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filtration rate in people with type
2 diabetes without diagnosis of
chronic kidney disease in
Mexico: a comparison between
country-level and
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1Gendius Ltd, Alderley Edge, United Kingdom, 2Clinic Specialized in the Diabetes Management of the
Mexico City Government, Public Health Services of the Mexico City Government, Mexico,
City, Mexico, 3Department of Endocrinology and Metabolism, Instituto Nacional de Ciencias Médicas
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Background: Patients with type 2 diabetes are at an increased risk of chronic

kidney disease (CKD) hence it is recommended that they receive annual CKD

screening. The huge burden of diabetes in Mexico and limited screening

resource mean that CKD screening is underperformed. Consequently, patients

often have a late diagnosis of CKD. A regional minimal-resource model to

support risk-tailored CKD screening in patients with type 2 diabetes has been

developed and globally validated. However, population heath and care services

between countries within a region are expected to differ. The aim of this study

was to evaluate the performance of the model within Mexico and compare this

with the performance demonstrated within the Americas in the global validation.

Methods: We performed a retrospective observational study with data from

primary care (Clinic Specialized in Diabetes Management in Mexico City), tertiary

care (Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán) and

the Mexican national survey of health and nutrition (ENSANUT-MC 2016). We

applied the minimal-resource model across the datasets and evaluated model

performance metrics, with the primary interest in the sensitivity and increase in

the positive predictive value (PPV) compared to a screen-everyone approach.

Results: The model was evaluated on 2510 patients from Mexico (primary care:

1358, tertiary care: 735, ENSANUT-MC: 417). Across the Mexico data, the
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sensitivity was 0.730 (95% CI: 0.689 – 0.779) and the relative increase in PPV was

61.0% (95% CI: 52.1% - 70.8%). These were not statistically different to the

regional performance metrics for the Americas (sensitivity: p=0.964; relative

improvement: p=0.132), however considerable variability was observed across

the data sources.

Conclusion: The minimal-resource model performs consistently in a

representative Mexican population sample compared with the Americas

regional performance. In primary care settings where screening is

underperformed and access to laboratory testing is limited, the model can act

as a risk-tailored CKD screening solution, directing screening resources to

patients who are at highest risk.
KEYWORDS

type 2 diabetes, chronic kidney disease, screening, risk stratification, clinical prediction
model, low-and-middle-income countries
1 Introduction

Diabetes is a leading cause of kidney disease and with the rising

prevalence of type 2 diabetes (1), the burden of chronic kidney

disease (CKD) is also expected to increase (2). The burden of CKD

in Mexico is growing at an exponential rate (3), yet, the majority of

patients with CKD do not receive a timely diagnosis nor treatment

(4). The Kidney Early Evaluation Program (KEEP) Mexico

currently supports the early detection of CKD amongst adults

with risk factors, such as diabetes, but its outreach remains low

(8858 individuals screened between 2008 and 2017) (5). Therefore,

a targeted approach to screening that can be implemented within

health care services may offer a larger-scale solution to the early

detection of CKD.

A minimal resource model to predict a reduced estimated

glomerular filtration rate (eGFR below 60 ml/min/1.73m2) in

patients with type 2 diabetes has been previously developed and

globally validated (6–8). The model uses age, sex, duration of

diabetes, body mass index and blood pressure to predict the

probability that the patient’s eGFR is below 60, potentially

indicating undiagnosed CKD. If the probability is 11.5% or

higher, the patient is deemed ‘high risk’ and it is recommended

that the patient is prioritized for CKD screening. This threshold was

selected to achieve on average a sensitivity of 80%, whilst

simultaneously improving the positive predictive value (PPV)

compared to a screen-everyone approach, where only 10-20%

have an eGFR below 60. The purpose of the model is to support

earlier identification of CKD by understanding which patients are at

highest risk and using this information to strategically allocate CKD

screening resource to those most in need. The global validation used

AstraZeneca’s global registry data (iCaReMe and DISCOVER) and

demonstrated promising potential to refine the population to those

at highest risk, whilst retaining a high detection rate: overall, a
02
relative improvement of 50% was observed in the PPV, whilst

retaining a sensitivity of 80%. However, the validation focused on

global and regional performance, using the World Health

Organization (WHO) classification of region. Most contributing

countries had small samples; for the Americas, the total sample size

was 1430 patients made up from 7 countries (Canada and Latin

America), each contributing between 28 and 296 patients.

