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Background

Type 2 diabetes mellitus (T2DM) is associated with increased risk of cardiovascular and
kidney complications. Albuminuria is an established marker of diabetic kidney
involvement and is increasingly recognized as a marker of cardiovascular risk. Cardiac
structural and functional abnormalities may occur before overt heart failure, but
longitudinal African data linking albuminuria to progression of echocardiographic
abnormalities remain limited. The Myocardial Outcomes over Years Observed with
Functional Imaging and Glomerular Outcomes (MOYO-FIGO) study was designed to
evaluate whether albuminuria predicts progression of cardiac structural and functional
abnormalities among adults with T2DM in Kenya.

Methods and analysis

MOYO-FIGO is a prospective observational cohort study describing the longitudinal
follow-up of an established cohort with completed baseline cardio-kidney-metabolic
(CKM) phenotyping and planned two-year follow-up. Adults aged 40 years or older with
T2DM attending the Kenyatta National Hospital outpatient diabetes clinic in Nairobi,
Kenya, were enrolled. Baseline assessment included socio-demographic and clinical data,
blood pressure, anthropometry, laboratory testing, urinary albumin-to-creatinine ratio
(UACR), electrocardiography, and comprehensive transthoracic echocardiography,
including global longitudinal strain (GLS). Participants will be invited for repeat clinical,
laboratory, urinary, and echocardiographic assessment two years after baseline. The
primary longitudinal outcome is two-year change in GLS. Secondary outcomes include
incident or progressive echocardiographic abnormalities, including left ventricular
hypertrophy, left atrial enlargement, reduced left ventricular ejection fraction, left
ventricular diastolic dysfunction, right ventricular systolic dysfunction, and any
predefined echocardiographic abnormality.

Ethics and dissemination

Ethical approval for the baseline MOYO-FIGO assessment was obtained from the
Kenyatta National Hospital-University of Nairobi Ethics Review Committee, approval
number P713/09/2024. MOYO-FIGO will generate context-specific longitudinal evidence
on the relationship between albuminuria, cardiac remodeling, myocardial dysfunction,
and CKM progression in adults with T2DM. Findings will be disseminated through
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peer-reviewed publications, scientific conferences, and presentations to relevant clinical

and academic stakeholders.

Cardiovascular disease (CVD) is the leading cause of
death globally, with the World Health Organization esti-
mating that CVD caused 19.8 million deaths in 2022, rep-
resenting approximately 32% of all global deaths, and that
more than three-quarters of cardiovascular (CV) deaths oc-
cur in low- and middle-income countries (LMICs).! Type
2 diabetes mellitus (T2DM) is a major contributor to this
burden because CVD is a principal cause of death and dis-
ability among people living with T2DM.2 The global burden
of T2DM is increasing substantially, with projections sug-
gesting that more than 1.31 billion people may be living
with diabetes by 2050.3 In Africa, the International Dia-
betes Federation estimated that 24 million adults were liv-
ing with diabetes in 2021, projected to rise to 55 million by
2045, with 54% remaining undiagnosed.*

T2DM is associated with a spectrum of CV structural
and functional abnormalities, referred to as diabetic car-
diomyopathy, denoting hyperglycaemia- and insulin-resis-
tance-related CVD, characterized in early stages by dias-
tolic dysfunction and later by overt heart failure in the
absence of other dominant causes such as coronary artery
disease or hypertension.> Conventional echocardiographic
assessment relies heavily on left ventricular ejection frac-
tion (LVEF), but ejection fraction may remain preserved
despite early myocardial dysfunction. Speckle-tracking
echocardiography allows assessment of myocardial defor-
mation using global longitudinal strain (GLS), which can
detect subclinical left ventricular (LV) systolic dysfunction
before overt reduction in LVEF becomes apparent.®

Albuminuria, commonly measured using the urinary al-
bumin-to-creatinine ratio (UACR), is an established marker
of kidney disease and diabetic kidney involvement. The
Kidney Disease: Improving Global Outcomes guideline clas-
sifies albuminuria into normal to mildly increased (A1),
moderately increased (A2), and severely increased (A3) cat-
egories based on UACR thresholds.” In diabetes, albumin-
uria reflects abnormalities of the glomerular filtration bar-
rier and has been linked to glomerular endothelial injury.8
Beyond its renal significance, albuminuria is also a CV risk
marker. In the Heart Outcomes Prevention Evaluation
study, albuminuria was associated with increased risk of CV
events, CV death, and heart failure in individuals with and
without diabetes.? A recent review further summarized al-
buminuria as being associated with coronary artery disease,
stroke, heart failure, arrhythmias, and microvascular dis-
ease.10

A systematic review and meta-analysis reported a pooled
prevalence of microalbuminuria of 37.11% among T2DM
patients in Africa.ll Several studies have suggested associ-
ations between albuminuria and cardiac structure, diastolic
function, and myocardial mechanics in T2DM. For example,
moderately increased albuminuria was associated with de-
creased diastolic function, whereas decreased systolic func-
tion was mainly associated with more advanced albumin-
uria.l2 However, longitudinal African data integrating
albuminuria, transthoracic echocardiography, right ven-

tricular assessment, and global longitudinal strain are lim-
ited.

