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ABSTRACT

Objectives The Carlos Slim Foundation implemented
the Integrated Measurement for Early Detection (MIDO), a
screening strategy for non-communicable diseases (NCDs)
in Mexico as part of CASALUD, a portfolio of digital health
services focusing on healthcare delivery and prevention/
management of NCDs. We investigated the disease
profile of the screened population and evaluated MIDO’s
contribution to the continuum of care of the main NCDs.
Design Using data from MIDO and the chronic diseases
information system, we quantified the proportion of the
population screened and diagnosed with NCDs, and
measured care linkage/retention and level of control
achieved. We analysed comorbidity patterns and estimated
prevalence of predisease stages. Finally, we estimated
characteristics associated with unawareness and control
of NCDs, and examined efficacy of the CASALUD model in
improving NCD control.

Setting Public primary health centres in 27/32 Mexican
states.

Participants Individuals aged >20 years lacking
healthcare access.

Results From 2014 to 2018, 743000 individuals were
screened using MIDO. A predisease or disease condition
was detected in >70% of the population who were
unaware of their NCD status. The screening identified
38417 new cases of type 2 diabetes, 53133 new cases
of hypertension and 208 627 individuals with obesity.
Dyslipidaemia was found in 77.3% of individuals with
available blood samples. Comorbidities were highly
prevalent, especially in people with obesity. Only

5.47% (n=17774) of individuals were linked with their
corresponding primary health centre. Factors associated
with unawareness of and uncontrolled NCDs were sex,
age, and social determinants, for example, rural/urban

Strengths and limitations of this study

» The Measurement for Early Detection (MIDO)
screening strategy contributes to betterment of
public health by identifying predisease states of the
most common non-communicable diseases (NCD)
and thereby allowing early intervention, particular-
ly in disadvantaged populations lacking healthcare
access.

» Another strength of this study is the very large sam-
ple size (743000 individuals screened over a 4-year
period).

» Although MIDO did not use gold-standard tests for
diagnosing type 2 diabetes (fasting plasma glu-
cose and oral glucose tolerance tests), the simple
and accessible approach we used (fasting capillary
glucose and random capillary glucose) is reliable for
identifying undiagnosed diabetes as well as predict-
ing individuals at risk.

» Possible limitations include the assumptions that
disease distribution and unawareness are the same
in the studied population as in the surveys, and that
all the individuals screened using MIDO could be
followed within the individual administrative public
health centre database.

» Because of selection bias, the results of the MIDO
screening cannot be used as an estimate of NCD
prevalence.

environment, access to healthcare service, and education
level. Patients with type 2 diabetes treated at clinics under
the CASALUD model were more likely to achieve disease
control (OR: 1.32, 95% Cl: 1.09 to 1.61).
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Conclusion Patient-centred screening strategies such as MIDO are
urgently needed to improve screening, access, retention and control for
patients with NCDs.

INTRODUCTION

Non-communicable diseases (NCDs), such as ischaemic
heart disease, chronic kidney disease and type 2 diabetes
mellitus (T2DM), are the three leading causes of death
in Mexico.! NCDs were responsible for 80% (67 535) of
total deaths in the country in 2019. T2DM is the leading
cause of years lived with disability." High fasting plasma
glucose, high body mass index (BMI), high blood pres-
sure and suboptimal diet have been recognised as the top
risk factors associated with NCDs, accounting for more
than half of attributable deaths and disability-adjusted
life-years.!

Although T2DM and hypertension are recognised
as public health problems, according to the Mexican
National Health and Nutrition Survey (2016), 40% of
the population with hypertension and 29% of those with
T2DM are unaware of their condition.”® Moreover, it is
recognised that only 46% of people with hypertension
and 16% of people with T2DM achieve control of their
condition.” Additionally, lipid disorders contribute to
the development of NCDs such as cardiovascular disease,
which has been the main cause of mortality in Mexico
in recent years. The 2012 Ensanut study reported that
approximately 31% of Mexican adults had hypercholes-
terolaemia and 49% had hypertriglyceridaemia.*

It is also known that multiple comorbidities are highly
common in patients with T2DM, especially with increasing
age.” Comorbidities, including cardiovascular and neuro-
logical complications, diabetic retinopathy and diabetic
nephropathy, have been associated with poor health
outcomes. In the case of patients with cardiovascular
diseases, disorders of carbohydrate metabolism, thyroid
disease, bronchial asthma, varicose disease, chronic hepa-
titis and wurolithiasis are common in patients with isch-
aemic heart disease or chronic heart failure.®”’ Moreover,
evidence from other countries suggests that the cost of
illness is substantially higher for individuals with comor-
bidities and represents a major challenge for healthcare
systems.”

