BM) Open

BMJ Open is committed to open peer review. As part of this commitment we make the peer review
history of every article we publish publicly available.

When an article is published we post the peer reviewers’ comments and the authors’ responses online.
We also post the versions of the paper that were used during peer review. These are the versions that
the peer review comments apply to.

The versions of the paper that follow are the versions that were submitted during the peer review
process. They are not the versions of record or the final published versions. They should not be cited or
distributed as the published version of this manuscript.

BMJ Open is an open access journal and the full, final, typeset and author-corrected version of record of
the manuscript is available on our site with no access controls, subscription charges or pay-per-view fees
(http://bmjopen.bmj.com).

If you have any questions on BMJ Open’s open peer review process please email
info.bmjopen@bmj.com

'saIfojouyoal Jejiwis pue ‘Buiuresy | ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

* Jooyoasaboysnwseiq
V11-739 1uswuedsq 1e G20z ‘€T AN uo /wod fwqgrusdolwa//:dny woly papeojumoq 'Zz0zZ YdJe ST U0 TZ68S0-TZ0zZ-uadolwag/9eTT 0T se paysiignd 1siiy :uado (NG


http://bmjopen.bmj.com/
info.bmjopen@bmj.com
http://bmjopen.bmj.com/

BMJ Open

BM) Open

A systematic review of diagnostic and prognostic models of
chronic kidney disease in low- and middle- income countries

Journal:

BMJ Open

Manuscript ID

bmjopen-2021-058921

Article Type:

Original research

Date Submitted by the
Author:

02-Nov-2021

Complete List of Authors:

Aparcana-Granda, Diego J.; School of Medicine ‘Alberto Hurtado’,
Universidad Peruana Cayetano Heredia, Lima, Peru; CRONICAS Centre of
Excellence in Chronic Diseases, Universidad Peruana Cayetano Heredia,
Lima, Peru

Ascencio, Edson J.; School of Medicine ‘Alberto Hurtado’, Universidad
Peruana Cayetano Heredia, Lima, Peru; Emerge, Emerging Diseases and
Climate Change Research Unit, School of Public Health and
Administration, Universidad Peruana Cayetano Heredia, Lima, Peru
Carrillo Larco, Rodrigo M. ; Imperial College London,

Keywords:

Chronic renal failure < NEPHROLOGY, EPIDEMIOLOGY, PUBLIC HEALTH,
NEPHROLOGY

SCHOLARONE™
Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'saIfojouyoal Jejiwis pue ‘Buiuresy | ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

* Jooyoasaboysnwseiq
V17-Z39 wawiredaq 1e GZozg ‘€T Aey uo /woo fwg uadolway/:diy wouy papeojumod "2z0Z YdJeN ST U0 TZ6850-T202-uadolwa/oeTT 0T se paysijgnd 1si1y :uadQ CING


http://bmjopen.bmj.com/

Page 1 of 100

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* Jooyosaboysnwsel]


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

A systematic review of diagnostic and prognostic models of Chronic kidney disease in Low-

and Middle- Income Countries

Diego J. Aparcana-Granda'2, Edson J. Ascencio'-3, Rodrigo M. Carrillo-Larco?4*

" School of Medicine ‘Alberto Hurtado’, Universidad Peruana Cayetano Heredia, Lima, Peru

2CRONICAS Centre of Excellence in Chronic Diseases, Universidad Peruana Cayetano Heredia,
Lima, Peru

3 Emerge, Emerging Diseases and Climate Change Research Unit, School of Public Health and
Administration, Universidad Peruana Cayetano Heredia, Lima, Peru

4 Department of Epidemiology and Biostatistics, School of Public Health, Imperial College London,
London, UK

*Corresponding author (RMCL)

Email: rcarrill@ic.ac.uk

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 100

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* Jooyosaboysnwsel]


mailto:rcarrill@ic.ac.uk
http://bmjopen.bmj.com/

Page 3 of 100

oNOYTULT D WN =

BMJ Open

ABSTRACT
Objective: To summarize available chronic kidney disease (CKD) diagnostic and prognostic models

in Low- and Middle-Income countries (LMIC)

Method: Systematic review (PRISMA guidelines). We searched Medline, Embase, Global Health,
Scopus and Web of Science. We first screened titles and abstracts, and then studied in detail the
selected reports; both phases were conducted by two reviewers independently. We followed the

CHARMS recommendations and used the PROBAST for risk of bias was assessment.

Results: The search retrieved 14,845 results, 11 reports were studied in detail and nine (n= 61,134)
were included in the qualitative analysis. The proportion of women in the study population varied
between 24.5%-76.6%, and the mean age ranged between 41.8-57.7 years. Prevalence of
undiagnosed chronic kidney disease ranged between 1.1%-29.7%. Age, diabetes mellitus and sex

were the most common predictors in the diagnostic and prognostic models. Outcome definition varied

greatly, mostly consisting of urinary albumin-to-creatinine ratio and estimated glomerular filtration rate.

The highest performance metric was the negative predictive value. All studies exhibited high risk of

bias, and some had methodological limitations.

Conclusion: There is no strong evidence to support the use of a CKD diagnostic or prognostic model
throughout LMIC. The development, validation and implementation of risk scores must be a research

and public health priority in LMIC to enhance CKD screening to improve timely diagnosis.

Keywords: population health; prognosis research; non-communicable diseases

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* Jooyosaboysnwsel]


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Strengths and limitations of this study

An extensive search was conducted, involving five major databases (Medline, Embase,
Global Health, Scopus and Web of Science).

A comprehensive list of available CKD diagnostic and prognostic models and their limitations
is provided, which were not previously accounted for the LMIC population.

This study adhered to PRISMA, CHARMS and PROBAST guidelines.

Meta-analysis was not possible due to the heterogeneity in the measurement of outcomes.

Additional data sources such as grey literature were not retrieved.
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INTRODUCTION

Chronic kidney disease (CKD) is a condition with a large burden globally. Between 1990 and 2017,
the health metrics of CKD showed a bleak profile: mortality, incidence and kidney transplantation
rates increased by 3%, 29% and 34%, respectively.! CKD led to 1.2 million deaths in 2017 and in the
best-case scenario, CKD mortality will increase to 2.2 million deaths and become the 5% cause of
years of life lost (YLL) by 2040.2 CKD reveals disparities between low- and middle-income countries
(LMIC) and high-income countries (HIC). In the period 1990-2016, the age-standardised disability-
adjusted life-years (DALY) due to CKD was the highest in LMIC,® where they need to optimize CKD

early diagnosis.

Risk scores are a cost-effective alternative for CKD screening and early diagnosis.# These equations
require less resources and contribute to decision making,® and allow screening large populations.*
Many of the available CKD risk scores have been developed in HIC,%-® and they may not be used in
LMIC without recalibration to secure accurate predictions. How many CKD risk scores there are for
LMIC, and what their strengths and limitations are, remains largely unknown.® 1 This limits our
knowledge of what tools there are to enhance CKD screening in LMIC. Similarly, this lack of evidence
prevents planning research to overcome the limitations of available models. To fill these gaps and to
inform CKD screening strategies in LMIC, we summarized available CKD diagnostic and prognostic

models in LMIC.

METHODS

Protocol and registration

This systematic review and critical appraisal of the scientific literature was conducted following the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis guidelines (PRISMA)
statement!’ (S1 Table). Protocol is available elsewhere'? and in the S1 Text. We followed the
CHecklist for critical Appraisal and data extraction for systematic Reviews of prediction Modelling

Studies (CHARMS) guidelines.'3 14

Information sources
We searched Medline, EMBASE, Global Health (these three through OVID), Scopus and Web of

Science from inception to April 9, 2021, April 17%, 2021 and April 18™, 2021, respectively. The

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* Jooyosaboysnwsel]


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

search strategy is available in S2 Table. We also screened the references of relevant systemic

reviews'® and of the selected studies.

Eligibility criteria

We sought diagnostic and prognostic models which assessed the current CKD status (i.e., diagnostic)
or future CKD risk (i.e., prognostic), aiming to inform physicians, researchers and the general
population (Table 1). Reports could include model derivation, external validation or both. The target

population was adults (=18 years) in LMIC according to The World Bank.'s

Study selection

Reports were selected if the study population included people who were from and currently living in
LMIC. Cross-sectional (diagnostic models) and longitudinal studies (prognostic models) with a
random sample of the general population were included. The outcome was CKD based on a
laboratory or imaging test (isolated or in combination with self-reported diagnosis): urine albumin-
creatinine ratio, urine protein-creatinine ratio, albumin excretion ratio, urine sediment, kidney images,

kidney biopsy or the estimated glomerular filtration rate (eGFR).12

Reports had to present the development and/or validation of a multivariable model. On the other
hand, reports with LMIC populations outside LMIC, or those including foreigners living in LMIC, were
excluded. Reports that only studied people with underlying conditions (e.g., patients with diabetes),
people with a specific risk factor (e.g., alcohol consumption), or a hospital-based population, were

excluded. We also excluded models that were developed using machine learning techniques.

Data collation

We used EndNote20 and Rayyan'® to remove duplicates from the search results. We used Rayyan'®
to screen titles and abstracts by two reviewers independently (DJA-G and EJA); discrepancies were
solved by consensus. Two reviewers independently (DJA-G and EJA) studied the full length of the
reports selected in the screening phase; discrepancies were solved by consensus. If consensus was
not reached, a third party was consulted (RMC-L). A data extraction form based on the CHARMS
guidelines™ was developed and not modified during data collation. Data was extracted as presented
in the original reports by two reviewers independently (DJA-G and EJA); discrepancies were solved

by consensus.
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Risk of bias of individual studies
We used the PROBAST (Prediction model Risk of Bias ASsessment Tool) to assess the risk of bias of
diagnostic and prognostic models.'” '® Two reviewers (EJA and DJA-G) independently ascertained the

risk of bias of individual reports; discrepancies were solved by consensus or a third party (RMC-L).

Synthesis of results
A qualitative synthesis was conducted whereby the characteristics of the selected models was
comprehensively described.'? Quantitative analysis (meta-analysis) was not conducted because the

selected models used different predictors and they had different outcome definitions.

Ethics
This review was deemed as a low risk because human subjects were not directly involved. The funder
did not have any role in the conception, conduction, results interpretation, and drafting of this work.

Results and opinions expressed in the article are entirely the author’s alone responsibility.

RESULTS

Reports selection

The search yielded 14,845 reports. After removing duplicates (1,462 articles), we screened 13,383
tittes and abstracts. Then, 11 reports were selected, one of them was not available as full-text,'® and
the rest (10 articles) were studied in detail. We excluded one report because the study population was
selected by convenience,?® and another report because it was conducted in a HIC.2' Additionally, one
report was identified by reference searching.?2 Finally, nine reports (n=61,134) were included in the

qualitative synthesis (Figure 1).

General characteristics of the selected reports
Original reports were from Iran,?® India,?* Peru, 2° South Africa, 22 two from China?® 27 and three from
Thailand?8-30 (S1 Figure). All studies were developed on community-based populations with random

sampling (S3 Table).

Overall, Wu and colleagues studied the largest sample size (n=14,374) which was a population of
workers who underwent health checks;?” conversely, the smallest sample was studied by Mogueo et

al (n=902).22 The oldest data was collected in 199922 whereas the most recent one dated from 2018.23
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The sample size analysed to derive the diagnostic models ranged from 2,36825 to 14,374 people,?’
and from 90222 to 4,9402* for the validation models. The mean age of participants in the derivation
models varied from 44.9 to 57.7 years, and the proportion of male subjects ranged from 46.8% to
70.5%.24-272930 The mean age of participants in the validation models varied from 41.8 to 57.1 years,

and the proportion of male subjects ranged from 23.4% to 75.5%222527-29 (Table 2; S3 Table).

The number of CKD cases varied greatly in the derivation models, from 8125 to 947;2* the
corresponding numbers in the validation models were 272° and 1,35923. Of note, number of CKD
cases could not be extracted from the validation work by Bradshaw et al?*. The ratio of outcome
events per number of candidate predictors in the derivation models ranged from 2.325 to 135.324. This
ratio could not be calculated for the derivation models by Wen et al?® and Wu et al?”. Across all
reports, missing data were handled by conducting a complete-case analysis;?22° this information was

not available in the study by Thakkinstian’s et al® (Table 2; S3 Table).

What has been done?

In 2020, Asgari and colleagues prospectively validated a model from the Netherlands for 6- and 9-
years CKD prediction, i.e. they provided estimates for two model validations.23 In 2019, Bradshaw et
al used cross-sectional data to derive four models, one of them was validated on two populations
(rural and urban), i.e. they provided estimates for six models (four derivations and two validations).2*
In 2017, Carrillo-Larco et al used cross-sectional data to derive and validate two models, i.e., they
provided estimates for four models (two derivations and two validations).25 In 2015, Mogueo et al
used cross-sectional data to validate two models that were previously developed in Korea and
Thailand using two different outcome definitions for each model, i.e., they provided estimates for four
model validations.?? In 2017, Saranburut et al prospectively validated the Framingham Heart Study
risk score on a cohort using two different outcome definitions, i.e., they provided estimates for two
model validations.28 In 2017, Saranburut et al prospectively developed four models and validated two
of them using cohort data, i.e., they provided estimates for six models (four derivations and two
validations).?® In 2011, Thakkinstian et al derived one model using cross-sectional data.3° In 2020,
Wen et al prospectively derived two models.?® In 2016, Wu et al used cross-sectional data to derive

and validate one model, i.e., they provided estimates for two models (one derivation and one
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validation).?” Overall, fourteen models were derived and fifteen underwent validation (hence the 29

rows in Tables 2, 3 and 4).

Outcome ascertainment

Across all reports, CKD was defined as eGFR <60 mL/min/1.73m? 2230 assessed by either the
Modification of Diet Renal Disease (MDRD) formula?? 2325262830 or the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula.?427-2° |In addition to the eGFR assessment, Bradshaw
et al* and Wen et al?® defined CKD as a urinary albumin-to-creatinine ratio (UACR) 230 mg/g.
Mogueo et al validations also considered CKD as any nephropathy including stages | to V of the
“Kidney Disease: Improving Global Outcomes (KDIGO)” classification.?? Thakkinstian et al, also

considered CKD as eGFR 260 mL/min/1.73m? if it had haematuria or UACR =30 mg/g % (Table 2).

Predictors and modelling

Logistic regression analysis was conducted in all derivation models.?4-27 22 30 Selection of the final
predictors was based on modelling techniques: backward?* 25 and forward selection26 272930 (S3
Table). All studies categorized numerical variables. The most frequent predictors included in the
models were: age, diabetes mellitus and sex (S2 Figure).

Model performance

All studies reported calibration and discrimination metrics, except for the validations by Bradshaw et
al* and Carrillo Larco et al?5 (S3 Table). Regarding discrimination metrics, the area under the
Receiver Operating Characteristic (ROC) curve and C-statistic were over 63%?28 and 70%,%*
respectively. Among all studies, sensibility ranged from 56.8%26 to 84.0%,%? specificity ranged from
65.1%2° to 86.3%,2” positive predictive value (PPV) ranged from 8.8%25 to 33.8%,2¢ and negative
predictive value (NPV) ranged from 89.4%2% to 99.1%.2° The NPV was the best metric, consistently

above 89.4% (Table 3).
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Risk of bias

All studies showed a high risk of bias due to insufficient or inadequate analytical reporting. The flaw
regarding the analysis criteria can be explained by how original reports handled missing data and
predictors categorization. The participants and predictors criteria had low risk of bias in most of the
reports. Most of the individual reports demonstrated an inappropriate evaluation of performance

metrics.2325-30 | ow applicability concern was noted (Table 4; S4Table).

DISCUSSION

Main findings

This systematic review summarized all available risk scores for CKD in LMIC. In so doing, we
provided the most comprehensive list of CKD risk scores to enhance primary prevention and early
diagnosis of CKD in LMIC. Although the available models had acceptable discrimination metrics and,
when available, acceptable calibration metrics, these models had serious methodological limitations
such as a reduced number of outcome events. The best performance metric across risk scores was
the negative predictive value. Overall, CKD risk prediction tools in LMIC need rigorous development
and validation so that they can be incorporated into clinical practice and interventions. The available

evidence would not support using any of the available CKD risk scores across LMIC.

Limitations of the review

We did not search grey literature. We argue that this limitation would not substantially change our
results because these sources are most likely not to have included a random sample of the general
population, and are likely to have included a small sample size with few outcome events. That is, we
would not expect to find a report in the grey literature with a much better methodology than that of the

studies herein summarised.

Limitations of the selected reports

Several LMIC do not have a CKD risk score, particularly countries in Central America and Oceania.
This should encourage public health officers and researchers to develop CKD prediction models.
They could conduct new epidemiological studies or leverage on available health surveys with kidney
biomarkers. These models could have pragmatic and direct applications in clinical medicine, by

providing a tool for early identification of CKD cases. Similarly, these models could inform public
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health interventions and planning, by providing a tool to quantify the size of the population likely to

have or to develop CKD.

Clinical guidelines state that CKD is defined as a sustained structural or functional kidney damage for
23 months.?! In the studies herein summarised, CKD was defined at one point in time. Future work
could expand the definition of CKD to also incorporate the lapse during which the patient had kidney
damage. In addition, different procedures were used to define CKD including eGFR, proteinuria, and
UACR. Even amongst those studies in which CKD was defined with eGFR, they used different
equations to compute the eGFR. Researchers and practitioners in LMIC could agree on the best and
most pragmatic as well as cost-effective definition of CKD, so that future models could use this

definition. This would improve the comparability and extrapolability of the models.

All reports in which a new CKD risk score was developed selected the predictors through univariate
analyses,24+27 2930 which is not be the best approach to choose predictors.32-34 |deally, predictors
should be selected based on expert knowledge, or amongst those with the strongest association
evidence with CKD. In a similar vein, predictors selection should be guided by the target population.
For example, CKD prediction models for populations in LMIC should prioritize simple biomarkers or
inexpensive clinical evaluations (e.g., blood pressure). In this way, the risk score is likely to be used in
clinical practice in resource-limited settings. Another relevant methodological limitation was how the
original reports handled missing data. To the extent possible, multiple imputation should be
implemented to maximize available data and to avoid potential bias by studying only observations
with complete information. Finally, calibration metrics need to be consistently reported and should
inform the direction of the miscalibration. Most of the studies used the Hosmer-Lemeshow X2 test as
the calibration metric. Unfortunately, this test does not inform on whether the model prediction is

overestimating or underestimating the observed risk; calibration plots are a useful alternative.

Clinical and public health relevance

The Latin American Society of Nephrology and Hypertension (Sociedad Latinoamericana de
Nefrologia e Hipertensién - SLANH) recommends to annually screen for CKD with several studies:
blood pressure, serum creatinine, proteinuria and urinalysis.?® The South African Renal Society
(SARS) guidelines also recommend CKD screening annually, yet they focus on high-risk populations:

people with diabetes, hypertension, or HIV.3¢ This recommendation is endorsed by the Asian Forum

10
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for Chronic Kidney Disease Initiatives (AFCKDI), extending it to individuals =65 years, people
consuming nephrotoxic substances, and those with family history of CKD and past history of acute
kidney injury.3” Although it seems reasonable to screen people with risk factors such as hypertension
and diabetes, this approach may miss a large proportion of the high-risk population because they
could be unaware of their condition.38 3 In this case, risk scores could be useful because they can be
applied to large populations regardless of whether they are aware of their hypertension or diabetes
status. Unfortunately, our work would not support nor encourage the inclusion of available risk scores
for CKD in clinical guidelines in LMIC. Instead, our results urgently call to improve risk prediction
research in LMIC. Therefore, CKD risk scores could be included into clinical practice to identify high-
risk individuals and to inform the patient's management plan as it the case in other fields such as

cardiovascular primary prevention.

Conclusions

This systematic review of diagnostic and prognostic models of CKD did not find conclusive evidence
to recommend the use of a single CKD score across LMIC. Nonetheless, we identified relevant efforts
in Iran, India, Peru, South Africa, China and Thailand; these models would require further external
validation before they can be applied in other LMIC. We encourage researchers and practitioners to
develop and validate CKD risk scores, which are cost-efficient tools to early identify CKD prevalent

and incident cases so that they can receive timely treatment.

11
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TABLES:

Table 1. CHARMS criteria to define research question and strategy.

Concept

Criteria

Prognostic or diagnostic?

Both - this review focused on diagnostic and
prognostic risk scores for chronic kidney
disease (CKD)

Scope

Diagnostic/prognostic  models  to  inform
physicians, researchers and the general
population whether they are likely to have CKD
(i.e., diagnostic) or will be likely to have CKD (i.e.,
prognostic)

Type of prediction modelling studies

e Diagnostic/prognostic  models  with
external validation

e Diagnostic/prognostic models without
external validation

e Diagnostic/prognostic models validation

Target population to whom the prediction model
applies

General adult population in Low- and Middle-
Income Countries (LMIC). No age or gender
restrictions

Outcome to be predicted

CKD (diagnostic or prognostic)

Time span of prediction

Any, prognostic models will not be
included/excluded based on the prediction time
span

Intended moment of using the model

Diagnostic/prognostic models to be used in
asymptomatic adults of LMIC to ascertain current
CKD status or future risk of developing CKD.
These models could be used for screening,
treatment allocation in primary prevention, or

research purposes

Based on the CHARMS checklist. 4
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Wen et al, 2020 - Best-fit
Risk Score (derivation)
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AUC, area under the curve; Cl, confident interval; NI, no information.
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Figure 1. PRISMA 2020 flow diagram.
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ABSTRACT

Background: Chronic Kidney Disease (CKD) is a highly prevalent condition with a large disease burden
globally. In low- and middle-income countries (LMIC) the CKD screening challenges the health system. This
systematic and comprehensive search of all CKD diagnostic and prognostic models in LMIC will inform
screening strategies in LMIC following a risk-based approach.

Objective: To summarize all multivariate diagnostic and prognostic models for CKD in adults in LMIC.

Methods: Systematic review. Without date or language restrictions we will search Embase, Medline, Global
Health (these three through Ovid), SCOPUS and Web of Science. We seek multivariable diagnostic or
prognostic models which included a random sample of the general population. We will screen titles and
abstracts; we will then study the selected reports. Both phases will be done by two reviewers independently.
Data extraction will be performed by two researchers independently using a pre-specified Excel form
(CHARMS model). We will evaluate the risk of bias with the PROBAST tool.

Conclusion: This systematic review will provide the most comprehensive list and critical appraisal of
diagnostic and prognostic models for CKD available for the general population in LMIC. This evidence could
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inform policies and interventions to improve CKD screening in LMIC following a risk-based approach,
maximizing limited resources and reaching populations with limited access to CKD screening tests. This
systematic review will also reveal methodological limitations and research needs to improve CKD diagnostic
and prognostic models in LMIC.

Keywords: Chronic Kidney Disease; Diagnostic Models; Prognostic Models; Low- and Middle-income
countries.

INTRODUCTION

Chronic kidney disease (CKD) is a highly prevalent condition that contributes to a large part of disease burden
globally. Between 1990 and 2017, the health metrics of CKD showed a bleak profile: mortality rate, incidence
and kidney transplantation rate increased by 2.8%, 29.3% and 34.4%, respectively.! CKD led to 1.2 million
deaths in 2017 and in the best-case scenario, mortality is projected to increase to 2.2 million deaths? and become
the 5th cause of years of life lost (YLL) by 2040.3 Currently, 2.5 million of patients receive kidney
transplantation therapy and it is projected to increase to 5.4 million by 2030.! CKD also reveals disparities
between low- and middle-income countries (LMIC) and high income countries (HIC); for example, the age-
standardised disability-adjusted life-year (DALY) rate due to CKD was the highest in LMIC between 1990-
2017.4In LMIC, that remain as resource-constrained settings, there is a need for optimization of the CKD
screening strategies which usually challenge the health system.>

Risk equations or risk scores are a cost-effective alternative for CKD screening.® These equations are less
invasive and accepted by the general population;” also, they require less resources like laboratory tests.® Many
scores were developed in high-income countries,’!! and they may not be used in LMIC because their accuracy
is better where they have been developed.'? Current strategies for CKD screening suggest studying people with
risk factors (e.g. diabetes, hypertension).!3!5 These recommendations rely on studies where albuminuria and
proteinuria were used as screening tools for identifying CKD patients.!® Nevertheless, a systematic review found
that using risk scores allows screening of a larger population and therefore can be useful for detecting more
CKD cases.5

To date, there are no systematic reviews of diagnostic or prognostic models for CKD with a focus on LMIC.!7- 18
This limits our knowledge of what tools we have to enhance CKD screening in LMIC; similarly, this dearth of
evidence prevents from planning future research to overcome the limitations of available models. This will be
the first systematic review to fill these knowledge gaps in LMIC to improve and complement the CKD
screening programmes in LMIC.

METHODS
Objective

To synthesise CKD diagnostic and prognostic models for the adult population of LMIC.

Study design

This systematic review and meta-analysis will be conducted following the preferred reporting items for
systematic reviews and meta-analyses (PRISMA) 2020 guidelines.!” We will also adhere to the
recommendations for systematic reviews of diagnostic and prognostic models following the CHARMS
guidelines? and the PROBAST tool to assess risk of bias.?!

Eligibility criteria

Participants/population: We will include the general adult population (18 years and above) of LMIC with no
gender restrictions. Studies following a population-based random sampling approach will be included. We will
only include populations from LMIC according to The World Bank.?2 Conversely, studies with a study
population of only patients (e.g., people with hypertension) or high-risk individuals (e.g., smokers) will be
excluded. We will exclude studies with LMIC populations outside a LMIC.

Intervention, exposure: None (this review is looking at CKD diagnostic and prognostic models in LMIC).
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Comparator, control: None (this review is looking at CKD diagnostic and prognostic models in LMIC).

Outcome: Diagnostic and prognostic models for CKD. The CKD diagnosis should have been based on a
laboratory or imaging test including: urine albumin- creatinine ratio, urine protein-creatinine ratio, albumin
excretion ratio, urine sediment, kidney images, kidney biopsy or the estimated glomerular filtration rate (¢GFR).
In other words, research in which CKD diagnosis was based on self-reported information only will not be
considered. However, if a study combined both self-reported information and a laboratory or imaging tests, this
will be included.

Types of studies: Studies with an observational design will be included, which encompasses crosssectional (for
diagnostic models) and prospective longitudinal studies (for prognostic models). If we retrieve any systematic
review on this subject, we will revise its reference list to identify relevant original sources.

Literature Search and Data collation

The search will be conducted in five search engines: Embase, Medline, Global Health (these three through
Ovid), SCOPUS and Web of Science. No date or language restrictions will be set. The complete search strategy
can be found in Supplementary Material.

Titles and abstracts will be screened by two researchers independently (DJA-G and EJA), looking for studies
that meet the selection criteria above detailed. Full-text reports of the selected publications will be studied by
two researchers independently (DJA-G and EJA). Discrepancies at any stage will be solved by consensus or by a
third party (RMC-L).

During the full-text phase, if there are any original reports in which the population, methodology or results are
not clear enough to assess the inclusion/exclusion criteria, we will contact the corresponding author by email.
We will wait for two weeks, if we receive no answer and cannot solve our doubts through other means, this
report will be excluded based on the lack of clarity to assess inclusion/exclusion criteria.

We will record the reasons for exclusion in the full-text phase and summarize the number of included/excluded
reports following the PRISMA flow diagram.

Data extraction

We will develop a data extraction form following the CHARMS recommendations.?’ Data extraction will be
conducted by two researchers independently; discrepancies will be solved by consensus or by a third party
(RMC-L).

Risk of bias of individual studies
The risk of bias assessment of individual reports will be conducted using the Prediction model Risk Of

Bias ASsessment Tool (PROBAST) tool.?!

Statistical Analysis

A qualitative synthesis is planned, whereby we will narratively synthesise the findings from the selected studies.
We will summarize the key elements from each report such as study design, study population and characteristics
of the study population. Also, we will summarize the key features of the risk scores as provided by each report,
including discrimination, calibration, sensitivity, specificity, and predictive values. A quantitative synthesis will
be carried out if the included studies are found to be sufficiently homogenous and we have at least four original
reports.

Ethics

This review did not directly include human subjects. We considered this work as ‘low risk’ and did not request
approval by an Ethics Committee. Results and opinions included in this protocol, and those included in the final
report, are the author’s alone and do not represent those of the institutions to which they belong.
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CONCLUSIONS

This systematic review will provide a comprehensive list of diagnostic and prognostic models for CKD for
people in LMIC, along with their accuracy metrics. Currently, information lacks in LMIC where diagnostic and
prognostic models could inform CKD screening strategies. Similarly, this work will elucidate the limitations of
available diagnostic and prognostic models for CKD in LMIC, so that future research can be planned
accordingly to overcome these caveats and deliver robust models to advance

CKD screening strategies in LMIC.
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S2 Table: Search terms
S$2.1 Table: Embase, Medline and Global Health (OVID)

01 | chronic renal insufficiency.mp.

02 | chronic kidney disease.mp.

03 | chronic kidney failure.mp.

04 | CKD.mp.

05 | exp Renal Insufficiency, Chronic/

06 | (chronic adj2 kidney adj2 disease).mp.

07 | (chronic adj2 kidney adj2 failure).mp.

08 | chronic renal failure.mp.

09 | chronic renal disease.mp.

10 | chronic kidney insufficiency.mp.

11 | end stage renal disease.mp.

12 | ESRD.mp.

13 | kidney function.mp.

14 | renal function.mp.

15 | kidney dysfunction.mp.

16 | renal dysfunction.mp.

17 [ 01 0r02or 03 or 04 or 05 or 06 or 07 or 08 or 09 or 10 or 11 or 12 or 13 or 14 or 15 or 16

18 | (("Afghanistan") or ("Benin") or ("Burkina Faso") or ("Burundi") or ("Central African Republic") or
("Chad") or ("Comoros") or ("Democratic Republic of the Congo") or ("Eritrea") or ("Ethiopia") or
("Gambia") or ("Guinea") or ("Guinea-Bissau") or ("Haiti") or ("Democratic People's Republic of
Korea") or ("Liberia") or ("Madagascar") or ("Malawi") or ("Mali") or ("Mozambique") or ("Nepal")
or ("Niger") or ("Rwanda") or ("Senegal") or ("Sierra Leone") or ("Somalia") or ("South Sudan") or
("Tanzania") or ("Togo") or ("Uganda") or ("Zimbabwe") or ("Armenia") or ("Bangladesh") or
("Bhutan") or ("Bolivia") or ("Cape Verde") or ("Cambodia") or ("Cameroon") or ("Congo") or ("Cote
d'lvoire") or ("Djibouti") or ("Egypt") or ("ElI Salvador") or ("Ghana") or ("Guatemala") or
("Honduras") or ("India") or ("Indonesia") or ("Kenya") or ("Micronesia") or ("Kosovo") or
("Kyrgyzstan") or ("Laos") or ("Lesotho") or ("Mauritania") or ("Moldova") or ("Mongolia") or
("Morocco") or ("Myanmar") or ("Nicaragua") or ("Nigeria") or ("Pakistan") or ("Papua New
Guinea") or ("Philippines") or ("Samoa") or ("Atlantic Islands") or ("Melanesia") or ("Sri Lanka") or
("Sudan") or ("Swaziland") or ("Syria") or ("Tajikistan") or ("Timor-Leste") or ("Tonga") or
("Tunisia") or ("Ukraine") or ("Uzbekistan") or ("Vanuatu") or ("Vietnam") or ("Middle East") or
("Yemen") or ("Zambia") or ("Albania") or ("Algeria") or ("American Samoa") or ("Angola") or
("Argentina") or ("Azerbaijan") or ("Republic of Belarus") or ("Belize") or ("Bosnia and
Herzegovina") or ("Botswana") or ("Brazil") or ("Bulgaria") or ("China") or ("Colombia") or ("Costa
Rica") or ("Cuba") or ("Dominica") or ("Dominican Republic") or ("Equatorial Guinea") or
("Ecuador") or ("Fiji") or ("Gabon") or ("Georgia") or ("Grenada") or ("Guyana") or ("lIran") or
("lIraq") or ("Jamaica") or ("Jordan") or ("Kazakhstan") or ("Lebanon") or ("Libya") or ("Macedonia")
or ("Malaysia") or ("Indian Ocean Islands") or ("Mexico") or ("Montenegro") or ("Namibia") or
("Palau") or ("Panama") or ("Paraguay") or ("Peru") or ("Russia") or ("Serbia") or ("South Africa")
or ("Saint Lucia") or ("Saint Vincent and the Grenadines") or ("Suriname") or ("Thailand") or
("Turkey") or ("Turkmenistan") or ("Venezuela") or (developing countr*) or (lowincome countr*) or
(middle-income countr*) or (low-middle income countr*) or (upper-middle income countr*))

19 | risk assessment.mp.

20 | risk functions.mp.

21 | Risk Assessment/mt

22 | risk equation$.mp.

23 | risk chart?.mp.

24 | (risk adj3 tool$).mp.

