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Abstract

Objective: In 2007, the Ministry of Health (MoH) in Mexico implemented a multidisciplinary
health-care model (MHC) for patients with type-2 diabetes (T2D), which has proven more
effective in controlling this condition than the conventional health-care model (CHC).

Research design and methods: We compared the cost-effectiveness of the MHC vs. the
CHC for patients with T2D using a quasi-experimental, retrospective design. Epidemiologic and
cost data were obtained from a randomly selected sample of health-care units, using medical
records as well as patient- and facility-level data. We modelled the cost-effectiveness of the MHC
at one, 10 and 20 years using a simulation model.

Results: The average cumulative costs per patient at 20 years were US$4,225 for the MHC and
US$4,399 for the CHC. With a willingness to pay one gross domestic product (GDP) per capita
per quality-adjusted life year (QALY) (US$8,910), the incremental net benefits per patient were
US$1,450 and US$3,737 at 10 and 20 years, respectively. The MHC was cost-effective from the
third year onward; however, increasing coverage to 500 patients per year rendered it cost-effective
at year one.

Conclusions: The MHC is cost-effective at 10 and 20 years. Cost-effectiveness can be achieved
in the short term by increasing MHC coverage.

Keywords
Cost-effectiveness; Multidisciplinary care; Diabetes; Low- and middle-income countries

1. Introduction

Type 2 diabetes (T2D) is a global public health challenge that is disproportionately affecting
people living in low- and middle-income countries (LMICs) [1]. An estimated 79% of
people with diabetes currently live in LMICs, where unmet need is growing rapidly [2]. In
Mexico, T2D is growing at an alarming rate, with a current estimated prevalence of 14% [3].
As the second leading cause of mortality, the leading cause of disability-adjusted life years
(DALYsSs), and a major contributor to health system expenditure, T2D poses an
unprecedented burden on the Mexican health system [4-6]. As such, developing cost-
effective, high-quality models of care delivery for individuals with T2D is one of the most
pressing challenges to improve the management of this condition, ameliorate associated
complications, and reduce health system costs.

Over the last two decades, there has been an important shift in the care delivery structure for
T2D from a traditional physician-led model to that of multidisciplinary health care (MHC)
[7,8]. MHC aims to respond to the pluralistic needs of individuals with T2D by engaging the
patient and a team of health professionals with complementary skills to work unified
towards achieving optimal diabetes management [7]. Since their widespread introduction to
clinical practice, MHC teams have been associated with improvement in all-cause mortality,
reduction in glycated haemoglobin (HbA1c) [9,10], gains in quality-adjusted life years
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(QALYSs) [11], greater adherence to medical care and proper self-care [5-7]. MHC has also
been shown to be cost-effective when compared with traditional care models but only a few
studies have been conducted in low resource settings [9].

In response to the growing T2D epidemic in Mexico and to improve the effectiveness of
T2D management, in 2007, the Ministry of Health (MoH) implemented a comprehensive
model of care for patients with T2D being cared for in the public sector. These
multidisciplinary health care units (MHCUSs) operate within the MoH, which provides
services to the uninsured, usually most socioeconomically vulnerable individuals, which
corresponds to about 50% of the Mexican population. MHCU teams are usually comprised
of a physician, nurse, psychologist, nutritionist, social worker, and a physical therapist.
According to the MoH rules of operation, each team is expected to provide services to 500
patients with T2D per year [12]. Patients are expected to achieve glycemic control within 12
months of establishing care within these units, after which they return to their respective
primary-health-care units (PHCUSs) [13]. Despite robust evidence on the effectiveness of
MHC maodels of care for patients with T2D in high-income countries [7], no studies to date
have evaluated the effectiveness and cost-effectiveness of MHCUs in Mexico. In this study,
we: (1) evaluate the effectiveness and cost-effectiveness of MHCUSs in Mexico using a quasi-
experimental design; and (2) project the cost-effectiveness of MHCUSs using a simulation
model of diabetes.