Therefore, the results may not be generalizable to individual

country-level performance.

Healthcare systems and patient populations vary considerably

across Latin America (9). For example, in Brazil the population is

made up of a higher proportion of Afro-descendants, whereas

Mexico has a higher proportion of indigenous people, and the

Mexican population was shown to be three times more likely to

present with complications of diabetes (10). Consequently, the

regional performance may not be representative of its

performance within Mexico. Therefore, we aimed to perform a

country-level validation of the minimal-resource model in Mexico

and compare it against the regional performance for

the Americas.
2 Materials and methods

2.1 Design and data sources

This was a retrospective, observational study using data

collected from: the DIABEMPIC programme within the Clinic

Specialized in Diabetes Management in Mexico City, consisting of

data collected from patients with continuous medical care in 32

public primary care units between 2nd January 2017 and 8th

December 2022; Instituto Nacional de Ciencias Médicas y

Nutrición Salvador Zubirán (INCMNSZ), consisting of data from
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patients attending a tertiary care center for specialized care, located

in Mexico City, collected between 20th September 2020 and 10th

November 2022; and the Encuesta Nacional de SAlud y NUTricion

2016 (ENSANUT-MC 2016), i.e. the Mexican National Survey of

Health and Nutrition (11).

Ethical approval was obtained on a clinic-by-clinic basis,

adhering to policy within each clinic. All adults (aged 18 and

over) with a diagnosis of type 2 diabetes were included. Patients

with a disease diagnosis code (e.g. ICD-10 code) of CKD stage 3-5

were excluded.
2.2 Prediction model

We implemented the minimal-resource CKD pre-screening

model developed by Gendius, described in Sammut-Powell et al.

(6). The model uses age, gender, body mass index, time since

diagnosis of diabetes and blood pressure to predict the probability

that a patient’s eGFR is below 60 ml/min/1.73m2, herein referred to

as the predicted probability. A pre-determined threshold of 11.5%

(derived during model development) was used to categorize

patients as high risk or not, i.e. if the risk was 11.5% or higher,

the patient was categorized as ‘high risk’.
2.3 Primary outcome

The primary outcome was an indicator of whether the eGFR

was below 60 ml/min/1.73m2 or not, consistent with the definition

in the model. The eGFRs were provided directly from the clinics.

However, for the survey data, only the serum creatinine was

available, therefore we calculated the eGFR using the 2009 CKD-

EPI formula (12).
2.4 Missing data

All demographic data for patients with corresponding outcome

data were complete.
2.5 Statistical methods

Population summary statistics were evaluated to compare the

populations within the clinics. T-tests and Wilcoxon rank-sum tests

were performed to determine statistical differences between patient

demograph i c s tha t had a norma l and non-norma l

distribution, respectively.

2.5.1 Model performance
The model was applied to the data and the distribution of the

predicted risks were visualized by data source. The sensitivity and

the relative improvement in the positive predictive value (PPV)

were the primary performance metrics. Relative improvement in

the PPV is defined as the improvement over a screen-everyone
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approach, where the PPV of a screen-everyone approach is equal to

the prevalence of eGFR below 60 ml/min/1.73m2.

Secondary performance metrics included the specificity,

negative predictive value, and the C-statistic. Binomial regression

and Poisson tests were used to compare the sensitivity and relative

improvement in PPV estimates, respectively, with the estimates

previously obtained during the global registry validation for the

Americas. The 95% bootstrap confidence intervals (CI) were

obtained using 200 samples. Calibration was assessed visually.

2.5.2 Sample size requirements
A total of 220 positive cases from the Americas were included in

global validation. Consequently, an additional 321 positive cases

from Mexico corresponds to an 80% power for a 5% significance

level to detect a reduction of 10% in the sensitivity, using a Normal

approximation and the sensitivity estimate of 0.732 for the

Americas, as previously observed.

