20.7 (20.2, 21.2) 4
Cardiac® and coronary® disease 69 7 (44.3, 95.0) 24 304 0(193.4,414.7) 55
Nephropathy 3(7.1,7.4) 3 0 (3.0, 3.1) 1
Retinopathy 5 5(5.4,5.7) 2 27 3(26.4,28.2) 5
Stroke 42.9 (37.8, 48.0) 15 19.7 (17.3, 22.0) 4
Total 288.4 100 556.0 100

@ Costs converted to 2007 U.S. dollars (44).
b Congestive heart failure.
¢ Myocardial infarction.
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Also, a greater impact was observed
for macrovascular diseases (e.g., cardiac
disease, coronary disease, and stroke).
This observation compares well with
that from the United Kingdom Prospec-
tive Diabetes Study model described by
Clarke et al. (19), which used a 12-year
horizon but showed a similar magnitude
in disease progression (i.e., rates of com-
plications) and mortality.

As shown in the survival curve (Fig-
ure 3), our mortality rates were some-
what less than those from the model
developed by Zhou et al. (24), who esti-
mated a mortality of 51% at year 10 after
diagnosis. Similarly, the Wisconsin Epi-
demiologic Study of Diabetic Retinopa-
thy (WESRD) cohort reported 55% mor-
tality. We found a mortality rate of 40%
at year 10, which was 11% lower than
Zhou et al. found and 15% lower than in
the WESRD cohort (24).

An additional analysis of the model
was performed by assessing the incidence
of complications (Table 4) and comparing
them with the results obtained by Zhou
et al. (24). Although those authors used a
time horizon of 10 years, no great differ-
ence was observed in the data obtained
from our model, despite our model hav-
ing a longer time horizon.

The analyses presented above dem-
onstrate that our model was well con-
structed, has a logical progression through
the disease states, and presents a coher-
ent trend that agrees reasonably well
with studies previously conducted. There-
fore, we consider our cost estimates to be
reasonable.

One of the greater challenges in this
study was determining the direct costs in
the country because of the difficulty of
obtaining some centralized information
on the resources used and costs. There-
fore, it was decided to adapt the costs for
each stage from the three possible sce-
narios: the first scenario was based on
international guidelines for diabetes
management issued by the International
Diabetes Federation (16) and in accor-
dance with the minimum management
criteria, in which the cost was assigned
according to Colombian references that
were available for some of the stages
(e.g., diabetes treatment with diet and
exercise, oral and insulin treatment, and
proteinuria treatment). The second cost
scenario was the identification of local
studies of annual costs per patient for
acute myocardial infarct (first year and
successive years) and for dialysis and

Rev Panam Salud Publica/Pan Am | Public Health 26(1), 2009
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TABLE 6. Mean total costs in millions of dollars and by disease stage, Colombia, 2007

Health status

Direct costa?

Indirect costa¢ Total costa?

Controlled T2DM¢ patient 435
(diet and exercise, oral
treatment, and/or insulin

treatment)
Amputation 86
Cardiac and coronary disease 223
Nephropathy 23
Retinopathy 18
Stroke 137
Total 921

580 1015
66 152
971 1194
10 33
87 105
73 210
1787 2708

2 Costs converted to U.S. dollars (44).

b Direct cost = cost of treatment of T2DM and complications (e.g., drugs, labs, hospitalizations, professional care).
¢ Indirect cost = costs for productivity loss per year in patients < 65 years old, disability (progression diseases) patients < 65
years, and productivity loss due to mortality in patients < 65 years.

4 T2DM = type 2 diabetes mellitus.

renal transplant (first year). The third
scenario adapted international costs for
stages in which local information was
not available, in which case we used pur-
chasing power parities. This technique
must be done with caution, since extrap-
olation of results to the Colombian sce-
nario may be limited. However, an ap-

proximation using the best available in-
formation was made.

On the other hand, determination of
indirect costs used the human capital
approach, assessing costs in Colombian
pesos. This approach does have limita-
tions, but it seems to be reasonable when
considering that Colombia is a develop-

TABLE 7. Results of univariate sensitivity analyses in Colombia

Base Sensitivity Rationale and/or Cost x

Variable case analysis reference 10002

Base case 21 500
Age 40 50 Cost of controlled T2DMP patient 20 168
55 19 664

60 18 883

65 17 020

70 14 879

Cost of AMI® first year 2 10.073 5000 Cost of controlled T2DM patient 19 285
8750 19 500

12 500 19 715

16 250 19 930

20 000 20 145

Cost of stroke subsequent years? 873 500 Cost of controlled T2DM patient 19 576
875 19 576