During the past decade, the Mexican government has
implemented plans, regulations, policies and programmes
to tackle NCDs, mainly focusing on nutrition; however,
few population-based screening programmes have been
implemented.” Only two studies have been published
investigating screening and prevention in primary health-
care at the national level, and these reported little, if any,
benefit.'”!" Moreover, the traditional screening approach
only reaches the population already seeking healthcare
services at health facilities. As a result, nearly half of
patients with T2DM present tissue damage by the time
they are diagnosed,'” and a large number of people with
NCDs remain undiagnosed. In traditional curative health
systems, the lack of early strategies for NCD detection and

effective treatments to achieve control and prevent long-
term complications have been recognised as important
limitations to prevent microvascular and macrovascular
complications during the latent period of disease." '*

To address the aforementioned limitations, in 2008
the Carlos Slim Foundation (‘Fundacién Carlos Slim’) in
Mexico created an innovative model entitled CASALUD
(from the Spanish words for ‘CASA’ ‘home’ and SALUD
‘health’)," which is an innovative healthcare system lever-
aging digital health resources that includes strategies
for prevention, early detection and control of the prin-
cipal NCDs based on international best practices. Within
CASALUD, the Chronic Diseases Information System
(SIC) and the Integrated Measurement for Early Detec-
tion (MIDO)'" were developed and implemented as
digital, interconnected platforms enabling health profes-
sionals to perform proactive community-level prevention
of obesity, T2DM, hypertension and dyslipidaemia (when
laboratory tests were available).

In this paper, we aim to describe the complete disease
profile (risk, predisease, disease and comorbidities) of
the screened Mexican population, and evaluate MIDO’s
contribution to the continuum of care from screening to
control of the main NCDs.

METHODS
This analysis included a total of 743000 people aged >20
years, who were screened by MIDO from 2014 to 2018 in
137 public primary health centres (PHCs) among 27 of
the 32 states in Mexico.'” We used data from the MIDO
and SIC digital platforms, both of which are blinded
databases of administrative records. As all data were
anonymised prior to access, informed consent was not
required. Permission to use the data was granted by the
Mexican Ministry of Health, according to a signed agree-
ment between the Ministry and the Carlos Slim Founda-
tion, which stipulates that the Foundation may perform
technical analyses to inform about the progress of the
NCD programmes in order to provide guidance that may
contribute to improvements in current policy. Further-
more, this study was conducted in accordance with the
principles of the Declaration of Helsinki and local laws
and regulations. SIC enables the registry of medical care
provided by PHCs to people living with NCDs, including
information on patient retention, completeness of diag-
nosis and treatment protocols, and metabolic control.
MIDO’s platform focuses on risk assessment of each
individual based on core measurements such as BMI,
waist circumference, blood pressure and capillary glucose
(CG). Data are also collected regarding smoking and
sleeping habits, as well as responses from the Finnish
Diabetes Risk Score (FINDRISC) questionnaire.18 Addi-
tionally, in PHCs with laboratory facilities, MIDO assess-
ment also includes a lipid panel. Details on the MIDO
assessment strategy are described in online supplemental
figure 1.
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Individuals are classified as having a disease if they
reported a history of prior diagnosis. A previous diagnosis
of T2DM or hypertension was identified by self-report if
the individual knew about their condition. For T2DM,
individuals are classified as having a new diagnosis if
their fasting CG was 2126 mg/dL or a random CG value
was >200mg/dL." For hypertension, the cut-off point is
systolic blood pressure (SBP) >=140mm Hg or diastolic
blood pressure (DBP) >90mm Hg®; for obesity, the
threshold is BMI >30kg/m*?' Dyslipidaemia is defined
as total cholesterol >2200mg/dL and low-density lipo-
protein (LDL) >70mg/dL, high-density lipoprotein
(HDL) <40mg/dL for men (<50mg/dL for women) or
hypertriglyceridaemia (triglycerides>150mg/dL).*”* The
same thresholds are used for both diagnosis and control
of hypertension and dyslipidaemia. T2DM control is
defined in screening as having a fasting CG <130 mg/dL*
or random CG <140mg/dL,** and glycated haemoglobin
(Alc)<7% in the PHC medical records.?