All analyses were performed in R.
3 Results

There were 2510 patients identified as aged 18 or above,

diagnosed with type 2 diabetes and no previous diagnosis of CKD

stage 3-5, with a serum creatinine or eGFR and no missing data

(primary care: 1358, tertiary care: 735, ENSANUT-MC: 417). The

prevalence of an eGFR below 60ml/min/1.73m2 was 11.7% and

20.1%, in the primary and tertiary clinics, respectively (Table 1).

The tertiary clinic population consisted of older patients with a

longer duration of type 2 diabetes, compared to the primary care

(age: p<0.001, duration: p<0.001) and survey (age: p<0.001,

duration: p<0.001) populations (Figure 1). Overall, the Mexico

population sample was statistically significantly different across

the majority of demographics but not clinically different in age

and BMI.

The overall sensitivity averaged across all the data from Mexico

(0.730, 95% CI: 0.689 – 0.779) was not statistically different to that

previously reported for the Americas in a global registry validation

(p=0.964). However, considerable variability was observed in the

sensitivity estimates across the data sources within Mexico (Primary

clinics: 0.592; ENSANUT-MC survey: 0.733; Tertiary clinic: 0.872;

Table 2). No statistical difference was observed between the

sensitivity observed in the survey data and the Americas registry

data, but the sensitivity was statistically lower in the primary clinics

(p=0.006) and higher in the tertiary clinic (p=0.001) compared to

the sensitivity obtained for the Americas (Figure 2).

For the primary care and survey populations, most patients with

an eGFR of 60 ml/min/1.73m2 and above had a predicted

probability that was below the cut-off (Figure 2); the specificity

remained between 0.671 and 0.700 within the regional, primary care

and survey populations. However, it was significantly reduced in the

tertiary care clinic, evidencing the trade-off from achieving a high

sensitivity. Despite this, the negative predictive value remained

above 0.9 across all populations, likely due to the low prevalence

of patients with an eGFR below 60 ml/min/1.73m2.
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The average relative improvement in the PPV was not

statistically different in the Mexico data compared to that

previously demonstrated for the Americas (p=0.132), despite the

estimate being heavily discounted by the performance in the tertiary

care clinic whose individual performance was statistically lower

(p<0.001). The primary care and survey data relative improvements

in PPV were not statistically different to that estimated for the

Americas (primary clinic: p=0.748; survey: p=0.770).

The discrimination was good (C-statistic above 0.7) across all

data sources (Table 2). The model remained well-calibrated in the

Mexico data within those with a predicted probability below 0.2

(Figure 3). For larger probabilities, the model was observed to

overestimate the risk. For both the primary care and survey

populations, the proportion of patients predicted as high risk was

below 40%, indicating a large reduction in the population by

selecting only patients that are high risk.
Frontiers in Endocrinology 04
4 Discussion

We have demonstrated that the regional performance was

consistent with the average performance using a large sample from

Mexico; the minimal-resource model reduced the screening population

to significantly increase the positive predictive value, whilst retaining an

adequate sensitivity. However, performance across data sources varied.

Therefore, care must be taken when anticipating how the model will

perform in various clinical settings, and establishing whether use of the

model in a particular setting is appropriate or supported by sufficient

performance estimates.

Differences in populations and performance estimates between

the care services can be partly explained by the care system in

Mexico. Unlike other healthcare services such as UK primary care,

the primary care service in Mexico does not serve all patients.

Instead, the population is split across primary, secondary, and
TABLE 1 Baseline demographics of patients across primary and tertiary care services in Mexico City and a representative population sample from a
nutritional survey (ENSANUT-MC).