The Myocardial Outcomes over Years Observed with
Functional Imaging and Glomerular Outcomes (MOYO-
FIGO) study is a prospective observational cohort study de-
scribing the longitudinal follow-up of an established cohort
with completed baseline cardio-kidney-metabolic (CKM)
phenotyping and planned two-year follow-up. The study
will evaluate whether albuminuria predicts progression of
CV structural and functional abnormalities among adults
with T2DM attending a tertiary outpatient clinic in Kenya.
By integrating UACR testing, laboratory assessment,
transthoracic echocardiography, and global longitudinal
strain, MOYO-FIGO aims to generate context-specific ev-
idence to support earlier identification of CKM risk and
more targeted cardiovascular assessment in adults with
T2DM in Kenya.

The primary objective of the MOYO-FIGO study is to de-
termine whether baseline albuminuria is associated with
two-year change in global longitudinal strain (GLS) among
adults with T2DM attending a tertiary outpatient clinic in
Kenya.

The secondary objectives are to:

1. Describe baseline CKM phenotypes, including albu-
minuria and echocardiographic abnormalities, in the
cohort;

2. Assess baseline cross-sectional associations between
albuminuria and predefined echocardiographic ab-
normalities;

3. Estimate the incidence of new echocardiographic ab-
normalities over two years;

4. Evaluate two-year change in continuous echocardio-
graphic parameters, including LV mass index, left
atrial volume index, LVEF, diastolic function indices,
and tricuspid annular plane systolic excursion; and

5. Explore, subject to ethics approval, funding, and con-
sent  provisions, circulating proteomic and
metabolomic signatures associated with albuminuria
and cardiac structural or functional progression.

METHODS

STUDY DESIGN

The MOYO-FIGO study is a prospective observational co-
hort study designed to evaluate whether albuminuria pre-
dicts progression of CV structural and functional abnormal-
ities among adults with T2DM in Kenya (Figure 1). This
manuscript describes the protocol for the longitudinal fol-
low-up of an established cohort in which baseline CKM
phenotyping has already been completed and two-year fol-
low-up assessment is planned.

The study includes completed baseline CKM phenotyp-
ing and a planned two-year follow-up assessment. At base-
line, participants underwent standardized clinical assess-
ment, laboratory testing, urinary albumin-to-creatinine
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1. Baseline enrolment
Adults aged 240 years with type 2 diabetes attending
the Kenyatta National Hospital outpatient diabetes clinic

¢ Clinical assessment

e |aboratory testing

2. Baseline cardio-renal-metabolic phenotyping

¢ Anthropometry and blood pressure

¢ Urinary albumin-to-creatinine ratio (UACR)
* Electrocardiography (ECG)

¢ Transthoracic echocardiography

¢ Global longitudinal strain (GLS)

3. Baseline analyses
Cross-sectional characterization of albuminuria and
echocardiographic abnormalities

4. Two-year follow-up
Repeat study visit

¢ Clinical assessment

e Laboratory testing

5. Repeat follow-up assessment
* Anthropometry and blood pressure

* Urinary albumin-to-creatinine ratio (UACR)
* Electrocardiography (ECG)

¢ Transthoracic echocardiography

¢ Global longitudinal strain (GLS)

6. Longitudinal analyses
¢ Incident echocardiographic abnormalities
¢ Progression of baseline abnormalities
¢ Change in continuous echocardiographic parameters

Abbreviations: UACR = urinary albumin-to-creatinine ratio; ECG = electrocardiography;

GLS = global longitudinal strain.

Figure 1. Overview of the MOYO-FIGO study design and follow-up schedule.

ratio measurement, and comprehensive transthoracic
echocardiography, including global longitudinal strain as-
sessment. Baseline assessment was conducted between Au-
gust 2025 and February 2026. Participants will be invited
for repeat clinical, laboratory, urinary, and echocardio-
graphic assessment two years after baseline.