The ‘predisease’ stage includes individuals identi-
fied with pre-T2DM (fasting glucose 100-125mg/dL),"
prehypertension (SBP 130-139 mm Hg or DBP 85-89 mm
Hg)® and preobesity (overweight; BMI 25-29.9kg/m?).*
Comorbidities are defined as the presence of more than
one diagnosis or prediagnosis within the same individual.
Finally, individuals are classified as ‘disease not diagnosed’
when all previously mentioned values and measurements
fell within normal ranges.

Laboratory tests are only included in PHCs with labora-
tory facilities and in those individuals who self-reported 12
hours of fasting. Lipid profile is measured using a venous
blood sample for at least one parameter: total cholesterol,
LDL cholesterol, HDL cholesterol and triglycerides.

MIDO includes an algorithm to profile the risk of each
individual, which enables health professionals to provide
counselling to patients and prescribe changes in lifestyle.
In addition, individuals who are identified as having
an NCD but are unaware of their disease before MIDO
screening are referred to their corresponding PHC for
further confirmation and clinical management. We
applied the continuum of care framework to identify and
quantify the flow of people, through all stages; namely,
detection, treatment and control.

Statistical analysis
First, we conducted a descriptive analysis of the main
sociodemographic characteristics and disease profiles of
the screened population, using mean+SD or frequency
and proportion (%), according to the scale of the vari-
able. The distributions of diseases, prediseases and lipid
profiles were estimated as proportions, and then strati-
fied according to the three categories of the MIDO inte-
grated risk assessment score: <10 points, low; >10and<13,
moderate and >13, high (based on the FINDRISC scale,18
to estimate the sensitivity and specificity by category.
Missing data were not imputed.

We then described the continuum of care using logistic
regression models to evaluate factors associated with a

lack of awareness and control among people with hyper-
tension or diabetes. Finally, we evaluated the contribution
of CASALUD in closing the gap with respect to disease
control for those who sought medical care at a PHC. To
compare PHCs with and without CASALUD, a logistic
regression model was fitted, in which the dependent vari-
able was achieving control (glycated haemoglobin (Alc),
CG, blood pressure or total cholesterol levels). Models
were adjusted according to sex, age, time since diagnosis,
number of medical visits, and comorbidities. A p <0.05
was considered statistically significant, and all analyses
were performed using Stata V.15 (StataCorp).?’

Patient and public involvement
Neither patients nor the public were involved in the
design of this research.

RESULTS

Table 1 shows the principal characteristics of the popu-
lation screened using MIDO (N=743000; approximately
55% of the total population covered by the 137 PHCs).
The average age was 41.5 (SD 14.8) years; nearly half of
the population (49.2%) was between 20 and 39 years.
Nearly 70% of screened individuals were women, and
almost 11% reported being an active smoker. Parental
history of T2DM was identified in 22.5% of the popula-
tion. Based on MIDO’s integrated risk assessment, 35.1%
of the population was classified as having a high risk of
disease, 16.2% was classified as having moderate risk, and
48.5% were identified as having low risk.

The overall disease profile of the population screened
using MIDO was as follows: 89.8% of the population had
a disease or predisease condition (reported by previous
diagnosis or identified during the screening). Less than
5% of screened individuals had a previous diagnosis of
T2DM or hypertension, with controlled and uncon-
trolled values in the same proportion. One-third of
those screened had a disease newly diagnosed by MIDO
(T2DM, hypertension, obesity or dyslipidaemia), and half
of the population had a predisease diagnosis (pre-T2DM,
prehypertension or preobesity/overweight) (table 2).

The number of comorbidities was higher with increased
age and among women. Among people with obesity (the
most common diagnosis at 29.4% of the screened popula-
tion), the rates of comorbidities were as follows: 21.29%,
no comorbidity; 4.13%, comorbid with hypertension;
1.54%, T2DM; 0.36%, dyslipidaemia; 0.65%, T2DM and
hypertension; 0.06%, hypertension and dyslipidaemia;
0.04%, T2DM and dyslipidaemia; and 0.01%, T2DM,
hypertension and dyslipidaemia.