25 | risk assessment function?.mp.

26 | risk assessor.mp.

27 | risk appraisal$.mp.

28 | risk calculation$.mp.

29 | risk calculator$.mp.

11
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30 | risk factor$ calculator$.mp.

31 | risk factor$ calculation$.mp.

32 | risk engine$.mp.

33 | risk equation$.mp.

34 | risk table$.mp.

35 | risk threshold$.mp.

36 | risk disc?.mp.

37 | risk disk?.mp.

38 | risk scoring method?.mp.

39 | scoring scheme?.mp.

40 | risk scoring system?.mp.

41 | risk scal$.mp.

42 | risk prediction?.mp.

43 | risk algorith$.mp.

44 | prediction model$.mp.

45 | predictive instrument?.mp.

46 | project$ risk?.mp.

47 | predictive model?.mp.

48 | scoring method$.mp.

49 | (prediction$ adj3 method$).mp.

50 | exp Risk Assessment/

51 | (risk? adj1 assess$).mp.

52 | screening.mp.

53 | diagnostic test.mp.

54 | 19 0r200r21or22or23or24 or25o0r26or27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35
or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or
52 or 53

55 17 and 18 and 54

56 | exp animals/ not humans.sh.

57 | 55 not 56

58 | Remove duplicates from 57

S2.2 Table: scopPus

((TITLE-ABS-KEY("Afghanistan”) OR TITLE-ABS-KEY("Benin") OR TITLE-ABS-KEY("Burkina
Faso") OR TITLE-ABS-KEY("Burundi") OR TITLE-ABS-KEY("Central African Republic") OR TITLE-
ABS-KEY("Chad") OR TITLE-ABS-KEY("Comoros") OR TITLE-ABS-KEY("Democratic Republic of
the Congo") OR TITLE ABSKEY("Eritrea”) OR TITLE-ABS-KEY("Ethiopia") OR TITLE-ABS-
KEY("Gambia") OR TITLE ABSKEY("Guinea") OR TITLE-ABS-KEY("Guinea-Bissau") OR TITLE-
ABS-KEY("Haiti") OR TITLE ABSKEY("Democratic People's Republic of Korea") OR TITLE-ABS-
KEY("Liberia") OR TITLE ABSKEY("Madagascar") OR TITLE-ABS-KEY("Malawi") OR TITLE-ABS-
KEY("Mali") OR TITLE ABSKEY("Mozambique") OR TITLE-ABS-KEY("Nepal") OR TITLE-ABS-
KEY("Niger") OR TITLE-ABS-KEY("Rwanda") OR TITLE-ABS-KEY("Senegal") OR TITLE-ABS-
KEY("Sierra Leone") OR TITLE-ABSKEY("Somalia") OR TITLE-ABS-KEY("South Sudan") OR
TITLE-ABS-KEY("Tanzania") OR TITLE-ABSKEY("Togo") OR TITLE-ABS-KEY("Uganda") OR
TITLE-ABS-KEY("Zimbabwe") OR TITLE-ABS-KEY("Armenia") OR TITLE-ABS-KEY/("Bangladesh")
OR TITLE-ABS-KEY("Bhutan") OR TITLE-ABSKEY("Bolivia") OR TITLE-ABS-KEY("Cape Verde")
OR TITLE-ABS-KEY("Cambodia") OR TITLE-ABSKEY("Cameroon") OR TITLE-ABS-KEY("Congo")
OR TITLE-ABS-KEY("Cote d'lvoire") OR TITLE-ABSKEY("Djibouti") OR TITLE-ABS-KEY("Bolivia")
OR TITLE-ABS-KEY("Cape Verde") OR TITLE-ABS-KEY("Cambodia”") OR TITLE-ABS-
KEY("Cameroon") OR TITLE-ABS-KEY("Congo") OR TITLE-ABSKEY("Cote d'lvoire”) OR TITLE-
ABS-KEY("Djibouti") OR TITLE-ABS-KEY("Egypt") OR TITLE-ABS-KEY("El Salvador") OR TITLE-
ABS-KEY("Ghana") OR TITLE-ABS-KEY("Guatemala") OR TITLE-ABSKEY("Honduras") OR TITLE-
ABS-KEY("India") OR TITLE-ABS-KEY("Indonesia") OR TITLE-ABSKEY/("Kenya") OR TITLE-ABS-
KEY("Micronesia") OR TITLE-ABS-KEY("Kosovo") OR TITLE-ABSKEY/("Kyrgyzstan") OR TITLE-
ABS-KEY("Laos") OR TITLE-ABS-KEY("Lesotho") OR TITLE-ABS-KEY("Mauritania") OR TITLE-

ABS-KEY("Moldova") OR TITLE-ABS-KEY("Mongolia") OR TITLE-ABSKEY ("Morocco") OR TITLE-

12
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ABS-KEY("Myanmar") OR TITLE-ABS-KEY("Nicaragua") OR TITLE-ABS-KEY ("Nigeria") OR TITLE-
ABS-KEY ("Pakistan") OR TITLE-ABS-KEY ("Papua New Guinea") OR TITLE-ABSKEY ("Philippines")
OR  TITLE-ABS-KEY("Samoa") OR  TITLE-ABS-KEY("Atlantic  Islands") OR  TITLE-
ABSKEY ("Melanesia") OR TITLE-ABS-KEY("Sri Lanka") OR TITLE-ABS-KEY("Sudan") OR TITLE-
ABSKEY ("Swaziland") OR TITLE-ABS-KEY("Syria") OR TITLE-ABS-KEY("Tajikistan") OR TITLE-
ABSKEY ("Timor-Leste") OR TITLE-ABS-KEY("Tonga") OR TITLE-ABS-KEY("Tunisia") OR TITLE-
ABSKEY ("Ukraine") OR TITLE-ABS-KEY("Uzbekistan") OR TITLE-ABS-KEY("Vanuatu") OR TITLE-
ABSKEY("Vietnam") OR TITLE-ABS-KEY("Middle East") OR TITLE-ABS-KEY("Yemen") OR TITLE-
ABS-KEY("Zambia") OR TITLE-ABS-KEY("Albania") OR TITLE-ABS-KEY("Algeria") OR TITLE-
ABSKEY ("American Samoa") OR TITLE-ABS-KEY("Angola") OR TITLE-ABS-KEY("Argentina") OR
TITLE-ABSKEY("Azerbaijan") OR TITLE-ABS-KEY("Republic of Belarus") OR TITLE-ABS-
KEY("Belize") OR TITLE-ABSKEY ("Bosnia and Herzegovina") OR TITLE-ABS-KEY("Botswana") OR
TITLE-ABS-KEY("Brazil") OR TITLEABS-KEY("Bulgaria") OR TITLE-ABS-KEY("China") OR TITLE-
ABS-KEY("Colombia") OR TITLE-ABS-KEY("Costa Rica") OR TITLE-ABS-KEY("Cuba") OR TITLE-
ABS-KEY("Dominica") OR TITLE-ABSKEY("Dominican Republic") OR TITLE-ABS-KEY ("Equatorial
Guinea") OR TITLE-ABS-KEY("Ecuador") OR TITLE-ABS-KEY("Fiji") OR TITLE-ABS-KEY("Gabon")
OR TITLE-ABS-KEY("Georgia") OR TITLE-ABSKEY("Grenada") OR TITLE-ABS-KEY("Guyana")
OR TITLE-ABS-KEY("Iran") OR TITLE-ABS-KEY("Iraq") OR TITLE-ABS-KEY("Jamaica") OR TITLE-
ABS-KEY("Jordan") OR TITLE-ABS-KEY("Kazakhstan") OR TITLEABS-KEY("Lebanon") OR TITLE-
ABS-KEY("Libya") OR TITLE-ABS-KEY("Macedonia (Republic)") OR TITLEABS-KEY("Malaysia")
OR TITLE-ABS-KEY("Indian Ocean Islands") OR TITLE-ABS-KEY("Mexico") OR TITLE-ABS-
KEY("Montenegro”) OR TITLE-ABS-KEY("Namibia") OR TITLE-ABS-KEY("Palau") OR TITLEABS-
KEY("Panama") OR TITLE-ABS-KEY("Paraguay") OR TITLE-ABS-KEY("Peru") OR TITLE-
ABSKEY("Russia") OR TITLE-ABS-KEY("Serbia") OR TITLE-ABS-KEY("South Africa") OR TITLE-
ABS-KEY("Saint Lucia") OR TITLE-ABS-KEY("Saint Vincent and the Grenadines") OR TITLE-ABS-
KEY("Suriname") OR TITLE-ABS-KEY ("Thailand") OR TITLE-ABS-KEY("Turkey") OR TITLE-ABS-
KEY("Turkmenistan") OR TITLEABS-KEY("Venezuela") OR TITLE-ABS-KEY(developing countr*)
OR TITLE-ABS-KEY (lowincome countr*) OR TITLE-ABS-KEY(middle-income countr*) OR TITLE-
ABS-KEY (low-middle income countr*) OR TITLEABS-KEY (upper-middle income countr*) OR TITLE-
ABS-KEY (“low resource") OR TITLE-ABS-KEY ("underresourced") OR TITLE-ABS-KEY("resource
poor") OR TITLE-ABS-KEY("under-developed") OR TITLE-ABSKEY("underdeveloped") OR TITLE-
ABS-KEY("developing world") OR TITLE-ABS-KEY (“third world”) OR TITLE-ABS-KEY(Imic) OR
TITLE-ABS-KEY(low AND middle AND income)) AND (TITLE-ABS-KEY(Risk Assessment) OR
TITLE-ABS-KEY (risk? adj1 assess*) OR TITLE-ABS-KEY(risk function) OR TITLE-ABS-KEY(Risk
Assessment) OR TITLE-ABS-KEY(risk functions) OR TITLE-ABS-KEY(risk equation*) OR
TITLEABS-KEY(risk chart?) OR TITLE-ABS-KEY(risk adj3 tool*) OR TITLE-ABS-KEY (risk
assessment function?) OR TITLE-ABS-KEY (risk assessor) OR TITLE-ABS-KEY (risk appraisal*) OR
TITLE-ABS-KEY(risk calculation*) OR TITLE-ABS-KEY(risk calculator®) OR TITLE-ABS-KEY (risk
factor* calculator*) OR TITLEABS-KEY(risk factor* calculation*) OR TITLE-ABS-KEY/(risk engine*)
OR TITLE-ABS-KEY(risk equation*) OR TITLE-ABS-KEY(risk table*) OR TITLE-ABS-KEY (risk
threshold*) OR TITLE-ABS-KEY(risk disc?) OR TITLE-ABS-KEY(risk disk?) OR TITLE-ABS-
KEY (risk scoring method?) OR TITLE-ABS-KEY (scoring scheme?) OR TITLE-ABS-KEY (risk scoring
system?) OR TITLE-ABS-KEY (risk prediction?) OR TITLE-ABSKEY (risk algorith*) OR TITLE-ABS-
KEY (prediction model*) OR TITLE-ABS-KEY (predictive instrument?) OR TITLE-ABS-KEY (project®
risk?) OR TITLE-ABS-KEY (predictive model?) OR TITLE-ABS-KEY (scoring method*) OR TITLE-
ABS-KEY (prediction* adj3 method*) OR TITLE-ABS-KEY (screening) OR TITLE-ABSKEY (risk scal*)
OR TITLE-ABS-KEY (diagnostic test)) AND (TITLE-ABS-KEY (chronic renal insufficiency) OR TITLE-
ABS-KEY(chronic kidney disease) OR TITLE-ABS-KEY(chronic kidney failure) OR TITLE-ABS-
KEY(CKD) OR TITLE-ABS-KEY(chronic renal failure) OR TITLE-ABS-KEY/(chronic renal disease)
OR TITLE-ABS-KEY/(chronic kidney insufficiency) OR TITLE-ABS-KEY (end stage renal disease) OR
TITLE-ABSKEY(ESRD) OR TITLE-ABS-KEY (kidney function) OR TITLE-ABS-KEY (renal function)
OR TITLE-ABSKEY (kidney dysfunction) OR TITLE-ABS-KEY(renal dysfunction) OR TITLE-ABS-
KEY (chronic W/2 kidney W/2 disease) OR TITLE- ABS-KEY(chronic W/2 kidney W/2 failure) AND

NOT DBCOLL(medl))
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S2.3 Table: WEB OF SCIENCE

(((chronic renal insufficiency) OR (chronic kidney disease) OR (chronic kidney failure) OR (CKD) OR
(Renal Insufficiency, Chronic) OR (chronic NEAR/2 kidney NEAR/2 disease) OR (chronic NEAR/2
kidney NEAR/2 failure) OR (chronic renal failure) OR (chronic renal disease) OR (chronic kidney
insufficiency) OR (end stage renal disease) OR (ESRD) OR (kidney function) OR (renal function) OR
(kidney dysfunction) OR (renal dysfunction)) AND (("Afghanistan") OR ("Benin") OR ("Burkina Faso")
OR ("Burundi") OR ("Central African Republic") OR ("Chad") OR ("Comoros") OR ("Democratic
Republic of the Congo") OR ("Eritrea") OR ("Ethiopia") OR ("Gambia") OR ("Guinea") OR ("Guinea-
Bissau") OR ("Haiti") OR ("Democratic People's Republic of Korea") OR ("Liberia") OR
("Madagascar") OR ("Malawi") OR ("Mali") OR ("Mozambique") OR ("Nepal") OR ("Niger") OR
("Rwanda") OR ("Senegal") OR ("Sierra Leone") OR ("Somalia") OR ("South Sudan") OR
("Tanzania") OR ("Togo") OR ("Uganda") OR ("Zimbabwe") OR ("Armenia") OR ("Bangladesh") OR
("Bhutan") OR ("Bolivia") OR ("Cape Verde") OR ("Cambodia") OR ("Cameroon") OR ("Congo") OR
("Cote d'lvoire") OR ("Djibouti") OR ("Egypt") OR ("El Salvador") OR ("Ghana") OR ("Guatemala")
OR ("Honduras") OR ("India") OR ("Indonesia") OR ("Kenya") OR ("Micronesia") OR ("Kosovo") OR
("Kyrgyzstan") OR ("Laos") OR ("Lesotho") OR ("Mauritania") OR ("Moldova") OR ("Mongolia") OR
("Morocco") OR ("Myanmar") OR ("Nicaragua") OR ("Nigeria") OR ("Pakistan") OR ("Papua New
Guinea") OR ("Philippines") OR ("Samoa") OR ("Atlantic Islands") OR ("Melanesia") OR ("Sri Lanka")
OR ("Sudan") OR ("Swaziland") OR ("Syria") OR ("Tajikistan") OR ("Timor-Leste") OR ("Tonga") OR
("Tunisia") OR ("Ukraine") OR ("Uzbekistan") OR ("Vanuatu") OR ("Vietnam") OR ("Middle East") OR
("Yemen") OR ("Zambia") OR ("Albania") OR ("Algeria") OR ("American Samoa") OR ("Angola") OR
("Argentina") OR ("Azerbaijan”) OR ("Republic of Belarus") OR ("Belize") OR ("Bosnia and
Herzegovina") OR ("Botswana") OR ("Brazil") OR ("Bulgaria") OR ("China") OR ("Colombia") OR
("Costa Rica") OR ("Cuba") OR ("Dominica") OR ("Dominican Republic") OR ("Equatorial Guinea")
OR ("Ecuador") OR ("Fiji") OR ("Gabon") OR ("Georgia") OR ("Grenada") OR ("Guyana") OR ("Iran")
OR ("lIrag") OR ("Jamaica") OR ("Jordan") OR ("Kazakhstan") OR ("Lebanon") OR ("Libya") OR
("Macedonia (Republic) ") OR ("Malaysia") OR ("Indian Ocean Islands") OR ("Mexico") OR
("Montenegro") OR ("Namibia") OR ("Palau") OR ("Panama") OR ("Paraguay") OR ("Peru") OR
("Russia") OR ("Serbia") OR ("South Africa") OR ("Saint Lucia") OR ("Saint Vincent and the
Grenadines") OR ("Suriname") OR ("Thailand") OR ("Turkey") OR ("Turkmenistan") OR
("Venezuela") OR (developing countr) OR (lowincome countr*) OR (middle-income countr*) OR (low-
middle income countr*) OR (upper-middle income countr*)) AND ((risk assessment) OR (risk
equation$) OR (risk chart?) OR (risk NEAR/3 tool$) OR (risk assessment function?) OR (risk
assessor) OR (risk appraisal$) OR (risk calculation$) OR (risk calculator$) OR (risk factor$
calculation$) OR (risk engine$) OR (risk equation$) OR (risk table$) OR (risk threshold$) OR (risk
disc?) OR (risk disk?) OR (risk scoring method?) OR (scoring scheme?) OR (risk scoring system?)
OR (risk scal$) OR (risk prediction?) OR (risk algorith$) OR (prediction model$) OR (predictive
instrument?) OR (project$ risk?) OR (predictive model?) OR (scoring method$) OR (prediction$
NEAR/3 method$) OR (risk? NEAR/1 assess$) OR (screening) OR (diagnostic test))) NOT ((animal*)

OR ("not humans"))
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38 6 only) Cohort y 2003 | 2013 | Random examination). excluded ® (7.4) | 70.5%
39 a
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Saranbu EGAT 1-2 cohort = ¢
rut, participants with s %

2017 - preserved GFR (estimate e R
Model 2 glomerular filtration rate | Patients who died, retirgd, $
(derivati (eGFR) =60 moved, did not want tg§

on mL/min/1.73m2) at participate o had wittfy =
Clinical baseline who attended missing baseline serum &

+ both the examinations creatinine data. Alsoz &5 ¥
Limited (EGAT 1 5rd examination | patients with eGFR<60?§ E%
laborato Communit| 2002- | 2012- and EGAT 2 4nd baseline in 2002-2003 wegelp 51.3
ry tests) | Cohort y 2003 | 2013 | Random examination). excluded es¥Y(74) | 70.5%

EGAT 1-2 cohort N
Saranbu participants with agd
rut, preserved GFR (estimate ES EL

2017 - glomerular filtration rate | Patients who died, retired; ¢
Model 3 (eGFR) 2 60 moved, did not want t§ 3
(derivati mL/min/1.73m2) at participate o had wits 3

on baseline who attended missing baseline serufh £
Clinical both the examinations creatinine data. Alsoﬁ ?:

+ Full (EGAT 1 5rd examination | patients with eGFR<60zat $
laborato Communit| 2002- | 2012- and EGAT 2 4nd baseline in 2002-2003 v?re%" 51.3
ry tests) | Cohort y 2003 | 2013 | Random examination). excluded @ § (74) | 70.5%
Saranbu EGAT 3 cohort Participants younger thén cr

rut, participants with 40 years old at baselir@, ,E?.

2017 - preserved GFR (eGFR = with missing serums  §
Model 1 60) at baseline in 2009 | creatinine values, parriggits 3
(validati (EGAT 3 1st examination) who died, retired ang= 3

on who were followed up 5 moved, unwilling toS. £
Clinical Communit years later in 2014 (EGAT| participate and with a§ & 45.6

only) Cohort y 2009 | 2014 | Random 3 2nd examination). eGFR <60 at baselin® it (4.2) | 75.5%
Saranbu EGAT 3 cohort Participants younger thﬁn »

rut, participants with 40 years old at baseline,

2017 - preserved GFR (eGFR = with missing serum 2
Model 2 60) at baseline in 2009 | creatinine values, parrients ¥
(validati (EGAT 3 1st examination) who died, retired and 7§

on who were followed up 5 moved, unwilling to ;
Clinical Communit years later in 2014 (EGAT participate and withan @ 45.6

+ Cohort y 2009 | 2014 | Random 3 2nd examination). eGFR <60 at baseline. T (4.2) | 75.5%
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3 Limited = &
4 laborato 2 @
> ry tests) @ B
6 Global Screening and ° g
7 Early Evaluation of Kidney &
8 Disease (SEEK) study I <
9 subjects: being 18 years o m §3
10 or older, had no 5o i
11 menstruation period for at o3¢
12 least a week prior to the °Z P
13 Thakkin examination date if e3Y
14 stian, women, and whom were N
15 2011 willing participants of the agd
16 (derivati | Cross- |Communit| 2007- study and provided signed| Subjects without bIood@g EL 452
17 7 on) sectional y 2008 n/a | Random consent forms. urine specimens. ® —$(0.79) | 45.5%
18 Wen, N
19 2020 - 5 3
20 Simple Handan Eye Study (HES) Subjects who were‘f> F
21 Risk participants (rural diagnosed with CKDZ &
22 Score residents aged =30 years unwilling to participaté, E;’
23 (derivati Communit| 2006- | 2012- old living in Yongnian missing follow up datg- % 50
2 8 on) Cohort y 2007 | 2013 | Random County). (eGFRor UACR).@ & (10) | 44.7%
Wen, S @
25 2020 - 2 3
;? Best-fit Handan Eye Study (HES) Subjects who were ‘é’ E
Risk participants (rural diagnosed with CKDF
28 Score residents aged =30 years unwilling to participatq% 2
29 (derivati Communit| 2006- | 2012- old living in Yongnian missing follow up datg £ 50
30 8 on) Cohort y 2007 | 2013 | Random County). (eGFROrUACR). 2 € (10) | 44.7%
31 Participants without: age $
32 information; body mass %%
33 Wu, index (BMI) information;
34 2016 Adults older than 18 years blood pressure (BP) 2
35 (derivati | Cross- |Communit and having given consent measurement; serum ¥ 45.3
36 9 on) sectional y 2012 | n/a | Random to this study. creatinine test. 2(14.3)| 56.7%
37 Adults older than 18 years| Participants without: age g
38 Wu, Cross- |Communit and having given consent information; body mass % 41.8
39 9 2016 | sectional y 2012 n/a | Random to this study. index (BMI) information; $£(11.7)| 63.7%
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3 S3.2 Table:: Outcome s 9
4 o &
5 @ N
6 g 3
/ Outcome & O
8 3 =
9 3 3
10 Sap Mean
11 Same 238 Blinde Predictor follow-
12 . , outcome® G d s part of up
13 N Study Outcome Outcome details definition f@:g D outco the (years)
14 all patientsgﬁ = me outcome (cohorts
15 agp )
16 Asgari, 2020 28k
17 European Risk ; B
18 Assessment tool = 5
19 (6-years CKD CKD was defined as eGFR < 60 mL/min/1.73 m2, provided g i
20 1 validation) composite by the Modification of Diet in Renal Disease (MDRD). Yes - E NI No 6.2
21 Asgari, 2020 = B
22 European Risk 2 B
23 Assessment tool = B
24 (9-years CKD CKD was defined as eGFR < 60 mL/min/1.73 m2, provided e B
25 1 validation) composite by the Modification of Diet in Renal Disease (MDRD). Yes % g NI No 9.2
26 Bradshaw, 2019 o
27 - Model 1 CKD CKD was defined as an eGFR rate <60 mL/min/1.73 m2 el
28 2 (derivation) composite (estimated by the CKD-EPI equation) or UACR =30 mg/g Yes o = NI No 0
29 Bradshaw, 2019 § =
30 - Model 2 CKD CKD was defined as an eGFR rate <60 mL/min/1.73 m2 = =
31 2 (derivation) composite (estimated by the CKD-EPI equation) or UACR =30 mg/g Yes @ T NI No 0
3 Bradshaw, 2019 e P
33 - Model 3a CKD CKD was defined as an eGFR rate <60 mL/min/1.73 m2 3 §
34 2 (derivation) composite (estimated by the CKD-EPI equation) or UACR =30 mg/g Yes b NI No 0
3 Bradshaw, 2019 i
- Model 3b CKD CKD was defined as an eGFR rate <60 mL/min/1.73 m2 B
36 2 (derivation) composite | (estimated by the CKD-EPI equation) or UACR =30 mg/g Yes 5 NI No 0
37 Bradshaw, 2019 CKD CKD was defined as an eGFR rate <60 mL/min/1.73 m2 B
gg 2 - Model 3a composite (estimated by the CKD-EPI equation) or UACR =30 mg/g Yes 3 NI No 0
)
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(CARRS-I urban = 3
validation) s B
Bradshaw, 2019 e R
- Model 3a S B
(UDAY rural CKD CKD was defined as an eGFR rate <60 mL/min/1.73 m2 & o
validation) composite (estimated by the CKD-EPI equation) or UACR =30 mg/g Yes 3 & NI No
Carrillo-Larco, I
2017 - FE0
CRONICAS- CKD defined as an eGFR <60 mL/min/1.73m2, using the 23B
CKD (derivation CKD MDRD (Modification of Diet in Renal Disease) formula, also °GP
complete) composite known as CKD stage Il Yes 23 VYes No
Carrillo-Larco, vof
2017 - Qop
CRONICAS- CKD defined as an eGFR <60 mL/min/1.73m2, using the §§ ::jl
CKD (derivation CKD MDRD (Modification of Diet in Renal Disease) formula, also (O oy
lab-free) composite known as CKD stage Il Yes 2 b Yes No
Carrillo-Larco, 3 i
2017 - T £
CRONICAS- CKD defined as an eGFR <60 mL/min/1.73m2, using the = B
CKD (validation CKD MDRD (Modification of Diet in Renal Disease) formula, also o B
complete) composite known as CKD stage Il Yes = B Yes No
Carrillo-Larco, e p
2017 - S F
CRONICAS- CKD defined as an eGFR <60 mL/min/1.73m2, using the 3 E
CKD (validation CKD MDRD (Modification of Diet in Renal Disease) formula, also 3 s
lab-free) composite known as CKD stage Il Yes & P Yes No
Mogueo, 2015 - T P
Korean model S B
(eGFR CKD eGFR <60 ml/min/1.73 m2 based on the 4-variable e T
validation) composite Modification of Diet in Renal Disease (MDRD) formula Yes & ¥ NI No
Mogueo, 2015 - 8 §
Thai model b1
(eGFR CKD eGFR <60 ml/min/1.73 m2 based on the 4-variable o
validation) composite Modification of Diet in Renal Disease (MDRD) formula Yes 5 NI No
eGFR <60 ml/min/1.73 m2 based on the 4-variable i
Mogueo, 2015 - Modification of Diet in Renal Disease (MDRD) formula and 5
Korean model CKD ‘any nephropathy’ including any of the stages | to V of the E
(eGFR or composite Kidney Disease: Improving Global Outcomes Chronic Yes nH NI No
A
N 27
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3 proteinuria Kidney Disease (KDIGO) classification = 3
4 validation) g— bo
5 Mogueo, 2015 - eGFR <60 ml/min/1.73 m2 based on the 4-variable e R
6 Thai model Modification of Diet in Renal Disease (MDRD) formula and S B
7 (eGFR or ‘any nephropathy’ including any of the stages | to V of the & o
8 proteinuria CKD Kidney Disease: Improving Global Outcomes Chronic 2 E
9 validation) composite Kidney Disease (KDIGO) classification Yes 3 _R NI No 0
10 Saranburut, 2sp
11 2017 - 23B
12 Framingham °& P
13 Heart Study CKD was defined as estimate glomerular filtration rate 2 aF
14 (MDRD CKD (eGFR) <60 mL/min/1.73 m2 using the Modification of Diet %E 3
15 validation) composite in Renal Disease (MDRD) Yes 29op NI No 10
16 Saranburut, oSk
17 2017 - ; B
18 Framingham = b
19 Heart Study Ej o
20 (CKD-EPI CKD CKD defined as (eGFR) <60 mL/min/1.73 m2 using the 3 £
21 validation) composite CKD-EPI equation. Yes = & NI No 10
22 Preserved GFR (eGFR =60) at baseline and subsequently D §
23 developed decreased GFR (eGFR < 60 mL/min/1.73m2) at g B
24 the 10 year follow-up calculated according to two-level race e p
25 Saranburut, variable Chronic Kidney Disease—Epidemiology "a’ g
2% 2017 - Model 1 Collaboration (CKDEPI) equation using the non-black o T
27 (derivation CKD coefficient. The outcome is a modification from the KDIGO 3 %
28 Clinical only) composite definition of CKD stage 3-5 Yes » & NI No 10
29 Preserved GFR (eGFR 260) at baseline and subsequently T B
30 developed decreased GFR (eGFR < 60 mL/min/1.73m2) at % =
the 10 year follow-up calculated according to two-level race e T
31 Saranburut, variable Chronic Kidney Disease—Epidemiology S p
32 2017 - Model 1 Collaboration (CKDEPI) equation using the non-black o B
33 BMI (derivation CKD coefficient. The outcome is a modification from the KDIGO OB
34 Clinical only) composite definition of CKD stage 3-5 Yes 2 NI No 10
35 Saranburut, Preserved GFR (eGFR =60) at baseline and subsequently B
36 2017 - Model 2 developed decreased GFR (eGFR < 60 mL/min/1.73m2) at 3
37 (derivation the 10 year follow-up calculated according to two-level race 5
38 Clinical + Limited CKD variable Chronic Kidney Disease—Epidemiology o
39 laboratory tests) composite Collaboration (CKDEPI) equation using the non-black Yes D NI No 10
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42 > 28
ji For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
45



http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

coefficient. The outcome is a modification from the KDIGO
definition of CKD stage 3-5

=T20z-uadolwaq/og

Page 62 of 100

Preserved GFR (eGFR 260) at baseline and subsequently
developed decreased GFR (eGFR < 60 mL/min/1.73m2) at

g
8
2
é.
=
=
= =]
5 B
@ p
S B
Saranburut, the 10 year follow-up calculated according to two-level race 5 B
2017 - Model 3 variable Chronic Kidney Disease—Epidemiology 2 E
(derivation Collaboration (CKDEPI) equation using the non-black S o 3
Clinical + Full CKD coefficient. The outcome is a modification from the KDIGO 5o ¢
laboratory tests) composite definition of CKD stage 3-5 Yes 235 NI No 10
Preserved GFR (eGFR 260) at baseline and subsequently °GP
developed decreased GFR (eGFR < 60 mL/min/1.73m2) at R3F
the 10 year follow-up calculated according to two-level race %E §
Saranburut, variable Chronic Kidney Disease—Epidemiology a9 g
2017 - Model 1 Collaboration (CKDEPI) equation using the non-black §8 2
(validation CKD coefficient. The outcome is a modification from the KDIGO (O oy
Clinical only) composite definition of CKD stage 3-5 Yes g 5 NI No 5
Preserved GFR (eGFR =60) at baseline and subsequently =3 ;‘
developed decreased GFR (eGFR < 60 mL/min/1.73m2) at i E
Saranburut, the 10 year follow-up calculated according to two-level race = B
2017 - Model 2 variable Chronic Kidney Disease—Epidemiology 0. 5
(validation Collaboration (CKDEPI) equation using the non-black = g
Clinical + Limited CKD coefficient. The outcome is a modification from the KDIGO e p
laboratory tests) composite definition of CKD stage 3-5 Yes & & NI No 5
CKD was defined as stage | & Il if GFR = 90 and GFR 60- o B
89 ml/min/1.73 m2 with haematuria and/or albumin- 3 B
creatinine ratio 30 mg/g or greater, stage Ill, IV, and V if the § 5
GFR of 30-59, 15-29, and < 15 ml/min/1.73 m2 = B
respectively, regardless of kidney damage. eGFR was 5 =
Thakkinstian, CKD calculated using the MDRD equation for IDMS traceable 3 IR
2011 (derivation) | composite serum creatinine values. Yes 8§ w NI No 0
Wen, 2020 - 2 B
Simple Risk CKD was defined as an eGFR rate <60 mL/min/1.73 m2 TR
Score CKD ((assessed by the modified Chinese MDRD equation) or =
(derivation) composite UACR =30 mg/g Yes E NI No 5.6
Wen, 2020 - D
Best-fit Risk CKD was defined as an eGFR rate <60 mL/min/1.73 m2 5
Score CKD ((assessed by the modified Chinese MDRD equation) or o
(derivation) composite UACR 230 mg/g Yes D NI No 5.6
X
=
N 29
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Wu, 2016
9 (derivation)

CKD
composite
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Reduced eGFR was defined as eGFR<60 mL/min/1.73 m2
using the CKD-EPI equation. Yes

NI

No

0

Wu, 2016
9 (validation)

CKD
composite

Blipnjoul ‘1ybiAdoo Aq |

Reduced eGFR was defined as eGFR<60 mL/min/1.73 m2
using the CKD-EPI equation. Yes