The primary longitudinal objective is to determine
whether baseline albuminuria is associated with two-year
change in global longitudinal strain. Secondary longitudi-
nal analyses will evaluate incident and progressive cardiac
structural and functional abnormalities over two years.

STUDY SETTING

The study is being conducted at the outpatient diabetes
clinic of Kenyatta National Hospital in Nairobi, Kenya.
Kenyatta National Hospital is the largest national referral
and teaching hospital in Kenya and provides specialist out-

patient diabetes care as well as cardiology and echocardio-
graphy services. This setting is therefore appropriate for
evaluating CKM risk among adults with T2DM attending
tertiary outpatient care, while recognizing that findings
from this tertiary referral setting may not be fully general-
izable to adults with T2DM managed in rural, primary-care,
or community-based settings.

STUDY POPULATION

The study population consists of adults aged 40 years or
older with documented T2DM attending routine follow-
up at the Kenyatta National Hospital outpatient diabetes
clinic. The age restriction was selected to enrich the cohort
for participants in whom albuminuria and cardiac struc-
tural or functional abnormalities are more likely to be clin-
ically detectable, reflecting longer cumulative exposure to
hyperglycaemia and other cardiometabolic risk factors.
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ELIGIBILITY CRITERIA
INCLUSION CRITERIA

Participants were eligible for enrolment if they met all of
the following criteria:

» aged 40 years or older;

e documented diagnosis of T2DM;

» attending the Kenyatta National Hospital outpatient
diabetes clinic;

« able to understand the study procedures and provide
written informed consent;

» willing to undergo clinical assessment, blood sam-
pling, urine collection, electrocardiography, and
transthoracic echocardiography.

EXCLUSION CRITERIA

Participants were excluded if they met any of the following
criteria:

» unable to provide informed consent because of cogni-
tive impairment or other limiting condition,;

» clinically unstable or too unwell to complete study
procedures;

« known congenital heart disease or significant primary
valvular heart disease;

» prior history of myocardial infarction;

» previous cardiac surgery, pacemaker, or implantable
defibrillator;

» end-stage kidney disease or current dialysis;

» current pregnancy or less than six months postpar-
tum;

» current infection or fever, including suspected uri-
nary tract infection;

e current use of drugs likely to substantially affect al-
buminuria assessment, such as chemotherapy or
high-dose non-steroidal anti-inflammatory drugs;

« prior enrolment in the study.

RECRUITMENT AND COHORT ENROLMENT

Participants were recruited from adults with T2DM attend-
ing the Kenyatta National Hospital outpatient diabetes
clinic during routine clinic visits. On recruitment days, a
list of potentially eligible patients was obtained from clinic
records using hospital numbers. This list served as the
clinic-day sampling frame.

Simple random sampling without replacement was then
performed using R statistical software to ensure that each
eligible patient had an equal probability of selection and
that no participant was selected more than once. Selected
patients were approached sequentially using their hospital
numbers, screened for eligibility, and invited to participate.
Written informed consent was obtained before any study-
specific procedures were conducted.

Participants who completed baseline clinical, laboratory,
urinary albumin-to-creatinine ratio testing, electrocardio-
graphy, and echocardiographic assessment constitute the
baseline cohort and will be invited for repeat assessment
two years after their baseline visit.

BASELINE CLINICAL ASSESSMENT

At baseline, all enrolled participants underwent standard-
ized same-day clinical, laboratory, urinary, electrocardio-
graphic, and echocardiographic assessment. Trained study
staff collected socio-demographic data, medical history, di-
abetes duration, medication history, lifestyle factors, and
relevant clinical information using a standardized elec-
tronic questionnaire.

Anthropometric measurements included weight, height,
body mass index, waist circumference, and waist-to-hip ra-
tio. Body mass index was calculated as weight in kilograms
divided by height in metres squared. Blood pressure was
measured using standardized procedures after the partici-
pant had rested in a seated position, consistent with rec-
ommendations for accurate blood pressure measurement in
humans.!3 Where repeated measurements were available,
the average blood pressure value was used for analysis.
Hypertension was defined based on prior clinical diagno-
sis, current use of antihypertensive treatment, or measured
blood pressure meeting prespecified study thresholds.

LABORATORY ASSESSMENT

Venous blood samples were collected during the baseline
study visit on the same day as urine collection and echocar-
diographic assessment. Laboratory tests included glycated
haemoglobin, serum creatinine, lipid profile, and N-termi-
nal pro-B-type natriuretic peptide.