2. Methods

We conducted a cost-effectiveness analysis based on a retrospective, quasi-experimental
design. Patients with T2D were identified from chart review based on the corresponding
T2D diagnostic information. We selected patients who had suboptimal glycemic control and
that were followed over a period of 12 months. We estimated the cost-effectiveness of MHC
compared to CHC by estimating costs at the public health-care-unit level and using
individual-level data extracted from medical records. We gathered epidemiologic and cost
data covering the period 2016-2017 from a randomly selected, stratified sample of 40
PHCUs: 20 treatment units (MHCUSs that utilized MHC for patients with T2D) and 20
control units (PHCUs utilizing CHC for patients with T2D).

Sample size was calculated in order to detect change in HbAlc of up to two percentage
points [14]. Given that CHCUs could refer patients with T2D and suboptimal glycemic
control to MHCUSs and since the MHC model had not been implemented at the national level
before 2016-2017, we used MHCUSs that were located far enough (at least a 2-hour
commute from CHCUS) to avoid contamination. Given that the model of care covers only
8% of the total patient population with T2D who are followed in public health MoH
facilities, we were able to identify PHCs at which patients were not exposed to
multidisciplinary care. Hence, we utilize these health units as the counterfactual arm. The
units were also selected based on the number of registered patients with T2D in order to
standardize the size of the health units in the analysis. At each health-care unit, we selected
the medical records of patients with T2D and suboptimal glycemic control (defined as equal
or greater than a HbAlc of 7.0% following the national diabetes guidelines [15]) who had at
least 12 months of follow-up. We extracted data on gender, age, HbAlc, year of diabetes
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diagnosis, years with diabetes, body mass index, blood pressure and serum lipid levels. We
included only patients with T2D who had suboptimal glycemic control for two main
reasons. First, MHC units only see patients with T2D with suboptimal glycemic control.
These patients are followed for 12 months, after which those who have achieved glycemic
control are referred back to their PHCUs. Secondly, patients with T2D and suboptimal
glycemic control are at the highest risk to develop micro- and macrovascular complications,
which are associated with greater health system costs.

Short-term costs.—We used a micro-costing technique to estimate the cost per patient
year of individuals with poorly controlled T2D. Estimates were developed at the health-unit
level in MHCUs and PHCUs. We collected data on prices and utilization of health resources
at the health-unit level to estimate the costs of medications, staff, equipment, general
services, and training.

Medium- and long-term costs.—For the 10- and 20-year horizons, we included the cost
of monitoring patients with T2D and suboptimal glycemic control for both MHCUs and
PHCUs, given that patients from MHCUs must be counter-referred to the PHCUs after one
year linked to a MHC. We included the treatment costs of diabetes-related complications
(ischemic heart disease, myocardial infarction, heart failure, stroke, amputation, blindness
and renal failure) based on the cost of care for complications within the public health sector
in Mexico, as reported in the literature (see Table S1, Supplementary Material) [16-23].

2.2. Effectiveness

Short-term outcome.—We defined “effectiveness in the short term” as any improvement
in HbA1c after 12 months of exposure to multidisciplinary care, since the MHC standards of
operation establish that patients should achieve glycemic control within one year [24]. We
used linear, fixed effects regression and latent class models to estimate the causal effect of
MHC on glycemic control. However, using observational data to estimate the effectiveness
parameter raised two concerns. First, the non-random assignment to MHC at the patient
level could create confounding bias, so we used inverse probability of treatment weighting
(IPTW) assuming selection on observables, which was implemented as a reweighting step in
the outcome regression. Second, selection bias could occur as a result of loss to follow-up,
because we estimated effectiveness from a subset of patients with records of their HbAlc
levels after one year. We therefore implemented the Heckman correction for this source of
endogeneity between exposure to MHC and changes in HbAlc [25].