NI

No

0

oNOYTULT D WN =

CKD, chronic kidney disease; CKD-EPI, chronic kidney disease epidemiology collaboration; eGFR, estimated glomerular filtration rate; GFR, g
of diet renal disease; n/a, not applicable; NI, no information; UACR, urinary albumin-to-creatinine ratio.
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S3.3 Table: candidate predictors % 2
(0]
o
Candidate Predictors 5] S
Nu Num z o
mb ber 94 =
er of Tmo
of | predi | i ghn
N° St can ctors List of predictors in the . o 43 Sredi . Predictors
udy di : ctors ; Predictors definition d £ Bredictors ascertainment .
id in )y final model 7 modelling
timing gz0
ate the 28 2
pre final gos
dict mod iy %%
ors el Yoam
Age (<45, 245 to <50, 250 to <55, 255 - =
to <60, 260 to <65, 265 to <70, 270 tof S
<75, 275 to <85); Body mass index § =
(<25, 225 to <30, 230); Waist o ©
circumference [<94, 294 to <102, 4 3
2102 (for men) and <80, 280 to <88, 5§ 3
Age; BMI (body mass 288 (for women)]; use of I S
Asgari, index); waist antihypertensive medications; currenf-i g
2020 circumference; use of  |smoking (‘who smokes cigarettes dailyg g
European antihypertensives; current or occasionally'); family history of « 3
Risk smoking, parent and/or | cardiovascular disease (CVD) and/org_,BlgI was calculated as weight
Assessme sibling with myocardial diabetes (previously diagnosed CVD & (Kg) divided by height (m2).
nt tool (6- infarction or stroke; parent in first-degree male and female § Pata collected by trained
years and/or sibling with relatives aged < 55 and < 65 years, I irﬁrviewer using a standard
1 | validation) n/a 18 NI diabetes. respectively) g = questionnaire n/a
Age; BMI (body mass | Age (<45, 245 to <50, 250 to <55, 256 <
Asgari, index); waist to <60, 260 to <65, 265 to <70, 270 tod §
2020 circumference; use of <75, 275 to <85); Body mass index g‘
European antihypertensives; current (<25, 225 to <30, 230); Waist =
Risk smoking, parent and/or circumference [<94, 294 to <102, BI@I was calculated as weight
Assessme sibling with myocardial 2102 (for men) and <80, =80 to <88, | (ky) divided by height (m2).
nt tool (9- infarction or stroke; parent =88 (for women)]; use of ata collected by trained
years and/or sibling with antihypertensive medications; current inierviewer using a standard
1 | validation) n/a 18 NI diabetes. smoking (‘'who smokes cigarettes daily rc.?j questionnaire n/a
A
N 31
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2 = B
3 or occasionally'); family history of & &
4 cardiovascular disease (CVD) and/org'- %
5 diabetes (previously diagnosed CVD9 N
6 in first-degree male and female g S
7 relatives aged <55 and <65 years, g
8 respectively) a4 =
9 d 5 All
10 q4s= continuous
[ BTN .
1 933 variables
12 qg D used cubic
13 43y spline terms
14 o with knots
15 3435 placed at
428 fixed
16 Yoo ;
17 y—o quantiles of
18 3 3 the
3 3 redictor's
19 = - p _
20 9 E: marginal
21 %f < distribution,
2 A g categorical
23 3 o variables
py Bradshaw, g E were
2019 - g4 o summarized
25 Model 1 3 2 using
26 (derivation 3 3 percentages
27 2 ) 30 NI NI NI NI 3 3 NI and counts.
28 13 All
a =]
29 g = continuous
30 3 2 variables
31 g o used cubic
32 qd N spline terms
33 1T 8 with knots
34 1) placed at
35 Bradshaw, 9 fixed
36 2019 - 3 quantiles of
37 Model 2 = the
L 3 . ,
38 (derivation o predictor's
39 2 ) 23 NI NI NI NI - NI marginal
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41 =
42 > 32
ji For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
45


http://bmjopen.bmj.com/

oNOYTULT D WN =

Page 66 of 100

g ¢
BMJ Open S g
o =.
© o
< o
. @
«Q =)
TN
- o
5 R
g g distribution,
g 3 categorical
9 R variables
9 S were
4 5 summarized
& = using
d 3 percentages
= S and counts.
Al
qg D continuous
g 3 variables
A used cubic
E.gg spline terms
gs¢ with knots
82 placed at
3 3 fixed
EX i quantiles of
< _g the
%f < predictor's
d 3 marginal
3 g distribution,
g @ categorical
g4 o variables
Bradshaw, 3 2 were
2019 - 3 3 summarized
Model 3a i 3 using
(derivation (:E o percentages
) NI NI NI NI NI 4 = NI and counts.
3 < All
g & continuous
g N variables
T used cubic
) spline terms
Bradshaw, 9 with knots
2019 - 3 placed at
Model 3b '34 fixed
(derivation o quantiles of
) 8 NI NI NI NI - NI the
\I;II_)I
N
-
N 33
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S 5
< o
. @
«Q =)
! g
- o
2 = ﬁ
3 g g predictor's
4 = marginal
5 q R distribution,
6 d 3 categorical
7 a5 variables
8 a4 = were
9 d 3 summarized
10 R using
11 43 § percentages
12 gen and counts.
13 Bradshaw, 939
14 2019 - ; ® §
15 Model 3a ds 5
16 (CARRSHI g8
17 urban 2=
18 2 | validation) n/a NI NI NI NI 3 3 NI n/a
19 Bradshaw, 3 3
[ts =0
20 2019 - - =
¥ O
21 Model 3a I §
22 (UDAY g2 3
23 rural 3 S
>4 2 | validation) n/a NI NI NI NI q @ NI n/a
25 &% o Age (information was
% % 2 collected by trained
- 3 fidddworkers through face-to-
: 5 faé® interviews), hypertension
8 4 S (blood pressure
29 g = measurements were
30 Carrillo- Age (< 50, 50-69, = 70 years), E cenducted according to the
31 Larco, hypertension (blood pressure 2 140/9(F résommendations of the 7th
32 2017 - mmHg OR previous diagnosis of a Jaint National Committee on
33 CRONICA hypertension and currently under | & the diagnosis and
34 S-CKD treatment) and anemia (haemoglobin | nganagement of High Blood
35 (derivation Age; hypertension; <13 g/dL if male and < 12 g/dL if |Prg&ssure in adults (JNC-7), NI
36 3 | complete) 36 7 NI anemia. female). 2 on anemia. NI
37 Carrillo- Age (< 50, 50-69, = 70 years), gAge (information was
38 Larco, hypertension (blood pressure 2 140/90| @ collected by trained
39 3 2017 - 26 5 NI Age; hypertension. mmHg OR previous diagnosis of fiéuﬁdworkers through face-to- NI
40 N
41 :
42 > 34
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CRONICA hypertension and currently under fac interviews), hypertension
S-CKD e (blood pressure
(derivation 9 R measurements were
lab-free) g cBnducted according to the
g regommendations of the 7th
& Jeint National Committee on
d 5 the diagnosis and
% 5;management of High Blood
q P’ressure in adults (JNC-7), NI
d 5 on anemia.
¥ 3 Y Age (information was
o ® £ collected by trained
g fﬁéi’dworkers through face-to-
a2
o é%e interviews), hypertension
s —2  (blood pressure
3 o measurements were
Carrillo- Age (< 50, 50-69, 2 70 years), T c@nducted according to the
Larco, hypertension (blood pressure = 140/96 remommendatlons of the 7th
2017 - mmHg OR previous diagnosis of 2 J(;Lnt National Committee on
CRONICA hypertension and currently under ; 53’ the diagnosis and
S-CKD treatment) and anemia (haemoglobin3. mnagement of High Blood
(validation Age; hypertension; <13 g/dL if male and < 12 g/dL if < Pressure in adults (JNC-7), NI
complete) n/a NI anemia. o 'U on anemia. n/a
% =2 Age (information was
3 8 collected by trained
5 figldworkers through face-to-
+fa® interviews), hypertension
9 =< (blood pressure
3 2 measurements were
Carrillo- E canducted according to the
Larco, @ regcommendations of the 7th
2017 - Age (< 50, 50-69, = 70 years), “ JOnt National Committee on
CRONICA hypertension (blood pressure = 140/90| & the diagnosis and
S-CKD mmHg OR previous diagnosis of nagement of High Blood
(validation hypertension and currently under  |Pr@ssure in adults (JNC-7), NI
lab-free) n/a NI Age; hypertension. = on anemia. n/a
Mogueo, Age; sex; diabetes Age (50-59, 60-69, =270); Female §Participants received a
2015 - n/a NI mellitus; hypertension; use gender; Hypertension (history of s@ndardized interview (Age NI
,m
=
N 35
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3 Korean of statins; proteinuria illness, taking antihyper-tensive 3 gand sex) and physical
4 model drug(s) or had systolic blood pressureS: &kamination during which
5 (eGFR 2140 mmHg or diastolicblood pressureE blddd pressure was measured
6 validation) >90 mmHg); Diabetes (history of Jacgording to the World Health
7 illness, taking oral gk Organisation (WHO)
8 hypoglycaemicagents or fasting { =guidelines using a semi-
9 plasma glucose levels2126 mg/dL); g m %utomated digital blood
10 Use of statins; Proteinuria & gpressure monitor (Rossmax
11 4 $B USA) on the right arm in
12 9 S ™ the sitting position.
13 @ Bdgticipants with no history of
14 o %@ctor diagnosed diabetes
15 g@dlitus underwent a 75 g oral
16 o Sglucose tolerance test
17 8 3GTT) as recommended by
18 3 3 the WHO
19 3 iParticipants received a
20 ‘i st_gndardized interview (Age)
21 3 and physical examination
2 g d&ing which blood pressure
23 3 v@s measured accordllng ’Fo
24 dthesWorld Health Organisation

o HO) guidelines using a
2> % seni-automated digital blood
26 3 pEessure monitor (Rossmax
27 Age (<40, 40-59, 60-69, >70); I P&, USA) on the right arm in
28 Hypertension (history of iliness, taking} g the sitting position.
29 Mogueo, antihyper-tensive drug(s) or had dq Pagticipants with no history of
30 2015 - systolic blood pressure 2140 mmHg OE dbctor diagnosed diabetes
31 Thai diastolicblood pressure 290 mmHg); dmeflitus underwent a 75 g oral
32 model Diabetes (history of iliness, taking oral} nglucose tolerance test
33 (eGFR Age; diabetes mellitus; hypoglycaemicagents or fasting (C@TT) as recommended by
34 validation) n/a NI hypertension plasma glucose levels=126 mg/dL) ] the WHO NI
35 Mogueo, Age (50-59, 60-69, =270); Female CParticipants received a
36 2015 - gender; Hypertension (history of standardized interview (Age
37 Korean Age; sex; diabetes illness, taking antihyper-tensive =and sex) and physical
38 model mellitus; hypertension; use | drug(s) or had systolic blood pressure gxamination during which
39 (eGFR or n/a NI of statins; proteinuria 2140 mmHg or diastolicblood pressure|bland pressure was measured NI
40 m
41 ~
42 > 36
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290 mmHg); Diabetes (history of
illness, taking oral
hypoglycaemicagents or fasting
plasma glucose levels=126 mg/dL);
Use of statins; Proteinuria
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acgordlng to the World Health
% Organisation (WHO)
l};uidelines using a semi-
Sautomated digital blood
pgessure monitor (Rossmax
P4, USA) on the right arm in
% the sitting position.
Eammpants with no history of
chtor diagnosed diabetes
rgemltus underwent a 75 g oral
3 Yalucose tolerance test
%CK;TT) as recommended by
the WHO

oyos
oju
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Mogueo,
2015 -
Thai
model
(eGFR or
proteinuria
validation)

n/a

NI

Age (<40, 40-59, 60-69, >70);

Hypertension (history of illness, takin

antihyper-tensive drug(s) or had
systolic blood pressure 2140 mmHg o
diastolicblood pressure 290 mmHg); ]
Diabetes (history of iliness, taking ora

hypoglycaemicagents or fasting
plasma glucose levels=126 mg/dL)

Age; diabetes mellitus;
hypertension

WIIIIIQ('?)IIP Buien y ‘ﬁlllll!lll rlRNpUR 1XA] 0] par|al Sasn m! Buipniaul ‘ybiAdoo Aq |

Y

g oParticipants received a
'standardized interview (Age)
3nd physical examination
dtjmng which blood pressure
Was measured according to
th&WorId Health Organisation
@VHO guidelines using a
s@m automated digital blood
pressure monitor (Rossmax
P, USA) on the right arm in

3. the sitting position.
P@tlc:lpants with no history of
¢ ddctor diagnosed diabetes
melitus underwent a 75 g oral

=glucose tolerance test
(&TT) as recommended by
o the WHO

NI

Saranburu
t, 2017 -
Framingh
am Heart

Study
(MDRD
validation)

n/a

NI

Diabetes mellitus; Diabetes mellitus (yes); hypertension
hypertension; eGFR (yes); eGFR category (60-74, 75-89,
category 90-119)

-salff mnln!’m

Hypertension was defined as
sytolic blood pressure = 140
gnmHg or diastolic blood
p@ssure = 90 mmHg or use

"Dof oral antihypertensive

medication. Diabetes mellitus

avas defined as a fasting
glg;cose of 2126 mg/dl or use

n/a
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3 g gbmedications. eGFR was
4 S & estimated using the
5 g Madification of Diet in Renal
6 g [Msease (MDRD) equation.
7 g HAge was obtained by a
8 @l survey. Hypertension was
9 d -, Yefined as systolic blood
10 2 o pressure 2 140 mmHg or
11 < figstolic blood pressure > 90
12 9 & ™ mmHg or use of oral
13 ¥ aiihypertensive medication.
14 Saranburu o ﬁ@betes mellitus was defined
15 t, 2017 - gd casa fasting glucose of 2126
16 Framingh Age (30-34, 35-39, 40-44, 45-49, 50- -grg/dl or use of medications.
17 am Heart 54, 55-59, 60-64, 65-69, 70-74, 75-798 "e&FR was estimated using
18 Study Age; diabetes mellitus; 80-85); diabetes mellitus (yes); g. t@ chronic kidney disease—
19 (CKD-EPI hypertension; eGFR hypertension (yes); eGFR category J e@demlology collaboration
20 validation) n/a 16 NI category (60-74, 75-89, 90-119) ‘f‘:’ = (CKD-EPI) equation n/a
51 3 Age (health survey), sex
22 o ( hé’alth survey). Hypertension
23 3 was defined as systolic blood
24 g @ressure = 140 mmHg or
25 2 digstolic blood pressure 2 90
e % 2 mmHg or use of oral

3 adihypertensive medication.
27 Age (<45, 45-54, 55-59, 255); Sex fDidbetes mellitus was defined
28 Saranburu (male, female); Waist circumference 4 a§a fasting glucose of 2126
29 t, 2017 - (<80 for male or <90 for male, >80 ford nry/dl or a positive history of
30 Model 1 Age; sex; systolic blood female or >90 for male); Diabetes ZJdiabetes. Waist circumference
31 (derivation pressure; waist (yes, no); Systolic blood pressure E tvas measured midway
32 Clinical circumference; diabetes (<120, 120-129, 130-139, 140-149, g between the lowest ribs and
33 only) 15 15 NI mellitus 150-159, 2160) ' &  theiliac crest. NI
34 gge (health survey), sex
35 Saranburu Age (<45, 45-54, 55-59, 255); Sex | (h&alth survey). Hypertension
36 t, 2017 - (male, female); BMI (<25, 225); wgs defined as systolic blood
37 Model 1 Age; sex; systolic blood Diabetes (yes, no); Systolic blood gressure = 140 mmHg or
38 BMI pressure; body mass index| pressure (<120, 120-129, 130-139, digstolic blood pressure = 90
39 (derivation 15 15 NI (BMI); diabetes mellitus 140-149, 150-159, =2160) ~ mmHg or use of oral NI
40 m
41 ~
42 > 38
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N
- arfgihypertensive medication.
-Digbetes mellitus was defined
aRa fasting glucose of 2126
" n@y/dl or a positive history of
diabetes. Body mass index
was defined as weight in
[ m Kilograms divided by the
z Sguare of height in meters
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Saranburu
t, 2017 -
Model 2

(derivation
Clinical +
Limited

laboratory

tests)

16

16

NI

Age; sex; systolic blood
pressure; diabetes
mellitus; glomerular

filtration rate at baseline

Age (<45, 45-54, 55-59, 255); Sex
(male, female); Diabetes (yes, no);

Systolic blood pressure (<120, 120-
129, 130-139, 140-149, 150-159,
>160); eGFR (290, 75-89, 60-74)

-2 Bge (health survey), sex
fhealth survey). Hypertension
®&s defined as systolic blood
‘® Bressure = 140 mmHg or
.§i§stolic blood pressure = 90
g & mmHg or use of oral
arttihypertensive medication.
.Digbetes mellitus was defined
- ada fasting glucose of 2126
/dl or a positive history of
[ diabetes. Serum creatinine
. (§Cr) was measured by the
.engdymatic assay on the Vitros
3B0 analyzer (Ortho-Clinical
@iagnostics, USA) using
IBMS-Standard Reference
Material (SRM) 967 as the
Fstahidard. Estimate glomerular
flltration rate (eGFR) was
| catculated according to two-
Bvel race variable Chronic
> Kidney Disease—
: E]gidemiology Collaboration
> (CKDEPI) equation

'inﬁn!mnnm IelLIS pue ‘Buiumen 1y ‘Buiuil RIep plik 1Xa) 0] PgIP|al SASN 10) Buipnio

NI

Saranburu
t, 2017 -
Model 3

(derivation
Clinical +

Full

22

20

NI

Age; sex; systolic blood
pressure; diabetes
mellitus; glomerular

filtration rate at baseline;

uric acid; hemoglobin

Age (<45, 45-54, 55-59, 255); Sex
(male, female); Diabetes (yes, no);
Systolic blood pressure (<120, 120-
129, 130-139, 140-149, 150-159,
2160); eGFR (290, 75-89, 60-74); Uric digstolic blood pressure = 90
acid (>6 for female or >7 for male, <6

Age (health survey), sex
(hgalth survey). Hypertension
wgs defined as systolic blood

ressure = 140 mmHg or

~ mmHg or use of oral

NI

U/

v11-73
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3 laboratory for female or <7 for male); HemogloblrE arglhypertenswe medication.
4 tests) (<12 for female or <13 for male, 212 §:Digbetes mellitus was defined
5 for female or 213 for male) @ afla fasting glucose of 2126
6 d nf/dl or a positive history of
7 g diabetes. Serum creatinine
8 & (s£r) was measured by the
9 a engymatic assay on the Vitros
10 % 550 analyzer (Ortho-Clinical
11 4 £ Biagnostics, USA) using
12 g CIBMS Standard Reference
13 g Trglatenal (SRM) 967 as the
14 o %@dard Estimate glomerular
15 a & Bitration rate (eGFR) was
16 & Tlculated according to two-
17 o —Igyel race variable Chronic
18 3 S Kidney Disease—
19 3 BEpidemiology Collaboration
20 9 CE(DEPI) equation. There is

x formation about uric acid
21 - ”Oj,”
2 g 5 and hemoglobin
23 e E\ge (health survey), sex
4 g (health survey). Hypertension

& was defined as systolic blood
2> S Bressure = 140 mmHg or
26 3 digstolic blood pressure 2 90
27 5 3 mmHg or use of oral
28 1 agihypertensive medication.
29 Age (<45, 45-54, 55-59, 255); Sex q Diabetes mellitus was defined
30 Saranburu (male, female); Waist circumferenceg a€ a fasting glucose of 2126
31 t, 2017 - (<80 for male or <90 for male, >80 forg" mg/dl or a positive history of
32 Model 1 Age; sex; systolic blood female or >90 for male); Diabetes { dlégetes. Waist circumference
33 (validation pressure; waist (yes, no); Systolic blood pressure as measured midway
34 Clinical circumference; diabetes (<120, 120-129, 130-139, 140-149, | between the lowest ribs and
35 6 only) n/a 15 NI mellitus 150-159, =2160) ) the iliac crest. n/a
36 Saranburu Age; sex; systolic blood Age (<45, 45-54, 55-59, =55); Sex é\ge (health survey), sex
37 t, 2017 - pressure; diabetes (male, female); Diabetes (yes, no); (h§alth survey). Hypertension
38 Model 2 mellitus; glomerular Systolic blood pressure (<120, 120- wé&s defined as systolic blood
39 6 | (validation n/a 16 NI filtration rate at baseline 129, 130-139, 140-149, 150-159, pressure =140 mmHg or n/a
40 m
41 ~
42 > 40
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g
8
2
é.
=
>
Clinical + >160); eGFR (290, 75-89, 60-74) g dlgstollc blood pressure = 90
Limited S % mmHg or use of oral
laboratory @ ar&flhypertenswe medication.
tests) g Di&vetes mellitus was defined
g aga fasting glucose of 2126
& mg/dl or a positive history of
g habetes. Serum creatinine
% E-ts,’Cr ) was measured by the
S @%manc assay on the Vitros
g analyzer (Ortho-Clinical
g Tylagnostlcs USA) using
;‘QI@MS -Standard Reference
d SMaterial (SRM) 967 as the
S&dhdard. Estimate glomerular
a = Bltration rate (eGFR) was
3. "cgculated according to two-
3 l8vel race variable Chronic
9 2 Kidney Disease—
% Epidemiology Collaboration
g S (CKDEPI) equation
3. oAge (survey), diabetes
Age (<40, 40-59, 60-69, 270); ¢ istory of iliness, relevant
Hypertension (taking antihyper-tensiveyy mgdicines used or laboratory
drug(s) or had systolic blood pressure‘: tedts/physical examinations),
2140 mmHg or diastolicblood pressur({' Shypertension (history of
290 mmHg); Diabetes (taking oral 3f ifhess, relevant medicines
Thakkinsti hypoglycaemicagents or fasting (:E S used or laboratory
an, 2011 Age; history of kidney plasma glucose levels 2126 mg/dL); 4 tegts/physical examinations),
(derivation stones; diabetes mellitus; | History of kidney stone was measuredg ald history of kidney stones
) 37 10 NI hypertension by self-reporting kidney stone g Hself-reported in survey). NI
Waist circumference [<80/<75, 80- a ing medical examinations,
Wen, 84.9/75-79.9, 85-89.9/80-84.9, 90- | pgrticipants took two blood
2020 - 94.9/85-89.9, 295/290 (for pressure measurements
Simple male/female)]; systolic blood pressure | O using a non-invasive
Risk (<120, 120-139, 140-159, >160); sex | &utomatic HEM-907 blood
Score Waist circumference; (male, female); education (illiterate, ressure monitor after 5
(derivation Time- systolic blood pressure; | primary school and above); diabetes mlmutes of rest. Systolic blood
) NI 15 varying | sex; education; diabetes (no or yes) pre;ssure was identified as the NI
4
=
N 41
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3 g Saverage values of two
4 < inflependent measurements;
5 d Dabetes was defined as: (1)
6 g FEG 27.0 mmol/L, or (2) self-
7 4 reported diagnosis of
8 & diabetes, or (3) the use of
9 dq Bntidiabetic medications;
10 e 5mﬁmcordmg to the number of
11 g geers of education, they were
12 dec Nlivided into four groups
13 g @'Igterate for 0 years, primary
14 of @sghool for 1-6 years, junior
15 a ng school for 7-9years, and
16 & © senior high school for 210
17 o years) Sex was self-reported;
18 3 Jnformation about waist
19 3 3Scircumference was no

[ =0 .
20 1 = available

); U . .
21 3 < Urinary albumin and
2 g @eatlnme were measured
23 3 frCB‘n fresh morning spot urine
24 g samples During medical

g @<am|natlons participants
25 % Jook two blood pressure
26 3 nfgasurements using a non-
27 5 ingasive automatic HEM-907
28 1bld®d pressure monitor after 5
29 & mirutes of rest. Systolic blood
30 3 pré’ssure was identified as the
31 g tsaverage values of two
32 a independent measurements;
33 Urinary Albumin-to-creatinine ratio Digbetes was defined as: (1)
34 Wen, (<5.0, 5.0-10.0, >10.0); systolic blood | FRG =7.0 mmol/L, or (2) self-
35 2020 - pressure (<120, 120-139, 140-159, O reported diagnosis of
36 Best-fit Urinary Albumin-to- >160); C-reactive protein (<1.0, 1-3, jabetes, or (3) the use of
37 Risk creatinine ratio; systolic >3.0); triglycerides (<1.0, 1.0-1.7, A%ntidiabetic medications;
38 Score blood pressure; C-reactive | >1.7); sex (male, female); education cording to the number of
39 (derivation Time- protein; triglycerides; sex; | (illiterate, primary school and above); years of education, they were
40 ) NI 19 varying education; diabetes diabetes (no or yes) %IVIded into four groups NI
41 r
42 N 42
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|I54erate for O years, primary

- sghool for 1-6 years, junior
h@f] school for 7-9years, and

&enior high school for 210
yegrs); Sex was self-reported;
dnformation about waist
%rcumference C-reactive
retein and triglycerides were
S noavailable

3
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Age (< 40, 41-50, 51-60, 61-70,
271), gender (male, female) and bod

n U S8

(,Age (self-reported), gender
9 @eff-reported) and body mass

unﬁ L ejep nlm 1"‘-)1 0] parjal sasn 10| ﬁulnnmu! “1ybBlAdoo Aq |

Wu, 2016 mass index (BMI) status (normal, %@x (BMI) status (calculated
(derivation Age, gender and body overweight: 23-24.9 kg/m2, obesity: %’rom participant’s measured
) NI 10 Baseline | mass index (BMI) status. 225 kg/m2). ro %ody weight and height). NI
Age (£40, 41 - 50, 51 - 60, 61 - 70, Ee (self-reported), gender
71+), gender (male, female) and body3 (seaf-reported) and body mass
Wu, 2016 mass index (BMI) status (normal, m@éx (BMI) status (calculated
(validation Age, gender and body overweight: 23-24.9 kg/m2, obeS|ty frgm participant’s measured
) n/a 10 Baseline | mass index (BMI) status. 225 kg/m2). 5 Eody weight and height). n/a
5 3
ER)
S5 T
Q o
p >
L
5 §
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e =
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S ©
3 S
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o
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©
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S$3.4 Table: Sample size and missing data s
S g
R
Sample Size 3 S Missing Data
S T
Total 9 o Missing
Baselin | Number | outcome & = Number of data per
e of events 8 ma participant | jidat
N° Study = *I@issing data s with
sample | outcome per g & missin e
size events | candidate]3 9 predictor
. ol N data
predictors— % S
1 Asgari, 2020 European Risk Assessment tool (6-years validation) 3270 722 n/a A&Emplete-case 2817 n/a
1 Asgari, 2020 European Risk Assessment tool (9-years validation) 3240 1359 n/a § ﬁlémplete-case 2847 n/a
2 Bradshaw, 2019 - Model 1 (derivation) 8698 947 31,57 9 é&nplete—case 896 29,87
2 Bradshaw, 2019 - Model 2 (derivation) 8698 947 41,17 9 Témplete-case 896 38,96
2 Bradshaw, 2019 - Model 3a (derivation) 8698 947 NI g Cénplete-case 896 NI
2 Bradshaw, 2019 - Model 3b (derivation) 8698 947 118,38 3 Camplete-case 896 112,00
2 Bradshaw, 2019 - Model 3a (CARRS-I urban validation) 4065 NI n/a 3 Complete-case 1300 n/a
2 Bradshaw, 2019 - Model 3a (UDAY rural validation) 4940 NI n/a 3 Cgmplete-case 1233 n/a
3 Carrillo-Larco, 2017 - CRONICAS-CKD (derivation complete) 2368 81 2,25 35 C%nplete-case 235 6,53
3 Carrillo-Larco, 2017 - CRONICAS-CKD (derivation lab-free) 2368 81 3,12 @] Camplete-case 235 9,04
3 Carrillo-Larco, 2017 - CRONICAS-CKD (validation complete) 1459 79 n/a 5| Camplete-case 79 n/a
3 Carrillo-Larco, 2017 - CRONICAS-CKD (validation lab-free) 1459 79 n/a o Cagmplete-case 79 n/a
4 Mogueo, 2015 - Korean model (eGFR validation) 902 259 nfa 3 C%nplete-case 383 n/a
4 Mogueo, 2015 - Thai model (eGFR validation) 902 259 n/a i Complete-case 383 n/a
4 Mogueo, 2015 - Korean model (eGFR or proteinuria validation) 902 268 n/a 3 Ceamplete-case 383 n/a
4 Mogueo, 2015 - Thai model (eGFR or proteinuria validation) 902 268 nla 3 Cg*nplete-case 383 n/a
5 Saranburut, 2017 - Framingham Heart Study (MDRD validation) 2141 222 n/a & Cémplete-case NI n/a
5 Saranburut, 2017 - Framingham Heart Study (CKD-EPI validation) 2328 233 nfa § C{g\’mplete-case NI n/a
6 Saranburut, 2017 - Model 1 (derivation Clinical only) 3186 271 18,07 C{mplete-case NI NI
6 Saranburut, 2017 - Model 1 BMI (derivation Clinical only) 3186 271 18,07 CEfanete-case NI NI
Saranburut, 2017 - Model 2 (derivation Clinical + Limited laboratory 16.94 %
6 tests) 3186 271 ’ Camplete-case NI NI
6 Saranburut, 2017 - Model 3 (derivation Clinical + Full laboratory tests) 3186 271 12,32 [ Complete-case NI NI
6 Saranburut, 2017 - Model 1 (validation Clinical only) 1395 27 n/a Complete-case NI NI
N
l'_
N 44
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Saranburut, 2017 - Model 2 (validation Clinical + Limited laboratory n/a g
6 tests) 1395 27 C@nplete-case NI NI
7 Thakkinstian, 2011 (derivation) 3459 626 16,92 R NI NI NI
8 Wen, 2020 - Simple Risk Score (derivation) 3266 590 NI C&nplete-case 992 NI
8 Wen, 2020 - Best-fit Risk Score (derivation) 3266 590 NI CGHmpIete-case 992 NI
9 Wu, 2016 (derivation) 14374 294 NI C@ﬂplete-case 3135 NI
9 Wu, 2016 (validation) 4371 48 n/a BS&mplete-case 911 n/a
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S3.5 Table: Model development s 9
= ¢
[te) N
Model Development & §
fthe  § o
Were the predicton P 5 Was a
(D = .
o Regressio model Predictors modgl was a D gl‘é’there were pre-selection, shrinkag
N Study : . replication, ® & . e
n method | assumptions selection hich the B3 8 describe the method thod
verified? which was the & EN me O,)
moser  £58 et
: O <
Asgari, 2020 European Risk 533
1 Assessment tool (6-years validation) n/a n/a n/a n/a iy S8 n/a n/a
Asgari, 2020 European Risk 20 ©
1 Assessment tool (9-years validation) n/a n/a n/a n/a =) n/a n/a
Steg-down selection procedure
& = based on the Akaike
> information criterion to select
2 Bradshaw, 2019 - Model 1 (derivation) Logistic NI Pre-selection n/a L S the final predictors No
?‘_:t -down selection procedure
& 3 based on the Akaike
o o . 3 mf!grmathn crlter|o_n to select
2 Bradshaw, 2019 - Model 2 (derivation) Logistic NI Pre-selection n/a 5 3 the final predictors No
5@’(e -down selection procedure
E. 3 based on the Akaike
Bradshaw, 2019 - Model 3a ’iinf@rmation criterion to select
2 (derivation) Logistic NI Pre-selection n/a P 2 the final predictors No
= tep-down selection procedure
5 = based on the Akaike
Bradshaw, 2019 - Model 3b ‘%-infﬁrmation criterion to select
2 (derivation) Logistic NI Pre-selection n/a » 3 the final predictors No
Bradshaw, 2019 - Model 3a (CARRS- 2
2 urban validation) n/a n/a n/a n/a o) n/a n/a
Bradshaw, 2019 - Model 3a (UDAY %
2 rural validation) n/a n/a n/a n/a = n/a n/a
Carrillo-Larco, 2017 - CRONICAS- Ste%wise backward elimination
3 CKD (derivation complete) Logistic NI Pre-selection n/a = method No
lﬁ_}l
N
X
BN 46
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tepwise backward elimination

B

CKD (derivation lab-free) Logistic NI Pre-selection n/a e method No
Carrillo-Larco, 2017 - CRONICAS- e R
CKD (validation complete) n/a n/a n/a n/a P S n/a n/a
Carrillo-Larco, 2017 - CRONICAS- F o
CKD (validation lab-free) n/a n/a n/a n/a i = n/a n/a
Mogueo, 2015 - P_(or(_aan model (eGFR n/a n/a n/a n/a %T i n/a n/a
validation) I
. B o
Mogueo, 2015 - Th_al model (eGFR n/a n/a n/a n/a L 3 E n/a n/a
validation) Lo
Mogueo, 2015_- Kc_)rean.mo_del (eGFR n/a n/a n/a n/a <3 g n/a n/a
or proteinuria validation) i
H o
Mogueo, 2015 - Thai model (eGFR or n/a n/a n/a n/a igg’_ n/a n/a
proteinuria validation) 2O o
Saranburut, 2017 - Framingham Heart L o
Study (MDRD validation) n/a n/a n/a n/a 5 5 n/a n/a
Saranburut, 2017 - Framingham Heart & =
Study (CKD-EPI validation) n/a n/a n/a n/a > © n/a n/a
L Variables were sequentially
’;’,ad&ed in a pre-specified order
5 and incorporated using a p<
Saranburut, 2017 - Model 1 (derivation L 0._%5 threshold for entry and
Clinical only) Logistic NI Pre-selection n/a b r&tention in the final model No
b Vgriables were sequentially
iad@ed in a pre-specified order
2 and incorporated using a p<
Saranburut, 2017 - Model 1 BMI T 095 threshold for entry and
(derivation Clinical only) Logistic NI Pre-selection n/a E retention in the final model No
£ Variables were sequentially
‘%ad@ed in a pre-specified order
 arggl incorporated using a p<
Saranburut, 2017 - Model 2 (derivation 0@5 threshold for entry and
Clinical + Limited laboratory tests) Logistic NI Pre-selection n/a rélention in the final model No
V@riables were sequentially
ad&ed in a pre-specified order
argj incorporated using a p<
Saranburut, 2017 - Model 3 (derivation 035 threshold for entry and
Clinical + Full laboratory tests) Logistic NI Pre-selection n/a rﬁllention in the final model No
X
N 47
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Saranburut, 2017 - Model 1 (validation
Clinical only)

n/a

n/a

BMJ Open

n/a

n/a

n/a

n/a

Saranburut, 2017 - Model 2 (validation
Clinical + Limited laboratory tests)

n/a

n/a

n/a

n/a

TorBtrmpnoul ‘1ybluAdoo Aq |
U0 TZp8S0-TZ0Z-uadolwa/og

n/a

n/a

Thakkinstian, 2011 (derivation)

Logistic

NI

Pre-selection

n/a

- adtors with p values < 0.15 in
&univariate analysis were
£ considered to be
—Q?]’rr_ultaneously included in the
@ ivariate logistic equation.
:Mi)&él selection was performed
P 38ng F-tests, and thus only
@ Bificant variables were kept
:m%tEe final model. C statistic of
q Orgodels with and without a
P patticular variable were then
cOmpared; if dropping that
* variable did not significantly
reduce the explanation of the
KE that variable was omitted
5 the final parsimonious
° model.