At baseline, estimated glomerular filtration rate (eGFR)
was calculated using the Chronic Kidney Disease Epidemi-
ology Collaboration equation and categorized according to
Kidney Disease: Improving Global Outcomes glomerular fil-
tration rate categories.” Lipid profile measurements in-
cluded total cholesterol, low-density lipoprotein choles-
terol, high-density lipoprotein  cholesterol, and
triglycerides.

At the two-year follow-up visit, clinical and laboratory
measurements will be repeated using comparable proce-
dures to evaluate change over time and to support longitu-
dinal analysis of CKM risk.

ALBUMINURIA MEASUREMENT

Albuminuria was assessed using the UACR measured from
a random spot urine sample collected during the baseline
study visit. A random urine sample was selected because
it is practical and feasible in the outpatient clinic setting.
Participants were asked about intense physical activity in
the preceding 24 hours and were instructed on appropriate
urine sample collection procedures.

Urine samples were collected in sterile containers,
sealed, stored in a cool environment, and transported to the
laboratory within two hours of collection. Urine albumin
and urine creatinine were measured from the same random
spot urine sample using the laboratory’s standard chem-
istry platform. Urine albumin concentration was measured
using an immunoturbidimetric immunoassay, while urine
creatinine concentration was measured using a colorimet-
ric method.
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The UACR was calculated as urine albumin concentra-
tion divided by urine creatinine concentration and ex-
pressed as mg/g.

ECHOCARDIOGRAPHIC ASSESSMENT

All participants underwent comprehensive transthoracic
echocardiography at baseline using the Vivid IQ Ultra Edi-
tion ultrasound system. Echocardiographic examinations
were performed according to standardized acquisition pro-
tocols and included assessment of cardiac structure, sys-
tolic function, diastolic function, right ventricular systolic
function, and myocardial deformation.

LV structural assessment included measurement of LV
dimensions, LV mass, and LV mass index.

LVEF was measured using the modified Simpson’s bi-
plane method from apical four-chamber and two-chamber
views.14 LV diastolic function (LVDD) was assessed using
mitral inflow velocities, tissue Doppler early diastolic mi-
tral annular velocity, average E/e’ ratio, left atrial volume
index, and peak tricuspid regurgitation velocity. LVDD will
be classified using the 2016 American Society of Echocar-
diography and European Association of Cardiovascular
Imaging recommendations.!5

GLS was assessed using two-dimensional speckle-track-
ing echocardiography from standard apical views. Strain
analysis was performed using the integrated Automated
Functional Imaging left ventricular package on the Vivid
IQ Ultra Edition system. GLS was calculated as the average
peak systolic longitudinal strain across LV segments and
expressed as a negative percentage, consistent with stan-
dard terminology for two-dimensional speckle-tracking
echocardiography.16

Right ventricular systolic function was assessed using
tricuspid annular plane systolic excursion from the right
ventricular-focused apical four-chamber view.17

At the two-year follow-up visit, transthoracic echocar-
diography will be repeated using the same standardized
protocol to evaluate incident abnormalities, progression of
baseline abnormalities, and change in continuous echocar-
diographic parameters.

EXPOSURE DEFINITION

The main exposure is baseline albuminuria, measured using
the UACR. Albuminuria will be analysed categorically using
Kidney Disease: Improving Global Outcomes albuminuria
categories: A1, normal to mildly increased albuminuria, de-
fined as urinary albumin-to-creatinine ratio <30 mg/g; A2,
moderately increased albuminuria, defined as urinary albu-
min-to-creatinine ratio 30-300 mg/g; and A3, severely in-
creased albuminuria, defined as urinary albumin-to-crea-
tinine ratio >300 mg/g.” UACR will also be analysed as a
continuous variable, with logarithmic transformation con-
sidered if its distribution is markedly skewed.

For selected analyses, albuminuria may also be di-
chotomised as absent versus present, using urinary albu-
min-to-creatinine ratio <30 mg/g and >30 mg/g, respec-
tively.” This binary definition will be used only for
secondary or sensitivity analyses, while the primary expo-

sure definition will retain the three-level A1-A3 categori-
sation.

OUTCOME MEASURES
PRIMARY OUTCOME

The primary outcome is two-year change in GLS, defined as
the difference between global longitudinal strain measured
at baseline and global longitudinal strain measured at the
two-year follow-up visit. GLS will be assessed using two-
dimensional speckle-tracking echocardiography and ex-
pressed as a negative percentage, consistent with standard
terminology for myocardial deformation imaging. A less
negative GLS value indicates worse left ventricular systolic
deformation. For categorical analyses, abnormal GLS will
be defined a priori as a value less negative than -16%.16

SECONDARY OUTCOMES

Secondary outcomes will include incident or progressive
abnormalities in the following echocardiographic domains:

 left ventricular hypertrophy;

 left atrial enlargement;

» reduced left ventricular ejection fraction;

« left ventricular diastolic dysfunction;

» right ventricular systolic dysfunction;

» any predefined echocardiographic abnormality.

