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Introduction: The aim of this study was to estimate the social value of a tight and
early control of patients with type 2 diabetes during the 5 years after diagnosis in
Spain, compared to higher hemoglobin Alc (HbA;.) goals.

Methods: An economic model based on the scientific literature was used to
estimate the 5-year social value of maintaining tight and early type 2 diabetes
control, i.e., keeping HbA;. levels <6.5%, during the 5 years after diagnosis in
Spain, compared to non-tight control. Areas of analysis included healthcare
resource utilization, the presence of complications, quality of life, and mortality.
The outcomes corresponding to these two types of control (tight vs. non-tight)
were multiplied by their unit cost or financial proxy to obtain the economic
impact associated with each type of control. Social value was estimated as the
reduction in the economic impact of a hon-tight control when tight control is
implemented and maintained. The results are expressed in euros for the year
2021.

Results: The economic impact of tight control during the first 5 years after
type 2 diabetes diagnosis was estimated to be €1,010 million in Spain (€13,473
per patient), which is lower than the impact of non-tight control, which was
estimated to be €1,127 million (€16,122 per patient) during the same period.

Conclusion: Maintaining tight and early control of type 2 diabetes during the
first 5 years after diagnosis could generate a positive social value of €2,649 per
patient over that period, in terms of better health outcomes, increased quality of
life, and decreased premature deaths.

KEYWORDS

socioeconomic impact, type 2 diabetes, glycemic control, monitoring, complications,
hospitalizations, quality of life, mortality
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Introduction

Diabetes Mellitus is a heterogeneous metabolic disorder
characterized by chronic hyperglycemia. Among the different types of
diabetes, type 2 diabetes is the most prevalent, accounting for more
than 90% of all cases worldwide (1).

In Spain, the known incidence of type 2 diabetes is 3.7 cases per
1,000 adults, although the actual incidence could be up to 11.6 cases
(2). On the other hand, according to the International Diabetes
Federation, the age-adjusted prevalence was estimated at 10.3% in
adults (20 to 79 years) in 2021 (1).

Type 2 diabetes is characterized by insufficient insulin secretion
and insulin resistance. Different risk factors can contribute to the
development of this disease, including age, male sex, non-Caucasian
ethnicity, genetic susceptibility, obesity, inadequate diet, physical
inactivity, and hypertension or dyslipidemia (1, 3).

This disease is associated with long-term issues due to
microvascular (retinopathy, nephropathy, and neuropathy) and
macrovascular complications, such as coronary heart disease,
cerebrovascular disease, and peripheral vascular disease (1).
Accordingly, type 2 diabetes mellitus is the main cause of
cardiovascular disease, blindness, limb amputation, kidney failure,
and death, and it has a significant impact on the national healthcare
system (NHS), patients’ quality of life, and society as a whole (1).

Type 2 diabetes is also associated with a higher risk of mortality
(1). In 2019, a total of 9,644 deaths occurred in Spain due to all types
of diabetes mellitus, making it the eighth leading cause of death in the
country (4). In 2020, this figure increased to 11,297 deaths, although
this could be attributed to the COVID-19 pandemic (5). These deaths
are primarily caused by the abovementioned complications related to
diabetes, with cardiovascular disease being the most prevalent (6).

There is significant room for improvement in the management of
type 2 diabetes. Currently, the hemoglobin Alc (HbA,,) goal for the
majority of patients is set at <7%, while some patients may have a less
stringent target (<8-8.5%) (7). However, tight (HbA,. < 6.5%) and
early control (within the first 5 years after diagnosis) of type 2 diabetes
is one of the strategies associated with the greatest benefits, such as
decreased healthcare resource consumption, increased quality of life,
and reduced mortality rates (8-10), which translates into social value
gain (11), aligning with value-based healthcare models that have a
comprehensive view of the socioeconomic impact and contemplate
how the patients and their families, the healthcare system, and society
at large value interventions (12).

Previous economic evaluations have shown that interventions
aimed at achieving tight glycemic control are cost-effective when
assessed over long-term time horizons (13). In Spain, improved HbA,,
was found to be the main driver of improved clinical outcomes,
resulting in an incremental cost-effectiveness ratio well below the
willingness-to-pay thresholds of €11,000, €21,000, and €30,000 (14,
15). Therefore, in line with current recommendations (7), maintaining
tight and early control of type 2 diabetes may reduce the burden on
the NHS, especially in the context of an increasing prevalence of type
2 diabetes.

Estimating the social value gained from tight and early control of
type 2 diabetes can provide a more comprehensive understanding of
the disease. Evidence based on the social value of interventions
considers their impact on patients” quality of life and society at large,
in addition to the most commonly reported impacts, such as improved
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clinical outcomes and reduced healthcare resource consumption.
Therefore, the objective of the present study was to estimate the social
value of tight and early control of patients with type 2 diabetes during
the 5 years after diagnosis in Spain, compared to higher HbA,_ goals.

Materials and methods

An economic model with a 5-year time horizon and social
perspective was designed and developed using Microsoft Excel to
estimate the economic impact of maintaining tight control on type 2
diabetes (HbA,. < 6.5%) during the 5 years after diagnosis and its
associated social value, compared to higher HbA,, goals (Figure 1).
Following the principles of social value adopted in the present study
(16), a 5-year time horizon was selected as the most conservative
option to capture the minimum social value that would be generated
by early and tight control of type 2 diabetes, as the association between
the duration and intensity of early glycemic exposure and the risk of
complications did not change when follow-up was right censored at
5 years of diagnosis (8). Moreover, longer disease durations could
make it difficult to control diabetes (7).

The economic model was developed using a mixed-methods
approach. Three online meetings were conducted with an advisory
committee of six experts, representing the main stakeholders in type
2 diabetes care in Spain (including primary care, endocrinology,
hospital pharmacy, healthcare management, and patients). These
meetings aimed to develop the search strategy for the literature review,
to discuss and agree on the most appropriate data to include in the
economic model, and to validate the results of the analysis.

