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Introduction

Biometrical work in resource-constraint settings comes with several challenges:

Limited resources and time
Idenfiying the optimal statistical method to answer a complex research question
Evaluate the feasibility of interventions
Evaluate the effectiveness of interventions
Engaging with local partners: communication, empowerment and resources.
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Overall objective

I would like to share three empirical examples where advanced biostatistical methods were
essential to answering complex population-based research questions in resource constrain
settings and humanitarian settings.
Then, I would like to reflect and briefly discuss the implications of the presented work.
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Specific objective 1

I will share the “club of patients” research project where we used inverse probability
weighting of marginal structural models to evaluate the effectiveness of a non-randomized
intervention. [Luque-Fernandez et al., 2013]
M. A. Luque-Fernandez, G. Van Cutsem, E. Goemaere, K. Hilderbrand, M. Schomaker, N.
Mantangana, S. Mathee, V. Dubula, N. Ford, M. A. Hernan, and A. Boulle. Effectiveness of
patient adherence groups as a model of care for stable patients on antiretroviral therapy in
khayelitsha, cape town, south africa. PLoS One, 8(2):e56088, 2013. ISSN 1932-6203
(Electronic) 1932-6203 (Linking). doi: 10.1371/journal.pone.0056088.
https://www.ncbi.nlm.nih.gov/pubmed/23418518
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Specific objective 2

I will show how I used classical biostatistical methods to improve the diagnostic accuracy of
the mid-upper-circumference-arm (MUAC), a device tool, used to identify severe malnutrition
in humanitarian crises. [Fernandez et al., 2010]
M. A. Fernandez, P. Delchevalerie, and M. Van Herp. Accuracy of muac in the detection of
severe wasting with the new who growth standards. Pediatrics, 126(1):e195–201, 2010. ISSN
1098-4275 (Electronic) 0031-4005 (Linking). doi: 10.1542/peds.2009-2175.
https://www.ncbi.nlm.nih.gov/pubmed/20587675
https://scholar.harvard.edu/files/malf/files/pediatrics-2010-fernandez-e195-201.pdf
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Specific objective 3

I will describe the reemergence of cholera epidemics linked to climatic change, evaluated by
using auto-regressive Poisson time series analysis.[Luque Fernandez et al., 2009, 2012, 2011]
M. A. Luque Fernandez, A. Bauernfeind, J. D. Jimenez, C. L. Gil, N. El Omeiri, and D. H.
Guibert. Influence of temperature and rainfall on the evolution of cholera epidemics in lusaka,
zambia, 2003-2006: analysis of a time series. Trans R Soc Trop Med Hyg, 103(2):137–43,
2009. ISSN 1878-3503
https://doi.org/10.1016/j.trstmh.2008.07.017
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Example 1: HIV ART Adherence Club of Patients
Club of patients as Model of Care for HIV patients
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HIV: Club of Patients

Piloted by Médecins Sans Frontières/Doctors Without Borders (MSF) in Khayelitsha, the
award-winning ART Adherence Club model focuses on patient participation and peer
support, for improved treatment adherence.
This simple model allows patient groups to collect pre-packed, two-month supplies of
treatment from lay health workers either at the clinic or outside of the clinic - whether at
a local library or at a fellow patient’s home.
Today, the Cape Town Metro is home to more than 400 of these clubs as part of a
partnership between MSF, the Western Cape Department of Health, Cape Town’s City
Health and the Institute for Healthcare Improvement.
https://www.msf.org.za/sites/default/files/art_adherence-club_report_toolkit.pdf
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HIV: Club of Patients, the challenge

Originally a non-randomized intervention shifting tasks from doctors to lay workers to
improve the adherence to the HIV treatment
How to evaluate the effectiveness of non-randomized interventions?
How to control for time-dependent confounders in longitudinal time-to-event settings?
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DAG: Effect of club participation on LTF or DEATH

A=intervention (club participation), L = CD4, Y = Loss to follow-up and death.
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HIV: Club of Patients

We developed a retrospective observational evaluation of adherence clubs. Accordingly,
we built a Marginal Structural Model (MSM) using Inverse Probability of Treatment
Weighting (IPTW) estimator to estimate the intention-to-treat effect of adherence
club participation.
In the weighted analysis, club participation at any time following the start of the study
was rendered independent of measured potential confounders by multiplyng the
propensity scores for starting or not starting club participation over time
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Methods: IPTW for longitudinal data
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HIV: Club of Patients, the results
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HIV: Club of Patients

Patient adherence groups were found to be an effective model for improving retention
and documented virologic suppression for stable patients in long term ART care.
Out-of-clinic group-based models facilitated by non-clinical staff are a promising approach
to assist in the long-term management of people on ART in high burden low or
middle-income settings.
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HIV: Club of Patients, the evaluation 1
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HIV: Club of Patients, conclusion