LV hypertrophy (LVH) was defined using sex-specific LV
mass index thresholds: >115 g/m? in men and >95 g/m? in
women. 14 Left atrial volume was measured and indexed to
body surface area, with left atrial enlargement defined as
left atrial volume index >34 mL/m?.14 Reduced LVEF will be
defined as LVEF <50%, measured using the modified Simp-
son’s biplane method. 14

LV diastolic dysfunction will be assessed using the 2016
American Society of Echocardiography and European As-
sociation of Cardiovascular Imaging recommendations. The
four variables used in the diagnostic algorithm will include
septal e’ velocity <7 cm/s or lateral e’ velocity <10 cm/s, av-
erage E/e' ratio >14, left atrial volume index >34 mL/m?,
and peak tricuspid regurgitation velocity >2.8 m/s.15

Right ventricular systolic dysfunction will be defined us-
ing tricuspid annular plane systolic excursion <1.7 cm,
measured from the right ventricular-focused apical four-
chamber view.17

EXPLORATORY OUTCOMES

Exploratory outcomes will include associations between
stored serum proteomic or metabolomic profiles and al-
buminuria, global longitudinal strain change, and selected
echocardiographic changes over follow-up. These analyses
will be conducted only if permitted by ethics approval,
funding availability, and participant consent provisions.
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FOLLOW-UP ASSESSMENT

Participants enrolled at baseline will be invited for a repeat
study visit two years after their baseline assessment. The
follow-up visit will repeat the core baseline procedures, in-
cluding clinical assessment, blood pressure measurement,
anthropometry, laboratory testing, UACR measurement,
electrocardiography, and transthoracic echocardiography.

The repeat echocardiographic assessment will use the
same standardized protocol as the baseline visit, including
chamber quantification, LVEF, LVDD assessment, global
longitudinal strain, and right ventricular systolic function
assessment. This repeated assessment will allow evaluation
of incident cardiac abnormalities, progression of baseline
abnormalities, and change in continuous echocardio-
graphic parameters over time.

Participants who cannot attend the follow-up visit will
be contacted using available study contact information.
Reasons for non-attendance, withdrawal, loss to follow-up,
or death, where known, will be documented to support in-
terpretation of longitudinal analyses.

RETENTION STRATEGIES

Several strategies will be used to maximize retention at the
two-year follow-up visit. At baseline, participant contact
information, including telephone numbers and alternative
contacts where available, was collected to support future
follow-up. Before the scheduled follow-up window, partic-
ipants will be contacted by telephone and reminded about
the repeat study visit. Where possible, follow-up visits will
be aligned with routine diabetes clinic appointments to re-
duce additional travel and time burden. Participants who
miss scheduled follow-up appointments will be contacted
again and offered an alternative appointment date. Reasons
for non-attendance, withdrawal, loss to follow-up, or death,
where known, will be documented. Baseline characteristics
of participants retained in follow-up will be compared with
those lost to follow-up to assess potential attrition bias.

BIOSPECIMEN STORAGE AND EXPLORATORY OMICS
ANALYSES

During the baseline visit, serum samples were collected as
part of the study laboratory assessment. Subject to avail-
ability of funding, additional ethics approval where re-
quired, and participant consent provisions, stored serum
samples may be used for exploratory proteomic and
metabolomic analyses. These analyses will be exploratory
and hypothesis-generating, with the aim of identifying cir-
culating molecular signatures associated with albuminuria,
cardiac structural abnormalities, myocardial dysfunction,
and progression of CKM abnormalities over follow-up.

DATA MANAGEMENT AND QUALITY ASSURANCE

Study data were collected directly into a REDCap electronic
database using tablet devices. REDCap is a secure, web-
based software platform designed to support electronic
data capture for research studies.!8 Direct electronic data

entry was used to reduce transcription errors, support real-
time data validation, and allow routine data quality moni-
toring.

The database included structured electronic case report
forms, programmed field validations, range checks, skip
patterns, and user-specific access controls. REDCap also
maintains an audit trail of data entry and modification, al-
lowing changes to be tracked by user and time.18 Access to
the database was restricted to authorized study personnel
using individual login credentials. Tablets used for data col-
lection were password protected and stored securely after
each data collection session.