To identify the clinical and social impacts related to glycemic
levels, a non-systematic scientific literature review was carried out on
the PubMed® search engine, combining search terms related to the
disease (type 2 diabetes mellitus, HbA,, and tight control) and its
impact (burden, costs, expenditures, health care cost, direct cost,
indirect costs, resource utilization, health care utilization, informal
care, productivity, economic, QALY, visual aids, technical aid, and
social value), including relevant synonyms. This search retrieved 134
articles, of which only 10 provided relevant data necessary to achieve
the objective of the present study.

Based on the results of the literature review, four areas were
considered in the analysis, as these were the only ones with valid
information for this study: (1) the impact on the consumption of
healthcare resources related to micro- and macro-vascular
complications, (2) hospitalizations due to type 2 diabetes (excluding
those linked to micro- and macro-vascular complications), (3) loss of
quality of life due to micro- and macro-vascular complications,
measured in quality-adjusted life years (QALYs), and (4) the impact
on mortality, monetized as labor productivity losses due to
premature deaths.

The economic impact was estimated by multiplying the outcomes
associated with each type of HbA,. control by their corresponding
financial values or proxies (unit costs) within each area of analysis
(Table 1 and Supplementary Figure 1). To estimate the costs of
non-tight control (HbA,. > 6.5%), available data on different HbA,,
levels were used and weighted by the corresponding incidence of type
2 diabetes within each level (Table 2).

Subsequently, the social value was estimated by subtracting the
economic impact of maintaining tight control from that of non-tight
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Financial value or
financial proxy

HbAlc level > 6.5% HbAlc level < 6.5%

Microvascular event H 5-year event risk l x { Mean cost per event |=| Cost per patient | ‘ Cost per patient |
Complications
Macrovascular event H S-year event risk | x | Mean cost per event | — | Cost per patient | ‘ Cost per patient |
Non microvascular or S-year _— - . ~ "
Mean cost per hospitalization | S- Cost per patient Cost per patient
Hospitalizations macrovascular event hospitalization rate | x P P —| pex b pel
Microvascular event H Mean utility per event | x R ‘h'“;!:::gdpc" @Ay —| Cost per patient | | Cost per patient |
Quality of life =
Macrovascularevent H Mean utility per event l ® IR “‘";L‘ﬁ";‘ L per QALY —| Cost per patient | ‘ Cost per patient |
Area 4: e
) Mortality event 5-year event risk x pica a’::‘::k]c‘:’g‘ Per | - Cost per patient Cost per patient
Mortality -—
- —-—
- —-—

FIGURE 1
Outline of the economic model.

SOCIAL VALUE

TAL TOTAL -
-
HbAlc level > 6.5% HbAlc level < 6.5% |

control. Both the economic impact and the social value were
calculated for a period of 5 years and reported per patient and at a
population level, taking into account the estimated new annual cases
of type 2 diabetes in Spain (144.873) (2, 17). While the social value per
patient is defined as the difference in the economic impact between
maintaining tight control and non-tight control, the potential social
value at a population level was estimated based on the reduction in the
economic impact generated by all patients with non-tight control if
they had maintained tight control. The results are expressed in euros
in 2021. Unit prices before 2021 were updated according to the
corresponding general or medical consumer price index (18).

A sensitivity analysis was carried out to assess the strength of the
model by varying specific data points (Supplementary Table 1).
Therefore, three scenarios are presented: the base (reference) scenario,
the lower limit or best scenario (the one that would result in a lower
economic impact), and the upper limit or worst scenario (the one that
would result in a greater economic impact). The different scenarios
were configured based on the confidence intervals of the data used or
on different assumptions previously validated by the expert committee.

Given the nature of this study, approval by an institutional review
board or ethical review board was not required. Nevertheless, the
study procedures were conducted in accordance with the Declaration
of Helsinki (1975/83).

Results

The economic impact of tight control of type 2 diabetes during the
first 5 years after diagnosis was estimated to be € 1,010 million in
Spain (€ 13,473 per patient). This impact was lower than that of a
non-tight control, which was estimated at € 1,127 million (€ 16,122
per patient) during the same period (Table 3), despite the larger
number of type 2 diabetes tight-control cases (74,985) compared with
non-tight control cases (69,888) among the new annual type 2 diabetes
diagnoses (Table 2). According to Figure 2, quality of life accounts for
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most of the economic impact, representing more than half of the total
impact, followed by mortality, hospitalizations, and complications.
The latter represents less than 10% of the total cost.

According to the sensitivity analysis, the economic impact of
maintaining tight control of type 2 diabetes over the first 5 years since
its diagnosis remains lower than that of non-tight control in both
alternative scenarios. In the lower limit, the total economic impact of
maintaining tight control was estimated at € 404 million (€ 5,388 per
patient), lower than that of a non-tight control, estimated at € 468
million (€ 6,696 per patient) in Spain. For the upper limit, maintaining
a tight control was estimated to have an impact of € 2,337 million (€
31,170 per patient), while the impact of a non-tight control was
estimated at € 2,657 million (€ 38,021 per patient) in Spain
(Supplementary Table 2 and Figure 2).

In terms of social value, maintaining tight control of type 2
diabetes over the first 5 years from diagnosis would generate a positive
social value of € 2,649 per patient over that period (Table 3).
Considering the different areas of analysis, reducing hospitalizations
would account for 35.5% (€940) of the total social value generated.
Therefore, improving quality of life would account for 30.4% (€ 805)
of the total social value generated. Moreover, work productivity gains
due to reduced mortality would account for 22.1% (€ 586) of the total
social value generated. Finally, reducing the complications of type 2
diabetes would account for 12.0% (€ 318) of the total social
value generated.

If non-tightly controlled type 2 diabetes patients in Spain had
tight control over the first 5 years after diagnosis, a social value of €
185 million could be generated, which represents an 8.7% reduction
in the total economic impact of type 2 diabetes in Spain (Table 3).