Nearly 30% of the population had obesity and 37.5%
had preobesity (overweight) at the time of screening. In
the case of T2DM, 4.1% of cases were previously diag-
nosed and fewer than 40% were controlled, according
to CG results. T2DM was detected in 5.8% (38,417 indi-
viduals) of the population screened with MIDO, and pre-
T2DM was identified in 13.4%. Regarding hypertension,
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Table 2 MIDO screening results

Table 1 Main characteristics of participants screened using
MIDQ’s integrated assessment
N=743000
Sociodemographic characteristics
Sex
Female 516577 (69.5)
Male 226423 (30.5)
Age (years)* 41.5+14.8
20-39 345929 (49.2%)
40-59 265699 (37.8%)
>60 91220 (13%)

Lifestyle and risk factors
Smoking (yes, within past 12 months)t
Parental history of diabetest

75520 (10.7)
141363 (22.5)

Population screened (N=743000) n (%)
Previous disease,* controlled 32234 (4.3)
Previous disease,” uncontrolled 30912 (4.2)
Disease detectedtt 273170 (36.8)
Predisease detectedt§ 393742 (53.0)

Disease not detected

Screening of nutritional status according to
BMI classification (N=709 635)

190832 (25.7)

Underweight 8575 (1.2)
Normal weight 226575 (31.9)
Overweight (preobesity) 265858 (37.5)

Obesity
Screening of hypertension (N=718003)

208627 (29.4)

Anthropometrics
Height (cm) 159.1+16.3
Weight (kg) 70.5+15.3
BMI (kg/m?) 27.8+5.3
Waist circumference, cm 91.5+13.8

Biomarkers§
SBP (mm Hg) 116.8+16.8
DBP (mm Hg) 72.2+11.2
Fasting CG (mg/dL) 104.4+41.4
Non fasting CG (mg/dL) 116.4+50.1
Total cholesterol (mg/dL) 171.1+£51.9
LDL cholesterol (mg/dL) 90.9+30.8
Triglycerides (mg/dL) 178.3+100.7

Data are shown as n (%) or mean+SD.

*N=702 848

TN=708 823

FN=628 280

§Lipid profile was measured in only 5% of the sample (n=38855).
BMI, body mass index; CG, capillary glucose; DBP, diastolic
blood pressure; LDL, low-density lipoprotein; MIDO, Integrated
Measurement for Early Detection; SBP, systolic blood pressure.

6.1% of individuals had a previous diagnosis, and
nearly 60% had blood pressure values considered to be
adequately controlled. Hypertension was diagnosed using
MIDO in 7.4% (53,133 individuals) of the population and
19.2% were diagnosed with prehypertension (table 2).
Regarding individuals’ lipid profiles (laboratory tests,
n=38855), 77.3% had at least one type of dyslipidaemia,
with low HDL cholesterol being the most common type
(67.2%), followed by hypertriglyceridaemia (46.5%) and
high total cholesterol (27.6%), as shown in table 2.
Males and people who were younger, non-smokers,
overweight or obese, without a parental history of T2DM,
lived in urban municipalities, lacked access to health
services and with lower education levels were more likely
to be unaware that they were living with T2DM (table 3).
Similar factors were found for hypertension unawareness,

Normal 484016 (67.4)
Controlled hypertension (previous 25566 (3.6)
diagnosis)
Uncontrolled hypertension (previous 17652 (2.5)
diagnosis)
Hypertension (new diagnosis) 53133 (7.4)
Prehypertension 137636 (19.2)
Screening of T2DM (N=660874)
Normal 507087 (76.7)
Controlled T2DM (previous diagnosis) 10437 (1.6)
Uncontrolled T2DM (previous diagnosis) 16668 (2.5)
T2DM (new diagnosis) 38417 (5.8)
Pre-T2DM 88265 (13.4)
Screening of dyslipidaemiaf|
Any dyslipidaemia (N=39335) 30415 (77.3)
High total cholesterol (N=38 855) 10704 (27.6)
High LDL cholesterol (N=9317) 3472 (37.3)
Low HDL cholesterol (N=22861) 15353 (67.2)
Hypertriglyceridaemia (N=35394) 16445 (46.5)

*Includes T2DM or hypertension.