We need robust statistical methods to prove evidence and change policy
We need to disseminate the results and findings outside academia
Partnerships between academia and other agencies (i.e., non-governmental or
international) is key
Dissemination and democratization of advanced statistical methods is paramount (i.e.,
open source available tutorials)
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HIV: Tutorials
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HIV: Tutorials
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HIV: Tutorials

https://watzilei.com/shiny/collider/
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HIV: Tutorials
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HIV: Tutorials

https://github.com/migariane
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Example 2: MUAC
Mid-upper-arm-circumference (MUAC) measuring tape

Figure 1: Source: https://nutriset.fr/en/muac-bracelet/
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MUAC: The device

Mid-upper-arm-circumference arm is a deviced used in humanitarian settings to detect
malnutrition in children aged between 6 months and 5 years. It is a simply bracelet that is
wrapped around the arm that uses a colour code to determine the degree of malnutrition:

red for severe acute malnutrition,
yellow for moderate acute malnutrition, and
green for no acute malnutrition.
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MUAC: WHAT’S KNOWN ON THIS SUBJECT

MUAC measurements are used to screen rapidly for malnutrition among children 6 to 59
months of age.
With the introduction of a new growth curve for children by the WHO in 2006, an
evaluation of MUAC diagnostic accuracy is needed.
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MUAC: OBJECTIVE

To estimate the accuracy of using mid-upper-arm circumference (MUAC) measurements to
diagnose severe wasting by comparing the new standards from the World Health Organization
(WHO) with those from the US National Center for Health Statistics (NCHS).
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MUAC: WHAT THIS STUDY ADDS

This study confirms the need to change the MUAC cutoff value from 110 mm to 115
mm.
This change is needed to maintain the same diagnostic accuracy and to identify children
at greatest risk of death resulting from severe wasting.
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MUAC: Classical Biostatistics Methods

Statistical analyses: we calculated the nutritional indicators of severe wasting,
weight-for-height z scores for 34,937 children between the ages of 6 and 59 months, from
39 nutritional surveys conducted by Doctors Without Borders across the world, according
to the NCHS and WHO curves.
We used 2x2 tables to determine the sensitivity, specificity, positive predictive value, and
Youden index of various MUAC cutoff points (110, 115, 125, 135, 140, and 145 mm).
We used ROC curves to estimate the AUC for different MUAC cutoff values, comparing
the discriminatory capacity of the WHO and NCHS curves for severe wasting.
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MUAC: RESULTS

Figure 2: Source: https://www.ncbi.nlm.nih.gov/pubmed/20587675
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MUAC: Statement

Figure 3: Source: https://www.ncbi.nlm.nih.gov/pubmed/20587675
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MUAC: UNICEF CHANGE OF POLICY

According to UNICEF guidelines, children with a MUAC of less than 11.5 cm, have a
higher risk of death.
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MUAC: DISCUSSION

Change of international policy is challenging
We need large and representative sample sizes
Classical biostatistical methods are robust
Public health evidence requires the appropiate use of robust and consolidated statistical
methods.
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Example 3: Cholera
Reemergence of Cholera Epidemics and Climatic Change

Figure 4: Credit: Alexis Huguet: All Rights Reserved
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Cholera: Evidence in 2021

Figure 5: USAID
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Cholera: Evidence to support the link was needed

Figure 6: MA Luque-Fernandez

Professor Miguel Angel Luque Fernandez, MA, MSc, GStat, PhD (Department of Statistics and Operations Research, University of Granada, Spain)Biostatistics in Humanitarian Settings March 1, 2024 34 / 43



Cholera: Methods

Poisson autoregressive model controlling for seasonality.
Standard errors of coefficients were scaled to control for oversdispersion.
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Cholera: Methods

Sine and cosine functions were used in the model for building the independent variables
that explain the seasonal component of the series.
Based on our review of the literature, an autoregressive term at order 1 was incorporated
into the model to control for the autocorrelation, and lags of up to 8 weeks for
temperature and rainfall.
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Cholera: Results

Figure 7: MA Luque-Fernandez
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Cholera: Results

Figure 8: MA Luque-Fernandez
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Cholera: Results

Figure 9: MA Luque-Fernandez
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Cholera: Conclusion

I found an association between an increase in the number of cholera cases and climate
variables:
6 weeks prior to the beginning of the rainy season an increase in temperature is observed
followed by an increase in rainfall 3 weeks later, both exceeding expected levels, we may be
confronted with an increase in the number of cases of cholera within the following 3 weeks.
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Cholera: Discussion

Applied mathematical statistics is key to answer complex reseach questions
Biostatisticians and Statisticians in limited resource settings need a wide range of
expertise and practice in statistical methods and epidemiology.
Published evidence is key to change policy
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Overall Discussion

More Biostatistics/Statistics and epidemiology in Humanitarian settings is needed
A strong methodological background is key
The variation and complexity of research questions requires of expertise, motivation,
ambition and compromise
Collaborative work and communication is paramount
A decolonizing perspective is much needed and strong partnerships between academic and
non academic institutions across the world is needed
The bidirectional transfer of knowledge and capabilities is rewarding
Biostatistical methods are fun
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Thank you
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