In Spain, reducing hospitalizations would generate the highest
social value (€ 65.7 million), which represents a reduction of 18.9%
over its total cost. Thereafter, improving quality of life would generate
a social value of € 56 million, which represents a reduction of 4.7%,
being an especially low proportion given that the largest impact of
type 2 diabetes was on quality of life. Moreover, the social value related
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TABLE 1 Outcomes according to area of analysis, HbA,. level, and the corresponding financial values or proxies.

<6.5% 6.5to <7%

Areas of analysis and

outcomes

7 to <8%

8 to <9% Financial values or Unit cost (€)

proxies

>9%

Complications

Probability of having a microvascular 0.043 0.055 0.062 0.091 0.177 | Average cost per 4,294.30
event in the first five years since hospitalization due to a

diagnosis (8) microvascular event? (48)

Probability of having a 0.226 0.249 0.285 0.287 0.361 | Average cost per 3,748.06
macrovascular event in the first hospitalization due to a

5 years since diagnosis (8) macrovascular event® (48)
Hospitalizations

Annual hospitalization probability 0.162 (<7%) 0.240 (>7%) Average cost per 2,405.72
not linked to micro- or macro- hospitalization due to type 2

vascular events® (9) diabetes (48)

Loss of quality of life

Average utility linked to 0.846 0.843 0.841 0.834 0.814 Incremental cost- 21,000.00
microvascular events® (8, 49) effectiveness threshold per

Average utility linked to 0.820 0.816 0.810 0.810 0798 = QALY gained (15)

macrovascular event © (8, 49)

Mortality

Probability of death in the first 0.058 0.062 0.072 0.091 0.102 | Average annual earnings per 22,837.59
5 years since diagnosis (8) worker in Spain (50)

“Data available only for patients with HbA,. < 7% and HbA,. > 7%. *Data calculated from the average utility associated with microvascular events (late-stage kidney disease (51), amputation

(51), and diabetic retinopathy (52)) weighted by the proportion of patients having at least one microvascular event (8) and the average utility in people with diabetes mellitus without
macrovascular events (used as a proxy for the average utility in patients without microvascular events) (49) weighted by the proportion of patients without microvascular events (8). ‘Data
calculated from the average utility in people with diabetes mellitus with macrovascular events (high blood pressure, other heart diseases, myocardial infarction, stroke, cerebral infarction,
cerebral hemorrhage) weighted by the proportion of patients having at least one macrovascular event (8), and the average utility in people with diabetes mellitus without macrovascular events
(49) weighted by the proportion of patients without macrovascular events (8). ‘Average cost of the following causes: E11.22-type 2 diabetes with chronic diabetic nephropathy, E11.3-type 2
diabetes with ophthalmic disease (includes all subsections), and 305 amputation of lower extremities except the toes. “Average cost of the following causes: intracranial hemorrhage, stroke and
precerebral occlusions with infarction, non-specific stroke and precerebral occlusions without infarction, transient ischemic attack, acute myocardial infarction, acute and subacute
endocarditis, heart failure, cardiac arrest and shock, peripheral vascular disorders and others, coronary arteriosclerosis and angina pectoris, hypertension, cardiac arrhythmias and conduction

disorders, and cardiomyopathy. HbA,, hemoglobin Alc; QALY, quality-adjusted life years.

to reduced mortality, thereby avoiding work productivity losses,
would amount to € 41 million, which represents a reduction of 10.6%
over its total cost. Finally, the social value of reducing micro- and
macrovascular complications would amount to € 22.2 million, which
represents a reduction of 12.9% over the total cost.

According to the sensitivity analysis, the potential social value of
maintaining a tight control compared with a non-tight control could
range between € 1,309 and € 6,852 per patient over a period of 5 years
since diagnosis, which translates into a range of € 92 million to € 479
million in Spain (Supplementary Table 2).

Discussion

Maintaining a tight and early control of type 2 diabetes during the
first 5 years after diagnosis could have a lower economic impact and,
therefore, greater social value, not only in terms of health outcomes
but also in terms of increased quality of life and decreased premature
deaths. According to the results of this study, the potential social value
that could be generated by a tight and early control of type 2 diabetes
would amount to € 185 million and represent 8.7% of the total
economic impact of this disease in Spain. In the worst-case scenario,
a social value of € 91.5 million will be generated. The analysis of the
social value related to type 2 diabetes management allows for a more
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comprehensive view of the impact of the disease on patients, the NHS,
and society at large.

Considering areas of analysis, hospitalizations for type 2 diabetes
(not linked to micro- or macrovascular events) would generate the
highest social value in the first 5 years after diagnosis (€ 65.7 million),
representing 18.9% of the total cost in Spain. Various studies have
shown a significant association between HbA, levels and the number
of hospitalizations in people with type 2 diabetes, revealing that
maintaining a tight and early control would result in fewer
hospitalizations compared with a non-tight control (9, 19).

The complications associated with type 2 diabetes are probably
among the most important factors associated with disease
progression (20). Various studies have indicated that glycemic
levels are directly related to the development of micro- and
macrovascular complications (21, 22), and that maintaining tight
and normoglycemic levels could reduce the risk of these
complications (8). Accordingly, the results of the present study
showed that maintaining a tight and early control of glycemic
levels could generate a social value of € 22.2 million in Spain,
representing 12.9% of the total cost of this area.

The cost of mortality focuses on the associated loss of work
productivity. According to the literature, maintaining a tight and early
control of type 2 diabetes can reduce the risk of mortality (8, 23).
According to our results, the social value related to the reduction in
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TABLE 2 New cases of type 2 diabetes per year according to their HbA,. levels.

65to<7% 7to<8% 8to<9%

<6.5%

Percentage weight with respect to the total number of patients 51.8% 21.3% 17.1% 5.1% 4.7% 100%
according to HbA, levels (8)

Percentage weight with respect to the total number of patients N/A 44.1% 35.5% 10.6% 9.7% 100%
according to non-tight HbA, levels (>6.5%)

New annual cases of type 2 diabetes in Spain 74,985 30,847 24,827 7,443 6,771 144,873 (2,17)

The percentage weight of patients with non-tight control (>6.5%) is weighted by their relative incidence. HbA,, hemoglobin Alc; N/A, not applicable.