HEZRE]

oo

!UIL‘.’.HCIY

No

Wen, 2020 - Simple Risk Score
(derivation)

Logistic

NI

Pre-selection

n/a

83R|§< factors were investigated
forward stepwise logistic
e§e53|on and only statiscally
sigidificant (a two-sided P value
Z0.05) risk factors were

8 retained.

wa_V

No

Wen, 2020 - Best-fit Risk Score
(derivation)

Logistic

NI

Pre-selection

n/a

U%}ﬂl JET
o
Q
—
o
=
(7]
=
@
=
(0]
"5
<
(93
n
=7
-Q
Q
—
" @
o

QD
b by forward stepwise logistic
Rregnessmn and only statiscally
{sigm¥ficant (a two-sided P value
$0.05) risk factors were
2 retained.

No

Wu, 2016 (derivation)

Logistic

NI

Pre-selection

n/a

Stépwise logistic regression
mogel. Variables with a p value
les than 0.1 were kept in the

final model.

No

Wu, 2016 (validation)

n/a

n/a

n/a

n/a

n/a

n/a

VL11-Z949 1ue
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S 5
< o
. @
e 3
S
5 R
n/a: not applicable; NI: no information % S
S &
S$3.6 Table: Model performance a N
o o
=
S
Model Performance @ o
w_ =
S ma For
ERN replicati
n N
2383 on
N L SN Cut-off studies
o 0, )
N Study Calibration Discrimination (%) Classification measurgéé-g point was the
N cut-off
SO0 =
200 the
258 ?
382 same?
Hosmer-Lemeshow » o
X2 test (for E
intercept adjusted | AUC (95% CI) for =1 i
model): 13.53 with final intercept i g
a p-value 0.09 (for | adjusted model = o
Asgari, 2020 European |male) and 10.1 with| Male: 0.76 (0.72- s 3
Risk Assessment tool (6- | a p-value 0.26 (for | 0.79) and Female: | Men: Sensitivity = 72.7%, Specificity 2 6756% Women: | Men: 25.
1 years validation) women) 0.71 (0.69-0.73) Sensitivity = 66.8%, SpeC|f|C|t?— & 6%. Women: 19 No
Hosmer-Lemeshow g ©
X2 test (for o 3
intercept adjusted | AUC (95% ClI) for 3 9
model): 12.54 with final intercept 5 32
a p-value 0.13 (for | adjusted model = = 3
Asgari, 2020 European |male) and 8.19 with| Male: 0.71 (0.67- 21 Z
Risk Assessment tool (9- | a p-value 0.41 (for | 0.74) and Female: | Men: Sensitivity = 64.5%, Specificity 3 3 6%% Women: | Men: 25.
1 years validation) women) 0.70 (0.68-0.73) Sensitivity = 56.9%, Specificitg = £6.6% Women: 23 No
Bradshaw, 2019 - Model | Calibration slope: | C-statistic (95% Cl) | Sensitivity = 72%, Specificity = 72%, §P\8- 24%, NPV
2 1 (derivation) 0.96 =0.79 (0.78-0.81) = 96% o 0.09 n/a
Bradshaw, 2019 - Model | Calibration slope: | C-statistic (95% CI) | Sensitivity = 68%, Specificity = 67%, PP\Fi— 20%, NPV
2 2 (derivation) 0.98 =0.73 (0.72-0.75) =95% 0.09 n/a
Bradshaw, 2019 - Model | Calibration slope: | C-statistic (95% CI) | Sensitivity = 71%, Specificity = 70%, PP\E 22%, NPV
2 3a (derivation) 0.98 = 0.77 (0.75-0.79) =95% 0.09 n/a
Bradshaw, 2019 - Model | Calibration slope: | C-statistic (95% CI) | Sensitivity = 71%, Specificity = 70%, PP\B 22%, NPV
2 3b (derivation) 0.99 =0.77 (0.76-0.79) = 95% o 0.09 n/a
N
X
N 49

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

— w
(e (o]
Page 83 of 100 BMJ Open s g
S 5
f i)
1 = 3
— N
2 = S
=2
3 Bradshaw, 2019 - Model s 9
4 3a (CARRS-I urban C-statistic (95% ClI) % %
5 validation) NI = 0.74 (0.73-0.74) NI a N 0.09 Yes
6 Bradshaw, 2019 - Model S 9
7 3a (UDAY rural C-statistic (95% Cl) s 5
8 validation) NI =0.70(0.69-0.71) NI 3 =z 0.09 Yes
9 Hosmer-Lemeshow S ma
10 X2 test: 4.13 with a 5o >
1 Carrillo-Larco, 2017 - p-value of 0.53 (for 33 Q
12 CRONICAS-CKD final multivariable Sensibility = 82.5%, Specificity = 70.8%, PPV = 8.8%,
13 (derivation complete) model). AUC = 76.2% NPV =99.1%, LHR+ = 2.8, LRIR- %u’ 0.3 2 n/a
14 Hosmer-Lemeshow oS
15 X2 test: 4.13 with 258
16 Carrillo-Larco, 2017 - p-value of 0.53 (for §8 2
17 CRONICAS-CKD final multivariable Sensibility = 80.0%, Specificity = 72.8%, PPV = 9.1%,
18 (derivation lab-free) model). AUC =76% NPV = 99.0%, LHR+ =2.9, LElR g‘: 0.3 2 n/a
19 Carrillo-Larco, 2017 - 5 I
20 CRONICAS-CKD Sensitivity = 70.5%, Specificity = 69.1%, BPV = 11.4%,
21 (validation complete) NI AUC =70.0%. NPV = 97.6%, LHR+ = 2.3, LHR-= 0.4 2 Yes
2 Carrillo-Larco, 2017 - p 3
23 CRONICAS-CKD Sensitivity = 70.5%, Specificity = 69.7%, BPV = 11.6%,
24 (validation lab-free) NI AUC =70.0%. NPV = 97.7%, LHR+ = 2.3, LSEIR %04 2 Yes
Expected/Observed 5 g
;Z rate (95%) = 0.76 2 =
27 (0.67-0.86); Brier | C-statistic (95% ClI) 3 S
28 Mogueo, 2015 - Korean score = 0.164; =0.797 (0.765- P =
29 model (eGFR validation) |Yates slope = 0.208 0.829) Sensitivity = 82%, Specificitg = gg% 0.30 NI
Expected/Observed > 3
g? rate (95%) = 0.98 s =
32 (0.87-1.10); Brier | C-statistic (95% Cl) @ w
33 Mogueo, 2015 - Thai score = 0.165; =0.760 (0.726- 3 S
32 model (eGFR validation) [Yates slope = 0.200 0.793) Sensitivity = 73%, Specificity = Eﬁ% 0.31 NI
Expected/Observed -
35 rate (95%) = 0.76 8
36 Mogueo, 2015 - Korean | (0.67-0.85); Brier | C-statistic (95% Cl) o
37 model (eGFR or score = 0.161; =0.811 (0.780- 3
;g proteinuria validation) | Yates slope = 0.225 0.842) Sensitivity = 84%, Specificity = 8% 0.31 NI
41 r
42 >
ji For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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g%
g 2
SR
- o
5 R
Expected/Observed = 9
rate (95%) = 0.97 s 3
Mogueo, 2015 - Thai (0.86-1.09); Brier [ C-statistic (95% ClI) e N
model (eGFR or score = 0.164; =0.772 (0.739- e 8
proteinuria validation) | Yates slope = 0.211 0.805) Sensitivity = 74%, Specificitg = 3% 0.32 NI
Saranburut, 2017 - Hosmer-Lemeshow & =
Framingham Heart Study X2 test: 30.2 AUC (95% ClI) = o m%
(MDRD validation) (p<0.001) 0.69 (0.66-0.73) NI 23 NI NI
Saranburut, 2017 - Hosmer-Lemeshow 239
Framingham Heart Study X2 test: 256.5 AUC (95% ClI) = oM™
(CKD-EPI validation) (p<0.001) 0.63 (0.57-0.65) NI 23y NI NI
Saranburut, 2017 - Model | Hosmer-Lemeshow pos
1 (derivation Clinical X2 test: 9.02 AUC (95% ClI) = 2359
only) (p=0.34) 0.72 (0.69-0.75) NI 592 NI n/a
Saranburut, 2017 - Model | Hosmer-Lemeshow ; ._g
1 BMI (derivation Clinical X2 test: 8.87 AUC (95% ClI) = s g
only) (p=0.35) 0.72 (0.69-0.75) NI 2 = NI n/a
Saranburut, 2017 - Model | Hosmer-Lemeshow 3 5
2 (derivation Clinical + X2 test: 10.87 AUC (95% CI) = = g
Limited laboratory tests) (p=0.21) 0.79 (0.76-0.82) NI L. 3 NI n/a
Saranburut, 2017 - Model |Hosmer-Lemeshow 5 3
3 (derivation Clinical + X2 test: 8.28 AUC (95% CI) = e 8
Full laboratory tests) (p=0.41) 0.80 (0.77-0.82) NI gg; o NI n/a
Hosmer-Lemeshow o T
Saranburut, 2017 - Model X2 test: 4.31 AUC (95% ClI) = 3 S
1 (validation Clinical only) (p=0.229) 0.66 (0.55-0.78) NI = NI NI
Saranburut, 2017 - Model | Hosmer-Lemeshow § S
2 (validation Clinical + X2 test: 2.29 AUC (95% ClI) = = =
Limited laboratory tests) (p=0.514) 0.88 (0.80-0.95) NI o = NI NI
Calibration was e ¥
assessed by 3 §
subtracting the two g‘
Somer’s D o
correlation o
coefficients: 0.045 2
Thakkinstian, 2011 (95% CI: 0.034- |C-statistic of internal 3
(derivation) 0.057) validation = 0.741 Sensitivity = 76%, Specificity = 80% 5 n/a
=
N 51
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Wen, 2020 - Simple Risk
Score (derivation)

Hosmer-Lemeshow
X2 test: 4.89
(p=0.769)

BMJ Open

AUC (95% CI) =
0.717 (0.689-0.744)

doflwa/og

—

ugmn|oul “ybliAdoo Aq |

Sensitivity = 70.49%, Specificity =
29.8%, NPV = 91.3%, LHR+ = 2.

%, PPV =
R- = 0.45

—

14

n/a

oNOYTULT D WN =
oo

Wen, 2020 - Best-fit Risk
Score (derivation)

Hosmer-Lemeshow
X2 test: 2.52
(p=0.961)

AUC (95% CI) =
0.721 (0.693-0.748)

0|TE6850-T20¢-us

ol

- >
Sensitivity = 56.83%, Specificity = £6.64%, PPV =
33.8%, NPV = 89.4%, LHR+ = 2.43, LHR- = 0.56

24

n/a

Wu, 2016 (derivation)

Internal validation
dataset: Hosmer-
Lemeshow X2 test
P=0.798

AUC (95% ClI) of
internal validation =
0.894 (0.861-0.926)

Y

k<01 paje|al

Sensitivity = 0.820, Specificit 2863

36

n/a

15 9

Wu, 2016 (validation)

Hosmer-Lemeshow
X2 test P=397

AUC = 0.880
(95%Cl: 0.829-
0.931)

NI

NI

NI

16 AUC, area under the curve; Cl, confident interval; NI, no information.
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BMJ Open
S3.7 Table: Results
Results
Were the Were
Was a coefficien Was the there
simplified ts of the baseline alternative
N° Study model regressio risk results
presente n model presente .
d? presente d? presegtatl
d7 on’?
Asgari, 2020 European
Risk Assessment tool
1 (6-years validation) No No Yes No
Asgari, 2020 European
Risk Assessment tool
1 (9-years validation) No No Yes No
Bradshaw, 2019 -
2 Model 1 (derivation) Yes No No No
Bradshaw, 2019 -
2 Model 2 (derivation) Yes No No No
Bradshaw, 2019 -
2 Model 3a (derivation) No No No No
Bradshaw, 2019 -
2 Model 3b (derivation) Yes No No No
Bradshaw, 2019 -
Model 3a (CARRS-I
2 urban validation) No No No No
Bradshaw, 2019 -
Model 3a (UDAY rural
2 validation) No No No No
Carrillo-Larco, 2017 -
CRONICAS-CKD
3 (derivation complete) Yes Yes No No
Carrillo-Larco, 2017 -
CRONICAS-CKD
3 (derivation lab-free) No Yes No No
Carrillo-Larco, 2017 -
CRONICAS-CKD
3 (validation complete) Yes No No No
Carrillo-Larco, 2017 -
CRONICAS-CKD
3 (validation lab-free) No No No No
Mogueo, 2015 - Korean
model (eGFR
4 validation) No No No No
Mogueo, 2015 - Thai
model (eGFR
4 validation) No No No No
Mogueo, 2015 - Korean
model (eGFR or
4 proteinuria validation) No No No No
Mogueo, 2015 - Thai
model (eGFR or
4 proteinuria validation) No No No No
Saranburut, 2017 -
5 Framingham Heart No Yes No No
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Study (MDRD
validation)

BMJ Open

Saranburut, 2017 -
Framingham Heart
Study (CKD-EPI
validation)

No

Yes

No

No

Saranburut, 2017 -
Model 1 (derivation
Clinical only)

No

Yes

No

Yes

Saranburut, 2017 -
Model 1 BMI (derivation
Clinical only)

No

No

No

Yes

Saranburut, 2017 -
Model 2 (derivation
Clinical + Limited
laboratory tests)

Yes

Yes

No

Yes

Saranburut, 2017 -
Model 3 (derivation
Clinical + Full laboratory
tests)

Yes

Yes

No

No

Saranburut, 2017 -
Model 1 (validation
Clinical only)

No

No

No

Yes

Saranburut, 2017 -
Model 2 (validation
Clinical + Limited
laboratory tests)

Yes

No

No

Yes

Thakkinstian, 2011
(derivation)

No

Yes

No

Yes

Wen, 2020 - Simple
Risk Score (derivation)

No

Yes

Yes

Yes

Wen, 2020 - Best-fit
Risk Score (derivation)

No

Yes

Yes

Yes

©

Wu, 2016 (derivation)

No

Yes

No

Yes

Wu, 2016 (validation)

No

Yes

No

Yes
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BMJ Open
S$3.8 Table: Discussion
Discussion
Comparison
o Interpretation with other L
N Study of thg results studies in Generalizability
LAC
Asgari, 2020 European Risk Assessment Non-
1 tool (6-years validation) Exploratory No generalizability
Asgari, 2020 European Risk Assessment Non-
1 tool (9-years validation) Exploratory No generalizability
2 Bradshaw, 2019 - Model 1 (derivation) NI No NI
2 Bradshaw, 2019 - Model 2 (derivation) NI No NI
Non-
2 Bradshaw, 2019 - Model 3a (derivation) Confirmatory Yes generalizability
2 Bradshaw, 2019 - Model 3b (derivation) NI No NI
Bradshaw, 2019 - Model 3a (CARRS-I Non-
2 urban validation) Confirmatory Yes generalizability
Bradshaw, 2019 - Model 3a (UDAY rural Non-
2 validation) Confirmatory Yes generalizability
Carrillo-Larco, 2017 - CRONICAS-CKD
3 (derivation complete) Exploratory Yes Generalizable
Carrillo-Larco, 2017 - CRONICAS-CKD
3 (derivation lab-free) Exploratory Yes Generalizable
Carrillo-Larco, 2017 - CRONICAS-CKD
3 (validation complete) Exploratory Yes Generalizable
Carrillo-Larco, 2017 - CRONICAS-CKD
3 (validation lab-free) Exploratory Yes Generalizable
Mogueo, 2015 - Korean model (eGFR Non-
4 validation) Exploratory Yes generalizability
Mogueo, 2015 - Thai model (eGFR Non-
4 validation) Exploratory Yes generalizability
Mogueo, 2015 - Korean model (eGFR or Non-
4 proteinuria validation) Exploratory Yes generalizability
Mogueo, 2015 - Thai model (eGFR or Non-
4 proteinuria validation) Exploratory Yes generalizability
Saranburut, 2017 - Framingham Heart Non-
5 Study (MDRD validation) Exploratory No generalizability
Saranburut, 2017 - Framingham Heart Non-
5 Study (CKD-EPI validation) Exploratory No generalizability
Saranburut, 2017 - Model 1 (derivation Non-
6 Clinical only) Exploratory No generalizability
Saranburut, 2017 - Model 1 BMI Non-
6 (derivation Clinical only) Exploratory No generalizability
Saranburut, 2017 - Model 2 (derivation Non-
6 Clinical + Limited laboratory tests) Exploratory No generalizability
Saranburut, 2017 - Model 3 (derivation Non-
6 Clinical + Full laboratory tests) Exploratory No generalizability
Saranburut, 2017 - Model 1 (validation Non-
6 Clinical only) Exploratory No generalizability
Saranburut, 2017 - Model 2 (validation Non-
6 Clinical + Limited laboratory tests) Exploratory No generalizability
Non-
7 Thakkinstian, 2011 (derivation) Confirmatory No generalizability
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Wen, 2020 - Simple Risk Score
(derivation)

Confirmatory

Yes

Non-
generalizability

Wen, 2020 - Best-fit Risk Score
(derivation)

Exploratory

Yes

Non-
generalizability

oNOYTULT D WN =

Wu, 2016 (derivation)

Exploratory

No

Non-
generalizability

Wu, 2016 (validation)

Exploratory

No

Non-
generalizability

56
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a 3
SR
- o
S o
S4 Table: PROBAST e R
S4.1 Table: Risk of Bias (RoB) e s
o
Participants ¢ = Ppredictors
Were Were%?% Were predictor Are all
appropriate data Were all predictc&g‘? Q asse:sments predictors
Study sources used, | inclusions and | defined &hg ™ made without available at the
e.g., cohort, exclusions of assessedgrgg knowledae of time the model
RCT, or nested participants | similar wag‘gag outcorgle is intended to
case—control appropriate? all 2o g data? be
study data? parhmpa@%’% ) used?
Asgari, 2020 European Rlsk _Assessment tool (6-years Y Y y 3 2 Y Y
validation) 2. 3
. A >
Asgari, 2020 European R_lsk _Assessment tool (9-years Y vy y @ 2 v v
validation) > T
Bradshaw, 2019 - Model 1 (derivation) Y Y Y3 g Y PY
Bradshaw, 2019 - Model 2 (derivation) Y Y Y 2 © Y Y
[(@]
Bradshaw, 2019 - Model 3a (derivation) Y Y Yo S Y PY
2 =
Bradshaw, 2019 - Model 3b (derivation) Y Y Y 2 3 Y PY
— [e)
Bradshaw, 2019 - Model 3a (CARRS-I urban validation) Y Y Y 3 S Y PY
Bradshaw, 2019 - Model 3a (UDAY rural validation) Y Y Y E o Y PY
o
Carrillo-Larco, 2017 - CRONICAS-CKD (derivation complete) Y Y Y & = Y PY
3 LA
Carrillo-Larco, 2017 - CRONICAS-CKD (derivation lab-free) Y Y Y & S Y Y
oo
Carrillo-Larco, 2017 - CRONICAS-CKD (validation complete) Y Y Y S O Y PY
7)) (=)

Carrillo-Larco, 2017 - CRONICAS-CKD (validation lab-free) Y Y Y © & Y Y
Mogueo, 2015 - Korean model (¢GFR validation) Y Y Y E Y PY
Mogueo, 2015 - Thai model (eGFR validation) Y Y Y B Y Y

Mogueo, 2015 - Korean model (eGFR or proteinuria validation) Y Y Y 5 Y PY
[0}
Mogueo, 2015 - Thai model (eGFR or proteinuria validation) Y Y Y 2 Y Y
&
N
X
N 57

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 90 of 100


http://bmjopen.bmj.com/

Page 91 of 100

oNOYTULT D WN =

(e

BMJ Open s

@]

2

S

=

=

o
Saranburut, 2017 - Framingham Heart Study (MDRD validation) Y Y Y © Y PY
Saranburut, 2017 - Frammgh:am Heart Study (CKD-EPI v v vy 3 Y Py

validation) —

Saranburut, 2017 - Model 1 (derivation Clinical only) Y Y Y ¢ Y Y
Saranburut, 2017 - Model 1 BMI (derivation Clinical only) Y Y Y 3 Y Y
Saranburut, 2017 - Model 2 (derivation Clinical + Limited v Y Y %T Y Py

laboratory tests) =
. . . . D— "
Saranburut, 2017 - Model 3 (derivation Clinical + Full laboratory v v Y 82 Y PY
tests) o0
D =
Saranburut, 2017 - Model 1 (validation Clinical only) Y Y Y =8 Y Y
Saranburut, 2017 - Model 2 (validation Clinical + Limited S0

laboratory tests) Y Y Y Z % Y PY

D
Thakkinstian, 2011 (derivation) Y Y Y 5% Y Y

3
Wen, 2020 - Simple Risk Score (derivation) Y Y Y 5 Y Y
Wen, 2020 - Best-fit Risk Score (derivation) Y Y Y 3 Y Y
Wu, 2016 (derivation) Y Y y 2 Y Y
Wu, 2016 (validation) Y Y Y Y Y

Answer options: Y (yes), PY (probably yes), N (no), PN (probably no), NI (no information), n/a (not applicable). g

(o]

E

o

Q.

3

)

g

>

-

=3

&

_é'
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complete)

g ¢
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© o
< o
. @
«Q =)
2 N
- o
= N
Outcome g §
& N Was the time
Was the Was the .
Was a Were = interval
Was the prespecified | predictors ouut)cog?e outcome between
Study defipedzand | determined .
outcome or standard excluded . - . predictor
. detegmiried in without
determined outcome from the L Bm o assessment
; L a smm@bway knowledge of
appropriately? definition outcome redictor and outcome
used? definition? =S N P . determination
partmgqmts? information? P
=99 appropriate?
285
. . U =]
Asgari, 2020 European Rlsk _Assessment tool (6-years v Y Y 3%3 NI Y
validation) a3
go0
Asgari, 2020 European Rlsk _Assessment tool (9-years v v v 3¢5 NI Y
validation) 3. 3
a =
Bradshaw, 2019 - Model 1 (derivation) Y Y Y :_>Y'_5_' NI PY
= =
Bradshaw, 2019 - Model 2 (derivation) Y Y Y %-Y% NI Y
S 5
Bradshaw, 2019 - Model 3a (derivation) NI Y Y SY3 NI PY
2 3
Bradshaw, 2019 - Model 3b (derivation) Y Y Y ZY ﬁ NI PY
3 o
Bradshaw, 2019 - Model 3a (CARRS-I urban validation) Y Y Y Y 3 NI PY
o S
Bradshaw, 2019 - Model 3a (UDAY rural validation) Y Y Y ;_—3Y § NI PY
o <
. . . o T
Carrillo-Larco, 2017 - CRONICAS-CKD (derivation v v v Qy S pY Py
complete) 3 S
a1
T - - — - )
Carrillo-Larco, 2017 - CRONICAS-CKD (derivation lab v Y v Yo PY Y
free) @
. __ 3
Carrillo-Larco, 2017 - CRONICAS-CKD (validation v Y v v 3 PY PY
]
Fﬁ
N
l'_
_|
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Wu, 2016 (validation) Y Y Y NI

Answer options: Y (yes), PY (probably yes), N (no), PN (probably no), NI (no information), n/a (not applicable).
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S$4.2 Table: Applicability
N° Study Participants Predictors Outcome
Asgari, 2020 European Risk Assessment
1 tool (6-years validation) Low Low Low
Asgari, 2020 European Risk Assessment
1 tool (9-years validation) Low Low Low
2 Bradshaw, 2019 - Model 1 (derivation) Low Low Low
2 Bradshaw, 2019 - Model 2 (derivation) Low Low Low
2 Bradshaw, 2019 - Model 3a (derivation) Low Low Low
2 Bradshaw, 2019 - Model 3b (derivation) Low Low Low
Bradshaw, 2019 - Model 3a (CARRS-I
2 urban validation) Low Low Low
Bradshaw, 2019 - Model 3a (UDAY rural
2 validation) Low Low Low
Carrillo-Larco, 2017 - CRONICAS-CKD
3 (derivation complete) Low Low Low
Carrillo-Larco, 2017 - CRONICAS-CKD
3 (derivation lab-free) Low Low Low
Carrillo-Larco, 2017 - CRONICAS-CKD
3 (validation complete) Low Low Low
Carrillo-Larco, 2017 - CRONICAS-CKD
3 (validation lab-free) Low Low Low
Mogueo, 2015 - Korean model (eGFR
4 validation) Low Low Low
Mogueo, 2015 - Thai model (eGFR
4 validation) Low Low Low
Mogueo, 2015 - Korean model (eGFR or
4 proteinuria validation) Low Low Low
Mogueo, 2015 - Thai model (eGFR or
4 proteinuria validation) Low Low Low
Saranburut, 2017 - Framingham Heart
5 Study (MDRD validation) Low Low Low
Saranburut, 2017 - Framingham Heart
5 Study (CKD-EPI validation) Low Low Low
Saranburut, 2017 - Model 1 (derivation
6 Clinical only) Low Low Low
Saranburut, 2017 - Model 1 BMI
6 (derivation Clinical only) Low Low Low
Saranburut, 2017 - Model 2 (derivation
6 Clinical + Limited laboratory tests) Low Low Low
Saranburut, 2017 - Model 3 (derivation
6 Clinical + Full laboratory tests) Low Low Low
Saranburut, 2017 - Model 1 (validation
6 Clinical only) Low Low Low
Saranburut, 2017 - Model 2 (validation
6 Clinical + Limited laboratory tests) Low Low Low
7 Thakkinstian, 2011 (derivation) Low Low Low
Wen, 2020 - Simple Risk Score
8 (derivation) Low Low Low
Wen, 2020 - Best-fit Risk Score
8 (derivation) Low Low Low
9 Wu, 2016 (derivation) Low Low Low
65
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| 9 | Wu, 2016 (validation) | Low | Low | Low

Answer options: Low (low concern for applicability), Hig (High concern for applicability) and Unclear (Unclear concern for
applicability)
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S1 Figure: Countries where studies were conducted.
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S2 Figure: Predictors included in the final models.
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ABSTRACT
Objective: To summarize available chronic kidney disease (CKD) diagnostic and prognostic models

in Low- and Middle-Income countries (LMIC)

Method: Systematic review (PRISMA guidelines). We searched Medline, EMBASE, Global Health
(these three through OVID), Scopus and Web of Science from inception to April 9th, 2021, April 17th,
2021 and April 18th, 2021, respectively . We first screened titles and abstracts, and then studied in
detail the selected reports; both phases were conducted by two reviewers independently. We followed

the CHARMS recommendations and used the PROBAST for risk of bias assessment.

Results: The search retrieved 14,845 results, 11 reports were studied in detail and nine (n= 61,134)
were included in the qualitative analysis. The proportion of women in the study population varied
between 24.5%-76.6%, and the mean age ranged between 41.8-57.7 years. Prevalence of
undiagnosed chronic kidney disease ranged between 1.1%-29.7%. Age, diabetes mellitus and sex

were the most common predictors in the diagnostic and prognostic models. Outcome definition varied

greatly, mostly consisting of urinary albumin-to-creatinine ratio and estimated glomerular filtration rate.

The highest performance metric was the negative predictive value. All studies exhibited high risk of

bias, and some had methodological limitations.

Conclusion: There is no strong evidence to support the use of a CKD diagnostic or prognostic model
throughout LMIC. The development, validation and implementation of risk scores must be a research

and public health priority in LMIC to enhance CKD screening to improve timely diagnosis.

Keywords: population health; prognosis research; non-communicable diseases

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* Jooyosaboysnwsel]


http://bmjopen.bmj.com/

oNOYTULT D WN =

48

49

50

51

52

53

54

55

56

57

58

BMJ Open

Strengths and limitations of this study

Strengths

An extensive search was conducted, involving five major databases (Medline, Embase,
Global Health, Scopus and Web of Science).

A comprehensive list of available CKD diagnostic and prognostic models and their limitations
is provided, which were not previously accounted for in the LMIC population.

This study adhered to PRISMA, CHARMS and PROBAST guidelines.

Limitations

Meta-analysis was not possible due to the heterogeneity in the measurement of outcomes.

Additional data sources such as grey literature were not retrieved.
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INTRODUCTION

Chronic kidney disease (CKD) is a condition with a large burden globally. Between 1990 and 2017,
the health metrics of CKD showed a bleak profile: mortality, incidence and kidney transplantation
rates increased by 3%, 29% and 34%, respectively.! CKD led to 1.2 million deaths in 2017 and in the
best-case scenario, CKD mortality will increase to 2.2 million deaths and become the 5" cause of
years of life lost (YLL) by 2040.2 CKD reveals disparities between low- and middle-income countries
(LMIC) and high-income countries (HIC). In the period 1990-2016, the age-standardised disability-
adjusted life-years (DALY) due to CKD was the highest in LMIC,3 where they need to optimize CKD

early diagnosis.

Risk scores are a cost-effective alternative for CKD screening and early diagnosis.# These equations
require less resources and contribute to decision making,® and allow screening of large populations.*
Many of the available CKD risk scores have been developed in HIC,%-® and they may not be used in
LMIC without recalibration to secure accurate predictions. How many CKD risk scores there are for
LMIC, and what their strengths and limitations are, remains largely unknown.® 1 This limits our
knowledge of what tools there are to enhance CKD screening in LMIC. Similarly, this lack of evidence
prevents planning research to overcome the limitations of available models. To fill these gaps and to
inform CKD screening strategies in LMIC, we summarized available CKD diagnostic and prognostic

models in LMIC.

METHODS

Protocol and registration

This systematic review and critical appraisal of the scientific literature was conducted following the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis guidelines (PRISMA)
statement!’ (S1 Table). Protocol is available elsewhere'? and in the S1 Text. We followed the
CHecklist for critical Appraisal and data extraction for systematic Reviews of prediction Modelling

Studies (CHARMS) guidelines.'3 14

Information sources
We searched Medline, EMBASE, Global Health (these three through OVID), Scopus and Web of

Science from inception to April 9, 2021, April 17%, 2021 and April 18™, 2021, respectively. The
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search strategy is available in S2 Table. We also screened the references of relevant systemic

reviews'® and of the selected studies.