Americas, Global Vali-
dation (registry)

Mexico Validation

Total Primary
Clinics

ENSANUT-
MC (survey)

Tertiary
Clinic

n = 1430 n
= 2510

p-
value

n = 1358 n = 417 n = 735

Gender, n (%)

Female 685 (47.9%) 1390
(55.4%)

<0.001 825 (60.8%) 117 (28.1%) 448 (61%)

Male 745 (52.1%) 1120
(44.6%)

533 (39.2%) 300 (71.9%) 287 (39%)

Age (years), mean (SD) 58.7 (12.1) 57.6
(12.3)

0.009 54.1 (11.6) 58.1 (11.9) 63.8 (11.5)

Body mass index (kg/m2), mean (SD) 30.6 (5.7) 29.2 (5.8) <0.001 29.7 (6.0) 29.7 (5.6) 28.1 (5.1)

Time since diagnosis of diabetes
(years), median (LQ-UQ)

5.2 (2.2-10.4) 12 (5-20) <0.001 10 (4-16) 7 (3-14) 20 (13-26)

Diastolic blood pressure (mmHg),
mean (SD)

79.3 (10.9) 74.2
(10.4)

<0.001 74.3 (10.3) 74.7 (11.7) 73.5 (9.5)

Systolic blood pressure (mmHg),
mean (SD)

130.7 (17.1) 125.3
(19.6)

<0.001 124.7 (20.0) 131.4 (22.1) 122.9 (16.6)

eGFR (ml/min/1.73m2), median
(LQ-UQ)

87.5 (69.9-101.2) 93.5
(73-
105.5)

<0.001 94.2 (76.6-104.9) 103.5 (85.4-118) 89 (63-99)

eGFR below 60, n (%) 220 (15.4%) 352
(14%)

0.263 159 (11.7%) 45 (10.8%) 148 (20.1%)

CKD G-stage, n (%)

Stage G0-1 664 (46.4%) 1433
(57.1%)

<0.001 779 (57.4%) 293 (70.3%) 361 (49.1%)

Stage G2 546 (38.2%) 725
(28.9%)

420 (30.9%) 79 (18.9%) 226 (30.7%)

Stage G3 174 (12.2%) 304
(12.1%)

151 (11.1%) 39 (9.4%) 114 (15.5%)

Stage G4-5 46 (3.2%) 48 (1.9%) 8 (0.6%) 6 (1.4%) 34 (4.6%)
Statistical tests between the Americas population and combined Mexico population data were performed to determine statistical differences in the populations; a p-value of below 0.05 was
considered significant. SD, standard deviation; LQ, lower quartile; UQ, upper quartile; eGFR, estimated glomerular filtration rate.
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TABLE 2 Estimates and 95% bootstrap confidence intervals of performance metrics.

Global Validation
(Americas)

Mexico Validation

Total Primary
Clinics

ENSANUT-
MC (survey)

Tertiary
Clinic

n = 1430 n = 2510 p-value n = 1358 n = 417 n = 735

Prevalence
0.154

(0.136 - 0.173)

0.140
(0.127
- 0.155)

0.263
0.117

(0.099 - 0.134)
0.108

(0.079 - 0.132)
0.201

(0.175 - 0.226)

Positive Predictive Value (PPV)
0.288

(0.256 - 0.326)

0.226
(0.204
- 0.252)

0.005
0.209

(0.171 - 0.245)
0.214

(0.164 - 0.277)
0.244

(0.211 - 0.287)

Relative improvement in PPV
0.872

(0.735 - 1.052)

0.610
(0.521
- 0.708)

0.132
0.783

(0.543 - 1.006)
0.986

(0.703 - 1.394)
0.211

(0.144 - 0.284)

Sensitivity
0.732

(0.683 - 0.792)

0.730
(0.689
- 0.779)

0.964
0.597

(0.520 - 0.667)
0.733

(0.622 - 0.865)
0.872

(0.820 - 0.926)

Specificity
0.671

(0.646 - 0.698)

0.592
(0.573
- 0.613)

<0.001
0.700

(0.674 - 0.727)
0.675

(0.628 - 0.723)
0.319

(0.289 - 0.361)

(Continued)
F
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FIGURE 1

Histograms of the age of the patients and duration (time since diagnosis) of type 2 diabetes in years across the Mexican data sources (primary =
primary care clinics; tertiary = tertiary care clinic; survey = ENSANUT-MC 2016).
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tertiary care. Therefore, data from a single service are not

representative of the whole population. To get an overall estimate

of the performance across the population, population study data or

a collection of data from all care services with a population

weighting is required. Therefore, comparing performances

between the regional and the survey data is likely to attenuate

selection bias. Additionally, the Americas population primarily

consisted of patients from the DISCOVER study (n=933/1430)

which enrolled patients at initiation of second-line glucose-lowering

therapy and therefore may explain differences in baseline

demographics and performance metrics within single-

service populations.