TABLE 3 Economic impact and social value by area of analysis and HbA,. control, per patient and in Spain.

Area of analysis Economic impact/social HbA,. control Base scenario
value Per patient (€) Spain (€)
Complications Economic impact Tight control® 1,034.5 77,568,395
Non-tight control 1,352.5 94,526,210
Social value 318.1 22,230,033
Hospitalization Economic impact Tight control 1,949.6 146,189,110
Non-tight control 2,890.0 201,974,790
Social value 940.4 65,721,955
Loss of quality of life Economic impact Tight control 8,114.2 608,439,011
Non-tight control 8,918.7 623,310,065
Social value 804.5 56,225,827
Mortality Economic impact Tight control 2,374.9 178,082,783
Non-tight control 2,961.1 206,944,660
Social value 586.2 40,965,921
Total Economic impact Tight control 13,473.1 1,010,279,299
Non-tight control 16,122.3 1,126,755,724
Social value 2,649.1 185,143,736

The social value at a population level corresponds to the total reduction in the economic impact that could be obtained if all patients with non-tight control in Spain had tight control. “The data

do not vary between the sensitivity analysis scenarios. HbA,, hemoglobin Alc.

mortality would be € 41.0 million in Spain, representing a reduction
of 10.6% over the total cost for this area of analysis.

Quality of life is the area of analysis with the highest associated
cost, but its social value represents only 4.6% of the total cost in Spain
(€ 56.2 million). While the present study considers the impact of
micro- and/or macrovascular events on the loss of quality of life, some
studies suggest that poor control of type 2 diabetes may also be related
to the presence of depression, which would have a significant impact
on patients’ quality of life (10, 24, 25). Moreover, the patients’
perception of achieving normoglycemia is positive, as they stated that
it would mean an improvement in the physical and psychological
aspects of their lives (26). Therefore, the potential social value of this
area may be underestimated.

Nevertheless, tight and early control of type 2 diabetes poses
different challenges in the Spanish context. First of all, there is the
trivialization of the disease due to its chronic condition. Over time,
patients’ concerns about the impact of the disease on their health
diminish. Type 2 diabetes is further trivialized when compared with
a diagnosis of type 1 diabetes, as the latter is considered more
serious than the former in both social and healthcare settings for
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several reasons, one being that the diagnosis of type 2 diabetes is
generally imprecise and superficial (e.g., communicating the
diagnosis by saying “you have sugar in your blood”), downplaying
the severity of the disease (27). This may determine how the patient
perceives the diagnosis and disease throughout their lifetime.
Accordingly, as opposed to patients with type 1 diabetes, type 2
diabetes has been shown to be significantly associated with worse
perceptions of illness, self-management, and self-monitoring of
blood glucose, which determine the risk of complications and
health outcomes (28). Therefore, primary diabetes prevention
strategies should focus on risk communication at the population
level as well as in primary care practice to be effective (29, 30), as
individuals’ perception of type 2 diabetes is modifiable and may
improve glycemic control (31). Moreover, self-management tools
offered by the healthcare system to patients with type 2 diabetes
(mainly to non-insulinized patients) are much scarcer than those
offered to patients diagnosed with type 1 diabetes at the time of
diagnosis and during follow-up (32). Therefore, empowering
patients with type 2 diabetes to not only understand the disease and
its short- and long-term impact but also enhance treatment
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Total: € 13,473 Total: € 16,122
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m Complications  ® Hospitalizations Quality of life Mortality
FIGURE 2
Economic impact and its distribution by area of analysis and HbA,. control per patient. HbA;., hemoglobin Alc.

adherence and healthy lifestyles is extremely important. In this
context, the pharmacological approach is turning less glucocentric
to focus on additional functions such as weight control and
cardiorenal protective effects (8, 33). Additionally, type 2 diabetes
management is affected by a certain degree of therapeutic inertia
(34), as compared with stronger treatment decisions made for type
1 diabetes. In Spain, the prevalence of clinical inertia regarding type
2 diabetes ranges from 18.1 to 60%, hampering appropriate
management of glycemia (35). This may delay treatment
modifications between 1 and 5 years in patients with type 2 diabetes
achieving the target HbA, level with diet and exercise alone (35).

According to the American Diabetes Association (ADA) (7), the
approach to diabetes management should be aligned with the Chronic
Care Model (CCM), which emphasizes person-centered care,
integrated long-term treatment approaches to diabetes and
comorbidities, and ongoing collaborative communication and goal
setting between all team members. Primary care physicians and nurses
play a central role in effective management and care integration.
However, other members, such as diabetes specialists, diabetes
educators, dietitians, podiatrists, and pharmacists, are important to
effectively care for patients with diabetes. Moreover, institutional
resources are necessary for the prevention of type 2 diabetes in the
general population, and patient associations may play an important
role in patient education regarding attitude and behavioral changes
(32, 36).

This study has some limitations. The results should
be interpreted with caution. First, although previous studies have
addressed the potential impact of type 2 diabetes on health
outcomes in the Spanish population (27, 37, 38) and the impact
of risk factors on its incidence (39), there is a lack of scientific
evidence related to the tight control (HbA,. < 6.5%) of type 2
diabetes in Spain. Accordingly, available data were assumed to
be representative of the Spanish population, introducing potential
bias into the results. Despite this limitation, the studies selected
for this analysis were considered homogeneous and equivalent
within each area analyzed. Moreover, this bias, together with
publication bias, was minimized by using the most conservative
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data available in all cases (i.e., those that would result in the
smallest possible saving), validating assumptions with a
multidisciplinary advisory committee of 6 experts based on their
knowledge and experience, and performing a sensitivity analysis
to test the strength of the results upon data uncertainty. Second,
data on the impact of tight type 2 diabetes control on
hospitalizations were not available according to the HbA,. < 6.5%
definition. Alternatively, an HbA, level of <7% was assumed as
the tight control in this area. Third, data related to other kinds of
impacts, such as acute complications, psychological distress, or
erectile dysfunction in men, were lacking and hence not
considered (40, 41). Nevertheless, the results of the present study
may be used to guide future, more comprehensive studies.
Fourth, assumptions related to the moment at which an event or
death occurs were made, which may have introduced some
uncertainty into the results. In the reference scenario, the event
or death would occur 2.5 years after the diagnosis, halfway
through the time horizon, affecting the following 2.5 years of the
time horizon; in the lower bound (best scenario), the event or
death would occur at the beginning of year 5, affecting only the
last year of the time horizon; and in the upper bound (worst
scenario), the event or death would occur at the beginning of year
1, affecting the following 5 years of the time horizon.
Nevertheless, assumptions were validated by the expert
committee and included in the sensitivity analysis to test the
strength of the results. Fifth, the time horizon of the present
analysis was set at 5 years from the diagnosis, yet a different time
horizon could yield a different social and economic impact for
each type of HbA,, control. Nevertheless, following a conservative
approach, a 5-year time horizon accounts for the minimum social
value that would be generated with respect to longer time
horizons. Finally, this study was tailored to the Spanish NHS;
hence, results cannot be extrapolated to other countries.
Notwithstanding, the results of the present study highlight the
need for more comprehensive studies on the socioeconomic
impact of a tight and early control of type 2 diabetes and may set
the basis for future studies.
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Conclusion