We analysed the effect of one year of exposure to the MCH model on the change in HbAlc,
assuming that these patients could receive MHC for only one year according to the rules of
operation of MHCUSs. We assumed selection on observables to estimate the average
treatment effect on the treated (ATET).

Medium- and long-term outcomes.—Considering that sub optimally controlled

diabetes can markedly affect the quality of life of individuals with T2D, we estimated QALY
expectancy to evaluate effectiveness in the medium and long terms. QALY's were estimated
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from utility decrements obtained from a dataset of 1,093 Mexican patients with T2D with
and without complications [26]. Data were collected as part of this study using the
EQ-5D-5L instrument (see Table S1, Supplementary Material) [27].

2.3. Cost-effectiveness analysis

We utilized the United Kingdom Prospective Diabetes Study (UKPDS) model [28], a
microsimulation model of diabetes progression, to calculate the cost-effectiveness of the
treatment of patients in the intervention (n = 455) and control (n = 201) arms over 1, 10 and
20 years, using an annual discount rate of 5%. The model was based on a system of
parametric equations that predicted the annual absolute risk of presenting seven health
complications associated with T2D (myocardial infarction, heart failure, ischemic heart
disease, stroke, blindness, amputation and renal failure), as well as death. These equations
were estimated through Weibull, logistic and Gompertz regressions. We adjusted the short-
and long-term analyses for age, gender, age at T2D diagnosis and biomarkers at the end of
the first year. We used final post-intervention biomarkers and costs of care from the short-
term analysis as baseline indicators to model the long-term costs and effectiveness (see
Table S2, Supplementary Material). The costs of each complication were obtained from the
literature (see Table S1, Supplementary Material), while the QALY were drawn from a
survey of Mexican patients with T2D (see Table S1, Supplementary Material) [26]. The
results of the analyses are presented as the incremental cost-effectiveness ratio (ICER)
between the two arms of the study. The ICER represents the difference in cost per QALY
improvement per patient between the intervention (MHC model) and control (CHC model)
arms. We also show results concerning the net monetary benefit (NMB), which indicates the
value of each intervention (MHC and CHC) in monetary terms, using a cost-effectiveness
threshold of US$8,910 per QALY gain, representing one GDP per capita in Mexico [29].
Finally, we present the incremental net benefit per patient (INBP), which is the difference
between the NMB per patient in the MHC model and the NMB in the CHC model.

2.4. Scenario and sensitivity analyses

In the base case, we found considerable heterogeneity in the scale of service utilization
across health-care units in both models of care. The scale of provision of health services
directly affects the unitary costs of operation; thus, in addition to the base case, we modelled
two additional scenarios of cost-effectiveness that took into account the current annual
coverage of patients with T2D in the health-care units (approximately 455 patients): (1) a
normative-capacity scenario, which referred to the minimum number of patients with T2D
required to be cared for annually in the MHCUSs to meet the goals established by the MoH:
approximately 500; and (2) a maximum-capacity scenario, which referred to the largest
number of patients with T2D that MHC teams could serve based on the best-performing
MCHU in our dataset: approximately 800 [26].

We performed a deterministic sensitivity analysis to explore results pertaining to cost-
effectiveness over plausible parameter ranges for the MCH model, such as the cost of
medicines, the cost of staff and treatment effect.
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3. Results

3.1. Characteristics of the analytical sample

Baseline characteristics of the individuals in the study sample are summarized in Table 1.
The final study sample included 656 individuals across 40 health units. When compared
with CHC, MHC had a lower percentage of male patients. Participants in MHCs were
farther out of a T2D diagnosis and had a higher number of years with a T2D diagnosis than
participants in CHC units. There were no differences in HbAlc between the MHC and CHC
groups. On average, results at the end of 1-year of exposition showed that systolic and
diastolic blood pressure measurements as well as triglycerides were higher in the CHC
group when compared with the MHC group. Comparison between final levels of these
biomarkers of CHC and MHC groups are included in the supplementary material (Table S6).