TIn total, 74.4% of the screened population first became aware of
having a disease or predisease through MIDOscreening.
FIncludes T2DM, hypertension, dyslipidaemia and obesity.
§Includes pre-T2DM, prehypertension and overweight.

YILipid profile assessment is not part of the core measurements of
MIDO. It was measured only in PHCs with laboratoryfacilities.
BMI, body mass index; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; MIDO, Integrated Measurement for Early
Detection; SBP, systolic blood pressure; T2DM, type 2 diabetes
mellitus.

but older age and rural residence were also commonly
observed. In people with a previous diagnosis of T2DM,
poor glucose control was more likely in men, older
people, nonsmokers, individuals with a parental history
of T2DM, those with obesity and residents of rural munic-
ipalities (table 3).
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Table 3 Factors associated with unawareness of and uncontrolled T2DM and hypertension among the population screened

using MIDO

T2D Hypertension
Unawareness Uncontrolled Unawareness Uncontrolled
n=48953 n=19348 n=74028 n=32689

OR (95%Cl)

OR (95%Cl)

OR (95%Cl)

OR (95% Cl)

Sociodemographic characteristics

Sex
Female (reference)
Male

Age (years)
20-39 (reference)
40-59
>60

Lifestyle and risk factors

Current smoker
No (reference)
Yes

Parental history of diabetes
No (reference)
Yes

BMI category
Normal weight (reference)
Overweight (preobesity)
Obesity

Social determinants

Rural-urban stratification
Rural (reference)
Urban

Lacking access to health
services

Low education level

1.00
1.16 (1.12 to 1.21)

1.00
0.88 (0.83 to 0.92)
0.92 (0.87 to 0.98)

1.00
0.47 (0.44 to 0.50)

1.00
0.38 (0.037 to 0.40)

1.00
1.09 (1.03 to 1.15)
1.14 (1.08 to 1.20)

1.00
1.45 (1.38 t0 1.52)
1.03 (1.03 to 1.04)

1.02 (1.01 to 1.03)

1.00
1.13 (1.06 to 1.21)

1.00
2.15 (1.99 to 2.34)
1.76 (1.61 to 1.92)

1.00
0.87 (0.80 to 0.93)

1.00
1.25 (1.18 to 1.35)

1.00
0.98 (0.91 to 1.07)
1.05 (0.97 to 1.15)

1.00
0.64 (0.60 to 0.69)
0.99 (0.98 to 0.99)

0.98 (0.98 to 0.99)

1.00
1.44 (1.39 to 1.49)

1.00
0.8 (0.77 t0 0.83)
1.26 (1.20 to 1.33)

1.00
0.88 (0.83 to 0.92)

1.00
0.21 (0.21 to 0.23)

1.00
1.04 (0.99 to 1.09)
1.06 (1.02 to 1.11)

1.00
0.92 (0.88 to 0.96)
1.07 (1.06 to 1.08)

1.09 (1.09 to 1.10)

1.00
1.33 (1.27 to 1.4)

1.00
1.84 (1.72 to 1.96)
2.68 (2.50 to 2.87)

1.00
1.04 (0.99 to 1.09)

1.00
1.04 (0.98 to 1.10)

1.00
1.28 (1.2 to 1.4)
1.92 (1.80 to 2.06)

1.00
0.79 (0.74 to 0.83)
0.98 (0.97 to 0.99)

1.02 (1.02 to 1.03)

BMI, body mass index; MIDO, Integrated Measurement for Early Detection; T2DM, type 2 diabetes mellitus.

We found that the MIDO integrated risk assessment
was a useful way to detect NCDs and prediseases in this
population. The disease profile distribution is presented
in table 4. People without a disease diagnosis were mostly
categorised as having a low risk of disease (90.06%), and
only 2.61% were categorised as having high risk. Among
those participants with predisease, 43.13% and 48.71% of
people with pre-T2DM and prehypertension were cate-
gorised as high risk, respectively; for preobesity (over-
weight), 27.88% had moderate risk and nearly the same
proportion (26.65%) were categorised as having high
risk. The majority (83.4%) of people with obesity were
classified as high risk. More than half of individuals with a
new diagnosis of T2DM or hypertension were in the high-
risk group (55.78% and 59.14%, respectively). Finally,

approximately half of participants with an altered lipid
profile were categorised as high risk.