Data quality assurance procedures were conducted
throughout baseline data collection. Automated and in-
teractive quality control reports were generated using R
software to identify missing values, inconsistent entries,
outliers, and other potential data issues. R is a statistical
computing environment used for data management, statis-
tical analysis, and graphics.1? Data queries were reviewed
by the study team and corrected using source information
where appropriate. Study progress reports were also gener-
ated to monitor recruitment, completeness of study proce-
dures, and operational challenges.

For the imaging component, echocardiographic acqui-
sition followed a standardized study protocol. Examina-
tions were performed by an experienced cardiac sonogra-
pher, with interpretation and validation by an expert in
echocardiography. The same echocardiographic definitions
and measurement protocols will be used at baseline and
follow-up to improve consistency in longitudinal assess-
ment.

SAMPLE SIZE CONSIDERATIONS

The baseline sample size was determined for the initial
descriptive and analytic objectives of the MOYO-FIGO co-
hort. For the descriptive objective estimating albuminuria
prevalence, the single population proportion formula was
used, assuming an expected microalbuminuria prevalence
of 37.11% among diabetes patients in Africa, based on a
systematic review and meta-analysis.!! With a 95% confi-
dence level (CI), 8% precision, and 10% allowance for non-
response or incomplete data, the adjusted sample size re-
quired for this objective was 155 participants. For the
descriptive objective estimating echocardiographic abnor-
malities, the same single population proportion formula
was applied using published estimates of echocardio-
graphic abnormalities among adults with T2DM. These in-
cluded left ventricular remodeling, left ventricular diastolic
dysfunction, impaired global longitudinal strain, and left
atrial enlargement from a study in Cameroon,2? and LVDD
from a systematic review and meta-analysis of adults with
T2DM.2! The largest required sample size was 165 par-
ticipants, based on an expected prevalence of LVDD of
51.6%.20

For the analytic objective assessing the association be-
tween albuminuria and echocardiographic abnormalities,
published albuminuria-stratified data were reviewed. Jar-
gensen et al. reported associations between albuminuria
severity and cardiac mechanics in T2DM, but many of the
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relevant measures were reported as continuous echocardio-
graphic parameters.!2 Therefore, categorical albuminuria-
stratified LVDD data from a sub-Saharan African T2DM
population were used for the formal analytic sample size
estimation.22 Using a chi-square test with Cramer’s V =
0.256, a = 0.05, 80% power, and 2 degrees of freedom, the
minimum analytic sample size was 147 participants. After
allowing for 10% non-response or incomplete data, the ad-
justed analytic sample size was 162 participants. This cal-
culation was performed using the pwr package in R.19

The final minimum baseline sample size was therefore
set at 165 participants, corresponding to the largest re-
quirement across the descriptive and analytic objectives.
For the planned longitudinal analysis, all participants who
completed baseline assessment will be invited for the two-
year follow-up visit. A separate longitudinal sample size
calculation was not performed because reliable local esti-
mates of two-year progression rates in echocardiographic
abnormalities across albuminuria categories were not avail-
able. Longitudinal analyses will therefore use all available
follow-up data and and will be interpreted with emphasis
on effect estimates with 95% ClIs rather than statistical sig-
nificance alone. Follow-up completeness will be reported,
and baseline characteristics of participants retained versus
lost to follow-up will be compared to assess potential at-
trition bias. If follow-up numbers are smaller than antici-
pated, analyses of less frequent secondary outcomes will be
considered exploratory.

STATISTICAL ANALYSIS PLAN

Analyses will be conducted in two stages: baseline analyses
and longitudinal analyses. Baseline analyses will character-
ize the established cohort at the time of first assessment
and will be reported separately from the longitudinal fol-
low-up analysis. Longitudinal analyses will evaluate
whether baseline albuminuria is associated with two-year
change in global longitudinal strain, the primary longitu-
dinal outcome, and with selected secondary echocardio-
graphic outcomes at follow-up.

Baseline participant characteristics will be summarized
overall and by albuminuria category. Categorical variables
will be described using frequencies and percentages. Con-
tinuous variables will be summarized using means and
standard deviations when approximately normally distrib-
uted, and medians with interquartile ranges when skewed.
Baseline comparisons across albuminuria categories will
use chi-square or Fisher’s exact tests for categorical vari-
ables and analysis of variance or Kruskal-Wallis tests for
continuous variables, as appropriate.

The baseline prevalence of each predefined echocardio-
graphic abnormality will be estimated as the proportion of
participants meeting the operational definition for that ab-
normality. These abnormalities will include LVH, left atrial
enlargement, reduced LVEF, abnormal global longitudinal
strain, LVDD, right ventricular systolic dysfunction, and
any abnormal echocardiographic finding. Prevalence esti-
mates will be reported with 95% Cls.