Whilst the sensitivity of the model was below the desirable

threshold in the primary care clinics, the sensitivity within the

tertiary care clinic surpassed the minimum required performance.

Therefore, the model appears to be more conservative to ruling-out

patients that may have a worse overall health, likely due to

confounding with age. This aligns with current clinical practice to

remain risk-averse in comorbid patients with severe health

conditions; in tertiary clinics, risk factor monitoring of patients is
Frontiers in Endocrinology 06
routinely performed across all patients, regardless of symptoms.

The inherent trade-off between sensitivity and specificity was

evident, with a much lower specificity observed within the tertiary

care clinic. Therefore, the application of the model may be most

beneficial in primary and secondary care services where screening is

not routinely performed. When adopting only within these services,

expectations of the model’s performance should be adjusted to

accommodate the change in the overarching population.

The Mexican National Health and Nutritional Survey data has

been widely used amongst researchers and is considered to be a

representative sample of the Mexican population (13–15), however

it is difficult to assert conclusively that the samples of patients in the

primary and tertiary clinics are representative of the entire country,

particularly because they are from an urban population. Therefore,

the survey data provides a more comparable population

performance within Mexico. The performance within this

subgroup was most similar to the performance previously

estimated for the Americas region. However, the survey data is

subject to limitations. Firstly, the sample size was small, meaning

that these estimates may not be reliable. Secondly, the only way to
TABLE 2 Continued

Global Validation
(Americas)

Mexico Validation

Total Primary
Clinics

ENSANUT-
MC (survey)

Tertiary
Clinic

n = 1430 n = 2510 p-value n = 1358 n = 417 n = 735

Negative Predictive Value (NPV)
0.932

(0.915 - 0.950)

0.931
(0.918
- 0.943)

0.891
0.929

(0.912 - 0.943)
0.954

(0.932 - 0.981)
0.908

(0.869 - 0.945)

C-statistic
0.768

(0.738 - 0.805)

0.733
(0.711
- 0.761)

0.113
0.718

(0.675 - 0.760)
0.779

(0.722 - 0.848)
0.706

(0.659 - 0.750)

Proportion predicted high risk
0.391

(0.367 - 0.417)

0.453
(0.436
- 0.474)

<0.001
0.335

(0.311 - 0.359)
0.369

(0.328 - 0.415)
0.720

(0.687 - 0.750)
P-values to test for statistical differences between the Americas population sample and the Mexico population sample are presented.
FIGURE 2

Histograms of predicted probabilities of eGFR below 60ml/min/1.73m2 by data source (registry = Americas, Global Validation; primary = primary care
clinics; tertiary = tertiary care clinics; survey = ENSANUT-MC 2016) and observed eGFR below 60ml/min/1.73m2 or not. The cut-off for categorising
a patient as high risk is indicated by a dashed line; probabilities to the right of the line are high risk.
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identify a previous CKD diagnosis was through a patient self-

reporting that they had been told they have kidney failure. In

contrast, the clinics were able to determine whether a patient has a

CKD diagnosis code and therefore the patient selection within the

survey population may not be consistent with the clinic data.

Thirdly, the data are taken from 2016 and therefore may not be

representative of the current population, given temporal changes to

population health and care practices.

Intensified multifactorial interventions to control major risk

factors, e.g., HbA1c, blood pressure, and lipids, are associated with a

reduced risk of CKD incidence or progression and other relevant

outcomes in patients with type 2 diabetes mellitus (16, 17).