In conclusion, the results suggest that maintaining tight and early
control of type 2 diabetes can significantly reduce the impact of the
disease on patients, the healthcare system, and society. Moreover, the
need to improve clinical outcomes through tight and early control of
type 2 diabetes has been confirmed in the present study, as evidenced
by the clinical benefits of this intervention. Therefore, standard control
of type 2 diabetes should not be the therapeutic aim, unless
otherwise stated.

There is currently a large and growing prevalence of obesity (a
major risk factor) and prediabetes within the population (33, 42-44).
Moreover, underdiagnosis of these conditions has been reported (45),
and the prevalence of type 2 diabetes is also on the rise due to the
increase in life expectancy (46). These factors, combined with aging
population, present a complicated challenge for meeting future
healthcare requirements. In this regard, the healthcare budget should
be used as an investment for which results are expected to occur in the
medium to long term, as patients with controlled type 2 diabetes incur
lower costs for the healthcare system compared to uncontrolled
patients (47). Moreover, public administrations should promote the
use of real-world data and economic evaluations to conduct studies
that can guide clinical and health management decisions more
accurately. A multidimensional intervention that unites patients and
professionals, therapeutic tools, the healthcare system, administration,
and society may be the most effective solution to the challenges
we currently face.

The results of the present study reveal that optimizing the quality
of care and efficiency in diabetes management is possible. These
findings may be used to identify areas where tight and early control of
type 2 diabetes could have a large impact through the creation of
social value, which may guide decision-making and help focus the
investment on improving disease management, health promotion, and
quality of life. The sustainability of healthcare systems should be global
and based on social, environmental, and economic sustainability (12).

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

Ethical approval was not required for the study involving
humans in accordance with the local legislation and institutional
requirements. Written informed consent to participate in this study
was not required from the participants or the participants’ legal
guardians/next of kin in accordance with the national legislation
and the institutional requirements.

Author contributions

MM: Conceptualization, Data curation, Formal analysis,
Writing - original draft, Writing — review & editing. PMH: Data

Frontiers in Public Health

10.3389/fpubh.2025.1511108

curation, Formal analysis, Writing - original draft, Writing - review
& editing. SA: Formal analysis, Writing - review & editing. JE: Formal
analysis, Writing - review & editing. AP: Formal analysis, Writing -
review & editing. JR: Formal analysis, Writing — review & editing.
JLTM: Formal analysis, Writing — review & editing. JAVC: Formal
analysis, Writing - review & editing. AHV: Conceptualization, Formal
analysis, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was funded by
Lilly S.A.

Acknowledgments

The authors would like to thank Teresa Martin Lorenzo for
providing scientific writing assistance.

Conflict of interest

MM and PM-H are employees of Weber, a research institution
that has received funding from Lilly for carrying out this study.
SA has served as a consultant for or received, lecture fees or travel
reimbursement from AstraZeneca, MSD, Novo Nordisk, Lilly,
Boehringer Ingelheim, Dexcom, and Menarini. JE has served as a
consultant for or received research support or lecture fees
from Boehringer Ingelheim, Lilly, Novo Nordisk, Sanofi, and
AstraZeneca. AP has served as a consultant for or received
research support, lecture fees or travel reimbursement from Sanofi
Aventis, Almirall, Novo Nordisk, Lilly, Boehringer Ingelheim,
Abbott, Dexcom, Novartis, Amarin, Daiichi-Sankyo, Menarini,
and AstraZeneca. JT-M served as a consultant for or received
research support or lecture fees from Novo Nordisk, Sanofi,
Boehringer Ingelheim, AstraZeneca, and Lilly.

The remaining authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1511108
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Merino et al.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1511108/
full#supplementary-material

References

1. International Diabetes Federation. IDF diabetes atlas 10th edition [internet].
(2021). Available online at: https://diabetesatlas.org/idfawp/resource-files/2021/07/
IDF_Atlas_10th_Edition_2021.pdf (Accessed March 11, 2024).

2. Rojo-Martinez G, Valdés S, Soriguer E, Vendrell ], Urrutia I, Pérez V, et al. Incidence
of diabetes mellitus in Spain as results of the nation-wide cohort di@bet.es study. Sci
Rep. (2020) 10:1-9. doi: 10.1038/s41598-020-59643-7

3. D’Agostino RB, Hamman RE, Karter AJ, Mykkanen L, Wagenknecht LE, Haffner
SM, et al. Cardiovascular disease risk factors predict the development of type 2 diabetes:
the insulin resistance atherosclerosis study. Diabetes Care. (2004) 27:2234-40. doi:
10.2337/diacare.27.9.2234

4. de Sanidad M. Patrones de mortalidad en Espafia, 2019. Madrid: Ministerio de
Sanidad (2022).

5. de Sanidad M. Patrones de mortalidad en Espana, 2020. Madrid: Ministerio de
Sanidad (2023).