Continuum of care

Among all individuals screened using MIDO who
received a new diagnosis of at least one NCD, only 5.47%
(n=17774) sought health services for treatment at a PHC,
according to SIC records; this represents a proportion of
94.6% with a treatment gap. Only 23.1% of the popula-
tion treated for T2DM had achieved acceptable glycaemic
control (Alc<7%), 40.1% of patients treated for hyper-
tension achieved a normal blood pressure, fewer than
20% of patients treated for dyslipidaemia had decreased
total cholesterol levels, and only 4.6% of patients treated
for obesity reduced their weight (online supplemental
figure 2). Further, the median number of days until
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Table 4 Distribution of detected disease profiles according to risk category, based on the MIDO questionnaire

Area under the
ROC curve in high/
very high risk

Low Moderate High Sensitivity,%  Specificity, % coef. (95% CI)
Disease not detected 90.06 7.33 2.61 -
Overweight 45.48 27.88 26.65 -
Pre-diabetes 38.98 17.89 43.13 -
Prehypertension 33.33 17.96 48.71 -
Obesity 6.47 10.14 83.4 -
Type 2 diabetes mellitus 28.21 16 55.78 63.4 66.4 0.65 (0.64 to 0.65)
Hypertension 25.11 15.75 59.14 63.6 68.0 0.55 (0.54 to 0.56)
High total cholesterol 28.8 19.73 51.48 51.5 59.2 0.55 (0.54 to 0.56)
High LDL 35.63 16.94 47.43 46.2 60.8 0.53 (0.52 to 0.54)
Low HDL 30.61 18.08 51.31 47.4 63.9 0.55 (0.54 to 0.56)
High triglycerides 35.68 18.11 46.21 51.3 62.1 0.56 (0.55 to 0.57)
Any dyslipidaemia 34.61 18.63 46.76 46.8 66.7 0.56 (0.55 to 0.57)

HDL, high-density lipoprotein; LDL, low-density lipoprotein; MIDO, Integrated Measurement for Early Detection; ROC, receiver operating

characteristic.

starting treatment was 344 (IQR: 124-1708) after having
received a diagnosis and the first visit to a PHC, with a
significant difference in days according to disease: 260
(IQR: 35-649) for T2DM, 323 (IQR: 82-684) for hyper-
tension, 373 (IQR: 108-732) for obesity and 569 (IQR:
178-903) for dyslipidaemia.

Finally, we found that people who received treatment
at a PHC that followed the CASALUD model were 32%
(OR: 1.32, 95% CI: 1.09 to 1.61) more likely than those
treated at a non-CASALUD PHC to achieve T2DM
control, adjusting by sex, age, time since detection, time
since diagnosis, number of medical consultations and
comorbidities (figure 1). This result was not observed for
hypertension or dyslipidaemia.

T

|
T2D I ——
1.32(1.09-1.61)

|
|
e

Hypertension -
0.96(0.84-1.09) |
|
|
Dyslipidemia - O
| 1.07(0.86-1.35)
|
0 5 1 1.5 2
OR
Figure 1 Control of NCDs at PHCs with versus without

CASALUD. OR adjusted by sex, age, time from diagnosis,
number of medical consultations and comorbidities. NCD,
non-communicable disease; PHC, primary health centre;
T2DM, type 2 diabetes mellitus.

DISCUSSION

This study presents the first findings about the contri-
bution of the MIDO strategy in screening, detection,
treatment and control of NCDs in the adult Mexican
population lacking healthcare access. MIDO screening for
T2DM, hypertension and obesity was achieved in approx-
imately half of the population (N=743000) covered by
137 PHCs in 27 states of Mexico. Dyslipidaemia is not
included in the core measurements of MIDO'’s integrated
risk assessment, but as some PHCs have a laboratory
facility, lipid profile was included in the analysis of the
NCD profile, although for only 5.2% of the total screened
population. The large difference between the proportion
of people screened for T2DM, hypertension and obesity
versus those also screened for dyslipidaemia reflects the
importance of having tools to identify populations at
risk that can be easily applied in almost any setting, as
previously recognised (CG, anthropometric measures,
blood pressure and validated questionnaires such as
the FINDRISC).* An advantage of applying validated
questionnaires is that cut-points can be adapted to the
local context, to maximise their predictive capacity and
sensitivity.”