Eligibility criteria

We sought models which assessed the current CKD status (i.e., diagnostic) or future CKD risk (i.e.,
prognostic), aiming to inform physicians, researchers, and the general population (Table 1). Reports
could include model derivation, external validation, or both. The target population was adults (=18

years) in LMIC according to The World Bank.'®

Study selection

Reports were selected if the study population included people who were from and currently living in
LMIC. Cross-sectional (diagnostic models) and longitudinal studies (prognostic models) with a
random sample of the general population were included. The outcome was CKD based on a
laboratory or imaging test (isolated or in combination with self-reported diagnosis): urine albumin-
creatinine ratio, urine protein-creatinine ratio, albumin excretion ratio, urine sediment, kidney images,

kidney biopsy or the estimated glomerular filtration rate (eGFR).12

Reports had to present the development and/or validation of a multivariable model. On the other
hand, reports with LMIC populations outside LMIC, or those including foreigners living in LMIC, were
excluded. Reports that only studied people with underlying conditions (e.g., patients with diabetes),
people with a specific risk factor (e.g., alcohol consumption), or a hospital-based population, were
excluded. We also excluded models that were developed using machine learning techniques due to
their usually poor report of performance metrics, as noted from previous reviews.'® 7 To overcome
this limitation, CHARMS and PROBAST tools are currently being adapted to machine learning

methodology but are yet to be published.'8

Data collation

We used EndNote20 and Rayyan'® to remove duplicates from the search results. We used Rayyan'®
to screen titles and abstracts by two reviewers independently (DJA-G and EJA); discrepancies were
solved by consensus. Two reviewers independently (DJA-G and EJA) studied the full length of the
reports selected in the screening phase; discrepancies were solved by consensus. If consensus was
not reached, a third party was consulted (RMC-L). A data extraction form based on the CHARMS

guidelines' was developed and not modified during data collation. Data was extracted as presented
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in the original reports by two reviewers independently (DJA-G and EJA); discrepancies were solved

by consensus.

Risk of bias of individual studies
We used the PROBAST (Prediction model Risk of Bias ASsessment Tool) to assess the risk of bias of
diagnostic and prognostic models.?°2' Two reviewers (EJA and DJA-G) independently ascertained the

risk of bias of individual reports; discrepancies were solved by consensus or a third party (RMC-L).

Synthesis of results
A qualitative synthesis was conducted whereby the characteristics of the selected models was
comprehensively described.'? Quantitative analysis (meta-analysis) was not conducted because the

selected models used different predictors and they had different outcome definitions.

Ethics
This review was deemed as a low risk because human subjects were not directly involved. The funder
did not have any role in the conception, conduction, results interpretation, and drafting of this work.

Results and opinions expressed in the article are entirely the authors.

Patient and public involvement

No patient involved.

RESULTS

Reports selection

The search yielded 14,845 reports. After removing duplicates (1,462 articles), we screened 13,383
titles and abstracts. Then, 11 reports were selected, one of them was not available as full-text,?2 and
the rest (10 articles) were studied in detail. We excluded one report because the study population was
not randomly selected,?? and another report because it was conducted in a HIC.2* Additionally, one
report was identified by reference searching.25 Finally, nine reports (n=61,134) were included in the

qualitative synthesis (Figure 1).

General characteristics of the selected reports
Original reports were from Iran,2¢ India,2” Peru, 28 South Africa, 25 two from China2®30 and three from
Thailand3'-33 (S1 Figure). All studies were developed on community-based populations with random

sampling (S3 Table).
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Overall, Wu and colleagues studied the largest sample size (n=14,374) which was a population of
workers who underwent health checks;3° conversely, the smallest sample was studied by Mogueo et
al (n=902).2% The oldest data was collected in 199926 whereas the most recent study was published in

2018.%¢

The sample size analysed to derive the diagnostic models ranged from 2,368%8 to 14,374 people,*°
and from 90225 to 4,940% for the validation models. The mean age of participants in the derivation
models varied from 44.9 to 57.7 years, and the proportion of male subjects ranged from 46.8% to
70.5%.27-303233 The mean age of participants in the validation models varied from 41.8 to 57.1 years,

and the proportion of male subjects ranged from 23.4% to 75.5%25-28 30-32 (Table 2; S3 Table).

The number of CKD cases varied greatly in the derivation models, from 8128 to 947;%" the
corresponding numbers in the validation models were 2732 and 1,359%%. Of note, number of CKD
cases could not be extracted from the validation work by Bradshaw et al?”. The ratio of outcome
events per number of candidate predictors in the derivation models ranged from 2.328 to 135.327. This
ratio could not be calculated for the derivation models by Wen et al?® and Wu et al*°. Across all
reports, missing data were handled by conducting a complete-case analysis;?5-32 this information was

not available in the study by Thakkinstian’s et al*® (Table 2; S3 Table).

What has been done?

In 2011, Thakkinstian et al derived one model using cross-sectional data.3? In 2015, Mogueo et al
used cross-sectional data to validate two models that were previously developed in South Korea and
Thailand using two different outcome definitions for each model, i.e., they provided estimates for four
model validations.?® In 2016, Wu et al used cross-sectional data to derive and validate one model, i.e.,
they provided estimates for two models (one derivation and one validation).® In 2017, Carrillo-Larco
et al used cross-sectional data to derive and validate two models, i.e., they provided estimates for four
models (two derivations and two validations).?® In 2017, Saranburut et al prospectively validated the
Framingham Heart Study risk score on a cohort using two different outcome definitions, i.e., they
provided estimates for two model validations.3' In 2017, Saranburut et al prospectively developed four
models and validated two of them using cohort data, i.e., they provided estimates for six models (four
derivations and two validations).32 In 2019, Bradshaw et al used cross-sectional data to derive four

models, one of them was validated on two populations (rural and urban), i.e. they provided estimates
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for six models (four derivations and two validations).?” In 2020, Asgari and colleagues prospectively
validated a model from the Netherlands for 6- and 9-years CKD prediction, i.e. they provided
estimates for two model validations.?® In 2020, Wen et al prospectively derived two models.?® Overall,

fourteen models were derived and fifteen underwent validation (hence the 29 rows in Table 4).

Outcome ascertainment

Across all reports, CKD was defined as eGFR <60 mL/min/1.73m? 25-33 assessed by either the
Modification of Diet Renal Disease (MDRD) formula25 2628293133 or the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula.2” 30-32 |n addition to the eGFR assessment, Bradshaw
et aP” and Wen et al?® defined CKD as a urinary albumin-to-creatinine ratio (UACR) 230 mg/g.
Mogueo et al validations also considered CKD as any nephropathy including stages | to V of the
“Kidney Disease: Improving Global Outcomes (KDIGO)” classification.?® Thakkinstian et al, also

considered CKD as eGFR 260 mL/min/1.73m? if it had haematuria or UACR 230 mg/g 33 (Table 2).

Predictors and modelling

Logistic regression analysis was conducted in all derivation models.27-30 3233 Sglection of the final
predictors was based on modelling techniques: backward?’ 28 and forward selection2?303233 (S3
Table). All studies categorized numerical variables. The most frequent predictors included in the

models were: age, diabetes mellitus and sex (S2 Figure).

Model performance

All studies reported calibration and discrimination metrics, except for the validations by Bradshaw et
al” and Carrillo-Larco et al?® (S3 Table). Regarding discrimination metrics, the area under the
Receiver Operating Characteristic (ROC) curve and C-statistic were over 63%3' and 70%,%”
respectively. Among all studies, sensitivity ranged from 56.8%2° to 84.0%,25 specificity ranged from
65.1%2° to 86.3%,%0 positive predictive value (PPV) ranged from 8.8%22 to 33.8%,2° and negative
predictive value (NPV) ranged from 89.4%2° to 99.1%.2% The NPV was the best metric, consistently

above 89.4% (Table 3).
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Risk of bias

All studies showed a high risk of bias due to insufficient or inadequate analytical reporting. The flaw
regarding the analysis criteria can be explained by how original reports handled missing data and
predictors categorization. The participants and predictors criteria had low risk of bias in most of the
reports. Most of the individual reports demonstrated an inappropriate evaluation of performance

metrics.26 28-33 | ow applicability concern was noted (Table 4; S4Table).

DISCUSSION

Main findings

This systematic review summarized all available risk scores for CKD in LMIC. In so doing, we
provided the most comprehensive list of CKD risk scores to enhance primary prevention and early
diagnosis of CKD in LMIC. Although the available models had acceptable discrimination metrics and,
when available, acceptable calibration metrics, these models had serious methodological limitations
such as a reduced number of outcome events. The best performance metric across risk scores was
the negative predictive value. Overall, CKD risk prediction tools in LMIC need rigorous development
and validation so that they can be incorporated into clinical practice and interventions. The available

evidence would not support using any of the available CKD risk scores across LMIC.

Limitations of the review

We did not search grey literature. We argue that this limitation would not substantially change our
results because these sources are most likely not to have included a random sample of the general
population and are likely to have included a small sample size with few outcome events. That is, we
would not expect to find a report in the grey literature with a much better methodology than that of the

studies herein summarised.

Limitations of the selected reports

Several LMIC do not have a CKD risk score, particularly countries in Central America and Oceania.
This should encourage public health officers and researchers to develop CKD prediction models.
They could conduct new epidemiological studies or leverage on available health surveys with kidney
biomarkers. These models could have pragmatic and direct applications in clinical medicine, by

providing a tool for early identification of CKD cases. Similarly, these models could inform public
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health interventions and planning, by providing a tool to quantify the size of the population likely to

have or to develop CKD.

Clinical guidelines state that CKD is defined as a sustained structural or functional kidney damage for
23 months.* In the studies herein summarised, CKD was defined at one point in time. Future work
could expand the definition of CKD to also incorporate the lapse during which the patient had kidney
damage. In addition, different procedures were used to define CKD including eGFR, proteinuria, and
UACR. Even amongst those studies in which CKD was defined with eGFR, they used different
equations to compute the eGFR. Researchers and practitioners in LMIC could agree on the best and
most pragmatic as well as cost-effective definition of CKD, so that future models could use this

definition. This would improve the comparability and extrapolability of the models.

All reports in which a new CKD risk score was developed selected the predictors through univariate
analyses,?7-303233 which is not be the best approach to choose predictors.35-37 |deally, predictors
should be selected based on expert knowledge, or amongst those with the strongest association
evidence with CKD. In a similar vein, predictors selection should be guided by the target population.
For example, CKD prediction models for populations in LMIC should prioritize simple biomarkers or
inexpensive clinical evaluations (e.g., blood pressure). In this way, the risk score is likely to be used in
clinical practice in resource-limited settings. Another relevant methodological limitation was how the
original reports handled missing data. To the extent possible, multiple imputation should be
implemented to maximize available data and to avoid potential bias by studying only observations

with complete information.

Calibration assesses the degree of agreement between actual outcomes and model prediction,
whereas discrimination is the ability of the model to differentiate people with and without the outcome.
Calibration metrics need to be consistently reported and should inform the direction of the
miscalibration. Most of the studies used the Hosmer-Lemeshow X2 test as the calibration metric.
Unfortunately, this test does not inform on whether the model prediction is overestimating or
underestimating the observed risk; calibration plots are a useful alternative. Therefore, it was not
always possible to reach strong conclusions about the performance of the available models.
Prognostic models should be updated before they can be applied in a new target population. This

process is known as recalibration. Because we found a handful of prognostic models in some
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countries, it is debatable whether these can be successfully used in other populations. Available
prognostic models for CKD would need to be recalibrated and independently validated in new target

populations.

Clinical and public health relevance

The Latin American Society of Nephrology and Hypertension (Sociedad Latinoamericana de
Nefrologia e Hipertension - SLANH) recommends to annually screen for CKD with several markers:
blood pressure, serum creatinine, proteinuria and urinalysis.?® The South African Renal Society
(SARS) guidelines also recommend CKD screening annually, yet they focus on high-risk populations:
people with diabetes, hypertension, or HIV.3° This recommendation is endorsed by the Asian Forum
for Chronic Kidney Disease Initiatives (AFCKDI), extending it to individuals 265 years, people
consuming nephrotoxic substances, and those with family history of CKD and past history of acute
kidney injury.° Although it seems reasonable to screen people with risk factors such as hypertension
and diabetes, this approach may miss a large proportion of the high-risk population because they
could be unaware of their condition.*" 42 In this case, risk scores could be useful because they can be
applied to large populations regardless of whether they are aware of their hypertension or diabetes
status. Unfortunately, our work would not support nor encourage the inclusion of available risk scores
for CKD in clinical guidelines in LMIC. Instead, our results urgently call to improve risk prediction
research in LMIC. Therefore, CKD risk scores could be included into clinical practice to identify high-
risk individuals and to inform the patient’'s management plan as is the case in other fields such as

cardiovascular primary prevention.

Conclusions

This systematic review of diagnostic and prognostic models of CKD did not find conclusive evidence
to recommend the use of a single CKD score across LMIC. Nonetheless, we identified relevant efforts
in Iran, India, Peru, South Africa, China and Thailand; these models would require further external
validation before they can be applied in other LMIC. We encourage researchers and practitioners to
develop and validate CKD risk scores, which are cost-efficient tools to early identify CKD prevalent

and incident cases so that they can receive timely treatment.
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TABLES:

Table 1. CHARMS criteria to define research question and strategy.

Concept

Criteria

Prognostic or diagnostic?

Both - this review focused on diagnostic and
prognostic risk scores for chronic kidney
disease (CKD)

Scope

Diagnostic/prognostic  models  to  inform
physicians, researchers and the general
population whether they are likely to have CKD
(i.e., diagnostic) or will be likely to have CKD (i.e.,
prognostic)

Type of prediction modelling studies

e Diagnostic/prognostic  models  with
external validation

e Diagnostic/prognostic models without
external validation

e Diagnostic/prognostic models validation

Target population to whom the prediction model
applies

General adult population in Low- and Middle-
Income Countries (LMIC). No age or gender
restrictions

Outcome to be predicted

CKD (diagnostic or prognostic)

Time span of prediction

Any, prognostic models will not be
included/excluded based on the prediction time
span

Intended moment of using the model

Diagnostic/prognostic models to be used in
asymptomatic adults of LMIC to ascertain current
CKD status or future risk of developing CKD.
These models could be used for screening,
treatment allocation in primary prevention, or

research purposes

Based on the CHARMS checklist. 4
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431  Table 2. General characteristics. c
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=
Men « .
N° of Outcome Mean age " — aseline sample Number of Outcome events per
Study Country Outcome details o ) ) :
report prevalence (%) (years) (%) = size outcome events candidate predictors
& c
7
7
6-years validation: vael?c/i:ifn- 6-years a 6-years 6-years
22.08 ' lidation: 40.1 o [N Ralidation: 3,270 lidation: 722
, 46.02 validation CKD was defined as eGFR <60 mL/min/1.73 m2, provide® £+ 5 ' oo < validation For every model
1 Asgari et al, 2020 Iran o P e
e by the MDRD formula le R4 validation: n/a
9-years validation: 9-years 9-years =3B 9-years 9-years
41.94 . Y . validation: 40.6 O € Ralidation: 3,240 validation: 1,359
validation: NI -
o PO
283
L M5 Model 1 derivation: 31.6
Sh =2
o } o
o del Model 2 derivation: 41.2
For every For every Q 3 Spr. evt.ery .mo e ode erivation
= £ Rerivation: 8,698
For every model model model 2] Model 3a derivation
i — .
derivation: 10.89 derivation: 44.9 | derivation: 46.8 CKD was defined as an eGFR rate <60 mL/min/1.73 m3. pa Urban model For every model 135 3|v fon:
2 Bradshaw et al, 2019 India (estimated with the CKD-EPI equation) or UACR 230 3. 3a|idation- 4065 derivation: 947 ’
For every model For every For every mg/g 8 > " .
S - =4 Model 3b derivation:
validation: NI model model > S For every model
validation: NI | validation: NI Z |  Rural model validation: NI 118.4
= | Falidation: 4,940 ’
213 For every model
2| o lidation: n/
5|8 validation: n/a
Q| o
| I |
For every For every 5| T Corr'ip e.te mode
o g derivation: 2.25
For every model model model " For every model For every model
ivation: 3.42 ivation: 57.7 ivation: 49.4 5 ivation: 2 ivation: 81
Carrillo-Larco et al, derivation: 3 derivation: 5 derivation: 49.4 |\ 1)\ o defined as 6GFR <60 mbimin.73 2, provided, | S°TVation: 2368 | derivation: 8 Lab-free model
3 Peru = | 3 L
2017 by the MDRD formula Q = derivation: 3.1
For every model For every For every = &or every model For every model
validation: 5.41 model model ® | Validation: 1,459 validation: 79 F del
validation: 57.1 | validation: 47.7 S| = or every mode
5| Q validation: n/a
o <
S
For every eGFR = ™ For every eG.FR
o ) model validation:
model validation: o 259
28.71 ul
. 8 For every For every CKD was defined as eGFR <60 mL/min/1.73 m?, provided d&or every model For every model
4 Mogueo et al, 2015 | South Africa model model by the 4-variable MDRD formula alidation: 902 F GFR validation: n/a
For every eGFR or validation: 55 validation: 23.4 4 Cy or even{ € . '
L0 [0} or proteinuria
proteinuria model o S
S o) model validation:
validation: 29.71 5
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3
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Saranburut et al,

validation: 10.37

validation: 54.6

validation: 70.8

mL/min/1.73 m?, provided by the MDRD formula S_

Yhlidation: 2,141
©

validation: 222

For every model

5 2017 - Framingham Thailand S S validation: n/a
Heart Study CKD-EPI model CKD-EPI model CKD-EPI model CKD-EPI model validation: CKD was defined as eGF@. HEKD-EPI model CKD-EPI model ’
validation: 10.01 validation: 54.7 validation: 71.5 <60 mL/min/1.73 m2, provided by the CKD-EPI equatiorﬂ galidation: 2,328 validation: 233
S|P
o [ =2 Model 1 derivation: 18.1
25
For every For every ;'—; m o Model 1 BMI derivation:
For every model model model CKD was defined as a preserved GFR (eGFR 260 @ Sg gor every model For every model 18.1
Saranburut ef al derivation: 8.51 derivation: 51.3 | derivation: 70.5 | mL/min/1.73m?) at baseline and subsequently develope% B %rivation: 3,186 derivation: 271
6 2017 ’ Thailand decreased GFR (eGFR <60 mL/min/1.73m?) at the 10-O (:) N Model 2 derivation: 16.9
For every model For every For every year follow-up, provided by the Two-level Race Variablgp 3 ®or every model For every model
validation: 1.94 model model CKD-EPI equation (using the non-black coefficient) 5“3 galidation: 1,395 validation: 27 Model 3 derivation: 12.3
validation: 45.6 | validation: 70.5 SeS
. S For every validation
g' g % model: n/a
> o
CKD was defined as a combination of stages | to V. CK@_ g’
stage | & Il was defined as eGFR 290 and eGFR 60-895 | 3
_ ml/min/1.73 m2, respectively; with haematuria or UACR2 | —
7 Thakk'ggﬁ'” etal | Thailand 18.10 452 455 230 mglg. CKD stage Ill, IV, and V was defined as eGlfsé{: 2 3459 626 16.9
30-59, 15-29, and <15 ml/min/1.73 m2, respectively; )—> =
regardless of kidney damage (eGFR was calculated usirg =2
the MDRD formula) S| 2
5|
For every derivation For every For every CKD was defined as an eGFR rate <60 mL/min/1.73 m&~ _g For every For every For every derivation
8 Wen et al, 2020 China model: 18.06 derivation derivation (assessed with the modified Chinese MDRD equation) og derivation model: derivation model: model: NI
model: 50 model: 44.7 UACR 230 mg/g 3 § 3,266 590
4 (@]
Model derivation: Model Model =. Eodel derivation: Model derivation:
- 2.05 derivation: 45.3 derivation: 56.7 CKD was defined as eGFR <60 mL/min/1.73 m?, provideai o 14,374 294 Model derivation: NI
9 Wu et al, 2016 China by the CKD-EPI equation o | >
Model validation: Model Model g Model validation: Model validation: Model validation: n/a
1.10 validation: 41.8 validation: 63.7 g @ 4,371 48
ol 5
432 CKD, chronic kidney disease; CKD-EPI, chronic kidney disease epidemiology collaboration; eGFR, estimated glon%rular filtration rate; GFR, glomerular
»
433 filtration rate; KDIGO, MDRD, modification of diet renal disease; n/a, not applicable; NI, no information; UACR, urinary glbumin-to-creatinine ratio.
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S &
N° Study Discrimination (%) CEssitR,ation measures
o o
6-years validation: AUC (95% ClI) for final intercept adjusted model = 6-years validation: For men at a cutgeff o]‘:25: sensitivity=72.7%; specificity=67.6%. For women
Male: 76 (72-79) and Female: 71 (69-73) at a cut-off of 145senSltivity=66.8%; specificity=65.6%
1 Asgari et al, 2020 o =
9-years validation: AUC (95% ClI) for final intercept adjusted model = | 9-years validation: For men at a cut®ffpH25: sensitivity=64.5%; specificity=69.5%. For women
Male: 71 (67-74) and Female: 70 (68-73) at a cut-off of ZCgé‘_sngq%tivity:S&Q%; specificity=76.6%
3R
Model 1 derivation: At a cut-off of E@:!‘s’ensitivity=72%; specificity=72%; positive predictive
value=24%@ r@ddltive predictive value=96%
Model 1 derivation: C-statistic (95% Cl) = 79 (78-81) ;‘8 =
Model 2 derivation: At a cut-off of E._Qe:gensitivity=68%; specificity=67%; positive predictive
Model 2 derivation: C-statistic (95% Cl) = 73 (72-75) value=20°/g_r§@tive predictive value=95%
oo
Model 3a derivation: C-statistic (95% CI) =77 (75-79) Model 3a derivation: At a cut-off ofgé.oggensitivityﬂﬂ/o; specificity=70%; positive predictive
2 Bradshaw et al, 2019 value=22°/§:ne@tive predictive value=95%
Model 3b derivation: C-statistic (95% Cl) = 77 (76-79) (g -
Model 3b derivation: At a cut-off of0.0Qgsensitivity=71%; specificity=70%; positive predictive
Urban validation: C-statistic (95% Cl) = 74 (73-74) value=22°2r:neg§_tive predictive value=95%
)
Rural validation: C-statistic (95% Cl) = 70 (69-71) Urk@n rrgdel validation: NI
2 3
Rugal model validation: NI
2 3
Complete model derivation: At a gut-o"g'of 2: sensitivity=82.5%; specificity=70.0%; positive
predictive value=8.8%; negative pre(ﬁ:tiv%value=99.1%; likelihood ratio positive=2.8; likelihood
Q:Jratignegative=0.3
o S
Complete model derivation: AUC = 76.2 Lab-free model derivation: At &ut-&¥f of 2: sensitivity=80%; specificity=72%; positive
predictive value=9.1%; negative pre@ictiv% value=99%; likelihood ratio positive=2.9; likelihood
. Lab-free model derivation: AUC = 76 o ratigynegative=0.3
3 Carrillo-Larco et al, %. o
2017 Complete model validation: AUC = 70 Complete model validation: At a ut-ofgof 2: sensitivity=70.5%; specificity=69.1%; positive
predictive value=11.4%; negative predictivgvalue=97.6%; likelihood ratio positive=2.3; likelihood
Lab-free model validation: AUC =70 rati'é;negative=0.4
@
Lab-free model validation: At a cut-of-i_?pf 2: sensitivity=70.5%; specificity=69.7%; positive
predictive value=11.6%; negative predictiv§value=97.7%; likelihood ratio positive=2.3; likelihood
rati® negative=0.4
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South Korean eGFR model validation: C-statistic (95% CI) =79.7 South Korean eGFR model validaﬂon:at a cut-off of 0.30: sensitivity=82%; specificity=67%
4 (76.5-82.9) 2 ®
5 - . . 2 N . i 700 . AT =700,
p Thai eGFR model validation: C-statistic (95% Cl) = 76 (72.6-79.3) Thai eGFR model valldatlon%t a gut off of 0.31: sensitivity=73%; specificity=72%
- =]
S T ) . G a0
7 4 Mogueo et al, 2015 South Korean eGFR or proteinuria model validation: C-statistic South Korean eGFR or protelnurg mqoc_lle'l .v?hdatloon. At a cut-off of 0.31: sensitivity=84%;
8 _ ® sp20|f|0|ty=68 %o
(95% CI) = 81.1 (78.0-84.2) n S
9 a -~
. . . . . . g . itivity=749/-
10 Thai eGFR or proteinuria model validation: C-statistic (95% CI) = Thai eGFR or proteinuria m% g 2 |iclﬁe::it:o=r|7.3,§/’[ a cut-off of 0.32: sensitivity=74%;
11 77.2 (73.9-80.5) 3 3"§C y=rot
12 SEN
13 Saranburut et al, 2017 - MDRD model validation: AUC (95% CI) = 69 (66-73) MDg[ghvgbdel validation: NI
14 5 Framingham Heart —~Q
s Study CKD-EPI model validation: AUC (95% Cl) = 63 (57-65) CKD%EI shodel validation: NI
o9
16 Model 1 derivation: AUC (95% CI) = 72 (69-75) rg;bge@ derivation: NI
17 -
18 Model 1 BMI derivation: AUC (95% Cl) = 72 (69-75) Mogel 1;éMI derivation: NI
19 >
20 Saranburut et al, 2017 - Model 2 derivation: AUC (95% CI) = 79 (76-82) ﬁ}odeﬁ derivation: NI
0 6 Model 1 (derivation > 2
9 Clinical only) Model 3 derivation: AUC (95% CI) = 80 (77-82) Igbdelgﬂ derivation: NI
5 =
=. o
23 Model 1 validation: AUC (95% CI) = 66 (55-78) !godeg1 validation: NI
24 - S
25 Model 2 validation: AUC (95% CI) = 88 (80-95) @_odeSZ validation: NI
26 Thakkinsti t al, 2011 2—
27 7 a I(rz]jselri/r;teio:)’ C-statistic of internal validation = 74.1 At a cut-off of%: segsitivity=76%; specificity=69%
28 = o
29 Simple model derivation: At a cugoff <& 14: sensitivity=70.5%; specificity=65.1%; positive
30 predictive value=29.8%; negative pregictiu% value=91.3%; likelihood ratio positive=2.0; likelihood
31 Wen et al, 2020 - Simple model derivation: AUC (95% Cl) = 71.7 (68.9-74.4) 5ratignegative=0.5
32 8 Simple Risk Score Q, ~
33 (derivation) Best-fit model derivation: AUC (95% CI) = 72.1 (69.3-74.8) Best-fit model derivation: At a cnﬁoﬁ @ 24: sensitivity=56.8%; specificity=76.6%; positive
34 predictive value=33.8%; negative predictivé'value=89.4%; likelihood ratio positive=2.4 likelihood
rati%’*negative=0.6
35 9
36 Wu et al. 2016 Model derivation: AUC (95% CI) = 89.4 (86.1-92.6) Model derivation: At a cut-offof 36: sensitivity=82%; specificity=86.3%
37 o (derivation) L o _ g I
38 Model validation: AUC (95% CI) = 88.0 (82.9-93.1) Modj validation: NI
39 -
40 435 AUC, area under the curve; ClI, confident interval; NI, no information. m
N
41 :
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Risk of Bias (RoB) Q Pbplicability Overall
Study Objective o e
Participants Predictors Outcome | Analysis | Participants [, Predictors Outcome | RoB | Applicability
1] In
® L
Asgari et al, 2020 European Risk Assessment tool Validation + + 2 ) . 3 D + + ) +
(6-years) s TME
Y
n . 1= »)
Asgari et al, 2020 European Risk Assessment tool Validation + + 2 ) + 3 g S + + ) +
(9-years) —_ 0
oD
X O O
Bradshaw et al, 2019 - Model 1 Derivation + + ? - + “8?' § + + - +
ag b
Bradshaw et al, 2019 - Model 2 Derivation + + ? - + g— 8 3 + + - +
528
Bradshaw et al, 2019 - Model 3a Derivation + + ? - + 37 :5" + + - +
]
= 3B
Bradshaw et al, 2019 - Model 3b Derivation + + ? - + @ F + + - +
> ¥
Bradshaw et al, 2019 - Model 3a (CARRS-I urban) Validation + + ? - + = B + + - +
L B
Bradshaw et al, 2019 - Model 3a (UDAY rural) Validation + + ? - + 5 F + + - +
«Q D
- D
Carrillo-Larco et al, 2017 - CRONICAS-CKD L 5 &
Derivation + + + - + o B + + - +
(complete) P
= D
3 ©
Carrillo-Larco et al, 2017 - CRONICAS-CKD (lab- s =
Derivation + + + - + 2 + + R +
free) I o)
o 5
(2] -
Carrillo-Larco et al, 2017 - CRONICAS-CKD e 5 L
Validation + + + - + o ¥F + + - +
(complete) =
© W
g. -
Carrillo-Larco et al, 2017 - CRONICAS-CKD (lab- o 6 O
Validation + + + - + - ¥ + + - +
free) n
=3
Mogueo et al, 2015 — South Korean model (eGFR) Validation + + ? - + 5 + + - +
t
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Mogueo et al, 2015 - Thai model (eGFR) Validation + + ? - + § + + - +
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Mogueo et al, 2015 — South Korean model (eGFR or Validation * * ’ * % * * *
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c
Saranburut et al, 2017 - Framingham Heart Study o @ o
(MDRD) Validation + + ? _ + % % + + ) .
®mé
Saranburut et al, 2017 - Framingham Heart Study e ol
+ + ? - + @ N + + - +
(CKD-EPI) Validation ? Eg >
OCS
Saranburut et al, 2017 - Model 1 (Clinical only) Derivation + + ? - + %é' 5 + + - +
o=
Saranburut et al, 2017 - Model 1 BMI (Clinical only) Derivation + + ? - + g_ 4 + + - +
=3
Saranburut et al, 2017 - Model 2 (Clinical + Limited Derivation ) + ” ) . B—f . . ) +
laboratory tests) 3" F
5 3
Saranburut et al, 2017 - Model 3 (Clinical + Full _— a F
Derivation + + ? - + © : + + - +
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Saranburut et al, 2017 - Model 1 (Clinical only) Validation + + ? - + B + + - +
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=. »)
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3 ¥
Wu et al, 2016 Derivation + + ? - + @ P + + - +
2 B
(7]
Wu et al, 2016 Validation + + ? - +  h + + - +
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FIGURES

Figure 1. PRISMA 2020 flow diagram.

SUPPLEMENTARY MATERIAL

S1 Text. Protocol.

S1 Table. PRISMA 2020 checklist.

S2 Table. Search terms.

S3 Table. Data extraction form.

S$4 Table. Risk of bias and applicability

S1 Figure. Countries where studies were conducted. LMIC that developed and/or validated models
included in this review (Green). Moreover, Asgari et al,?® Mogueo et al*® and Saranburut et al*' validated
risk models that were originally derivated in the Netherlands, South Korea and the United States,

respectively (Blue).

S2 Figure. Predictors included in the final models. The colours of the bars identify the underlying
characteristic of predictors inherent to: the subject (purple), anthropometrics (blue), clinical assessment

and history (green), and laboratory measures (yellow).
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Identification of studies via databases and registers

BMJ Open )

J

Records identified from
Databases (n = 14,845):
OVID (Medline, Embase,
Global Health) (n = 11,026)
Scopus (n = 1,654)
Web of Science (n = 2,165)

Identification of studies

J e

ENIEIES

er methods

Records removed before
screening:
Duplicate records removed
(n=1,462)
Records marked as ineligible
by automation tools (n = 0)

Records identified from:
Citation searching (n = 1)

" Yadluded”

A 4

Records screened
(n =13,383)

A 4

Records excluded by manual
screening
(n=13,372)

Reports sought for retrieval
(n=11)

v

\4

Reports not retrieved
(n=1)

Reports sought for retrieval
(n=1)

A4

Reports assessed for eligibility
(n=10)

Reports excluded:
Convenience sample (n = 1)
High-income country
population (n = 1)

Reports assessed for eligibility
(n=1)

Studies included in review
(n=9)
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ABSTRACT

Background: Chronic Kidney Disease (CKD) is a highly prevalent condition with a large disease burden
globally. In low- and middle-income countries (LMIC) the CKD screening challenges the health system. This
systematic and comprehensive search of all CKD diagnostic and prognostic models in LMIC will inform
screening strategies in LMIC following a risk-based approach.

Objective: To summarize all multivariate diagnostic and prognostic models for CKD in adults in LMIC.

Methods: Systematic review. Without date or language restrictions we will search Embase, Medline, Global
Health (these three through Ovid), SCOPUS and Web of Science. We seek multivariable diagnostic or
prognostic models which included a random sample of the general population. We will screen titles and
abstracts; we will then study the selected reports. Both phases will be done by two reviewers independently.
Data extraction will be performed by two researchers independently using a pre-specified Excel form
(CHARMS model). We will evaluate the risk of bias with the PROBAST tool.

Conclusion: This systematic review will provide the most comprehensive list and critical appraisal of
diagnostic and prognostic models for CKD available for the general population in LMIC. This evidence could
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inform policies and interventions to improve CKD screening in LMIC following a risk-based approach,
maximizing limited resources and reaching populations with limited access to CKD screening tests. This
systematic review will also reveal methodological limitations and research needs to improve CKD diagnostic
and prognostic models in LMIC.

Keywords: Chronic Kidney Disease; Diagnostic Models; Prognostic Models; Low- and Middle-income
countries.