Moreover, clinical trials have demonstrated the effectiveness of

the sodium-glucose cotransporter inhibitor 2 (SGLT2i) in

delaying progression of CKD (18–20), yet prescribing remains

low (21). Given the significant burden of CKD within Mexico (3),

it is imperative that there is a strategy to identify and treat patients

in a timely fashion. Using the minimal-resource model provides a

solution to support identification of high-risk patients enabling

targeted screening programs with higher efficiency than standard

practice, especially where standard practice is sub-par due to limited

available resources. For example, in primary care, patients that are

identified as high risk for undiagnosed CKD may be targeted to

receive a diagnosis assessment and in those with confirmatory

results, a patient may be transitioned to secondary or tertiary

care, and new treatments may be initiated to slow the progression

of the disease.

Mexico has the world’s sixth-highest premature death rate from

CKD (22). From 1990 to 2017, the country’s age-standardized CKD

mortality rate jumped from 28.7 to 58.1 per 100,000 inhabitants (3,

22). This jump represented an increase in the mortality rate of

102.3%, while the increases in the rates of Latin America and the

worldwide population were 32.9 and 2.8%, respectively (22, 23).

This remarkable increase in the mortality rate is explained by a

growing burden of risk factors such as diabetes, restricted access to

preventive interventions and resources supporting early

management of the disease, and limited availability of renal

replacement therapy, primarily among the low-income population

(3, 22, 24).
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In low- and middle-income countries, like Mexico, barriers to

provision and access to diabetes care are compounded by the often-

fragmented care pathways for the multiple needs of many people

with diabetes. These impact patients’ adherence to treatment,

diabetes care goals attainment, and the screening of complications

(25–27). For example, patients without health insurance (mainly

unsalaried workers, the unemployed and the economically inactive

population) have no guarantee of adequate medical follow-up and

screening for complications related to diabetes (25). As a result, the

differences in coverage and access to medical care for patients with

CKD have greatly contributed to deepening the health inequities

among the Mexican population, with the most unfavourable results

occurring among its poorest members.

In Mexico, as in other low- and middle-income countries,

routine procedures to detect and diagnose CKD are not

sufficiently performed (28, 29). This has resulted in a high rate of

undiagnosed and undertreated patients (30). Given that CKD

progresses slowly, without pain or discomfort, and irreversibly,

patients may not know that they have it for years, especially at

primary and secondary levels of the care system. Many patients

spend time presenting chronic poor metabolic control with silent

deterioration of renal function until very advanced stages, where the

only viable treatment option is renal replacement therapy. This

illustrates the importance of strengthening primary level care and

improving early detection of CKD, particularly for those at high-

risk (those who are overweight or obese or have diabetes

or hypertension).

Alternative published models to predict diabetic kidney disease

are largely prognostic (31–36), i.e. remain focused on predicting

future onset of disease as opposed to undiagnosed CKD, or are not

specific to the population with type 2 diabetes (15, 37). They often

include measurements from invasive testing (33, 38) which may not

be available in low-to-middle income countries and therefore are

unsuitable for use in such settings. The minimal-resource model

removes barriers to application through requiring only readily

available information. It can be utilised during a patient

consultation or within community care to instantly assess a

patient’s risk. Where electronic health records are available, the

model can be applied using the most recent measurements to risk-
FIGURE 3

Calibration plots for the minimal-resource model when applied to (left): the Americas registry data used in the Global Validation and (right): the
combined primary care, tertiary care and survey data from Mexico. Above the line indicates that the risk was underestimated by the model; below
the line indicates that the risk was overestimated by the model.
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stratify the entire patient group. Upon identifying a patient as high

risk, a clinician can prioritize the patient for CKD screening and act

with urgency, supporting early detection.
5 Conclusions

The minimal-resource model performs consistently in a

representative Mexican population sample compared with the

Americas regional performance using registry data. When

applying the model within an individual clinic or sector of

healthcare, the performance is expected to vary, aligned with the

health of the population served by the clinic. In primary care

settings where screening is underperformed and access to

laboratory testing is limited, the model can act as a risk-tailored

CKD screening solution, directing screening resources to patients

who are at highest risk. This may enable earlier detection of CKD

and an opportunity to intervene at a time when the course of the

disease may be changed.
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Mino-León D, Rosales-Herrera MF, et al. Overview of the burden of chronic kidney
disease in Mexico: secondary data analysis based on the Global Burden of Disease Study
2017. BMJ Open. (2020) 10:e035285. doi: 10.1136/bmjopen-2019-035285