3.2. Average MHC and CHC costs per patient

Table 2 displays the short-, medium- and long-term costs for both MHC and CHC models.
Broken down by short-term costs per patient, health staff costs represented the highest share
of the total cost per patient (72.8%), followed by equipment, medicines and general services.
The costs of MHC per patient were more than three times higher than the CHC costs over
the short term. In contrast, the medium- and long-term costs per patient were higher for
CHC. When compared with MHC, the cost per patient under CHC was 5.2% higher after 10
years and 4.1% higher after 20 years.

3.3. Cost-effectiveness results

Table 3 shows the cost-effectiveness results at 1, 10, and 20 years. Results at one year
showed that the MHC model was not cost-effective with an ICER greater than the
willingness to pay (WTP): US$12,166.2 > US$8,910 per QALY. The MHC model became
cost-effective from the third year of operation onward with an ICER of US$1,423.2 (see
Table S3). Over the medium and long term, MHC led to 0.15 and 0.40 additional QALY's
than CHC at 10 and 20 years, respectively. The average cumulative costs per patient at 10
years were US$2,189 for MHC and US$2,302 for CHC. The average cumulative costs of
MHC versus CHC per patient at 20 years were US$4,225 and US$4,399, respectively. Given
a cost-effectiveness threshold of one GDP per capita (US$8,910) per QALY, the INBP of
MHC compared to CHC were US$1,450 and US$ 3,737 at 10 and 20 years, respectively.
Based on negative incremental costs combined with positive incremental QALYS, this
indicated that MHC generated cost savings during these periods.

3.4. Sensitivity analysis

Fig. 1 shows the results of the one-way sensitivity analysis, including variations in costs
(staff and drugs), effectiveness (HbAlc levels) and discount rates. We divided the analysis
into maximum (dark colors) and minimum values (light colors). The minimum costs were
US$153 for MHC and US$34 for CHC; the minimum changes in Hb1Ac levels were <1
percentage point and the minimum discount rate was 3%. The maximum costs were US$281
for MHC and US$91 for CHC; the maximum changes in Hb1Ac levels were 1-2 percentage
points and the maximum discount rate was 7%. Panels A and B show the results at 10 years,
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and panels C and D at 20 years. All panels show that the discount rate had the greatest
impact on the NMB, whereas the impact of variation in effectiveness and care costs per
patient on the NMB was minimal.

3.5. Scenario analysis

We estimated different levels of cost-effectiveness for three scenarios (see Figure S4,
Supplementary Material): the base case represents the current annual coverage for the MHC
model per team that treated an average of 455 patients and yielded a cost per patient of
approximately US$217.8; the institutional-target coverage (500 patients per year); and the
maximum-capacity coverage (800 patients per year). Using 10 and 20 years as time
horizons, we found that raising the scale of production to the institutional target (500
patients per year) reduced the cost per patient to US$165.6. Compared to the base case, this
coverage scenario raised the INBP by 3.93% at 10 years and by 1.53% at 20 years. In
addition, where the scale of production rose to the maximum annual capacity per year per
team, the cost per patient dropped to US$103.5 and the INBP increased by 8.12% and 3.15%
at 10 and 20 years, respectively, with respect to the base case (see more details in Tables S3
and S4, Supplementary Material).

4. Discussion

Our study demonstrated that the implementation of the MHC model for patients with T2D
and suboptimal glycemic control over the course of 12 months is a high-value strategy that is
cost saving in the medium and long term at current levels of service utilization:
approximately 455 patients per year. These results are attributable to averting the health
complications associated with sub optimally controlled T2D. This study represents the first
evaluation of effectiveness and cost-effectiveness of MHC models for T2D management in
Mexico. Our findings have important policy implications by highlighting the cost-
effectiveness of MHC, which can guide restructuring of primary care delivery throughout
Mexico. The positive health outcomes and quality of life gains observed for patients with
T2D coupled with substantial potential cost savings for the Mexican health system can guide
the implementation of effective and cost-efficient models of care delivery for patients with
T2D.