INTRODUCTION

Chronic kidney disease (CKD) is a highly prevalent condition that contributes to a large part of disease burden
globally. Between 1990 and 2017, the health metrics of CKD showed a bleak profile: mortality rate, incidence
and kidney transplantation rate increased by 2.8%, 29.3% and 34.4%, respectively.® CKD led to 1.2 million
deaths in 2017 and in the best-case scenario, mortality is projected to increase to 2.2 million deaths? and become
the 5th cause of years of life lost (YLL) by 2040.3 Currently, 2.5 million of patients receive kidney
transplantation therapy and it is projected to increase to 5.4 million by 2030.* CKD also reveals disparities
between low- and middle-income countries (LMIC) and high income countries (HIC); for example, the age-
standardised disability-adjusted life-year (DALY rate due to CKD was the highest in LMIC between 1990-
2017.%1In LMIC, that remain as resource-constrained settings, there is a need for optimization of the CKD
screening strategies which usually challenge the health system.5

Risk equations or risk scores are a cost-effective alternative for CKD screening.® These equations are less
invasive and accepted by the general population;” also, they require less resources like laboratory tests.® Many
scores were developed in high-income countries,®!! and they may not be used in LMIC because their accuracy
is better where they have been developed.'? Current strategies for CKD screening suggest studying people with
risk factors (e.g. diabetes, hypertension).'3*® These recommendations rely on studies where albuminuria and
proteinuria were used as screening tools for identifying CKD patients.*® Nevertheless, a systematic review found
that using risk scores allows screening of a larger population and therefore can be useful for detecting more
CKD cases.®

To date, there are no systematic reviews of diagnostic or prognostic models for CKD with a focus on LMIC.%": 18
This limits our knowledge of what tools we have to enhance CKD screening in LMIC; similarly, this dearth of
evidence prevents from planning future research to overcome the limitations of available models. This will be
the first systematic review to fill these knowledge gaps in LMIC to improve and complement the CKD
screening programmes in LMIC.

METHODS

Objective

To synthesise CKD diagnostic and prognostic models for the adult population of LMIC.

Study design

This systematic review and meta-analysis will be conducted following the preferred reporting items for
systematic reviews and meta-analyses (PRISMA) 2020 guidelines.*® We will also adhere to the
recommendations for systematic reviews of diagnostic and prognostic models following the CHARMS
guidelines® and the PROBAST tool to assess risk of bias.?*

Eligibility criteria

Participants/population: We will include the general adult population (18 years and above) of LMIC with no
gender restrictions. Studies following a population-based random sampling approach will be included. We will
only include populations from LMIC according to The World Bank.?? Conversely, studies with a study
population of only patients (e.g., people with hypertension) or high-risk individuals (e.g., smokers) will be
excluded. We will exclude studies with LMIC populations outside a LMIC.

Intervention, exposure: None (this review is looking at CKD diagnostic and prognostic models in LMIC).
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Comparator, control: None (this review is looking at CKD diagnostic and prognostic models in LMIC).

Outcome: Diagnostic and prognostic models for CKD. The CKD diagnosis should have been based on a
laboratory or imaging test including: urine albumin- creatinine ratio, urine protein-creatinine ratio, albumin
excretion ratio, urine sediment, kidney images, kidney biopsy or the estimated glomerular filtration rate (eGFR).
In other words, research in which CKD diagnosis was based on self-reported information only will not be
considered. However, if a study combined both self-reported information and a laboratory or imaging tests, this
will be included.

Types of studies: Studies with an observational design will be included, which encompasses crosssectional (for
diagnostic models) and prospective longitudinal studies (for prognostic models). If we retrieve any systematic
review on this subject, we will revise its reference list to identify relevant original sources.

Literature Search and Data collation

The search will be conducted in five search engines: Embase, Medline, Global Health (these three through
Ovid), SCOPUS and Web of Science. No date or language restrictions will be set. The complete search strategy
can be found in Supplementary Material.

Titles and abstracts will be screened by two researchers independently (DJA-G and EJA), looking for studies
that meet the selection criteria above detailed. Full-text reports of the selected publications will be studied by
two researchers independently (DJA-G and EJA). Discrepancies at any stage will be solved by consensus or by a
third party (RMC-L).

During the full-text phase, if there are any original reports in which the population, methodology or results are
not clear enough to assess the inclusion/exclusion criteria, we will contact the corresponding author by email.
We will wait for two weeks, if we receive no answer and cannot solve our doubts through other means, this
report will be excluded based on the lack of clarity to assess inclusion/exclusion criteria.

We will record the reasons for exclusion in the full-text phase and summarize the number of included/excluded
reports following the PRISMA flow diagram.

Data extraction

We will develop a data extraction form following the CHARMS recommendations.?’ Data extraction will be
conducted by two researchers independently; discrepancies will be solved by consensus or by a third party
(RMC-L).

Risk of bias of individual studies

The risk of bias assessment of individual reports will be conducted using the Prediction model Risk Of

Bias ASsessment Tool (PROBAST) tool.?

Statistical Analysis

A qualitative synthesis is planned, whereby we will narratively synthesise the findings from the selected studies.
We will summarize the key elements from each report such as study design, study population and characteristics
of the study population. Also, we will summarize the key features of the risk scores as provided by each report,
including discrimination, calibration, sensitivity, specificity, and predictive values. A quantitative synthesis will
be carried out if the included studies are found to be sufficiently homogenous and we have at least four original
reports.

Ethics

This review did not directly include human subjects. We considered this work as ‘low risk’ and did not request
approval by an Ethics Committee. Results and opinions included in this protocol, and those included in the final
report, are the author’s alone and do not represent those of the institutions to which they belong.
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CONCLUSIONS

This systematic review will provide a comprehensive list of diagnostic and prognostic models for CKD for
people in LMIC, along with their accuracy metrics. Currently, information lacks in LMIC where diagnostic and
prognostic models could inform CKD screening strategies. Similarly, this work will elucidate the limitations of
available diagnostic and prognostic models for CKD in LMIC, so that future research can be planned
accordingly to overcome these caveats and deliver robust models to advance

CKD screening strategies in LMIC.
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S2 Table: Search terms
S2.1 Table: Embase, Medline and Global Health (OVID)
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01 | chronic renal insufficiency.mp.

02 | chronic kidney disease.mp.

03 | chronic kidney failure.mp.

04 | CKD.mp.

05 | exp Renal Insufficiency, Chronic/

06 | (chronic adj2 kidney adj2 disease).mp.

07 | (chronic adj2 kidney adj2 failure).mp.

08 | chronic renal failure.mp.

09 | chronic renal disease.mp.

10 | chronic kidney insufficiency.mp.

11 | end stage renal disease.mp.

12 | ESRD.mp.

13 | kidney function.mp.

14 | renal function.mp.

15 | kidney dysfunction.mp.

16 | renal dysfunction.mp.

17 | 010r02o0r030r04or05o0r06o0r07o0r08or09o0rl0orlloril2oril3orl4orl5orl6

18 | (("Afghanistan") or ("Benin") or ("Burkina Faso") or ("Burundi") or (“"Central African Republic") or
("Chad") or ("Comoros") or ("Democratic Republic of the Congo") or ("Eritrea”) or ("Ethiopia™) or
("Gambia") or ("Guinea") or ("Guinea-Bissau") or ("Haiti") or ("Democratic People's Republic of
Korea") or ("Liberia”) or ("Madagascar") or ("Malawi") or ("Mali") or ("Mozambique™) or ("Nepal”)
or ("Niger") or ("Rwanda") or ("Senegal”) or ("Sierra Leone") or ("Somalia™) or ("South Sudan”) or
("Tanzania™) or ("Togo") or ("Uganda™) or ("Zimbabwe") or ("Armenia”) or ("Bangladesh") or
("Bhutan™) or ("Bolivia™) or ("Cape Verde") or ("Cambodia™) or ("Cameroon”) or ("Congo") or ("Cote
d'lvoire") or ("Djibouti®) or ("Egypt") or ("El Salvador") or ("Ghana") or ("Guatemala™) or
("Honduras"™) or ("India") or ("Indonesia”) or ("Kenya") or ("Micronesia”) or ("Kosovo") or
("Kyrgyzstan") or ("Laos") or ("Lesotho") or ("Mauritania”) or ("Moldova") or ("Mongolia") or
("Morocco") or ("Myanmar") or ("Nicaragua") or ("Nigeria") or ("Pakistan") or ("Papua New
Guinea") or ("Philippines") or ("Samoa") or ("Atlantic Islands") or ("Melanesia") or ("Sri Lanka") or
("Sudan™) or ("Swaziland™) or ('Syria") or ("Tajikistan") or ("Timor-Leste") or (“Tonga") or
("Tunisia") or ("Ukraine™) or ("Uzbekistan") or ("Vanuatu") or ("Vietnam") or ("Middle East") or
("Yemen") or ("Zambia") or ("Albania") or ("Algeria™) or ("American Samoa") or ("Angola") or
("Argentina™) or ("Azerbaijan") or ("Republic of Belarus”) or ("Belize") or ("Bosnia and
Herzegovina") or ("Botswana") or ("Brazil") or ("Bulgaria™) or ("China") or ("Colombia") or ("Costa
Rica”) or ("Cuba") or ("Dominica”) or ("Dominican Republic") or ("Equatorial Guinea") or
("Ecuador") or ("Fiji") or ("Gabon") or ("Georgia") or ("Grenada") or ("Guyana") or ("lran") or
("lIrag™) or ("Jamaica") or ("Jordan") or ("Kazakhstan") or ("Lebanon”) or ("Libya") or ("Macedonia")
or ("Malaysia") or ("Indian Ocean Islands") or ("Mexico") or ("Montenegro") or ("Namibia") or
("Palau") or ("Panama") or ("Paraguay") or ("Peru") or ("Russia") or ("Serbia") or ("South Africa")
or ("Saint Lucia") or ("Saint Vincent and the Grenadines") or ("Suriname") or (“Thailand") or
("Turkey") or ("Turkmenistan") or ("Venezuela") or (developing countr*) or (lowincome countr*) or
(middle-income countr*) or (low-middle income countr*) or (upper-middle income countr*))

19 | risk assessment.mp.

20 | risk functions.mp.

21 | Risk Assessment/mt

22 | risk equation$.mp.

23 | risk chart?.mp.

24 | (risk adj3 tool$).mp.

25 | risk assessment function?.mp.

26 | risk assessor.mp.

27 | risk appraisal$.mp.

28 | risk calculation$.mp.

29 | risk calculator$.mp.
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30 | risk factor$ calculator$.mp.

31 | risk factor$ calculation$.mp.

32 | risk engine$.mp.

33 | risk equation$.mp.

34 | risk table$.mp.

35 | risk threshold$.mp.

36 | risk disc?.mp.

37 | risk disk?.mp.

38 | risk scoring method?.mp.

39 | scoring scheme?.mp.

40 | risk scoring system?.mp.

41 | risk scal$.mp.

42 | risk prediction?.mp.

43 | risk algorith$.mp.

44 | prediction model$.mp.

45 | predictive instrument?.mp.

46 | project$ risk?.mp.

47 | predictive model?.mp.

48 | scoring method$.mp.

49 | (prediction$ adj3 method$).mp.

50 | exp Risk Assessment/

51 | (risk? adjl assess$).mp.

52 | screening.mp.

53 | diagnostic test.mp.

54 | 190r20o0r21or22o0r230r24 or25o0r26or27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35
or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or
52 or 53

55 | 17 and 18 and 54

56 | exp animals/ not humans.sh.

57 | 55 not 56

58 | Remove duplicates from 57

S2.2 Table: scopus

((TITLE-ABS-KEY("Afghanistan”) OR TITLE-ABS-KEY("Benin") OR TITLE-ABS-KEY("Burkina
Faso") OR TITLE-ABS-KEY("Burundi”) OR TITLE-ABS-KEY("Central African Republic") OR TITLE-
ABS-KEY("Chad") OR TITLE-ABS-KEY("Comoros") OR TITLE-ABS-KEY("Democratic Republic of
the Congo") OR TITLE ABSKEY("Eritrea”) OR TITLE-ABS-KEY("Ethiopia”) OR TITLE-ABS-
KEY("Gambia") OR TITLE ABSKEY("Guinea") OR TITLE-ABS-KEY("Guinea-Bissau") OR TITLE-
ABS-KEY("Haiti") OR TITLE ABSKEY("Democratic People's Republic of Korea") OR TITLE-ABS-
KEY("Liberia") OR TITLE ABSKEY("Madagascar") OR TITLE-ABS-KEY("Malawi") OR TITLE-ABS-
KEY("Mali") OR TITLE ABSKEY("Mozambique") OR TITLE-ABS-KEY("Nepal') OR TITLE-ABS-
KEY("Niger") OR TITLE-ABS-KEY("Rwanda") OR TITLE-ABS-KEY("Senegal*) OR TITLE-ABS-
KEY("Sierra Leone") OR TITLE-ABSKEY("Somalia®) OR TITLE-ABS-KEY("South Sudan") OR
TITLE-ABS-KEY("Tanzania") OR TITLE-ABSKEY("Togo") OR TITLE-ABS-KEY("Uganda") OR
TITLE-ABS-KEY("Zimbabwe") OR TITLE-ABS-KEY("Armenia") OR TITLE-ABS-KEY("Bangladesh")
OR TITLE-ABS-KEY("Bhutan") OR TITLE-ABSKEY ("Bolivia") OR TITLE-ABS-KEY("Cape Verde")
OR TITLE-ABS-KEY("Cambodia") OR TITLE-ABSKEY ("Cameroon") OR TITLE-ABS-KEY("Congo")
OR TITLE-ABS-KEY("Cote d'lvoire") OR TITLE-ABSKEY("Djibouti") OR TITLE-ABS-KEY("Bolivia")
OR TITLE-ABS-KEY("Cape Verde") OR TITLE-ABS-KEY("Cambodia”) OR TITLE-ABS-
KEY("Cameroon") OR TITLE-ABS-KEY("Congo") OR TITLE-ABSKEY("Cote d'lvoire”) OR TITLE-
ABS-KEY("Djibouti") OR TITLE-ABS-KEY("Egypt") OR TITLE-ABS-KEY("El Salvador") OR TITLE-
ABS-KEY("Ghana") OR TITLE-ABS-KEY("Guatemala") OR TITLE-ABSKEY("Honduras") OR TITLE-
ABS-KEY("India") OR TITLE-ABS-KEY("Indonesia") OR TITLE-ABSKEY("Kenya") OR TITLE-ABS-
KEY("Micronesia") OR TITLE-ABS-KEY("Kosovo") OR TITLE-ABSKEY ("Kyrgyzstan") OR TITLE-
ABS-KEY("Laos") OR TITLE-ABS-KEY("Lesotho") OR TITLE-ABS-KEY("Mauritania”) OR TITLE-
ABS-KEY("Moldova") OR TITLE-ABS-KEY("Mongolia") OR TITLE-ABSKEY("Morocco") OR TITLE-

12
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ABS-KEY("Myanmar") OR TITLE-ABS-KEY("Nicaragua") OR TITLE-ABS-KEY("Nigeria") OR TITLE-
ABS-KEY("Pakistan") OR TITLE-ABS-KEY ("Papua New Guinea") OR TITLE-ABSKEY ("Philippines")
OR TITLE-ABS-KEY("Samoa”) OR  TITLE-ABS-KEY("Atlantic  Islands”) OR  TITLE-
ABSKEY("Melanesia”) OR TITLE-ABS-KEY("Sri Lanka") OR TITLE-ABS-KEY("Sudan") OR TITLE-
ABSKEY("Swaziland") OR TITLE-ABS-KEY("Syria") OR TITLE-ABS-KEY("Tajikistan") OR TITLE-
ABSKEY ("Timor-Leste”) OR TITLE-ABS-KEY("Tonga") OR TITLE-ABS-KEY("Tunisia") OR TITLE-
ABSKEY ("Ukraine") OR TITLE-ABS-KEY("Uzbekistan") OR TITLE-ABS-KEY("Vanuatu") OR TITLE-
ABSKEY("Vietham") OR TITLE-ABS-KEY("Middle East") OR TITLE-ABS-KEY("Yemen") OR TITLE-
ABS-KEY("Zambia") OR TITLE-ABS-KEY("Albania®) OR TITLE-ABS-KEY("Algeria”) OR TITLE-
ABSKEY ("American Samoa") OR TITLE-ABS-KEY("Angola") OR TITLE-ABS-KEY ("Argentina") OR
TITLE-ABSKEY("Azerbaijan") OR TITLE-ABS-KEY("Republic of Belarus") OR TITLE-ABS-
KEY("Belize") OR TITLE-ABSKEY("Bosnia and Herzegovina") OR TITLE-ABS-KEY ("Botswana") OR
TITLE-ABS-KEY("Brazil") OR TITLEABS-KEY("Bulgaria”) OR TITLE-ABS-KEY("China") OR TITLE-
ABS-KEY("Colombia™) OR TITLE-ABS-KEY("Costa Rica") OR TITLE-ABS-KEY("Cuba") OR TITLE-
ABS-KEY("Dominica") OR TITLE-ABSKEY("Dominican Republic") OR TITLE-ABS-KEY ("Equatorial
Guinea") OR TITLE-ABS-KEY("Ecuador”) OR TITLE-ABS-KEY("Fiji") OR TITLE-ABS-KEY("Gabon")
OR TITLE-ABS-KEY("Georgia") OR TITLE-ABSKEY("Grenada") OR TITLE-ABS-KEY("Guyana")
OR TITLE-ABS-KEY("Iran") OR TITLE-ABS-KEY("Iraq") OR TITLE-ABS-KEY("Jamaica") OR TITLE-
ABS-KEY("Jordan") OR TITLE-ABS-KEY("Kazakhstan") OR TITLEABS-KEY("Lebanon") OR TITLE-
ABS-KEY("Libya") OR TITLE-ABS-KEY("Macedonia (Republic)") OR TITLEABS-KEY("Malaysia")
OR TITLE-ABS-KEY("Indian Ocean Islands") OR TITLE-ABS-KEY("Mexico") OR TITLE-ABS-
KEY("Montenegro") OR TITLE-ABS-KEY("Namibia") OR TITLE-ABS-KEY("Palau") OR TITLEABS-
KEY("Panama”) OR TITLE-ABS-KEY("Paraguay”) OR TITLE-ABS-KEY("Peru”) OR TITLE-
ABSKEY("Russia") OR TITLE-ABS-KEY("Serbia") OR TITLE-ABS-KEY ("South Africa") OR TITLE-
ABS-KEY("Saint Lucia") OR TITLE-ABS-KEY("Saint Vincent and the Grenadines") OR TITLE-ABS-
KEY("Suriname") OR TITLE-ABS-KEY ("Thailand") OR TITLE-ABS-KEY("Turkey") OR TITLE-ABS-
KEY("Turkmenistan”) OR TITLEABS-KEY("Venezuela") OR TITLE-ABS-KEY(developing countr*)
OR TITLE-ABS-KEY (lowincome countr*) OR TITLE-ABS-KEY(middle-income countr*) OR TITLE-
ABS-KEY (low-middle income countr*) OR TITLEABS-KEY (upper-middle income countr*) OR TITLE-
ABS-KEY (“low resource") OR TITLE-ABS-KEY ("underresourced"”) OR TITLE-ABS-KEY("resource
poor") OR TITLE-ABS-KEY("under-developed”) OR TITLE-ABSKEY ("underdeveloped”) OR TITLE-
ABS-KEY("developing world") OR TITLE-ABS-KEY(“third world”) OR TITLE-ABS-KEY(Imic) OR
TITLE-ABS-KEY(low AND middle AND income)) AND (TITLE-ABS-KEY(Risk Assessment) OR
TITLE-ABS-KEY(risk? adjl assess*) OR TITLE-ABS-KEY(risk function) OR TITLE-ABS-KEY(Risk
Assessment) OR TITLE-ABS-KEY(risk functions) OR TITLE-ABS-KEY(risk equation*) OR
TITLEABS-KEY(risk chart?) OR TITLE-ABS-KEY(risk adj3 tool*) OR TITLE-ABS-KEY/(risk
assessment function?) OR TITLE-ABS-KEY/(risk assessor) OR TITLE-ABS-KEY (risk appraisal*) OR
TITLE-ABS-KEY(risk calculation*) OR TITLE-ABS-KEY(risk calculator*) OR TITLE-ABS-KEY/(risk
factor* calculator*) OR TITLEABS-KEY(risk factor* calculation*) OR TITLE-ABS-KEY(risk engine*)
OR TITLE-ABS-KEY(risk equation*) OR TITLE-ABS-KEY(risk table*) OR TITLE-ABS-KEY (risk
threshold*) OR TITLE-ABS-KEY(risk disc?) OR TITLE-ABS-KEY(risk disk?) OR TITLE-ABS-
KEY/((risk scoring method?) OR TITLE-ABS-KEY(scoring scheme?) OR TITLE-ABS-KEY/(risk scoring
system?) OR TITLE-ABS-KEY(risk prediction?) OR TITLE-ABSKEY (risk algorith*) OR TITLE-ABS-
KEY (prediction model*) OR TITLE-ABS-KEY (predictive instrument?) OR TITLE-ABS-KEY (project*
risk?) OR TITLE-ABS-KEY (predictive model?) OR TITLE-ABS-KEY(scoring method*) OR TITLE-
ABS-KEY (prediction* adj3 method*) OR TITLE-ABS-KEY/(screening) OR TITLE-ABSKEY((risk scal*)
OR TITLE-ABS-KEY (diagnostic test)) AND (TITLE-ABS-KEY (chronic renal insufficiency) OR TITLE-
ABS-KEY(chronic kidney disease) OR TITLE-ABS-KEY(chronic kidney failure) OR TITLE-ABS-
KEY(CKD) OR TITLE-ABS-KEY(chronic renal failure) OR TITLE-ABS-KEY(chronic renal disease)
OR TITLE-ABS-KEY (chronic kidney insufficiency) OR TITLE-ABS-KEY (end stage renal disease) OR
TITLE-ABSKEY(ESRD) OR TITLE-ABS-KEY (kidney function) OR TITLE-ABS-KEY(renal function)
OR TITLE-ABSKEY (kidney dysfunction) OR TITLE-ABS-KEY(renal dysfunction) OR TITLE-ABS-
KEY (chronic W/2 kidney W/2 disease) OR TITLE- ABS-KEY(chronic W/2 kidney W/2 failure) AND

NOT DBCOLL(medl))
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S2.3 Table: WEB OF SCIENCE

(((chronic renal insufficiency) OR (chronic kidney disease) OR (chronic kidney failure) OR (CKD) OR
(Renal Insufficiency, Chronic) OR (chronic NEAR/2 kidney NEAR/2 disease) OR (chronic NEAR/2
kidney NEAR/2 failure) OR (chronic renal failure) OR (chronic renal disease) OR (chronic kidney
insufficiency) OR (end stage renal disease) OR (ESRD) OR (kidney function) OR (renal function) OR
(kidney dysfunction) OR (renal dysfunction)) AND (("Afghanistan) OR ("Benin") OR ("Burkina Faso")
OR ("Burundi) OR ("Central African Republic") OR ("Chad") OR ("Comoros"”) OR ("Democratic
Republic of the Congo") OR ("Eritrea”) OR ("Ethiopia™") OR ("Gambia") OR ("Guinea") OR ("Guinea-
Bissau”) OR ("Haiti") OR ("Democratic People's Republic of Korea"™) OR ("Liberia") OR
("Madagascar") OR ("Malawi") OR ("Mali") OR ("Mozambique™ OR ("Nepal") OR ("Niger") OR
("Rwanda") OR ("Senegal") OR ("Sierra Leone") OR ("Somalia") OR ("South Sudan") OR
("Tanzania") OR ("Togo") OR ("Uganda") OR ("Zimbabwe") OR ("Armenia") OR ("Bangladesh") OR
("Bhutan") OR ("Bolivia") OR ("Cape Verde") OR ("Cambodia") OR ("Cameroon™) OR ("Congo") OR
("Cote d'lvoire™) OR ("Djibouti”) OR ("Egypt") OR ("El Salvador") OR ("Ghana") OR ("Guatemala")
OR ("Honduras") OR ("India") OR ("Indonesia") OR ("Kenya") OR ("Micronesia") OR ("Kosovo") OR
("Kyrgyzstan") OR ("Laos") OR ("Lesotho") OR ("Mauritania”) OR ("Moldova") OR ("Mongolia”) OR
("Morocco") OR ("Myanmar") OR ("Nicaragua") OR ("Nigeria") OR ("Pakistan") OR ("Papua New
Guinea") OR ("Philippines") OR ("Samoa") OR ("Atlantic Islands") OR ("Melanesia™") OR ("Sri Lanka")
OR ("Sudan") OR ("Swaziland") OR ("Syria") OR ("Tajikistan") OR ("Timor-Leste") OR ("Tonga") OR
("Tunisia™) OR ("Ukraine") OR ("Uzbekistan") OR ("Vanuatu") OR ("Vietham") OR ("Middle East") OR
("Yemen") OR ("Zambia") OR ("Albania") OR ("Algeria") OR ("American Samoa") OR ("Angola") OR
("Argentina”) OR ("Azerbaijan”) OR ("Republic of Belarus”) OR ("Belize”) OR ("Bosnia and
Herzegovina™) OR ("Botswana") OR ("Brazil") OR ("Bulgaria”) OR ("China") OR ("Colombia") OR
("Costa Rica") OR ("Cuba") OR ("Dominica™) OR ("Dominican Republic") OR ("Equatorial Guinea")
OR ("Ecuador") OR ("Fiji") OR ("Gabon") OR ("Georgia”) OR ("Grenada") OR ("Guyana™) OR ("lran")
OR ("lIrag”) OR ("Jamaica") OR ("Jordan") OR ("Kazakhstan") OR ("Lebanon™) OR ("Libya") OR
("Macedonia (Republic) ") OR ("Malaysia”) OR ("Indian Ocean Islands”) OR ("Mexico") OR
("Montenegro") OR ("Namibia") OR ("Palau") OR ("Panama") OR ("Paraguay"”) OR ("Peru") OR
("Russia) OR ("Serbia”) OR ("South Africa") OR ("Saint Lucia") OR ("Saint Vincent and the
Grenadines”) OR ("Suriname"”) OR ("Thailand”) OR ("Turkey") OR ("Turkmenistan') OR
("Venezuela") OR (developing countr) OR (lowincome countr*) OR (middle-income countr*) OR (low-
middle income countr*) OR (upper-middle income countr*)) AND ((risk assessment) OR (risk
equation$) OR (risk chart?) OR (risk NEAR/3 tool$) OR (risk assessment function?) OR (risk
assessor) OR (risk appraisal$) OR (risk calculation$) OR (risk calculator$) OR (risk factor$
calculation$) OR (risk engine$) OR (risk equation$) OR (risk table$) OR (risk threshold$) OR (risk
disc?) OR (risk disk?) OR (risk scoring method?) OR (scoring scheme?) OR (risk scoring system?)
OR (risk scal$) OR (risk prediction?) OR (risk algorith$) OR (prediction model$) OR (predictive
instrument?) OR (project$ risk?) OR (predictive model?) OR (scoring method$) OR (prediction$
NEAR/3 method$) OR (risk? NEAR/1 assess$) OR (screening) OR (diagnostic test))) NOT ((animal*)
OR ("not humans"))
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37 Bradsha Any individual aged =20 Beddriden individuals, ;
38 w, 2019 [ Cross- |Communit| 2010- years and permanently pregnant women, i}
39 2 - Model | sectional y 2012 n/a | Random residingin at Delhi participants with missing 3 NI NI 47.20 38.00
40 IU_NI_I'
41 r
42 > 18
ji For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
45



http://bmjopen.bmj.com/

oNOYTULT D WN =

T &
BMJ Open s g Page 46 of 94
g %
a 3
SR
- o
> R
3a (CARRS-I). A permanent both or either serumz- P
(CARRS resident was defined as a | creatinine or urine alburgin-$
-l urban person living in the to- creatinine ratio datagnd[;’
validatio selected household, was participants on dialysig.
n) related to the household S 0
head and ate at least 3 S =z
meals in a week with the S 3
family. Households were 27T
defined as “a group of %g E§
people wholive together, °S T
usually pool their income e3Y
and eat atleast one meal R
together a day when they 263
are at home. This does g:égL
not include people who i< X
have 3" F
migratedpermanently or = 3
are considered visitors” e F
Participants with missigg %
both or either serumg ~ §
UDAY cohort participants | creatinine or urine albu@in—g;'
Bradsha ((a) adults aged =30 years| to- creatinine ratio date, @
w, 2019 residing in the sampled unwilling to provide2 &
- Model urban and rural areas of informed consent, witf 3.
3a Sonipat and Vizag, serious chronic illnessgs
(UDAY respectively; and (b) [such as that of the livgr 3
rural willing to participate and | (cirrhosis), kidneys (repal
validatio | Cross- |Communit provide informed failure) or malignancies], =
n) sectional y 2014 n/a | Random consent). and pregnant womerg & NI NI 47.20 38.00
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21 Asgari, 2020 é S
22 European Risk 2 B
23 Assessment tool = B
24 (9-years CKD CKD was defined as eGFR < 60 mL/min/1.73 m2, provided e p
25 1 validation) composite by the Modification of Diet in Renal Disease (MDRD). Yes % ér NI No 9.2
26 Bradshaw, 2019 o
57 - Model 1 CKD CKD was defined as an eGFR rate <60 mL/min/1.73 m2 3 2
28 2 (derivation) composite (estimated by the CKD-EPI equation) or UACR 230 mg/g Yes o = NI No 0
29 Bradshaw, 2019 § =
30 - Model 2 CKD CKD was defined as an eGFR rate <60 mL/min/1.73 m2 S =
31 2 (derivation) composite (estimated by the CKD-EPI equation) or UACR =30 mg/g Yes 2 T NI No 0
3 Bradshaw, 2019 a P
33 - Model 3a CKD CKD was defined as an eGFR rate <60 mL/min/1.73 m2 3 §
34 2 (derivation) composite (estimated by the CKD-EPI equation) or UACR 230 mg/g Yes b NI No 0
Bradshaw, 2019 -
35 - Model 3b CKD CKD was defined as an eGFR rate <60 mL/min/1.73 m2 E
36 2 (derivation) composite (estimated by the CKD-EPI equation) or UACR 230 mg/g Yes p NI No 0
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(UDAY rural CKD CKD was defined as an eGFR rate <60 mL/min/1.73 m2 & o
validation) composite (estimated by the CKD-EPI equation) or UACR =30 mg/g Yes @ E NI No

Carrillo-Larco, I

2017 - % o L

CRONICAS- CKD defined as an eGFR <60 mL/min/1.73m2, using the 23B

CKD (derivation CKD MDRD (Modification of Diet in Renal Disease) formula, also °G P
complete) composite known as CKD stage Il Yes 83F VYes No

Carrillo-Larco, pof

2017 - asp

CRONICAS- CKD defined as an eGFR <60 mL/min/1.73m2, using the §8 =

CKD (derivation CKD MDRD (Modification of Diet in Renal Disease) formula, also (O oy
lab-free) composite known as CKD stage Il Yes E 5 Yes No

Carrillo-Larco, g i

2017 - > E

CRONICAS- CKD defined as an eGFR <60 mL/min/1.73m2, using the = §

CKD (validation CKD MDRD (Modification of Diet in Renal Disease) formula, also ) B
complete) composite known as CKD stage Il Yes 2 P Yes No

Carrillo-Larco, e p

2017 - 5 =

CRONICAS- CKD defined as an eGFR <60 mL/min/1.73m2, using the o T

CKD (validation CKD MDRD (Modification of Diet in Renal Disease) formula, also 3 g
lab-free) composite known as CKD stage Il Yes » [ Yes No

Mogueo, 2015 - = B

Korean model s B

(eGFR CKD eGFR <60 ml/min/1.73 m2 based on the 4-variable e T
validation) composite Modification of Diet in Renal Disease (MDRD) formula Yes & f NI No