1250 19 576

1625 19 576

2000 19 576

Discount rate 0.05 0.01 Cost of controlled T2DM patient 21678
0.0275 20729

0.045 19 826

0.0625 18 966

Transition probability for controlled 0.023 0.01 Cost of controlled T2DM patient 18 330
T2DM patient with insulin 0.015 18 807
0.025 19 769

0.03 20 255

Transition probability for cardiac 0.0331 0.01 Cost of controlled T2DM patient 20 320
and coronary disease 0.02 19 967
0.04 19 396

0.05 19 163

Transition probability for stroke 0.0112 0.005 Cost of controlled T2DM patient 18 993
0.008 19 352

0.016 20 014

0.020 20 321

2 Adjusted for inflation to year 2007 in Colombian pesos (U.S. $1 = 2 121 Colombian pesos) (26-28).
b T2DM = type 2 diabetes mellitus, AMI = acute myocardial infarction.
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ing country with many other economic
problems.

The total cost of disease (i.e., direct
plus indirect costs) was calculated as the
annual cost per patient. This value was
then converted to the international refer-
ence standard (U.S. dollars) so that data
may be compared with other published
international studies. The mean direct
cost per patient in this model was U.S.
$288, compared with the CODE-2 study
performed in Spain by Mata et al. (10), in
which the estimated value was approxi-
mately $1 700 dollars (which converts to
$407 using purchasing parity) for the
year 2002, which is greater than that de-
termined for this study. In addition,
the costs for services demanded by pa-
tients with more complications may be
underestimated.

We conducted a further comparison of
the resource use rate between our study
and CODE-2 (24). In our model, the costs
associated with treatment of diabetes ac-
counted for 47% of the total costs, while
the CODE-2 study reported 28%. Simi-
larly, the cost of complications in our
study was 53% versus 30.5% in CODE-2.
Superficially, these results appear to be
discrepant; however, the CODE-2 study
included an additional rate of 40.8% for
“costs not related to diabetes.” When
that factor was removed, the cost pro-
portion for diabetes treatment was 46%
(virtually identical to our rate of 47%)
and for complications it was 64%. Con-
sidering these adjusted rates, the studies
are in good agreement.

When extrapolated to the population
of Colombia, the annual cost was about
$2700 million ($921 million in direct
costs and $1 770 million in indirect costs).
These results compare well with those
of Barcel6 et al. (15) in Latin American
countries. They estimated that the total
costs for Colombia were about $2 580
million ($414 million in direct costs and
$2 171 million in indirect costs). Al-
though the latter was estimated by indi-
rect methods—that is, it did not include
local costs—the total cost is very similar
considering the difference in year of each
study. However, there is a notable differ-
ence in direct and indirect costs for both
studies.

The direct (34%) and indirect (66%) cost
rates were in agreement with estimates
from some international studies. How-
ever, there is some variability among the
different published studies. Comparing
the percentage results with other studies,
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we see a similar behavior, for example,
with the model developed by the Ameri-
can Diabetes Association in 1997 (14). In
that study, the proportions of direct and
indirect costs were 45% and 55%, respec-
tively. Henriksson and Jonsson (46) esti-
mated the total costs for T2DM for Swe-
den in 1994 with a rate for direct costs of
43% and for indirect costs of 57%. The Na-
tional Institute of Diabetes and Digestive
and Kidney Diseases (47) study in 1995
reported a rate of 66% for direct costs and
34% for indirect costs.

CONCLUSIONS

We estimated that the annual cost of
T2DM for Colombia is U.S. $2 708 mil-
lion from the societal perspective. From
the Ministry of Health and the Colom-
bian Health System perspective, the di-
rect costs of health care per year were
$911 million. The annual direct cost per
patient was U.S. $288, and the indirect
cost was U.S. $559 (total = $847). The cost
of treating diabetes and macrovascular
complications constitutes 86% of the di-
rect costs and 95% of the indirect costs.

The results obtained in this study
must be used with caution, taking into
consideration the following points: Only
the stages of the disease having the
greatest impact on morbidity and mor-
tality in Colombia were used. The costs

1. World Health Organization. Diabetes mellitus
fact sheet no. 312. Geneva: WHO; 2006.

2. Sobel BE, Schneider DJ. Cardiovascular com-
plications in diabetes mellitus. Curr Opin
Pharmacol. 2005;5:143-8.

3. Grundy SM, Benjamin IJ, Burke GL, Chait A,
Eckel RH, Howard BV, et al. Diabetes and car-
diovascular disease: a statement for health-
care professionals from the American Heart
Association. Circulation. 1999;100:1134-46.