6. Einarson TR, Acs A, Ludwig C, Panton UH. Prevalence of cardiovascular disease
in type 2 diabetes: a systematic literature review of scientific evidence from across the
world in  2007-2017.  Cardiovasc  Diabetol. ~ (2018)  17:1-19.  doi:
10.1186/s12933-018-0728-6

7. American Diabetes Association. Standards of Care in Diabetes—2024. Diabetes
Care. (2024) 47:S1-4. doi: 10.2337/dc24-SINT

8. Laiteerapong N, Ham SA, Gao Y, Moffet HH, Liu JY, Huang ES, et al. The legacy
effect in type 2 diabetes: impact of early glycemic control on future complications (the
Diabetes & Aging Study). Diabetes Care. (2019) 42:416-26. doi: 10.2337/dc17-1144

9. Schneider ALC, Kalyani RR, Golden S, Stearns SC, Wruck L, Yeh HC, et al. Diabetes
and prediabetes and risk of hospitalization: the atherosclerosis risk in communities
(ARIC) study. Diabetes Care. (2016) 39:772-9. doi: 10.2337/dc15-1335

10. Bradley C, Eschwege E, de Pablos-Velasco P, Parhofer KG, Simon D, Vandenberghe
H, et al. Predictors of quality of life and other patient-reported outcomes in the
PANORAMA multinational study of people with type 2 diabetes. Diabetes Care. (2017)
41:267-76. doi: 10.2337/dc16-2655

11. Hamelmann C, Turatto F, Then V, Dyakova M. Social return on investment:
Accounting for value in the context of implementing health 2020 and the 2030 agenda
for sustainable development [internet]. Copenhagen: WHO Regional Office for
Europe (2017).

12. Sloan J. Sustainable Investment in Population Health and Well-being: towards a
value-based public health [internet]. World Health Organization collaborating Centre
on Investment for Health and Well-being. (2022). Available online at: https://phwwhocc.
co.uk/resources/sustainable-investment-in-population-health-and-well-being-towards-
a-value-based-public-health/

13. Barrera FJ, Toloza FJK, Ponce OJ, Zuniga-Hernandez JA, Prokop LJ, Shah ND,
et al. The validity of cost-effectiveness analyses of tight glycemic control. A systematic
survey of economic evaluations of pharmacological interventions in patients with type
2 diabetes. Endocrine. (2021) 71:47-58. doi: 10.1007/s12020-020-02489-w

14. Mezquita-Raya P, Ramirez de Arellano A, Kragh N, Vega-Hernandez G, Péhlmann
J, Valentine W], et al. Liraglutide versus Lixisenatide: long-term cost-effectiveness of
GLP-1 receptor agonist therapy for the treatment of type 2 diabetes in Spain. Diabetes
Ther. (2017) 8:401-15. doi: 10.1007/s13300-017-0239-6

15. Ortega EA. Guia de evaluacién econdmica e impacto presupuestario en los
informes de evaluacién de medicamentos. Farm Hosp. (2017)

16. Social Value International. Social Value International. (2024). The Principles of Social
Value. Available online at: https://www.socialvalueint.org/principles (Accessed January 15,2024).

17. Instituto Nacional de Estadistica. Poblacién adulta en Espafa 1 de enero de
2021. (2021)

18. Instituto Nacional de Estadistica. Indice de Precios de Consumo. Base 2016.
Medias anuales. (2021). Available online at: https://www.ine.es/jaxiT3/Datos.
htm?t=22553 (Accessed August 10, 2024).

19. Kaewput W, Thnngprayoon C, Varothai N, Sirirungreung A, Rangsin R, Bathini T,
et al. Prevalence and associated factors of hospitalization for dysglycemia among elderly
type 2 diabetes patients: a nationwide study. World J Diabetes. (2019) 10:212-23. doi:
10.4239/wjd.v10.i3.212

20. Rawshani A, Rawshani A, Franzén S, Sattar N, Eliasson B, Svensson AM, et al. Risk
factors, mortality, and cardiovascular outcomes in patients with type 2 diabetes. N Engl
J Med. (2018) 379:633-44. doi: 10.1056/NEJMo0a1800256

Frontiers in Public Health

10.3389/fpubh.2025.1511108

SUPPLEMENTARY FIGURE 1

Outcomes associated with each type of HbAlc within each area of
analysis. (A) Complications. (B) Hospitalizations. (C) Quality of life.
(D) Mortality.

SUPPLEMENTARY FIGURE 2
Economic impact by area of analysis and HbAlc control, per patient.

21. Stratton IM, Adler AI, Neil HAW, Matthews DR, Manley SE, Cull CA, et al.
Association of glycaemia with macrovascular and microvascular complications of type
2 diabetes (UKPDS 35): prospective observational study. BMJ. (2000) 321:405-12. doi:
10.1136/bmj.321.7258.405

22. Hounkpatin H, Stuart B, Farmer A, Dambha-Miller H. Association of type 2
diabetes remission and risk of cardiovascular disease in pre-defined subgroups.
Endocrinol Diabetes Metab. (2021) 4:¢00280. doi: 10.1002/edm2.280

23. Ares J, Valdés S, Botas P, Sanchez-Ragnarsson C, Rodriguez-Rodero S, Morales-
Sénchez P, et al. Mortality risk in adults according to categories of impaired glucose
metabolism after 18 years of follow-up in the north of Spain: the Asturias study. PLoS
One. (2019) 14:0211070. doi: 10.1371/journal.pone.0211070

24. Petrak F, Baumeister H, Skinner TC, Brown A, Holt RIG. Depression and diabetes:
treatment and health-care delivery. Lancet Diabetes Endocrinol. (2015) 3:472-85. doi:
10.1016/S2213-8587(15)00045-5

25. Leal J, Becker F, Feenstra T, Pagano E, Jensen TM, Vistisen D, et al. Health-related
quality of life for normal glycaemia, prediabetes and type 2 diabetes mellitus: cross-
sectional analysis of the ADDITION-PRO study. Diabet Med. (2022) e14825. doi:
10.1111/dme.14825

26. Gelhorn H, Balantac Z, Shinde S, Thieu VT, Boye KS. The burden of type 2
diabetes and the value of achieving near Normoglycemia from the patient perspective.
Diabetes Ther. (2021) 12:1821-37. doi: 10.1007/s13300-021-01054-6

27. Merino Torres JE, Delgado AE. ;Qué dificulta el control de los pacientes con
diabetes tipo 2? Endocrinol Nutr. (2013) 60:3-7.