Although the MHC intervention was not cost-effective in the short-term period, MHC was
shown to be cost-effective from the third year onward, at which point the incremental cost-
effectiveness ratio (ICER) per QALY (US$1,423.21 in our study) becomes lower than the
cost-effectiveness threshold willingness to pay (WTP) per QALY (US$8,910 in our study).
This is attributed to the cost per patient in the short term (one year of MHC exposure), which
is approximately three times greater for the MHC when compared to the CHC model. The
long-term cost saving observed with the MHC model is explained by the economic benefits
of preventing costly diabetes complications, which develop over the course of years. This
finding represents an example of cost-saving associated with preventive interventions, which
require greater investment at the outset but then yield benefits in the medium and long term.
Therefore, in the context of preventing diabetes-related complications, health and cost
benefits are usually seen over the long term [11]. Importantly, while there are other
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metabolic risk factors to consider more broadly as they relate to cardiovascular disease,
including hypertension and hyperlipidaemia, baseline levels of these indicators in our study
were on average in the normal range, with minor changes throughout the study period. As
such, while it is important to consider these risk factors in the cost-effectiveness of MHC,
the primary endpoint in this study was HbA1c, both due to the well-documented success of
multidisciplinary care models in T2D management and the lack of evidence of their cost-
effectiveness in Mexico.

In the sensitivity analysis, we found that discount-rate variations have the greatest impact on
the net monetary benefit (NMB). This can be explained by the fact that the largest benefits
occur in the future and, depending on how much we discount in the future, present gains
vary considerably.

According to the results of the different MHC-coverage scenarios, the performance of the
MHC model can be improved in the short term. In a scenario featuring annual increases in
levels of coverage for MHCUSs, we observed a considerable reduction in the cost per patient
for the MHC model in the short term, rendering the model more cost-effective in the short,
medium and long terms.

In a scenario in which MHCUSs use teams comprised of a doctor, a nurse, a dietician, a
psychologist, and a physical therapist, a total of 500 patients can be covered annually (as
required by MoH operating rules [26]). According to our findings, the MHC intervention is
cost-effective from the first year onward with an ICER of US$5,037.5 per QALY (WTP: US
$8,910 per QALY) and cost saving from the third year onward. Moreover, in a scenario of
maximum capacity that is providing coverage to 800 patients per unit per year, the MHC
model is cost saving from the first year onward (see Table S2, Supplementary Material).

4.1. Strengths and limitations

Our study has several strengths. For the cost-effectiveness analysis reported in this paper, we
used costs and health output data of patients with diabetes collected retrospectively. We used
a robust quasi-experimental design taking advantage of the fact that the multidisciplinary
care introduced by the MoH in 2011 had not been widely implemented in the country. In
2012, public-sector coverage for this model represented only 6%!? of patients with diabetes
covered by the MoH [30]. We randomly selected health units that covered patients with
diabetes under two different models of care: MHC and CHC, and compared the effectiveness
of each model after one year of exposure.

Although we found the MHC model to be effective in the short term (one year) and cost-
effective in the medium and long terms, an improvement in MHC coverage should be
considered in order to reduce the costs of this care model in the short term and render it cost-
effective from the first year on. Specific strategies to increase the coverage of the model
should be designed in order to achieve more rapid short-term cost-effectiveness. One option
is to integrate the MHC model within the primary health units so as to enhance the adequate

Lown estimations according to data on active patients in 2018 obtained from the Information System for Chronic Diseases (SIC) and
the report of the National Center for Disease Prevention and Control Programs (CENAPRECE) in Mexico.
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reference to MHC and to facilitate the access to this type of model of care to patients with
T2D with suboptimal glycemic control.