4. Wannamethee SG, Shaper AG, Lennon L. Car-
diovascular disease incidence and mortality in
older men with diabetes and in men with coro-
nary heart disease. Heart. 2004;90:1398-403.

5. Ettaro L, Songer TJ, Zhang P, Engelgau MM.
Cost-of-illness studies in diabetes mellitus.
Pharmacoeconomics. 2004;22:149-64.

6. Akobundu E, Ju J, Blatt L, Mullins CD. Cost-
of-illness studies: a review of current meth-
ods. Pharmacoeconomics. 2006,24:869-90.

7. Oliva J, Lobo F, Molina B, Monereo S. Direct
health care costs of diabetic patients in Spain.
Diabetes Care. 2004;27:2616-21.

8. Taylor AK. Medical expenditures and insur-
ance coverage for people with diabetes: esti-
mates from the National Medical Care Expen-
diture Survey. Diabetes Care. 1987;10:87-94.
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of hypoglycemia, diabetic neuropathies,
ketoacidosis, infections, and other com-
plications were not considered, so the
actual cost of the disease may well be
greater. Also, the annual costs of other
countries were adapted for several
stages of the disease, although we did
use purchasing power in an attempt to
make them comparable. Cost estima-
tions were based on the international
guidelines for diabetes management
issued by the International Diabetes
Federation; however, physicians’ compli-
ance with these guidelines was not in-
cluded. For that reason, further studies
should be undertaken in order to quan-
tify this effect.

Markov models allow for the manage-
ment of uncertainty; however, it is a
probabilistic model of disease progres-
sion and must be regarded as such.
This Markov model was developed and
adapted for Colombia, and the data re-
flect a rational progression of the disease
that compares with international mod-
els. Also local variables that may influ-
ence health care quality such as health
care system, social and economic as-
pects, and patient behavior were not
considered in this study.

This study provides a basis for deci-
sion making by payers, government, and
health care administrators that assists
them in assigning costs for the treatment
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RESUMEN

Diabetes mellitus tipo 2
en Colombia:
costo de la enfermedad

Palabras clave

Objetivo. Determinar el costo de la enfermedad, total y por paciente, de la diabetes melli-
tus tipo 2 (DM2) en Colombia desde las perspectivas de la sociedad y del Ministerio de Salud.
Meétodos. A partir de la experiencia clinica de un endocrinélogo colombiano se adapté
para Colombia un modelo de transicién de Markov ya publicado. Las probabilidades de
transicion para el modelo se tomaron de una revision de la literatura internacional. Se ela-
boré un modelo para un horizonte temporal de 42 afios. Se identificaron los recursos di-
rectos (por medicamentos, laboratorio, médicos, hospitalizacién y otros servicios de salud)
y se estableci6 su costo a partir de la lista nacional de precios, las directivas internaciona-
les de atencion, y otros estudios colombianos o de otros paises. Los costos indirectos
(tiempo de trabajo perdido) se calculé6 mediante el enfoque de capital humano. Los costos
directos e indirectos —tanto anuales como por toda la vida— se determinaron en délares
estadounidenses (US$) de 2007 con una tasa de descuento de 5%, tanto para un paciente
como su proyeccion para toda la poblacién colombiana. Los costos se agruparon segun el
tratamiento y el curso de la enfermedad.

Resultados. El costo estimado anual fue de US$ 2 700 millones desde la perspectiva de la
sociedad y de US$ 921 millones desde la perspectiva del Ministerio de Salud. Los costos di-
rectos anuales por paciente fueron de US$ 288, mientras que los indirectos fueron US$ 559
(total = US$ 847). Estos costos se distribuyeron segtin el curso de la enfermedad de la si-
guiente manera: 47% por el tratamiento de la diabetes (medicamentos); 24% por enferme-
dades cardiacas y coronarias; 15% por accidentes cerebrovasculares; 9% por amputaciones;
3% por nefropatias; y 2% por retinopatias. Las complicaciones macrovasculares constitu-
yeron 86% de los costos directos anuales y 95% de los indirectos.

Conclusiones. Se estimo el costo anual de la DM2 para Colombia segtin las perspectivas
de la sociedad, el Ministerio de Salud y el Sistema de Salud de Colombia. También se esti-
maron los costos directos anuales por paciente y el costo del tratamiento de la diabetes y
sus complicaciones macrovasculares. La carga econdmica es considerable y comparable a
la informada en otros paises. El modelo mostré una progresion légica de la enfermedad.

Costo de enfermedad, diabetes mellitus, Colombia, América Latina.
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