28. Abubakari AR, Cousins R, Thomas C, Sharma D, Naderali EK. Sociodemographic
and clinical predictors of self-management among people with poorly controlled type 1
and type 2 diabetes: the role of illness perceptions and self-efficacy. ] Diabetes Res. (2016)
2016:1-12. doi: 10.1155/2016/6708164

29. Heidemann C, Paprott R, Stithmann LM, Baumert J, Mithlenbruch K, Hansen S,
et al. Perceived diabetes risk and related determinants in individuals with high actual
diabetes risk: results from a nationwide population-based survey. BMJ Open Diab Res
Care. (2019) 7:1. doi: 10.1136/bmjdrc-2019-000680

30. Antwi J, Lavin R, Sullivan S, Bellavia M. Perception of and risk factors for type 2
diabetes among students attending an upstate New York college: a pilot study. Diabetol
Metab Syndr. (2020) 12:25. doi: 10.1186/s13098-020-00535-1

31. Alyami M, Serlachius A, O’'Donovan CE, van der Werf B, Broadbent E. A systematic
review of illness perception interventions in type 2 diabetes: effects on glycaemic control and
illness perceptions. Diabet Med. (2021) 38:¢14495. doi: 10.1111/dme.14495

32. Khunti K, Davies M. Glycaemic goals in patients with type 2 diabetes: current
status, challenges and recent advances. Diabetes Obes Metab. (2010) 12:474-84. doi:
10.1111/j.1463-1326.2009.01186.x

33. Look AHEAD Research GroupGregg E, Jakicic J, Blackburn G, Bloomquist P, Bray
G, et al. Association of the magnitude of weight loss and changes in physical fitness with
long-term cardiovascular disease outcomes in overweight or obese people with type 2
diabetes: a post-hoc analysis of the look AHEAD randomised clinical trial. Lancet
Diabetes Endocrinol. (2016) 4:913-21. doi: 10.1016/52213-8587(16)30162-0

34. Almigbal TH, Alzarah SA, Aljanoubi FA, Alhafez NA, Aldawsari MR, Alghadeer
ZY, et al. Clinical inertia in the Management of Type 2 diabetes mellitus: a systematic
review. Medicina (Kaunas). (2023) 59:182. doi: 10.3390/medicina59010182

35. Romera I, Dfaz S, Sicras-Mainar A, Lopez-Simarro E Dilla T, Artime E, et al. Clinical
inertia in poorly controlled type 2 diabetes mellitus patients with obesity: an observational
retrospective study. Diabetes Ther. (2020) 11:437-51. doi: 10.1007/s13300-019-00745-5

36. Corrao G, Rea E, Di Martino M, Lallo A, Davoli M, De Palma R, et al. Effectiveness of
adherence to recommended clinical examinations of diabetic patients in preventing diabetes-
related hospitalizations. Int ] Qual Health Care. (2019) 31:464-72. doi: 10.1093/intghc/mzy186

37. Navarro-Pérez J, Orozco-Beltran D, Gil-Guillen V, Pallares V, Valls F, Fernandez
A, et al. Mortality and cardiovascular disease burden of uncontrolled diabetes in a
registry-based cohort: the ESCARVAL-risk study. BMC Cardiovasc Disord. (2018)
18:180. doi: 10.1186/s12872-018-0914-1

38. Reyes-Garcia R, Moreno-Pérez 0, Tejera-Pérez C, Fernandez-Garcia D, Bellido-
Castafieda V, de la Torre Casares ML, et al. Documento de abordaje integral de la
diabetes tipo 2. Endocrinol Diabetes Nutricion. (2019) 66:443-58. doi: 10.1016/j.endinu.
2018.10.010

39. Giraldez-Garcia C, Herndndez AM, Gamarra J, Birulés M, Martinez A, Ruiz [, et al.
Evolucion de pacientes con prediabetes en Atencién Primaria de Salud (PREDAPS):

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1511108
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1511108/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1511108/full#supplementary-material
https://diabetesatlas.org/idfawp/resource-files/2021/07/IDF_Atlas_10th_Edition_2021.pdf
https://diabetesatlas.org/idfawp/resource-files/2021/07/IDF_Atlas_10th_Edition_2021.pdf
mailto:di@bet.es
https://doi.org/10.1038/s41598-020-59643-7
https://doi.org/10.2337/diacare.27.9.2234
https://doi.org/10.1186/s12933-018-0728-6
https://doi.org/10.2337/dc24-SINT
https://doi.org/10.2337/dc17-1144
https://doi.org/10.2337/dc15-1335
https://doi.org/10.2337/dc16-2655
https://phwwhocc.co.uk/resources/sustainable-investment-in-population-health-and-well-being-towards-a-value-based-public-health/
https://phwwhocc.co.uk/resources/sustainable-investment-in-population-health-and-well-being-towards-a-value-based-public-health/
https://phwwhocc.co.uk/resources/sustainable-investment-in-population-health-and-well-being-towards-a-value-based-public-health/
https://doi.org/10.1007/s12020-020-02489-w
https://doi.org/10.1007/s13300-017-0239-6
https://www.socialvalueint.org/principles
https://www.ine.es/jaxiT3/Datos.htm?t=22553
https://www.ine.es/jaxiT3/Datos.htm?t=22553
https://doi.org/10.4239/wjd.v10.i3.212
https://doi.org/10.1056/NEJMoa1800256
https://doi.org/10.1136/bmj.321.7258.405
https://doi.org/10.1002/edm2.280
https://doi.org/10.1371/journal.pone.0211070
https://doi.org/10.1016/S2213-8587(15)00045-5
https://doi.org/10.1111/dme.14825
https://doi.org/10.1007/s13300-021-01054-6
https://doi.org/10.1155/2016/6708164
https://doi.org/10.1136/bmjdrc-2019-000680
https://doi.org/10.1186/s13098-020-00535-1
https://doi.org/10.1111/dme.14495
https://doi.org/10.1111/j.1463-1326.2009.01186.x
https://doi.org/10.1016/S2213-8587(16)30162-0
https://doi.org/10.3390/medicina59010182
https://doi.org/10.1007/s13300-019-00745-5
https://doi.org/10.1093/intqhc/mzy186
https://doi.org/10.1186/s12872-018-0914-1
https://doi.org/10.1016/j.endinu.2018.10.010
https://doi.org/10.1016/j.endinu.2018.10.010