This study has several limitations. First, one major assumption underlying the medium- and
long-term effects of the MHC model was that once patients are exposed to the MHC model
and have achieved glucose control, they maintain these levels of glucose control in the
future. Although the literature has not yet supported the sustainability of the short-term
results of the MHC maodel, preliminary results of patients exposed to this model in Mexico
show that patients who achieve control after 12 months of exposure can maintain this level
of control at 31 months after completing the intervention. Second, the UKPDS model is
based on the life expectancy of individuals from the UK (80 years) and other multi-ethnic
groups from Asia, Europe, and some regions from North America, whereas the life
expectancy of the Mexican population is 77 years. Although we introduced biomarkers into
the UKPDS model at baseline and follow-up, QALYs from Mexican patients with T2D, and
costs from the specific context of the Mexican public-health-care system, the differences in
life expectancy could have resulted in an overestimation of the effects of the MHC model,
particularly with respect to other causes of death. Third, given that we included only patients
with T2D who also had suboptimal glycemic control based on HbA1c data, we applied
inverse probability of treatment weighting (IPTW) to adjust for differences among patients
with T2D attending PHCUs and those attending MHCUS, to avoid potential selection bias
attributable to the specific profile of the patients attending MHCUs. We also controlled for
the inverse Mills-ratio? to adjust for potential selection bias attributable to differences
among health-care units and their capacity to retain patients.

Finally, in order to identify the effect of the MHC model, we defined our analytical sample
applying a match technique using patients’ baseline characteristics. However, in order to
identify variations of the effect of MHC model between the analytical sample exposed to
multidisciplinary model (467 T2D patients) and the overall T2D patients (7,598 T2D
patients) exposed also to the same model of care from the 20 sampled MHCUs of this study,
we compared the difference of the effect of MHC in the two samples. We found that
although the overall sample started with patients with worse levels of HbAlc (mean
baseline: 8.9%) compared to the T2D patients from the analytical sample (mean baseline:
8.1%), the effect of the multidisciplinary model of care was a reduction of around 1
percentage points in the HbAlc in both samples after one to 18 months of exposure to the
MHC model of care. This shows that although the analytical sample excluded patients with
worse levels of HbALlc, the potential effect of the MHC model could be the same (see Table
S5, supplementary material).

In light of the alarming rise in T2D prevalence in Mexico and other LMICs, there is an
urgent need to develop and implement cost-effective models of care for patients with T2D.
In Latin American countries, evidence on effectiveness and cost-effectiveness of

270 correct for selection bias, James Heckman proposed a two-stage estimation procedure using the inverse Mills ratio. First, a probit
regression is modeled to observe the positive outcome of the dependent variable, in our case, the probability of belonging to the
analytical sample. The inverse Mills ratio must be generated by means of a probit model. Second, the estimated parameters are used to
calculate the inverse Mills ratio, which is then included as an additional explanatory variable in the ordinary least squares (OLS)

estimation.
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multidisciplinary health care models for patients with T2D is lacking. In this study we
demonstrate the cost-effectiveness of multidisciplinary-team-based care in Mexico after
three years of MHC implementation and show that with expansion of this model of care,
cost-effectiveness can be achieved at the outset of MHC implementation. These findings
have important implications for improving care delivery for T2D in Mexico and potentially
other LMICs and may inform policies to improve outcomes for patients with T2D, reduce
the risk of complications and decrease health system costs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Panel A. Net monetary benefits for CHC at 10 years (USS$ thousand) Panel B. Net monetary benefits for MHC at 10 years (USS$ thousand)
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Fig. 1—.

Rgsults of the sensitivity analysis (US$, 2017). Note. Minimum costs: US$153 for MHC and
US$34 for CHC; minimum Hb1Ac levels: 7.91% for MHC and 8.09% for CHC; minimum
discount rate: 3%; maximum costs: US$ 281 for MHC and US$91 for CHC; maximum
HblAc levels: 8.31% for MHC and 8.71% for CHC; and maximum discount rate: 7%.
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