Mogueo, 2015 - o §

Thai model B 3

(eGFR CKD eGFR <60 ml/min/1.73 m2 based on the 4-variable =
validation) composite Modification of Diet in Renal Disease (MDRD) formula Yes 5 NI No

eGFR <60 ml/min/1.73 m2 based on the 4-variable 3

Mogueo, 2015 - Modification of Diet in Renal Disease (MDRD) formula and 5

Korean model CKD ‘any nephropathy’ including any of the stages | to V of the 5
(eGFR or composite Kidney Disease: Improving Global Outcomes Chronic Yes H NI No
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(eGFR or ‘any nephropathy’ including any of the stages | to V of the & o
proteinuria CKD Kidney Disease: Improving Global Outcomes Chronic > E
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Saranburut, 2o P
n N
2017 - 238
Framingham °G P
Heart Study CKD was defined as estimate glomerular filtration rate gg s
(MDRD CKD (eGFR) <60 mL/min/1.73 m2 using the Modification of Diet gf{; §
validation) composite in Renal Disease (MDRD) Yes aop NI No 10
Saranburut, 2SR
2017 - (O oy
Framingham g b5
Heart Study 5 i
(CKD-EPI CKD CKD defined as (eGFR) <60 mL/min/1.73 m2 using the (i E
validation) composite CKD-EPI equation. Yes = E NI No 10
Preserved GFR (eGFR =60) at baseline and subsequently D :3)
developed decreased GFR (eGFR < 60 mL/min/1.73m2) at = B
the 10 year follow-up calculated according to two-level race e p
Saranburut, variable Chronic Kidney Disease—Epidemiology S F
2017 - Model 1 Collaboration (CKDEPI) equation using the non-black 3 E
(derivation CKD coefficient. The outcome is a modification from the KDIGO 3 B
Clinical only) composite definition of CKD stage 3-5 Yes 5 B NI No 10
Preserved GFR (eGFR =60) at baseline and subsequently g b
developed decreased GFR (eGFR < 60 mL/min/1.73m2) at S =
the 10 year follow-up calculated according to two-level race 3 T
Saranburut, variable Chronic Kidney Disease—Epidemiology S p
2017 - Model 1 Collaboration (CKDEPI) equation using the non-black o B
BMI (derivation CKD coefficient. The outcome is a modification from the KDIGO TR
Clinical only) composite definition of CKD stage 3-5 Yes 2 NI No 10
Saranburut, Preserved GFR (eGFR =60) at baseline and subsequently B
2017 - Model 2 developed decreased GFR (eGFR < 60 mL/min/1.73m2) at i
(derivation the 10 year follow-up calculated according to two-level race 5
Clinical + Limited CKD variable Chronic Kidney Disease—Epidemiology o
laboratory tests) composite Collaboration (CKDEPI) equation using the non-black Yes D NI No 10
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Saranburut, the 10 year follow-up calculated according to two-level race S
2017 - Model 3 variable Chronic Kidney Disease—Epidemiology ?
(derivation Collaboration (CKDEPI) equation using the non-black o m
Clinical + Full CKD coefficient. The outcome is a modification from the KDIGO 5o
laboratory tests) composite definition of CKD stage 3-5 Yes 23 NI No 10
Preserved GFR (eGFR 260) at baseline and subsequently °G P
developed decreased GFR (eGFR < 60 mL/min/1.73m?2) at R3F
the 10 year follow-up calculated according to two-level race gf{; =
Saranburut, variable Chronic Kidney Disease—Epidemiology a9 g
2017 - Model 1 Collaboration (CKDEPI) equation using the non-black gg 2
(validation CKD coefficient. The outcome is a modification from the KDIGO (O oy
Clinical only) composite definition of CKD stage 3-5 Yes g 5 NI No 5
Preserved GFR (eGFR 260) at baseline and subsequently g i
developed decreased GFR (eGFR < 60 mL/min/1.73m2) at > B
Saranburut, the 10 year follow-up calculated according to two-level race = B
2017 - Model 2 variable Chronic Kidney Disease—Epidemiology 5 B
(validation Collaboration (CKDEPI) equation using the non-black = B
Clinical + Limited CKD coefficient. The outcome is a modification from the KDIGO e p
laboratory tests) composite definition of CKD stage 3-5 Yes 8§ & NI No 5
CKD was defined as stage | & Il if GFR 2 90 and GFR 60- o E
89 ml/min/1.73 m2 with haematuria and/or albumin- 3 3
creatinine ratio 30 mg/g or greater, stage lll, IV, and V if the ) 5
GFR of 30-59, 15-29, and < 15 ml/min/1.73 m2 = B
respectively, regardless of kidney damage. eGFR was = =
Thakkinstian, CKD calculated using the MDRD equation for IDMS traceable a IR
2011 (derivation) | composite serum creatinine values. Yes & p NI No 0
Wen, 2020 - o B
Simple Risk CKD was defined as an eGFR rate <60 mL/min/1.73 m2 TR
Score CKD ((assessed by the modified Chinese MDRD equation) or =
(derivation) composite UACR 230 mg/g Yes Y NI No 5.6
Wen, 2020 - 3
Best-fit Risk CKD was defined as an eGFR rate <60 mL/min/1.73 m2 5
Score CKD ((assessed by the modified Chinese MDRD equation) or o
(derivation) composite UACR 230 mg/g Yes D NI No 5.6
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Wu, 2016 CKD Reduced eGFR was defined as eGFR<60 mL/min/1.73 m2 = 3
9 (derivation) composite using the CKD-EPI equation. Yes g— R NI No 0
Wu, 2016 CKD Reduced eGFR was defined as eGFR<60 mL/min/1.73 m2 e N
9 (validation) composite using the CKD-EPI equation. Yes 2 B NI No 0
CKD, chronic kidney disease; CKD-EPI, chronic kidney disease epidemiology collaboration; eGFR, estimated glomerular filtration rate; GFR, glgmergjlar filtration rate; KDIGO, MDRD, modification

of diet renal disease; n/a, not applicable; NI, no information; UACR, urinary albumin-to-creatinine ratio.
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N Study : : ctors ; Predictors definition g < Predictors ascertainment .
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pre final =]
dict mod G589
ors el 83 o
Age (<45, 245 to <50, 250 to <55, 2557 - =
to <60, 260 to <65, 265 to <70, 270 toF S
<75, 275 to <85); Body mass index d =
(<25, 225 to <30, 230); Waist 3 ©
circumference [<94, 294 to <102, 4 3=
2102 (for men) and <80, 280 to <88, 5§ 3,
Age; BMI (body mass 288 (for women)]; use of I 3
; ; A ; ; At e q o
Asgari, index); waist antihypertensive medications; curren 3
2020 circumference; use of  [smoking (‘who smokes cigarettes dailyg g
European antihypertensives; current or occasionally’); family history of « 3
Risk smoking, parent and/or | cardiovascular disease (CVD) and/or3 Blgl was calculated as weight
Assessme sibling with myocardial diabetes (previously diagnosed CVD & (kg) divided by height (m2).
nt tool (6- infarction or stroke; parent in first-degree male and female § Pata collected by trained
years and/or sibling with relatives aged < 55 and < 65 years, 3 ir‘&rviewer using a standard
1 | validation) n/a 18 NI diabetes. respectively) 9 = questionnaire n/a
Age; BMI (body mass | Age (<45, 245 to <50, 250 to <55, 255 I
Asgari, index); waist to <60, 260 to <65, 265 to <70, 270 tof S
2020 circumference; use of <75, 275 to <85); Body mass index g‘
European antihypertensives; current (<25, 225 to <30, 230); Waist =
Risk smoking, parent and/or circumference [<94, 294 to <102, BI@ was calculated as weight
Assessme sibling with myocardial 2102 (for men) and <80, 280 to <88, | (k) divided by height (m2).
nt tool (9- infarction or stroke; parent =88 (for women)]; use of Bata collected by trained
years and/or sibling with antihypertensive medications; current inierviewer using a standard
1 | validation) n/a 18 NI diabetes. smoking (‘who smokes cigarettes daily| © guestionnaire n/a
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3 3 the
3 i predictor's
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2 2 distribution,
g 3 categorical
3 <o variables
Bradshaw, g 3 were
2019 - g o summarized
Model 1 g 3 using
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) 30 NI NI NI NI = 3 NI and counts.
4 S All
g = continuous
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10 ERIN using
11 423 percentages
12 gcnN and counts.
13 Bradshaw, g3y
14 2019 - e
15 Model 3a = 5
16 (CARRS-I g.g 8
17 urban E - 2
18 validation) n/a NI NI NI NI 3 3 NI n/a
Bradshaw EE
19 ! = >
2019 - 9 =
20 ¥ O
21 Model 3a I =
2 (UDAY g 3
23 rural E| g
24 validation) n/a NI NI NI NI q o NI n/a
g o Age (information was
25 d 3 ;
2% 4 <= collected by trained
- 3 figddworkers through face-to-
> ;‘fa(% interviews), hypertension
8 4 S (blood pressure
29 g9 < measurements were
30 Carrillo- Age (< 50, 50-69, = 70 years), E cenducted according to the
31 Larco, hypertension (blood pressure = 140/9(F résommendations of the 7th
32 2017 - mmHg OR previous diagnosis of g Jaint National Committee on
33 CRONICA hypertension and currently under | 3 the diagnosis and
34 S-CKD treatment) and anemia (haemoglobin | nganagement of High Blood
35 (derivation Age; hypertension; <13 g/dL if male and < 12 g/dL if  |Pr&ssure in adults (JNC-7), NI
36 complete) 36 7 NI anemia. female). S on anemia. NI
37 Carrillo- Age (< 50, 50-69, = 70 years), g*Age (information was
38 Larco, hypertension (blood pressure 2 140/90| @ collected by trained
39 2017 - 26 5 NI Age; hypertension. mmHg OR previous diagnosis of fi(—f,:l‘,dworkers through face-to- NI
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42 > 34
ji For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
45



http://bmjopen.bmj.com/

oNOYTULT D WN =

Page 62 of 94

g &
BMJ Open s S
o =.
g 3
g g
SR
5 B
CRONICA hypertension and currently under Efacﬁg interviews), hypertension
S-CKD treatment). S g (blood pressure
(derivation § R measurements were
lab-free) 9 cgnducted according to the
g regommendations of the 7th
@ Jeit National Committee on
d 5 thediagnosis and
% gmanagement of High Blood
gq Igressure in adults (JNC-7), NI
3 g N on anemia.
9 3 3 & Age (information was
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g digidworkers through face-to-
g@;’;e interviews), hypertension
g =2 (blood pressure
3 S measurements were
Carrillo- Age (<50, 50-69, 2 70 years), I c%nducted according to the
Larco, hypertension (blood pressure = 140/9¢ rer:ommendatlons of the 7th
2017 - mmHg OR previous diagnosis of E J@\mt National Committee on
CRONICA hypertension and currently under g g the diagnosis and
S-CKD treatment) and anemia (haemoglobin3 rmnagement of High Blood
(validation Age; hypertension; <13 g/dL if male and < 12 g/dL if & Pressure in adults (JNC-7), NI
complete) n/a NI anemia. female). o ;-; on anemia. n/a
5 2 Age (information was
3 8 collected by trained
5 fisldworkers through face-to-
+fa® interviews), hypertension
9 = (blood pressure
3 2 measurements were
Carrillo- g danducted according to the
Larco, ad regcommendations of the 7th
2017 - Age (< 50, 50-69, = 70 years), g Jont National Committee on
CRONICA hypertension (blood pressure = 140/90| 2 the diagnosis and
S-CKD mmHg OR previous diagnosis of nagement of High Blood
(validation hypertension and currently under  |Pr@ssure in adults (JNC-7), NI
lab-free) n/a NI Age; hypertension. treatment). = on anemia. n/a
Mogueo, Age; sex; diabetes Age (50-59, 60-69, =70); Female §Participants received a
2015 - n/a NI mellitus; hypertension; use gender; Hypertension (history of s@\ndardized interview (Age NI
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=
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3 Korean of statins; proteinuria illness, taking antihyper-tensive & 'gand sex) and physical
4 model drug(s) or had systolic blood pressureS  gxamination during which
5 (eGFR >140 mmHg or diastolicblood pressuredblddd pressure was measured
6 validation) >90 mmHg); Diabetes (history of J acgording to the World Health
7 illness, taking oral g & Organisation (WHO)
8 hypoglycaemicagents or fasting § uidelines using a semi-
9 plasma glucose levels2126 mg/dL); g m %’automated digital blood
10 Use of statins; Proteinuria & gpressure monitor (Rossmax
11 3 P& USA) on the right arm in
12 95 ™ the sitting position.
13 & Bagticipants with no history of
14 o @doctor diagnosed diabetes
15 d@dlitus underwent a 75 g oral
16 go 8 glucose tolerance test
17 § {OGTT) as recommended by
18 3 S the WHO
19 E| iPartici_pant_s received a
20 “; sandardized interview (Age)
2 3 and physical examination
2 g d&ing which blood pressure
23 g v@is measured accordl_ng t_o
2 dthesWorld Health Organisation

= HO) guidelines using a
2> S sefni-automated digital blood
26 é pgssure monitor (Rossmax
27 Age (<40, 40-59, 60-69, >70); I P&, USA) on the right arm in
28 Hypertension (history of iliness, taking] g the sitting position.
29 Mogueo, antihyper-tensive drug(s) or had 4 Paticipants with no history of
30 2015 - systolic blood pressure 2140 mmHg og dbctor diagnosed diabetes
31 Thai diastolicblood pressure 290 mmHg); g méfitus underwent a 75 g oral
32 model Diabetes (history of illness, taking orak{ ~Bglucose tolerance test
33 (eGFR Age; diabetes mellitus; hypoglycaemicagents or fasting (O¢>TT) as recommended by
34 validation) n/a 8 NI hypertension plasma glucose levels=126 mg/dL) ] the WHO NI
35 Mogueo, Age (50-59, 60-69, =70); Female SParticipants received a
36 2015 - gender; Hypertension (history of standardized interview (Age
37 Korean Age; sex; diabetes illness, taking antihyper-tensive gand sex) and physical
38 model mellitus; hypertension; use | drug(s) or had systolic blood pressure gxamination during which
39 (eGFR or n/a 8 NI of statins; proteinuria  [2140 mmHg or diastolicblood pressure |blopd pressure was measured NI
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41 ~
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3 Yalucose tolerance test
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articipants received a
andardized interview (Age)
and physical examination
t?’rmg which blood pressure
w:as measured according to
th&WorId Health Organisation
@VHO) guidelines using a
sam automated digital blood
peessure monitor (Rossmax
P, USA) on the right arm in

3. the sitting position.
P@thlpants with no history of
¢ dbctor diagnosed diabetes
méllitus underwent a 75 g oral
=zglucose tolerance test
((QSTT) as recommended by

o the WHO

NI

Saranburu
t, 2017 -
Framingh
am Heart

Study
(MDRD
validation)

n/a

NI

Diabetes mellitus;
hypertension; eGFR
category

Diabetes mellitus (yes); hypertension
(yes); eGFR category (60-74, 75-89,

‘salffojoulfya

90-119)

Hypertension was defined as
sytolic blood pressure = 140
gnmHg or diastolic blood
pkessure = 90 mmHg or use
of oral antihypertensive
mgdlcatlon Diabetes mellitus
avas defined as a fasting
glg;cose of 2126 mg/dl or use

n/a
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3 g gbmedications. eGFR was
4 S % estimated using the
5 g Mydification of Diet in Renal
6 d [Msease (MDRD) equation.
7 9 SAge was obtained by a
8 @ survey. Hypertension was
9 @ _ Hefined as systolic blood
10 % ressure = 140 mmHg or
11 E-gi%stolic blood pressure 2 90
12 9% ™ mmHg or use of oral
13 9 grgihypertensive medication.
14 Saranburu o ﬁ@betes mellitus was defined
15 t, 2017 - d casa fasting glucose of 2126
16 Framingh Age (30-34, 35-39, 40-44, 45-49, 50- g- g@/dl or use of medications.
17 am Heart 54, 55-59, 60-64, 65-69, 70-74, 75- 79& E&SFR was estimated using
18 Study Age; diabetes mellitus; 80-85); diabetes mellitus (yes); 3 tt@ chronic kidney disease—
19 (CKD-EPI hypertension; eGFR hypertension (yes); eGFR category 5 idemiology collaboration
20 validation) n/a 16 NI category (60-74, 75-89, 90-119) S = (CKD-EPI) equation n/a
21 3 :Age (health survey), sex
2 | (h§alth survey). Hypertension
23 3 was defined as systolic blood
24 d ‘pressure = 140 mmHg or
25 2 digstolic blood pressure = 90

5 2 mmHg or use of oral
26 3 adihypertensive medication.
27 Age (<45, 45-54, 55-59, 255); Sex 3fDiabetes mellitus was defined
28 Saranburu (male, female); Waist circumference E a$§ a fasting glucose of 2126
29 t, 2017 - (=80 for male or <90 for male, >80 ford ng/dl or a positive history of
30 Model 1 Age; sex; systolic blood female or >90 for male); Diabetes ZJdiabetes. Waist circumference
31 (derivation pressure; waist (yes, no); Systolic blood pressure g tvas measured midway
32 Clinical circumference; diabetes (<120, 120-129, 130-139, 140-149, o between the lowest ribs and
33 only) 15 15 NI mellitus 150-159, 2160) ' X theiliac crest. NI
34 s\ge (health survey), sex
35 Saranburu Age (<45, 45-54, 55-59, 235); Sex | (hgalth survey). Hypertension
36 t, 2017 - (male, female); BMI (<25, 225); wgs defined as systolic blood
37 Model 1 Age; sex; systolic blood Diabetes (yes, no); Systolic blood gressure = 140 mmHg or
38 BMI pressure; body mass index| pressure (<120, 120-129, 130-139, digstolic blood pressure = 90
39 (derivation 15 15 NI (BMI); diabetes mellitus 140-149, 150-159, 2160) — mmHg or use of oral NI
40 m
41 ~
42 > 38
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afa fasting glucose of 2126
nig/dl or a positive history of
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was defined as weight in
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Age; sex; systolic blood
pressure; diabetes
mellitus; glomerular

filtration rate at baseline

Age (<45, 45-54, 55-59, =255); Sex
(male, female); Diabetes (yes, no);

Systolic blood pressure (<120, 120-
129, 130-139, 140-149, 150-159,
=2160); eGFR (=90, 75-89, 60-74)
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-2 Age (health survey), sex
fhealth survey). Hypertension
®&S defined as systolic blood
‘® Bressure = 140 mmHg or
| diastolic blood pressure = 90

SO
© 2 mmHg or use of oral

%l%ihypertensive medication.
.Digbetes mellitus was defined
: aga fasting glucose of 2126
/dl or a positive history of
liabetes. Serum creatinine
~ (§Cr) was measured by the
.engymatic assay on the Vitros
3B0 analyzer (Ortho-Clinical
i)iagnostics, USA) using
IBMS-Standard Reference
Material (SRM) 967 as the
‘stahdard. Estimate glomerular
fltration rate (eGFR) was
| caculated according to two-
iBvel race variable Chronic
% Kidney Disease—
: E]gidemiology Collaboration
N (CKDEPI) equation

NI

Saranburu
t, 2017 -
Model 3

(derivation
Clinical +

Full

22

20

NI

Age; sex; systolic blood
pressure; diabetes
mellitus; glomerular

filtration rate at baseline;

uric acid; hemoglobin

Age (<45, 45-54, 55-59, 255); Sex
(male, female); Diabetes (yes, no);
Systolic blood pressure (<120, 120-
129, 130-139, 140-149, 150-159,
2160); eGFR (=90, 75-89, 60-74); Uric

gAge (health survey), sex
(hgalth survey). Hypertension
wgs defined as systolic blood

ressure 2 140 mmHg or
digstolic blood pressure = 90
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~ mmHg or use of oral
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3 laboratory for female or <7 for male); Hemoglobirg arfgihypertensive medication.
4 tests) (<12 for female or <13 for male, 212 SDighetes mellitus was defined
> for female or 213 for male) g afa fasting glucose of 2126
6 d' ngy/dl or a positive history of
7 g diabetes. Serum creatinine
8 d (s£r) was measured by the
9 g enZymatic assay on the Vitros
10 % 550 analyzer (Ortho-Clinical
11 5 £ diagnostics, USA) using
12 E SIDMS-Standard Reference
13 % 3aterial (SRM) 967 as the
14 o §andard. Estimate glomerular
15 E.?’%fﬂtration rate (eGFR) was
16 g cc%culated according to two-
17 sf =level race variable Chronic
18 3 oS Kidney Disease-
19 I BEpidemiology Collaboration
20 9 (GKDEPI) equation. There is

2t nadinformation about uric acid
21 ghedn !
2 d I and hemoglobin
23 g g\ge (health survey), sex
2 g (hgalth survey). Hypertension

2 was defined as systolic blood
2> S Bressure = 140 mmHg or
26 é digstolic blood pressure = 90
27 5 3 mmHg or use of oral
28 1 agihypertensive medication.
29 Age (<45, 45-54, 55-59, 255); Sex & Diabetes mellitus was defined
30 Saranburu (male, female); Waist circumference 3 a€a fasting glucose of 2126
31 t, 2017 - (<80 for male or <90 for male, >80 forg nig/dl or a positive history of
32 Model 1 Age; sex; systolic blood female or >90 for male); Diabetes a-diégetes. Waist circumference
33 (validation pressure; waist (yes, no); Systolic blood pressure as measured midway
34 Clinical circumference; diabetes (<120, 120-129, 130-139, 140-149, | between the lowest ribs and
35 6 only) n/a 15 NI mellitus 150-159, 2160) g the iliac crest. n/a
36 Saranburu Age; sex; systolic blood Age (<45, 45-54, 55-59, 255); Sex RAge (health survey), sex
37 t, 2017 - pressure; diabetes (male, female); Diabetes (yes, no); (hgalth survey). Hypertension
38 Model 2 mellitus; glomerular Systolic blood pressure (<120, 120- wé&s defined as systolic blood
39 6 | (validation n/a 16 NI filtration rate at baseline 129, 130-139, 140-149, 150-159, pressure = 140 mmHg or n/a
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Clinical + 2160); eGFR (290, 75-89, 60-74) &
Limited S % mmHg or use of oral
laboratory t§ amihypertensive medication.
tests) dDigvetes mellitus was defined
g aga fasting glucose of 2126
d mg/dl or a positive history of
g Ghabetes. Serum creatinine
% ;nls(:r) was measured by the
c-@w'\’ matic assay on the Vitros
g 2350 analyzer (Ortho-Clinical
% 3 Diagnostics, USA) using
o ©IBMS-Standard Reference
3 S aterial (SRM) 967 as the
etdhdard. Estimate glomerular
o _—ﬁltration rate (eGFR) was
g. caculated according to two-
3 level race variable Chronic
9 2 Kidney Disease—
2 Epidemiology Collaboration
J S (CKDEPI) equation
3 oAge (survey), diabetes
Age (<40, 40-59, 60-69, 270); & istory of illness, relevant
Hypertension (taking antihyper-tensiveyy mgdicines used or laboratory
drug(s) or had systolic blood pressurej- tedts/physical examinations),
2140 mmHg or diastolicblood pressuref  dhypertension (history of
290 mmHg); Diabetes (taking oral 3 ifhess, relevant medicines
Thakkinsti hypoglycaemicagents or fasting E S used or laboratory
an, 2011 Age; history of kidney plasma glucose levels 2126 mg/dL); 4 tegts/physical examinations),
(derivation stones; diabetes mellitus; | History of kidney stone was measurecg afid history of kidney stones
) 37 10 NI hypertension by self-reporting kidney stone  d self-reported in survey). NI
Waist circumference [<80/<75, 80- g Duging medical examinations,
Wen, 84.9/75-79.9, 85-89.9/80-84.9, 90- | participants took two blood
2020 - 94.9/85-89.9, 295/=90 (for Pressure measurements
Simple male/female)]; systolic blood pressure | 9 using a non-invasive
Risk (<120, 120-139, 140-159, >160); sex | &utomatic HEM-907 blood
Score Waist circumference; (male, female); education (illiterate, ressure monitor after 5
(derivation Time- systolic blood pressure; | primary school and above); diabetes migutes of rest. Systolic blood
) NI 15 varying sex; education; diabetes (no or yes) pr%ssure was identified as the NI
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3 g 'gaverage values of two
4 < inflependent measurements;
5 g D[¥betes was defined as: (1)
6 d FEG 27.0 mmol/L, or (2) self-
7 9 = reported diagnosis of
8 & %abetes or (3) the use of
9 d ., Bntidiabetic medications;
10 E QJAe:cordmg to the number of
11 d $d3rs of education, they were
12 g & Nlivided into four groups
13 0 g IBterate for O years, primary
14 of Gsghool for 1-6 years, junior
15 =l ng school for 7—9years, and
16 & © senior high school for 210
17 § years) Sex was self-reported;
18 3 Jnformation about waist
19 E ! icircumference was no
20 9 5; available
2 2 Z Urinary albumin and
2 o @eatmme were measured
23 g frCE‘n fresh morning spot urine
2 g <samp|es During medical

g @(amlnanons participants
25 5 Jook two blood pressure
26 el nf@asurements using a non-
27 & ingasive automatic HEM-907
28 1bld®d pressure monitor after 5
29 d migutes of rest. Systolic blood
30 3 pré’ssure was identified as the
31 g taverage values of two
32 a m%ependent measurements;
33 Urinary Albumin-to-creatinine ratio Dpgbetes was defined as: (1)
34 Wen, (<5.0, 5.0-10.0, >10.0); systolic blood | FEG =7.0 mmol/L, or (2) self-
35 2020 - pressure (<120, 120-139, 140-159, O reported diagnosis of
36 Best-fit Urinary Albumin-to- >160); C-reactive protein (<1.0, 1-3, éiabetes, or (3) the use of
37 Risk creatinine ratio; systolic >3.0); triglycerides (<1.0, 1.0-1.7, éntidiabetic medications;
38 Score blood pressure; C-reactive | >1.7); sex (male, female); education cording to the number of
39 (derivation Time- protein; triglycerides; sex; | (illiterate, primary school and above); years of education, they were
40 ) NI 19 varying education; diabetes diabetes (no or yes) %Nlded into four groups NI
41 r
42 = 42
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(|I54erate for O years, primary
- sghool for 1-6 years, junior
h@h school for 7-9years, and
&enior high school for 210
yegys); Sex was self-reported;

dnformation about waist
%ircumference C-reactive
ratein and triglycerides were
S no available

3
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Age (< 40, 41-50, 51-60, 61-70,
>71), gender (male, female) and bod

nusm

(,Avge (self-reported), gender
% Self-reported) and body mass

uuﬁu elep pue 1%)1 0] palejal sasn 10 6umnl’)u! ‘“1ybuAdoo Aq |

Wu, 2016 mass index (BMI) status (normal, ‘@@x (BMI) status (calculated
(derivation Age, gender and body overweight: 23-24.9 kg/m2, obesity: 4 darom participant’s measured
) NI 10 Baseline | mass index (BMI) status. 225 kg/m2). = %ody weight and height). NI
Age (<40, 41 - 50, 51 - 60, 61 - 70, A@e (self-reported), gender
71+), gender (male, female) and body= (s@f reported) and body mass
Wu, 2016 mass index (BMI) status (normal, mc?ex (BMI) status (calculated
(validation Age, gender and body overweight: 23-24.9 kg/m2, obeS|ty frBm participant’s measured
) n/a 10 Baseline | mass index (BMI) status. 225 kg/m?2). - iody weight and height). n/a
5 3
ER)
S5 T
Q@ o
5 o
2 3
2 5
3 o
5 32
= S
e =
2
S ©
3 S
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S3.4 Table: sample size and missing data c g
S 8
Q R
Sample Size g] o Missing Data
Total 9 & Missing
0]
Baselin | Number | outcome? 3 Number of data per
e of events 2ma. . participant | .- h idat
N° Study ol ﬂl%ssmg data s with
sample | outcome per o8N - e
: ; SIS missing .
size events | candidates3 predictor
. olEN data
predictors—+ % _ S
1 Asgari, 2020 European Risk Assessment tool (6-years validation) 3270 722 nfa_ X&&mplete-case 2817 n/a
192
1 Asgari, 2020 European Risk Assessment tool (9-years validation) 3240 1359 n/a § €amplete-case 2847 n/a
2 Bradshaw, 2019 - Model 1 (derivation) 8698 947 31,57 9 ﬁ&nplete-case 896 29,87
2 Bradshaw, 2019 - Model 2 (derivation) 8698 947 41,17 g CTémplete-case 896 38,96
2 Bradshaw, 2019 - Model 3a (derivation) 8698 947 NI 5 Cémplete-case 896 NI
2 Bradshaw, 2019 - Model 3b (derivation) 8698 947 118,38 2| Camplete-case 896 112,00
2 Bradshaw, 2019 - Model 3a (CARRS-I urban validation) 4065 NI n/a 3 Complete-case 1300 n/a
2 Bradshaw, 2019 - Model 3a (UDAY rural validation) 4940 NI n/a 5| Cgmplete-case 1233 n/a
3 Carrillo-Larco, 2017 - CRONICAS-CKD (derivation complete) 2368 81 225 S C‘é"nplete-case 235 6,53
3 Carrillo-Larco, 2017 - CRONICAS-CKD (derivation lab-free) 2368 81 312 «© C&mplete-case 235 9,04
3 Carrillo-Larco, 2017 - CRONICAS-CKD (validation complete) 1459 79 n/a 5| Camplete-case 79 n/a
3 Carrillo-Larco, 2017 - CRONICAS-CKD (validation lab-free) 1459 79 n/a o Camplete-case 79 n/a
4 Mogueo, 2015 - Korean model (eGFR validation) 902 259 nla 3] C%nplete-case 383 n/a
4 Mogueo, 2015 - Thai model (eGFR validation) 902 259 n/a E Complete-case 383 n/a
4 Mogueo, 2015 - Korean model (eGFR or proteinuria validation) 902 268 n/a 3 Cemplete-case 383 n/a
4 Mogueo, 2015 - Thai model (eGFR or proteinuria validation) 902 268 na 3 Cgmplete-case 383 n/a
5 Saranburut, 2017 - Framingham Heart Study (MDRD validation) 2141 222 nla & Cémplete-case NI n/a
5 Saranburut, 2017 - Framingham Heart Study (CKD-EPI validation) 2328 233 nla Q C@t’mplete-case NI n/a
6 Saranburut, 2017 - Model 1 (derivation Clinical only) 3186 271 18,07 C{mplete-case NI NI
6 Saranburut, 2017 - Model 1 BMI (derivation Clinical only) 3186 271 18,07 Cé}nplete-case NI NI
Saranburut, 2017 - Model 2 (derivation Clinical + Limited laboratory 16.94 {-:
6 tests) 3186 271 ' Camplete-case NI NI
6 Saranburut, 2017 - Model 3 (derivation Clinical + Full laboratory tests) 3186 271 12,32 Cémplete-case NI NI
6 Saranburut, 2017 - Model 1 (validation Clinical only) 1395 27 n/a Complete-case NI NI
N
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N 44

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

-Tzoz-uadolwa/og

D,

Saranburut, 2017 - Model 2 (validation Clinical + Limited laboratory n/a 2
6 tests) 1395 27 C@nplete-case NI NI
7 Thakkinstian, 2011 (derivation) 3459 626 16,92 R NI NI NI
8 Wen, 2020 - Simple Risk Score (derivation) 3266 590 NI Cgmplete-case 992 NI
8 Wen, 2020 - Best-fit Risk Score (derivation) 3266 590 NI Cg'_‘mplete-case 992 NI
9 Wu, 2016 (derivation) 14374 294 NI Ccfmplete-case 3135 NI
9 Wu, 2016 (validation) 4371 48 n/a @&mplete-case 911 n/a
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3 S3.5 Table: Model development = 9
4 o &
5 GRS
6 Model Development & o
; If the B G
9 Were the prediction P § Was a
. . modelwasa £ m&h . shrinkag
10 R Regressio model Predictors oo D ere were pre-selection,
N Study . : replication, ®&'n . e
11 n method | assumptions selection ; 0 & S describe the method
o which was the £330 method
12 verified? L SE=ENI
original =29 used?
13 model? S 2
14 Asgari, 2020 European Risk 5 § =1
15 1 Assessment tool (6-years validation) n/a n/a n/a n/a P59 n/a n/a
16 Asgari, 2020 European Risk =5
17 1 Assessment tool (9-years validation) n/a n/a n/a n/a ) n/a n/a
18 $Steg-down selection procedure
19 & = based on the Akaike
20 > infermation criterion to select
21 2 Bradshaw, 2019 - Model 1 (derivation) Logistic NI Pre-selection n/a & S the final predictors No
22 =Ste-down selection procedure
23 & 3 based on the Akaike
24 L infgrmation criterion to select
25 2 Bradshaw, 2019 - Model 2 (derivation) Logistic NI Pre-selection n/a B 3 the final predictors No
26 Step-down selection procedure
27 i 3 based on the Akaike
28 Bradshaw, 2019 - Model 3a ’_{inf@rmation criterion to select
29 2 (derivation) Logistic NI Pre-selection n/a P 2 the final predictors No
30 = tep-down selection procedure
31 5 3 based on the Akaike
32 Bradshaw, 2019 - Model 3b ‘%-inf,grmation criterion to select
33 2 (derivation) Logistic NI Pre-selection n/a b the final predictors No
34 Bradshaw, 2019 - Model 3a (CARRS-I ;:
35 2 urban validation) n/a n/a n/a n/a o n/a n/a
36 Bradshaw, 2019 - Model 3a (UDAY %:
37 2 rural validation) n/a n/a n/a n/a = n/a n/a
38 Carrillo-Larco, 2017 - CRONICAS- Ste%wise backward elimination
39 3 CKD (derivation complete) Logistic NI Pre-selection n/a = method No
GJ
40 ¥
41 r
42 > 46
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Carrillo-Larco, 2017 - CRONICAS- tegwise backward elimination
CKD (derivation lab-free) Logistic NI Pre-selection n/a X2 method No
Carrillo-Larco, 2017 - CRONICAS- B N
CKD (validation complete) n/a n/a n/a n/a B S n/a n/a
Carrillo-Larco, 2017 - CRONICAS- 5o
CKD (validation lab-free) n/a n/a n/a n/a h = n/a n/a
0
Mogueo, 2015 - Korgan model (eGFR n/a n/a n/a n/a %T g n/a n/a
validation) S
: - D= O
Mogueo, 2015 - Thai model (@R n/a n/a n/a n/a 52N n/a n/a
validation) L o:
D=2
Mogueo, 2015_- K(_)rean_mo_del (eGFR n/a n/a n/a n/a K3 S n/a n/a
or proteinuria validation) i
- . D O O
Mogueo, 2015 - Thai model (€GFR or n/a n/a n/a n/a b 3 2 n/a n/a
proteinuria validation) 2O o
Saranburut, 2017 - Framingham Heart L =
Study (MDRD validation) n/a n/a n/a n/a 5 g n/a n/a
Saranburut, 2017 - Framingham Heart & =
Study (CKD-EPI validation) n/a n/a n/a n/a ~E S n/a n/a
- Vaviables were sequentially
tadded in a pre-specified order
5 ard incorporated using a p<
Saranburut, 2017 - Model 1 (derivation L 0._%5 threshold for entry and
Clinical only) Logistic NI Pre-selection n/a b r&tention in the final model No
. Variables were sequentially
iadged in a pre-specified order
= argl incorporated using a p<
Saranburut, 2017 - Model 1 BMI P 035 threshold for entry and
(derivation Clinical only) Logistic NI Pre-selection n/a £ retention in the final model No
;i Variables were sequentially
‘%adﬁjed in a pre-specified order
 aiggl incorporated using a p<
Saranburut, 2017 - Model 2 (derivation 0@5 threshold for entry and
Clinical + Limited laboratory tests) Logistic NI Pre-selection n/a r&tention in the final model No
V@riables were sequentially
adéed in a pre-specified order
arﬁj incorporated using a p<
Saranburut, 2017 - Model 3 (derivation 0325 threshold for entry and
Clinical + Full laboratory tests) Logistic NI Pre-selection n/a ré}lention in the final model No
N
l'_
N 47
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Saranburut, 2017 - Model 1 (validation
Clinical only)

n/a

n/a

BMJ Open

n/a

n/a

n/a

n/a

Saranburut, 2017 - Model 2 (validation
Clinical + Limited laboratory tests)

n/a

n/a

n/a

n/a

UO TZB8S0-T20Z-uadolwa/og

morBumproul ‘1ybiAdoo Aq |

n/a

n/a

Thakkinstian, 2011 (derivation)

Logistic

NI

Pre-selection

n/a

Fagtors with p values < 0.15 in
&univariate analysis were
£ considered to be
sihitlltaneously included in the
%\ ivariate logistic equation.
&l selection was performed
31§hg F-tests, and thus only
Bificant variables were kept
tge final model. C statistic of
Srgodels with and without a
pétticular variable were then
. c®mpared; if dropping that
- vaiable did not significantly
reduce the explanation of the
Kﬁ, that variable was omitted
_ 1 the final parsimonious
=) model.