A large proportion of undiagnosed NCDs among the
screened population were identified using MIDO. Our
estimations showed that more than half of people with a
T2DM diagnosis were unaware of their condition. These
results are aligned with previous estimations; the WHO
reported that between 24% and 62% of people with
diabetes in a sample of seven countries were undiagnosed
and untreated.” According to the National Health and
Nutrition Survey, Mexico has an undiagnosed T2DM
prevalence of 30%.” In the case of hypertension, our
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results are also aligned with those previously reported
in the above survey. We found that 55.1% of individuals
had hypertension, and the National Health and Nutrition
Survey reported a 40% prevalence of undiagnosed cases.”

Our results confirm that screening is useful for
detecting people with NCDs. Still, the mean time between
screening and the first visit to the corresponding PHC was
more than 1year. However, this time frame may be some-
what overestimated because some patients screened by
MIDO may begin treatment in institutions that are not
interconnected with MIDO, and thus do not share such
data. On the other hand, we found that more than 90%
of people diagnosed with NCDs do not attend medical
visits at a PHC, a fact that is directly considered in the
treatment gap. Previous analyses have reported that
rates of participation in a health check among patients
living with cardiometabolic diseases ranged from 1.2% to
84.1%.”" Early detection and treatment are essential to
avoid complications, thereby saving costs for patients and
for the health system.'***%*

The lack of awareness about NCD-related symptoms,
risk factors and lifestyle choices is prevalent.”* * Studies
have found that between 30% and 35% of individuals
living with T2DM were unaware of their disease.”® Male
sex, family history of T2DM, former smoking, overweight,
obesity and lack of healthcare access are factors associated
with unawareness of T2DM; our results are consistent
with those of other analyses.”® High T2DM unawareness
increases the rate of poor metabolic control and contrib-
utes to poor management of other diseases, including
hypertension.”

It is crucial to investigate the reasons people do not
attend a PHC once they are informed of their disease and
do not attend their follow-up visits for metabolic control.
Many studies have reported the following as personal
barriers: socioeconomic status, lower education level,
denial ofillness, physical disability, patients’ busy schedule
and time constraints.”®*’ Unemployment and low income,
healthcare access and health services location, health-
care costs, local customs and lack of family support have
been identified as economic and social barriers.”® Some
environmental barriers, such as health services location,
transportation problems and adverse weather conditions
also contribute to this problem.” Lastly, barriers related
to service providers include a failure to respect patients,
lack of staff, lack of patient follow-up and poor doctor—
patient relationship.” *’ In the Mexican context, a system-
atic review found that the lack of economic resources,
language barriers (for indigenous populations), and lack
of healthcare professionals remain important barriers for
patients with T2DM and hypertension in rural areas of
Mexico."!

In the present analysis of disease profiles, we found
that more than half of the population had predisease
(pre-T2DM, prehypertension or overweight) and more
than 35% had a disease (T2DM, hypertension, obesity or
dyslipidaemia); only a quarter of the screened population
was negative for any of the NCDs screened. The disease

profiles observed here were not surprising as Mexico has
one of the highest rates of obesity worldwide (36% in
2018).* As expected, comorbidities are common, espe-
cially in older populations. It has been shown that 10%
and 24% of individuals with obesity have either high
fasting blood glucose levels (>126mg/dL) or undiag-
nosed hypertension, respectively.*” Unfortunately, there
is a lack of information about predisease and the preva-
lence of comorbidities in the Mexican population; one
previous study in a younger population (age 18-30 years)
reported results similar to our findings for pre-T2DM,
with a prevalence of 14.6%.*