For baseline cross-sectional analyses, logistic regression
models will be used to estimate the association between al-

buminuria category and each binary echocardiographic ab-
normality. Normal to mildly increased albuminuria, defined
as UACR of less than 30 mg/g will serve as the reference
category. Crude odds ratios and adjusted odds ratios will
be reported with 95% ClIs. Multivariable models will ad-
just for prespecified clinically relevant covariates, including
age, sex, hypertension, duration of diabetes, body mass in-
dex, and glycated haemoglobin. Additional adjustment for
eGFR may be considered in sensitivity analyses, recogniz-
ing that kidney function may lie on the causal pathway be-
tween albuminuria and cardiovascular outcomes.

For the primary longitudinal analysis, the outcome will
be two-year change in global longitudinal strain. Baseline
albuminuria will be the main exposure and will be analysed
using Al, A2, and A3 categories, with Al as the reference
category. Additional analyses will assess urinary albumin-
to-creatinine ratio as a continuous exposure, with loga-
rithmic transformation considered if the distribution is
markedly skewed. Linear regression will be used to estimate
the association between baseline albuminuria and change
in global longitudinal strain, adjusting for prespecified co-
variates including age, sex, hypertension, duration of dia-
betes, body mass index, glycated haemoglobin, and base-
line global longitudinal strain. If repeated measures are
modelled jointly, linear mixed-effects models may be used.
Because albuminuria at baseline was assessed using a single
random spot UACR, sensitivity analyses will consider repeat
UACR measured at follow-up where available. These analy-
ses may classify participants according to persistent al-
buminuria, regression of albuminuria, progression of al-
buminuria category, or change in UACR over time. These
analyses will be considered exploratory and will be inter-
preted cautiously because follow-up UACR may reflect both
baseline risk and interval changes in kidney status.

Secondary longitudinal analyses will evaluate incident
or progressive echocardiographic abnormalities over two
years. Logistic regression will be used for binary incident
outcomes, while linear regression or linear mixed-effects
models will be used for change in continuous echocardio-
graphic parameters. Participants lost to follow-up will be
compared with those retained in the cohort using baseline
characteristics to assess potential attrition bias.

Missing data will be assessed for extent, and likely pat-
tern. Available-case analysis will be used for primary analy-
ses when missingness is limited. If missing data are sub-
stantial, sensitivity analyses will be considered to assess
the robustness of findings, , including multiple imputation
where appropriate and where assumptions are reasonable.
Participants lost to follow-up will be compared with those
retained in the cohort using baseline characteristics to
evaluate potential attrition bias.

Model assumptions will be assessed before interpreta-
tion of regression models. For linear regression models,
residual distribution, linearity, influential observations,
and homoscedasticity will be examined. For logistic regres-
sion models, sparse outcome categories, influential obser-
vations, and model convergence will be assessed. Contin-
uous covariates will be checked for functional form, and
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transformation or flexible modelling will be considered
where appropriate.

Covariates for multivariable models will be selected a
priori based on clinical relevance and plausible confound-
ing of the relationship between albuminuria and cardiac
structural or functional outcomes. Prespecified covariates
will include age, sex, hypertension, duration of diabetes,
body mass index (BMI), glycated haemoglobin (HbA1c), and
baseline GLS for the primary longitudinal analysis. eGFR
will be considered in sensitivity analyses because kidney
function may be related to both albuminuria and cardiovas-
cular outcomes and may also lie on the causal pathway.

Given the number of secondary and exploratory out-
comes, these analyses will be interpreted with attention to
multiplicity and consistency of effect estimates rather than
isolated p-values. The primary longitudinal outcome will be
two-year change in GLS. Secondary and exploratory analy-
ses will be considered hypothesis-generating, and findings
will be reported with effect estimates and 95% CI.

All statistical analyses will be conducted using R soft-
ware.19 Statistical tests will be two-sided, and p-values less
than 0.05 will be considered statistically significant.

DISCUSSION

The MOYO-FIGO study is designed to generate longitudinal
follow-up of an established cohort with completed baseline
CKM phenotyping. The study will generate longitudinal ev-
idence on whether albuminuria is associated with two-year
change in GLS among adults with T2DM in Kenya, while
also evaluating secondary structural and functional
echocardiographic outcomes. By combining UACR testing
with comprehensive echocardiography, including global
longitudinal strain, MOYO-FIGO is designed to evaluate
whether albuminuria can serve as a practical marker for
identifying adults with T2DM who are at higher risk of pro-
gressive cardiac involvement.