4. Aguilar-Ramirez D, Alegre-Dıáz J, Gnatiuc L, Ramirez-Reyes R, Wade R, Hill
M, et al. Changes in the diagnosis and management of diabetes in Mexico City
between 1998–2004 and 2015–2019. Diabetes Care. (2021) 44:944–51. doi: 10.2337/
dc20-2276
5. Obrador Vera G, Villa A, Cuadra M, De Arrigunaga S, Cárdenas C, Bracho M, et al.
Longitudinal follow-up of incident chronic kidney disease (CKD) in the KEEP Mexico
CKD screening program. Kidney Int Rep. (2019) 4:S245. doi: 10.1016/j.ekir.2019.05.610

6. Sammut-Powell C, Sisk R, Budd J, Patel N, Edge M, Cameron R. Development of
minimal resource pre-screening tools for chronic kidney disease in people with type 2
diabetes. Future Healthc J. (2022) 9(3):305–9. doi: 10.7861/fhj.2022-0020

7. Sisk R, Sammut-Powell C, Budd J, Cameron R, Edge M, Vazquez-Mendez E, et al.
Minimal resource pre-screening tools for chronic kidney disease in people with type 2
diabetes: a global validation study. Diabetologia. (2022) 65:S374–375. doi: 10.1007/
s00125-022-05755-w

8. Sisk R, Sammut-Powell C, Budd J, Cameron R, Edge M, Vazquez-Mendez E, et al.
A global validation of a minimal-resource pre-screening model for reduced kidney
function in patients with type 2 diabetes. J Am Soc Nephrol. (2022) 33:681.
frontiersin.org

mailto:ruben_ost@hotmail.com
mailto:paloma.almedav@incmnsz.mx
https://ensanut.insp.mx
https://ensanut.insp.mx
https://doi.org/10.2991/jegh.k.191028.001
https://doi.org/10.1016/j.kisu.2021.11.003
https://doi.org/10.1136/bmjopen-2019-035285
https://doi.org/10.2337/dc20-2276
https://doi.org/10.2337/dc20-2276
https://doi.org/10.1016/j.ekir.2019.05.610
https://doi.org/10.7861/fhj.2022-0020
https://doi.org/10.1007/s00125-022-05755-w
https://doi.org/10.1007/s00125-022-05755-w
https://doi.org/10.3389/fendo.2024.1253492
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Sammut-Powell et al. 10.3389/fendo.2024.1253492
9. Macinko J, Andrade FCD, Nunes BP, Guanais FC. Primary care and
multimorbidity in six Latin American and Caribbean countries. Rev Panam Salud
Publica. (2019) 43:e8. doi: 10.26633/RPSP.2019.8

10. Martins RB, Ordaz-Briseño SA, Flores-Hernández S, Bós ÂJG, Baptista-Rosas
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México. Hacia una polıt́ica nacional para enfrentarla. Mexico: Intersistemas, S.A. de
C.V. (2016).

31. Allen A, Iqbal Z, Green-Saxena A, Hurtado M, Hoffman J, Mao Q, et al.
Prediction of diabetic kidney disease with machine learning algorithms, upon the initial
diagnosis of type 2 diabetes mellitus. BMJ Open Diabetes Res Care. (2022) 10:e002560.
doi: 10.1136/bmjdrc-2021-002560

32. Chauhan K, Nadkarni GN, Fleming F, McCullough J, He CJ, Quackenbush J,
et al. Initial validation of a machine learning-derived prognostic test (KidneyIntelX)
integrating biomarkers and electronic health record data to predict longitudinal kidney
outcomes. Kidney360. (2020) 1:731–9. doi: 10.34067/KID.0002252020

33. Gregorich M, Kammer M, Heinzel A, Böger C, Eckardt K-U, Heerspink HL,
et al. Development and validation of a prediction model for future estimated
glomerular filtration rate in people with type 2 diabetes and chronic kidney disease.
JAMA Netw Open. (2023) 6:e231870. doi: 10.1001/jamanetworkopen.2023.1870