Implications for health systems

Complementary to MIDO, the Mexican government and
the main health systems implemented other strategies
to prevent and control NCDs, including the national
strategy ‘Check yourself, measure yourself, move your-
self’ (a mass media campaign launched in 2013) and the
‘PREVENIMSS’ programme. The former was evaluated
in 2016, and although the majority of the population
(57.4%) recognised the campaign and its main compo-
nents,45 it was cancelled after reports showed deficits in
the implementation and lack of results.'’ PREVENIMSS
was incorporated as a primary care-based integrated
programme in one of the largest healthcare providers
(the Mexican Institute of Social Security (IMSS)) in 2002.
The aim of PREVENIMSS was to reduce the burden of
disease through preventative services and education, yet
the evaluation of the impact of this programme revealed
increases in rates of T2DM and hypertension. The only
positive impact found was a reduction in mortality rates
for cervical and breast cancers; this was associated with
early detection and treatment.'” In the present analysis,
we show that the MIDO screening strategy contributes to
the betterment of public health by identifying predisease
states of the most common NCDs and thereby allowing
early intervention, particularly in disadvantaged popu-
lations lacking healthcare access. The positive results
of MIDO arise from the combination of best practices,
simple and accessible screening tests, and accessibility for
the public (in and out of PHC settings).

From the perspective of health systems, it is well docu-
mented that an early diagnosis of T2DM will reduce the
costs related to complications.™ ** There is a large diag-
nosis gap and gap from treatment to control in the case
of dyslipidaemia because diagnosis and monitoring are
dependent on a laboratory test. Resource investment
here is crucial because it has been shown that reductions
in LDL cholesterol reduce the incidence of heart attack
and stroke."’

A policy for early NCD identification should include
a reliable and low-cost screening test, evidence of the
benefits and costs of screening, and the capacity of the
health system to identify and then manage the new
burden of cases.”® In this sense, since 2010, the Mexican
health normative standards recognise the importance of
screening for prediagnosis and early diagnosis of T2DM,
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in people as young as 20 years old and with a screening
frequency of every 3 years, especially in populations with
obesity and with first-degree relatives diagnosed with the
disease.*” Our analysis showed that half of the screened
population was younger than 40 years old, which is
alarming as many people in this age group already have
NCDs and comorbidities.

The present analysis represents a first report of identi-
fied gaps in the continuum of care after the implementa-
tion of MIDO in Mexico. The largest gap in the continuum
of care is that obesity has not yet been recognised by the
population as a disease, even though itis highly associated
with other diseases; moreover, management of obesity
through weight reduction is not a treatment commonly
prioritised by health professionals.

Patients who received treatment for T2DM in
CASALUD PHCs were 32% more likely to achieve
disease control than patients treated at non-CASALUD
PHCs. This striking difference suggests that it is possible
to implement improvements in strategies focused on
identification, management and control of NCDs at
the first level of healthcare in Mexico. Furthermore,
this has become highly relevant during the COVID-19
pandemic, as diabetes and uncontrolled blood glucose
have been reported as predictors of severity and mortality
in COVID-19 patients.””*' It is well recognised that poor
glycaemic control and insulin resistance are associated
with deficits in immunological function, promoting
inflammatory processes that contribute to mechanisms
leading to higher risk of infections and worse outcomes
in patients with T2DM.”* "

Limitations
The results presented here cannot be used as an estima-
tion of the prevalence of NCDs, mainly owing to selec-
tion bias. First, MIDO is not representative of the general
Mexican population; therefore, the results cannot be
extrapolated to all Mexican health systems, even though
this study encompassed a large sample size representing
the population without healthcare coverage in most
Mexican states. Because individuals were screened in
PHC facilities, a selection bias may also exist whereby
individuals who have a greater likelihood of using health
services (as patients or as caregivers) are also those with
the highest propensity to be screened, as observed in the
distribution according to sex (mainly women). We also
recognise possible limitations in the estimation of gaps in
the continuum of care, particularly related to data quality
and missing data when linking individuals screened using
MIDO with the individual administrative PHC database,
S (Ohy

It is necessary to recognise that gold standard tests for
diagnosing T2DM, namely, fasting plasma glucose and
oral glucose tolerance tests, are not used in MIDO."
However, the tests used in screening were fasting CG and
random CG. This approach is accessible, simple and reli-
able for identifying undiagnosed diabetes; additionally, it

has been demonstrated that this strategy can be used to
accurately predict diabetes.*®

CONCLUSION

Our study findings reveal that there is an urgent need to
improve screening, access and retention in care for people
living with NCDs in Mexico. Because comorbidities are
common in this population at the time of screening and
diagnosis, a patient-centred screening strategy, such as
MIDO, and improved healthcare services are needed to
achieve effective prevention and management of these
diseases.
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