No

Wen, 2020 - Simple Risk Score
(derivation)

Logistic

NI

Pre-selection

n/a

$Rigk factors were investigated
5 byforward stepwise logistic
3‘re§ession and only statiscally
sigiificant (a two-sided P value
Z0.05) risk factors were

= retained.

DT TeTATS

No

Wen, 2020 - Best-fit Risk Score
(derivation)

Logistic

NI

Pre-selection

n/a

Y]

i% factors were investigated
b‘yiforward stepwise logistic
LBregression and only statiscally
sigi¥ficant (a two-sided P value
$0.05) risk factors were

2 retained.

ot

No

Wu, 2016 (derivation)

Logistic

NI

Pre-selection

n/a

Stgpwise logistic regression
mogel. Variables with a p value
les than 0.1 were kept in the

final model.

No

Wu, 2016 (validation)

n/a

n/a

n/a

n/a

n/a

n/a

VL11-Z39 8
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n/a: not applicable; NI: no information

S3.6 Table: Model performance
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Model Performance
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m For
o replicati
2 on
2 :
N° Study Calibration Discrimination (%) Classification measurgéé Cplgi'r?:f j\};gﬁ]sé
% cut-off
o0 the
o >
o S same?
Hosmer-Lemeshow 5=
X2 test (for g
intercept adjusted | AUC (95% CI) for =3
model): 13.53 with final intercept Ey
a p-value 0.09 (for | adjusted model = 5
Asgari, 2020 European |male) and 10.1 with| Male: 0.76 (0.72- o
Risk Assessment tool (6- | a p-value 0.26 (for | 0.79) and Female: | Men: Sensitivity = 72.7%, Specificity = 2 6766% Women: | Men: 25.
1 years validation) women) 0.71 (0.69-0.73) Sensitivity = 66.8%, Specmcm?- & 6%. Women: 19 No
Hosmer-Lemeshow g ©
X2 test (for o 3
intercept adjusted | AUC (95% CI) for 3 3
model): 12.54 with final intercept 5 32
a p-value 0.13 (for | adjusted model = = S
Asgari, 2020 European |male) and 8.19 with| Male: 0.71 (0.67- g Z
Risk Assessment tool (9- | a p-value 0.41 (for | 0.74) and Female: | Men: Sensitivity = 64.5%, Specificity 3 3 69%5%. Women: | Men: 25,
1 years validation) women) 0.70 (0.68-0.73) Sensitivity = 56.9%, Specificit = £6.6% Women: 23 No
Bradshaw, 2019 - Model | Calibration slope: | C-statistic (95% CI) | Sensitivity = 72%, Specificity = 72%, gp\g— 24%, NPV
2 1 (derivation) 0.96 =0.79 (0.78-0.81) = 96% B 0.09 n/a
Bradshaw, 2019 - Model | Calibration slope: | C-statistic (95% CI) | Sensitivity = 68%, Specificity = 67%, PP\P»— 20%, NPV
2 2 (derivation) 0.98 =0.73 (0.72-0.75) = 95% 0.09 n/a
Bradshaw, 2019 - Model | Calibration slope: | C-statistic (95% CI) | Sensitivity = 71%, Specificity = 70%, PP\E 22%, NPV
2 3a (derivation) 0.98 =0.77 (0.75-0.79) = 95% 0.09 n/a
Bradshaw, 2019 - Model | Calibration slope: | C-statistic (95% CI) | Sensitivity = 71%, Specificity = 70%, PP\B 22%, NPV
2 3b (derivation) 0.99 =0.77 (0.76-0.79) = 95% o 0.09 n/a
N
=
N 49
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Bradshaw, 2019 - Model = 9
3a (CARRS-I urban C-statistic (95% CI) % ®
validation) NI =0.74 (0.73-0.74) NI a N 0.09 Yes
Bradshaw, 2019 - Model S 9
3a (UDAY rural C-statistic (95% ClI) 5 5
validation) NI =0.70 (0.69-0.71) NI 3 =z 0.09 Yes
Hosmer-Lemeshow S ma
X2 test: 4.13 with a 5o >
Carrillo-Larco, 2017 - p-value of 0.53 (for gg Q
CRONICAS-CKD final multivariable Sensibility = 82.5%, Specificity = 70.8%, PPV = 8.8%,
(derivation complete) model). AUC = 76.2% NPV = 99.1%, LHR+ = 2.8, LBR-& 0.3 2 nla
Hosmer-Lemeshow %H
X2 test: 4.13 with a 2399
Carrillo-Larco, 2017 - p-value of 0.53 (for §8 2
CRONICAS-CKD final multivariable Sensibility = 80.0%, Specificity = 72.6%, PPV = 9.1%,
(derivation lab-free) model). AUC = 76% NPV = 99.0%, LHR+ = 2.9, L%R 0.3 2 n/a
Carrillo-Larco, 2017 - =1 i
CRONICAS-CKD Sensitivity = 70.5%, Specificity = 69.1%, ngV =11.4%,
(validation complete) NI AUC = 70.0%. NPV = 97.6%, LHR+ = 2.3, LHR-£ 0.4 2 Yes
Carrillo-Larco, 2017 - p 3
CRONICAS-CKD Sensitivity = 70.5%, Specificity = 69. 7?,4) BPV = 11.6%,
(validation lab-free) NI AUC = 70.0%. NPV = 97.7%, LHR+ = 2.3, [BR-Z 0.4 2 Yes
Expected/Observed % g
rate (95%) = 0.76 v T
(0.67-0.86); Brier | C-statistic (95% CI) 3 g
Mogueo, 2015 - Korean score = 0.164; =0.797 (0.765- P =
model (eGFR validation) |Yates slope = 0.208 0.829) Sensitivity = 82%, Specificitg = 87% 0.30 NI
Expected/Observed > 5
rate (95%) = 0.98 o
(0.87-1.10); Brier | C-statistic (95% CI) @ »
Mogueo, 2015 - Thai score = 0.165; =0.760 (0.726- 2 3
model (eGFR validation) |Yates slope = 0.200 0.793) Sensitivity = 73%, Specificity = % 0.31 NI
Expected/Observed a
rate (95%) = 0.76 g
Mogueo, 2015 - Korean (0.67-0.85); Brier | C-statistic (95% CI) o
model (eGFR or score = 0.161; = 0.811 (0.780- 3
proteinuria validation) | Yates slope = 0.225 0.842) Sensitivity = 84%, Specificity = 83% 0.31 NI
®
m
-
>
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Mogueo, 2015 - Thai

Expected/Observed
rate (95%) = 0.97
(0.86-1.09); Brier

BMJ Open

C-statistic (95% ClI)

— w

g g

s 32

:3

«Q =)

SR

8

-

5 3

&

model (eGFR or score = 0.164; =0.772 (0.739- S 9
proteinuria validation) | Yates slope =0.211 0.805) Sensitivity = 74%, Specificitg = ¥3% 0.32 NI

Saranburut, 2017 - Hosmer-Lemeshow & =

Framingham Heart Study X2 test: 30.2 AUC (95% CI) = o m%
(MDRD validation) (p<0.001) 0.69 (0.66-0.73) NI 23 NI NI

Saranburut, 2017 - Hosmer-Lemeshow 239

Framingham Heart Study X2 test: 256.5 AUC (95% CI) = oG
(CKD-EPI validation) (p<0.001) 0.63 (0.57-0.65) NI 23y NI NI

Saranburut, 2017 - Model |Hosmer-Lemeshow %H

1 (derivation Clinical X2 test: 9.02 AUC (95% ClI) = 2399
only) (p=0.34) 0.72 (0.69-0.75) NI 5o NI n/a

Saranburut, 2017 - Model | Hosmer-Lemeshow ; ._3

1 BMI (derivation Clinical X2 test: 8.87 AUC (95% CI) = 5 g
only) (p=0.35) 0.72 (0.69-0.75) NI 2 = NI n/a

Saranburut, 2017 - Model | Hosmer-Lemeshow L

2 (derivation Clinical + X2 test: 10.87 AUC (95% CI) = = =
Limited laboratory tests) (p=0.21) 0.79 (0.76-0.82) NI L. 3 NI n/a

Saranburut, 2017 - Model | Hosmer-Lemeshow 5 3

3 (derivation Clinical + X2 test: 8.28 AUC (95% CI) = e 8
Full laboratory tests) (p=0.41) 0.80 (0.77-0.82) NI 5 & NI n/a

Hosmer-Lemeshow o T

Saranburut, 2017 - Model X2 test: 4.31 AUC (95% CI) = 3 S
1 (validation Clinical only) (p=0.229) 0.66 (0.55-0.78) NI L = NI NI

Saranburut, 2017 - Model | Hosmer-Lemeshow § >

2 (validation Clinical + X2 test: 2.29 AUC (95% ClI) = = §
Limited laboratory tests) (p=0.514) 0.88 (0.80-0.95) NI o = NI NI

Calibration was e ¥

assessed by 3 §

subtracting the two g‘

Somer’'s D 5

correlation o

coefficients: 0.045 2

Thakkinstian, 2011 (95% CI: 0.034- |C-statistic of internal 3
(derivation) 0.057) validation = 0.741 Sensitivity = 76%, Specificity = §9% 5 n/a

=

>
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Hosmer-Lemeshow = 9

Wen, 2020 - Simple Risk X2 test: 4.89 AUC (95% CI) = Sensitivity = 70.49%, Specificity = §5.1g%, PPV =

8 Score (derivation) (p=0.769) 0.717 (0.689-0.744) 29.8%, NPV = 91.3%, LHR+ = 2.02, LER- = 0.45 14 n/a

Hosmer-Lemeshow e g

Wen, 2020 - Best-fit Risk X2 test: 2.52 AUC (95% CI) = Sensitivity = 56.83%, Specificity = 6.63%, PPV =

8 Score (derivation) (p=0.961) 0.721 (0.693-0.748) 33.8%, NPV = 89.4%, LHR+ = 2.43, LHR- = 0.56 24 n/a

Internal validation S ma

dataset: Hosmer- | AUC (95% CI) of 5o >

Lemeshow X2 test | internal validation = 239
9 Wu, 2016 (derivation) P=0.798 0.894 (0.861-0.926) Sensitivity = 0.820, Specificity & 02863 36 n/a

AUC = 0.880 233

Hosmer-Lemeshow | (95%Cl: 0.829- N
9 Wu, 2016 (validation) X2 test P=397 0.931) NI 200 NI NI

AUC, area under the curve; ClI, confident interval; NI, no information. ; S Y

o —a
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S3.7 Table: Results
Results
Were the Were
Was a coefficien Was the there
simplified ts of the baseline alternative
N° Study model regressio risk results
presente n model presente .
d? presente d? presentati
d? on?
Asgari, 2020 European
Risk Assessment tool
1 (6-years validation) No No Yes No
Asgari, 2020 European
Risk Assessment tool
1 (9-years validation) No No Yes No
Bradshaw, 2019 -
2 Model 1 (derivation) Yes No No No
Bradshaw, 2019 -
2 Model 2 (derivation) Yes No No No
Bradshaw, 2019 -
2 Model 3a (derivation) No No No No
Bradshaw, 2019 -
2 Model 3b (derivation) Yes No No No
Bradshaw, 2019 -
Model 3a (CARRS-I
2 urban validation) No No No No
Bradshaw, 2019 -
Model 3a (UDAY rural
2 validation) No No No No
Carrillo-Larco, 2017 -
CRONICAS-CKD
3 (derivation complete) Yes Yes No No
Carrillo-Larco, 2017 -
CRONICAS-CKD
3 (derivation lab-free) No Yes No No
Carrillo-Larco, 2017 -
CRONICAS-CKD
3 (validation complete) Yes No No No
Carrillo-Larco, 2017 -
CRONICAS-CKD
3 (validation lab-free) No No No No
Mogueo, 2015 - Korean
model (eGFR
4 validation) No No No No
Mogueo, 2015 - Thai
model (eGFR
4 validation) No No No No
Mogueo, 2015 - Korean
model (eGFR or
4 proteinuria validation) No No No No
Mogueo, 2015 - Thai
model (eGFR or
4 proteinuria validation) No No No No
Saranburut, 2017 -
5 Framingham Heart No Yes No No
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Study (MDRD
validation)

BMJ Open

Saranburut, 2017 -
Framingham Heart
Study (CKD-EPI
validation)

No

Yes

No

No

Saranburut, 2017 -
Model 1 (derivation
Clinical only)

No

Yes

No

Yes

Saranburut, 2017 -
Model 1 BMI (derivation
Clinical only)

No

No

No

Yes

Saranburut, 2017 -
Model 2 (derivation
Clinical + Limited
laboratory tests)

Yes

Yes

No

Yes

Saranburut, 2017 -
Model 3 (derivation
Clinical + Full laboratory
tests)

Yes

Yes

No

No

Saranburut, 2017 -
Model 1 (validation
Clinical only)

No

No

No

Yes

Saranburut, 2017 -
Model 2 (validation
Clinical + Limited
laboratory tests)

Yes

No

No

Yes

Thakkinstian, 2011
(derivation)

No

Yes

No

Yes

Wen, 2020 - Simple
Risk Score (derivation)

No

Yes

Yes

Yes

Wen, 2020 - Best-fit
Risk Score (derivation)

No

Yes

Yes

Yes

©

Wu, 2016 (derivation)

No

Yes

No

Yes

Wu, 2016 (validation)

No

Yes

No

Yes
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S3.8 Table: Discussion
Discussion
Comparison
o Interpretation with other N
N Study of thz results studies in Generalizability
LAC
Asgari, 2020 European Risk Assessment Non-
1 tool (6-years validation) Exploratory No generalizability
Asgari, 2020 European Risk Assessment Non-
1 tool (9-years validation) Exploratory No generalizability
2 Bradshaw, 2019 - Model 1 (derivation) NI No NI
2 Bradshaw, 2019 - Model 2 (derivation) NI No NI
Non-
2 Bradshaw, 2019 - Model 3a (derivation) Confirmatory Yes generalizability
2 Bradshaw, 2019 - Model 3b (derivation) NI No NI
Bradshaw, 2019 - Model 3a (CARRS-I Non-
2 urban validation) Confirmatory Yes generalizability
Bradshaw, 2019 - Model 3a (UDAY rural Non-
2 validation) Confirmatory Yes generalizability
Carrillo-Larco, 2017 - CRONICAS-CKD
3 (derivation complete) Exploratory Yes Generalizable
Carrillo-Larco, 2017 - CRONICAS-CKD
3 (derivation lab-free) Exploratory Yes Generalizable
Carrillo-Larco, 2017 - CRONICAS-CKD
3 (validation complete) Exploratory Yes Generalizable
Carrillo-Larco, 2017 - CRONICAS-CKD
3 (validation lab-free) Exploratory Yes Generalizable
Mogueo, 2015 - Korean model (eGFR Non-
4 validation) Exploratory Yes generalizability
Mogueo, 2015 - Thai model (eGFR Non-
4 validation) Exploratory Yes generalizability
Mogueo, 2015 - Korean model (eGFR or Non-
4 proteinuria validation) Exploratory Yes generalizability
Mogueo, 2015 - Thai model (eGFR or Non-
4 proteinuria validation) Exploratory Yes generalizability
Saranburut, 2017 - Framingham Heart Non-
5 Study (MDRD validation) Exploratory No generalizability
Saranburut, 2017 - Framingham Heart Non-
5 Study (CKD-EPI validation) Exploratory No generalizability
Saranburut, 2017 - Model 1 (derivation Non-
6 Clinical only) Exploratory No generalizability
Saranburut, 2017 - Model 1 BMI Non-
6 (derivation Clinical only) Exploratory No generalizability
Saranburut, 2017 - Model 2 (derivation Non-
6 Clinical + Limited laboratory tests) Exploratory No generalizability
Saranburut, 2017 - Model 3 (derivation Non-
6 Clinical + Full laboratory tests) Exploratory No generalizability
Saranburut, 2017 - Model 1 (validation Non-
6 Clinical only) Exploratory No generalizability
Saranburut, 2017 - Model 2 (validation Non-
6 Clinical + Limited laboratory tests) Exploratory No generalizability
Non-
7 Thakkinstian, 2011 (derivation) Confirmatory No generalizability
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Wen, 2020 - Simple Risk Score Non-
(derivation) Confirmatory Yes generalizability
Wen, 2020 - Best-fit Risk Score Non-
(derivation) Exploratory Yes generalizability
Non-
Wu, 2016 (derivation) Exploratory No generalizability
Non-
Wu, 2016 (validation) Exploratory No generalizability
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S4.1 Table: Risk of Bias (RoB)
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Participants Predictors
=m
Were Weref g . Are all
appropriate data Were all predicto%%’ Vgggispsrrendéﬁizr predictors
Study sources used, | inclusions and | defined &g’ made without available at the
e.g., cohort, exclusions of assessedglgag knowledae of time the model
RCT, or nested participants | similar wag‘g)E outcor?we is intended to
case—control appropriate? all agg data? be
study data? participa 3o ' used?
Asgari, 2020 European R_lsk _Assessment tool (6-years v v vy 3 3 v v
validation) 2. 3
N - >
Asgari, 2020 European R_lsk _Assessment tool (9-years v y y @ Z v v
validation) > T
Bradshaw, 2019 - Model 1 (derivation) Y Y Y § S Y PY
Bradshaw, 2019 - Model 2 (derivation) Y Y Y 2 9 Y Y
. e o
Bradshaw, 2019 - Model 3a (derivation) Y Y Y o 2 Y PY
2 5
Bradshaw, 2019 - Model 3b (derivation) Y Y Y 2 3 Y PY
—. [e)
Bradshaw, 2019 - Model 3a (CARRS-I urban validation) Y Y Y 3 S Y PY
Bradshaw, 2019 - Model 3a (UDAY rural validation) Y Y Y & o Y PY
o
Carrillo-Larco, 2017 - CRONICAS-CKD (derivation complete) Y Y Y § = Y PY
: L4
Carrillo-Larco, 2017 - CRONICAS-CKD (derivation lab-free) Y Y Y & S Y Y
4 (oY)
Carrillo-Larco, 2017 - CRONICAS-CKD (validation complete) Y Y Y & O Y PY
;) 1=
Carrillo-Larco, 2017 - CRONICAS-CKD (validation lab-free) Y Y Y © & Y Y
[
Mogueo, 2015 - Korean model (eGFR validation) Y Y Y = Y PY
Mogueo, 2015 - Thai model (eGFR validation) Y Y Y B Y Y
Mogueo, 2015 - Korean model (eGFR or proteinuria validation) Y Y Y 5 Y PY
[©)
Mogueo, 2015 - Thai model (eGFR or proteinuria validation) Y Y Y =1 Y Y
&
N
X
~ 57
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Answer options: Y (yes), PY (probably yes), N (no), PN (probably no), NI (no information), n/a (not applicable).
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Saranburut, 2017 - Framingham Heart Study (MDRD validation) Y Y Y & & Y PY
Saranburut, 2017 - Frammghfam Heart Study (CKD-EPI v v vy 3 § v Py
validation) -
Saranburut, 2017 - Model 1 (derivation Clinical only) Y Y Y ¢ 2 Y Y
U Ol
Saranburut, 2017 - Model 1 BMI (derivation Clinical only) Y Y Y § = Y Y
Saranburut, 2017 - Model 2 (derivation Clinical + Limited v v v %T% v PY
laboratory tests) N
. . . . D— U7
Saranburut, 2017 - Model 3 (derivation Clinical + Full laboratory v v v 82 v PY
tests) o0
D =
Saranburut, 2017 - Model 1 (validation Clinical only) Y Y Y =8 Y Y
" " Y . W (D
Saranburut, 2017 - Model 2 (validation Clinical + Limited v v y 3% v Py
laboratory tests) aZz
D
Thakkinstian, 2011 (derivation) Y Y Y 5% Y Y
3
Wen, 2020 - Simple Risk Score (derivation) Y Y Y 5 Y Y
Wen, 2020 - Best-fit Risk Score (derivation) Y Y Y & Y Y
Wu, 2016 (derivation) Y Y y Y Y
Wu, 2016 (validation) Y Y Y 9 Y Y
=
=
@
Q
>
o
@,
3
)
g
>
-
o
o
«Q
g.
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S o
< ©
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«Q =)
SR
- o
= N
Outcome g §
e B Was the time
Was the Was the :
Was a Were = interval
Was the prespecified | predictors O%Coﬂi‘e outcome between
Study defigedzand | determined ;
outcome or standard excluded d . . : predictor
. etegnirad in without
determined outcome from the 2o assessment
. o a sirgifdSway | knowledge of
appropriately? definition outcome o redictor and outcome
used? definition? py P . determination
parU@g&lts? information? a iate?
=25 ppropriate?
X O O
. . 4 o (U 2
Asgari, 2020 European R_|sk_Assessment tool (6-years v v v asﬁo NI v
validation) 238
go0
Asgari, 2020 European R_lsk_Assessment tool (9-years v v v 3¢ 3 NI v
validation) 3. 3
a =
Bradshaw, 2019 - Model 1 (derivation) Y Y Y >Y S NI PY
= 5
Bradshaw, 2019 - Model 2 (derivation) Y Y Y %-Y % NI Y
S 5
Bradshaw, 2019 - Model 3a (derivation) NI Y Y SY3 NI PY
2 3
Bradshaw, 2019 - Model 3b (derivation) Y Y Y oY= NI PY
32
Bradshaw, 2019 - Model 3a (CARRS-I urban validation) Y Y Y BY S NI PY
o S
Bradshaw, 2019 - Model 3a (UDAY rural validation) Y Y Y %Y § NI PY
o <
. _ _ _ . . o Ly
Carrillo-Larco, 2017 - CRONICAS-CKD (derivation v v v Qy S PY PY
complete) 3 S
Ul
o - - — - o
Carrillo-Larco, 2017 - CRONICAS-CKD (derivation lab v v v ve Py v
free) ®
S
Carrillo-Larco, 2017 - CRONICAS-CKD (validation v v v v :ED’ PY PY
=]
%
N
l'_
_|
>
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Carrillo-Larco, 2017 - CRONICAS-CKD (validation lab-

— w
(e (o]
<
s 32
© o
S i)
a 3
SR
<. o
3
SY 3 PY Y
free) S 3
& R
Mogueo, 2015 - Korean model (eGFR validation) SY e NI PY
S
Mogueo, 2015 - Thai model (eGFR validation) oy UZ NI Y
= Q
Mogueo, 2015 - Korean model (eGFR or proteinuria g
L 3E o NI PY
validation) 239
— N
OC N
Mogueo, 2015 - Thai njodfel (eGFR or proteinuria 2§g NI v
validation) oG =
222
Saranburut, 2017 - Framingham Heart Study (MDRD ggg NI PY
validation) 5=8
3=
Saranburut, 2017 - Framingham Heart Study (CKD-EPI ENE
Lo SY NI PY
validation) e’z
> B
Saranburut, 2017 - Model 1 (derivation Clinical only) gY g NI Y
5 =
Saranburut, 2017 - Model 1 BMI (derivation Clinical only) éYé NI Y
- ]
Saranburut, 2017 - Model 2 (derivation Clinical + Limited gY g NI PY
laboratory tests) v 5
3 S
Saranburut, 2017 - Model 3 (derivation Clinical + Full 8,3
~YS NI PY
laboratory tests) g 2
>
Q
Saranburut, 2017 - Model 1 (validation Clinical only) §_)Yf\ NI Y
w
«Q -
Saranburut, 2017 - Model 2 (validation Clinical + Limited S
YR NI PY
laboratory tests) g'
Thakkinstian, 2011 (derivation) Y_g NI Y
QD
Wen, 2020 - Simple Risk Score (derivation) Y5 NI Y
e
®
m
N
l'_
_|
>
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Wen, 2020 - Best-fit Risk Score (derivation) Y Y Y NI
Wu, 2016 (derivation) Y Y Y NI
Wu, 2016 (validation) Y Y Y NI

Answer options: Y (yes), PY (probably yes), N (no), PN (probably no), NI (no information), n/a (not applicable).
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performa
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=]
@
. . o
Asgari, 2020 European F\’.ISk. Y Y N N a NI 2 . N n/a n/a
Assessment tool (6-years validation) w
3
Asgari, 2020 European R_lsk_ v v N N n/a NI aj N N n/a n/a
Assessment tool (9-years validation) g P
£
> k
Bradshaw, 2019 - Model 1 (derivation) Y N N N N NI & T Y Y NI
S P
Bradshaw, 2019 - Model 2 (derivation) Y N N N N NI B Y Y NI
N N
Bradshaw, 2019 - Model 3a (derivation) NI NI N N N NI . Y Y NI
D
Bradshaw, 2019 - Model 3b (derivation) Y N N N N NI B Y Y NI
Bradshaw, 2019 - M_ode_l 3a (CARRS-I NI v N N n/a NI 5 NI n/a n/a
urban validation) N
1l
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Bradshaw, 2019 - Model 3a (UDAY rural
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2
2
=
=
=2 D
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validation) NI n/a NI s g NI n/a n/a
"Q -
T . : o P
Carrillo Larco, 2017 - CRONICAS-CKD N N N S B N v Y
(derivation complete) s b
o U
illo- - - = b
Carrillo Larco, 2017 - CRONICAS-CKD N N NI 2 B N v v
(derivation lab-free) TR =
@ &t
o.% 5
Carrlllo-Larclc?aZt(?17 - CR?I;IICAS-CKD N n/a NI §§ ; N n/a n/a
(validation complete) 235
Carrillo-Larco, 2017 - CRONICAS-CKD SeE
(validation lab-free) N a NESSE N n/a n/a
Q
g2B
Mogueo, 2015 - I_<or(_aan model (eGFR v n/a NI g E py /a /a
validation) 2 B
@ E
Mogueo, 2015 - Th_al model (eGFR v n/a NI ? i Py n/a a
validation) = F
s B
Mogueo, 2015_- K(_)rean_mo_del (eGFR or v n/a NI 3 B py /a /a
proteinuria validation) > -;
>
o B
Mogueo, 201_5 - '_rhal mod_el (eGFR or v n/a NI g > py n/a n/a
proteinuria validation) 2 g
[ ~
Saranburut, 2017 - Framingham Heart o P
Study (MDRD validation) Y n/a NI S 5 N n/a n/a
o
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5]
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Saranpuyut, 2017 - Model 3 (derivation PN N N N N N S B N v Y
7 Clinical + Full laboratory tests) s b
8 ® &
~ . - = W
9 Saranburut, 20;7_ Model 1 (validation N v N N n/a NI S mB N n/a n/a
10 Clinical only) poE
12 Sara_npurut, 2017 - Model 2 (validation N v N N n/a RS N n/a n/a
13 Clinical + Limited laboratory tests) e3P
—~+Q E
14 > S E
15 Thakkinstian, 2011 (derivation) PY N NI NI N NI 28 F N Y Y
o IR
16 - - T o h
17 Wen, 2020 - S_lmp_le Risk Score NI N N N N NBTRON N v
(derivation) 3" F
18 > B
19 " " =
Wen, 2020 - Best-fit Risk Score e E
20 (derivation) NI N N N N NI > F N N Y
21 = F
22 Wu, 2016 (derivation) NI N N N N NIS € N N Y
23 S P
24 Wu, 2016 (validation) N Y N N n/a NI E N n/a Y
25 3 |

26 Answer options: Y (yes), PY (probably yes), N (no), PN (probably no), NI (no information), n/a (not applicable).
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S4.2 Table: Applicability

N° Study Participants Predictors Outcome
Asgari, 2020 European Risk Assessment
1 tool (6-years validation) Low Low Low
Asgari, 2020 European Risk Assessment
1 tool (9-years validation) Low Low Low
2 Bradshaw, 2019 - Model 1 (derivation) Low Low Low
2 Bradshaw, 2019 - Model 2 (derivation) Low Low Low
2 Bradshaw, 2019 - Model 3a (derivation) Low Low Low
2 Bradshaw, 2019 - Model 3b (derivation) Low Low Low
Bradshaw, 2019 - Model 3a (CARRS-I
2 urban validation) Low Low Low
Bradshaw, 2019 - Model 3a (UDAY rural
2 validation) Low Low Low
Carrillo-Larco, 2017 - CRONICAS-CKD
3 (derivation complete) Low Low Low
Carrillo-Larco, 2017 - CRONICAS-CKD
3 (derivation lab-free) Low Low Low
Carrillo-Larco, 2017 - CRONICAS-CKD
3 (validation complete) Low Low Low
Carrillo-Larco, 2017 - CRONICAS-CKD
3 (validation lab-free) Low Low Low
Mogueo, 2015 - Korean model (eGFR
4 validation) Low Low Low
Mogueo, 2015 - Thai model (eGFR
4 validation) Low Low Low
Mogueo, 2015 - Korean model (eGFR or
4 proteinuria validation) Low Low Low
Mogueo, 2015 - Thai model (eGFR or
4 proteinuria validation) Low Low Low
Saranburut, 2017 - Framingham Heart
5 Study (MDRD validation) Low Low Low
Saranburut, 2017 - Framingham Heart
5 Study (CKD-EPI validation) Low Low Low
Saranburut, 2017 - Model 1 (derivation
6 Clinical only) Low Low Low
Saranburut, 2017 - Model 1 BMI
6 (derivation Clinical only) Low Low Low
Saranburut, 2017 - Model 2 (derivation
6 Clinical + Limited laboratory tests) Low Low Low
Saranburut, 2017 - Model 3 (derivation
6 Clinical + Full laboratory tests) Low Low Low
Saranburut, 2017 - Model 1 (validation
6 Clinical only) Low Low Low
Saranburut, 2017 - Model 2 (validation
6 Clinical + Limited laboratory tests) Low Low Low
7 Thakkinstian, 2011 (derivation) Low Low Low
Wen, 2020 - Simple Risk Score
8 (derivation) Low Low Low
Wen, 2020 - Best-fit Risk Score
8 (derivation) Low Low Low
9 Wu, 2016 (derivation) Low Low Low
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| 9 | Wu, 2016 (validation) | Low | Low | Low

Answer options: Low (low concern for applicability), Hig (High concern for applicability) and Unclear (Unclear concern for
applicability)
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S1 Figure: Countries where studies were conducted.
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