A major contribution of this cohort is its focus on CKM
risk in an African tertiary outpatient diabetes population.
Albuminuria is an established marker of kidney involve-
ment and is also associated with CV events, heart failure,
and mortality.>10 Previous studies have reported associ-
ations between albuminuria and cardiac mechanics in
T2DM, but longitudinal African data integrating albumin-
uria with broad echocardiographic phenotyping remain
limited.12 MOYO-FIGO is therefore positioned to address
an important evidence gap by evaluating whether baseline
albuminuria predicts incident or progressive cardiac abnor-
malities over two years. The study also has relevance for
global health economics and policy. Echocardiography and
strain imaging require specialized equipment and trained
personnel and may not be routinely available for all adults
with T2DM in resource-limited settings. If albuminuria is
shown to identify patients at higher risk of cardiac struc-
tural or functional progression, UACR testing could support
more targeted referral for echocardiography. MOYO-FIGO
will not directly evaluate cost-effectiveness, but the find-
ings may provide empirical inputs for future economic eval-

uations of albuminuria-guided cardiovascular screening
strategies in diabetes care.

The inclusion of GLS is important because early myocar-
dial dysfunction in T2DM may not be captured by LVEF
alone. Conventional echocardiographic assessment often
relies on LVEF, but ejection fraction may remain preserved
during early myocardial dysfunction. GLS provides a more
sensitive assessment of myocardial deformation and may
detect subclinical left ventricular systolic dysfunction be-
fore overt reduction in ejection fraction becomes appar-
ent®. In a setting where echocardiography resources are
limited, identifying clinical or laboratory markers that can
help target patients for more detailed CV assessment may
be valuable. MOYO-FIGO will not establish whether albu-
minuria-based screening is cost-effective, but it may pro-
vide evidence to support early identification of patients
who warrant closer cardiovascular assessment and inte-
grated CKM risk management.

STRENGTHS AND LIMITATIONS

The study has several strengths. First, it uses a prospective
observational cohort design with completed baseline CKM
phenotyping and planned two-year follow-up. Second, the
baseline assessment integrates clinical data, laboratory
testing, UACR measurement, electrocardiography, and
echocardiography within the same study visit. Third, the
echocardiographic protocol includes chamber quantifica-
tion, systolic function, diastolic function assessment, right
ventricular systolic function, and GLS. Fourth, data were
captured electronically using REDCap, with programmed
validation checks and routine quality assurance procedures.

The study also has limitations. It is single-centre cohort
based at Kenyatta National Hospital, a national tertiary
referral and teaching hospital. Participants attending this
clinic may differ from adults with T2DM managed in rural,
primary-care, county-hospital, or community-based set-
tings. They may have longer disease duration, greater co-
morbidity burden, more advanced complications, or better
access to specialist investigations than patients outside a
tertiary referral system. Therefore, the findings may not be
directly generalizable to all adults with T2DM in Kenya.

Albuminuria was measured at baseline using a single
random spot UACR. Although this approach is practical in
an outpatient clinic setting, persistent albuminuria cannot
be confirmed without repeat testing.

This may lead to exposure misclassification because uri-
nary albumin excretion can vary with hydration status, ex-
ercise, infection, glycaemic control, blood pressure, and in-
tercurrent illness. Repeat UACR measurement at follow-up
will allow exploratory analyses of persistent, regressing, or
progressing albuminuria categories where data are avail-
able.

The longitudinal analyses may also be affected by attri-
tion over the two-year follow-up period. Participants who
return for repeat assessment may differ systematically from
those who are lost to follow-up, potentially introducing at-
trition bias. To address this, the study will use participant
contact and reminder procedures, document reasons for
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non-attendance where known, and compare baseline char-
acteristics of participants retained versus lost to follow-
up. The sample size may limit power for less frequent sec-
ondary outcomes and subgroup analyses, and these
analyses will be interpreted cautiously.

Finally, because MOYO-FIGO is observational, it can
evaluate associations and temporal patterns but cannot es-
tablish causality.

CONCLUSIONS

MOYO-FIGO is a prospective observational cohort study
describing the longitudinal follow-up of an established co-
hort with completed baseline CKM phenotyping and
planned two-year follow-up. The study is designed to eval-
uate whether albuminuria is associated with two-year
change in global longitudinal strain and secondary
echocardiographic outcomes among adults with T2DM at-
tending a tertiary outpatient clinic in Kenya. Findings from
this cohort may inform future strategies for risk stratifi-
cation, targeted echocardiographic assessment, integrated
CKM care , and future economic evaluation of albuminuria-
guided cardiovascular screening strategies in resource-lim-
ited diabetes settings.
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