Merino et al.

resultados del quinto afio de seguimiento. Diabetes Prdctica. (2018). doi: 10.26322/
2013.7923.1505400455.03

40. Kouidrat Y, Pizzol D, Cosco T, Thompson T, Carnaghi M, Bertoldo A, et al. High
prevalence of erectile dysfunction in diabetes: a systematic review and meta-analysis of
145 studies. Diabet Med. (2017) 34:1185-92. doi: 10.1111/dme.13403

41. Indelicato L, Dauriz M, Santi L, Bonora F, Negri C, Cacciatori V, et al. Psychological
distress, self-efficacy and glycemic control in type 2 diabetes. Nutr Metab Cardiovasc Dis.
(2017) 27:300-6. doi: 10.1016/j.numecd.2017.01.006

42. Bhupathiraju SN, Hu FB. Epidemiology of obesity and diabetes and their
cardiovascular complications. Circ Res. (2016) 118:1723-35. doi: 10.1161/CIRCRESAHA.
115.306825

43. Rooney M, Fang M, Ogurtsova K, Ozkan B, Echouffo-Tcheugui J, Boyko E, et al.
Global prevalence of prediabetes. Diabetes Care. (2023) 46:1388-94. doi: 10.2337/
dc22-2376

44.Gao S, Ma W, Huang S, Lin X, Yu M. Impact of prediabetes on long-term
cardiovascular outcomes in patients with myocardial infarction with nonobstructive
coronary arteries. Diabetol Metab Syndr. (2021) 13:103. doi: 10.1186/s13098-021-00721-9

45. Soriguer E, Goday A, Bosch-Comas A, Bordit E, Calle-Pascual A, Carmena R,
et al. Prevalence of diabetes mellitus and impaired glucose regulation in Spain: the Di@
bet.es study. Diabetologia. (2012) 55:88-93. doi: 10.1007/500125-011-2336-9

Frontiers in Public Health

09

10.3389/fpubh.2025.1511108

46. Beagley ], Guariguata L, Weil C, Motala AA. Global estimates of undiagnosed
diabetes in adults. Diabetes Res Clin Pract. (2014) 103:150-60. doi: 10.1016/j.
diabres.2013.11.001

47. Mata-Cases M, Casajuana M, Franch-Nadal ], Casellas A, Castell C, Vinagre I, et al.
Direct medical costs attributable to type 2 diabetes mellitus: a population-based study
in Catalonia. Spain Eur ] Health Econ. (2016) 17:1001-10. doi: 10.1007/s10198-015-0742-5

48. de Sanidad M. Ministerio de Sanidad. Subdireccién General de Informacién
Sanitaria In: Registro de Actividad de Atencién Especializada - RAE-CMBD (2020)

49. Instituto Nacional de Estadistica. Encuesta Nacional de Salud 2011-2012.
Cuestionario de Adultos [Internet]. (2012). Available online at: https://www.mscbs.gob.
es/estadisticas/microdatos.do (Accessed March 11, 2024).

50. Instituto Nacional de Estadistica. INE. Encuesta anual de estructura salarial. Afio
2020. (2020). Available at: https://www.ine.es/dyngs/INEbase/es/operacion.htm?c=Est
adistica_C&cid=1254736177025&menu=ultiDatos&idp=1254735976596

51. Lung TWC, Hayes AJ, Hayen A, Farmer A, Clarke PM. A meta-analysis of health
state valuations for people with diabetes: explaining the variation across methods and
implications for economic evaluation. Qual Life Res. (2011) 1669-78.

52.Zhang Y, Wu J, Chen Y, Shi L. EQ-5D-3L Decrements by diabetes complications
and comorbidities in China. diabetes ther [Internet]. (2020) 11:939-50. doi: 10.1007/
$13300-020-00788-z

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1511108
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.26322/2013.7923.1505400455.03
https://doi.org/10.26322/2013.7923.1505400455.03
https://doi.org/10.1111/dme.13403
https://doi.org/10.1016/j.numecd.2017.01.006
https://doi.org/10.1161/CIRCRESAHA.115.306825
https://doi.org/10.1161/CIRCRESAHA.115.306825
https://doi.org/10.2337/dc22-2376
https://doi.org/10.2337/dc22-2376
https://doi.org/10.1186/s13098-021-00721-9
mailto:Di@bet.es
mailto:Di@bet.es
https://doi.org/10.1007/s00125-011-2336-9
https://doi.org/10.1016/j.diabres.2013.11.001
https://doi.org/10.1016/j.diabres.2013.11.001
https://doi.org/10.1007/s10198-015-0742-5
https://www.mscbs.gob.es/estadisticas/microdatos.do
https://www.mscbs.gob.es/estadisticas/microdatos.do
https://www.ine.es/dyngs/INEbase/es/operacion.htm?c=Estadistica_C&cid=1254736177025&menu=ultiDatos&idp=1254735976596
https://www.ine.es/dyngs/INEbase/es/operacion.htm?c=Estadistica_C&cid=1254736177025&menu=ultiDatos&idp=1254735976596
https://doi.org/10.1007/s13300-020-00788-z
https://doi.org/10.1007/s13300-020-00788-z

	Tight and early HbA1c control in patients with type 2 diabetes mellitus in Spain: quantifying the social value
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion

	References