34. Hui D, Zhang F, Lu Y, Hao H, Tian S, Fan X, et al. A multifactorial risk score
system for the prediction of diabetic kidney disease in patients with type 2 diabetes
mellitus. DMSO. (2023) 16:385–95. doi: 10.2147/DMSO.S391781

35. Lin C-C, Niu MJ, Li C-I, Liu C-S, Lin C-H, Yang S-Y, et al. Development and
validation of a risk prediction model for chronic kidney disease among individuals with
type 2 diabetes. Sci Rep. (2022) 12:4794. doi: 10.1038/s41598-022-08284-z

36. Gurudas S, Nugawela M, Prevost AT, Sathish T, Mathur R, Rafferty JM, et al.
Development and validation of resource-driven risk prediction models for incident
chronic kidney disease in type 2 diabetes. Sci Rep. (2021) 11:1–11. doi: 10.1038/s41598-
021-93096-w

37. Bang H, Vupputuri S, Shoham DA, Klemmer PJ, Falk RJ, Mazumdar M, et al.
SCreening for occult REnal disease (SCORED): A simple prediction model for chronic
kidney disease. Arch Internal Med. (2007) 167:374–81. doi: 10.1001/archinte.167.4.374

38. Liu Xz, Duan M, Huang Hd, Zhang Y, Xiang T, Niu W, et al. Predicting diabetic
kidney disease for type 2 diabetes mellitus by machine learning in the real world: a
multicenter retrospective study. Front Endocrinol. (2023) 14. doi: 10.3389/
fendo.2023.1184190
frontiersin.org

https://doi.org/10.26633/RPSP.2019.8
https://doi.org/10.1186/s12902-021-00711-y
https://ensanut.insp.mx/encuestas/ensanut2016/informes.php
https://ensanut.insp.mx/encuestas/ensanut2016/informes.php
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1371/journal.pone.0230752
https://doi.org/10.3390/ijerph19159010
https://doi.org/10.3390/ijerph19159010
https://doi.org/10.3389/fmed.2022.903090
https://doi.org/10.4093/dmj.2022.0325
https://doi.org/10.4093/dmj.2022.0325
https://doi.org/10.1056/NEJMoa021778
https://doi.org/10.1056/NEJMoa1811744
https://doi.org/10.1056/NEJMoa2024816
https://doi.org/10.1056/NEJMOA1515920
https://doi.org/10.1186/s12902-022-01026-2
https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1016/S0140-6736(20)30045-3
http://vizhub.healthdata.org/gbd-compare
http://vizhub.healthdata.org/gbd-compare
https://doi.org/10.1016/S0140-6736(13)60687-X
https://doi.org/10.1016/S0140-6736(13)60687-X
https://doi.org/10.1186/s12902-020-00604-6
https://doi.org/10.1186/s12902-020-00604-6
https://doi.org/10.1016/S0140-6736(20)32374-6
https://doi.org/10.1590/1414-431X20144519
https://doi.org/10.1136/bmjgh-2018-000728
https://doi.org/10.1136/bmjdrc-2021-002560
https://doi.org/10.34067/KID.0002252020
https://doi.org/10.1001/jamanetworkopen.2023.1870
https://doi.org/10.2147/DMSO.S391781
https://doi.org/10.1038/s41598-022-08284-z
https://doi.org/10.1038/s41598-021-93096-w
https://doi.org/10.1038/s41598-021-93096-w
https://doi.org/10.1001/archinte.167.4.374
https://doi.org/10.3389/fendo.2023.1184190
https://doi.org/10.3389/fendo.2023.1184190
https://doi.org/10.3389/fendo.2024.1253492
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	External validation of a minimal-resource model to predict reduced estimated glomerular filtration rate in people with type 2 diabetes without diagnosis of chronic kidney disease in Mexico: a comparison between country-level and regional performance
	1 Introduction
	2 Materials and methods
	2.1 Design and data sources
	2.2 Prediction model
	2.3 Primary outcome
	2.4 Missing data
	2.5 Statistical methods
	2.5.1 Model performance
	2.5.2 Sample size requirements


	3 Results
	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


