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Abstract

Background. The sickle-cell unit in Kingston has operated Jamaica’s only comprehensive
sickle-cell centre since 1973, and initiated the Jamaican cohort Study of Sickle-Cell Disease
(JSSCD) in the same year. JSSCD participants (552 haemoglobinopathies and 246 AA
genotype controls) were initially identified from neonatal screening of 100,000 consecutive
hospital deliveries. In the 27 years to December 1999, JSSCD members had been followed for
between 18 and 26 years, and 6,464 non-cohort patients had also presented to the clinic (and
formed the clinic study). We have used longitudinal information from these study groups to
examine three challenges facing sickle-cell disease (SCD) epidemiology: important gaps in
our knowledge of the natural history of the disease, how to recruit study participants and
define haematology and clinical endpoints in ways that minimise study bias, and how to
define and predict SCD health-status.

Methods. We described and modelled profiles of 10 haematological indices, and 14 common
clinical complications from birth to early adulthood. We additionally described childhood
growth and its association with later health outcomes, we report on mortality in the JSSCD,
and we model lifetime survival among people with homozygous sickle-cell disease in Jamaica.
Together, these analyses meet our first challenge of describing SCD natural history, and they
form the backbone of this thesis.

We estimated the proportion of the true SCD population that remain unrecruited when
neonatal screening is not available. We quantified the ‘late-entry’ bias introduced in clinical
event reporting when using a clinically ascertained population, and suggested guidelines for
when to apply a statistical adjustment to reduce this bias. We developed and used a new
adjustment technique to provide valid estimates of lifetime survival in the presence of this
bias. We described levels of JSSCD non-response, and the role of two forms of non-response:
temporary non-response (default) and permanent non-response (dropout) on invalidating
research conclusions. Together, these analyses examine our second challenge: the role of bias

in SCD epidemiology.

We used a systematic review to identify the literature on health status in SCD, and
summarized the quality of included articles. We applied health status prediction models to
the JSSCD to provide the first external validation of these tools. We described an ongoing
study to develop robust prediction tools for SCD health status. Together, these analyses
examine our third challenge: the role of health status in SCD epidemiology.

Findings. We present our work as four related ‘books’ covering study participants,
haematology, clinical events, and health status. The sickle-cell unit clinic load has increased
from 3,668 presentations in 1973-75 to 35,682 in 1997-99. The number of patients and the
number of presentations per patient per year have both increased. Non-enrolment among
people with unscreened SS disease is considerable; up to 90% will not enrol by five years of
age and so will not benefit from important early-life clinical interventions, and up to half
may not enrol for specialist clinical care during childhood. Among SS disease patients that
do enrol, over half do so in adolescence and adulthood when clinical management is less
focused on preventive care. In the JSSCD, 2.7% of participants default from the clinic for
one complete calendar year, and 21.9% default from a single pre-arranged appointment.
Defaulting predicts subsequent mortality, which suggests an avenue for intervention.
Participants that default or dropout have different levels of haematology and different
clinical expressions: defaulters that survive have a mild haematological profile, while
defaulters that subsequently die exhibit increased reticulocytosis. This ‘non-ignorable’ non-
response has far reaching consequences for how we analyse observational studies in sickle-cell
disease. Health status literature remains contradictory, and from 77 identified articles just 3
met minimal criteria for acceptable design. From 16 articles offering systems for classifying
health status a single article maintained some ability to minimise false-positive identification
of adversely affected patients, but its general predictive ability degraded from 79% to 6%.
Our clinical case studies present a range of findings and conclusions, which we present in the
body of our report. Qur major case study investigated lifetime survival in SS disease, and we
report an encouraging median survival of 53 years (95% confidence interval 49.0 to 58.7) for
men and 58.5 years (53.5 to 70.9) for women.
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Chapter 1

Introduction

1.1 Human haemoglobin
A continuous supply of oxygen is essential for life, and this oxygen is transported from
our lungs to all parts of our body by haemoglobin, which is the major protein in red
blood cells. There are several human haemoglobins and they all have two pairs of globin
chains (a globin chain contains amino acids - the building blocks of proteins) folded around a
pocket containing the oxygen-carrying haem molecule. Globin chains vary with the stage of
fetal development, and are designated the Greek letters alpha (o), beta (8), gamma (v),
delta (§), epsilon (g), and zeta (). Alpha and gamma are the main chains in fetal life, with

gamma mostly replaced by beta production in postnatal life (Figure 1.1).

Figure 1.1
Globin chain synthesis in fetal and postnatal life (adapted from (1))
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In fetal life, the main haemoglobin molecule is fetal haemoglobin or HbF (a2-42), and in
postnatal life, this fetal haemoglobin is replaced by adult haemoglobin or HbA («2-32), and
by small amounts of HbA2 («2-62) (2;3).

1.2 Haemoglobin disorders

Disorders of haemoglobin production or structure are known as haemoglobinopathies.

1.2.1 Altered haemoglobin structure: sickle-cell disease
Sickle-cell disease (SCD) is a group of inherited conditions identified by the presence of hae-
moglobin-S (HbS), which replaces a proportion of HbA. Haemoglobin-S is the product of a

single-point mutation of the gene that regulates (3-globin production. Inheriting this muta-
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tion from both parents creates the homozygous form of the disease, known as homozygous
sickle cell (SS) disease in the United Kingdom and elsewhere, and sickle-cell anaemia (SCA)
in the United States. It is the most common of all haemoglobin disorders, with 230 000 new
cases per year in sub-Saharan Africa, a region that accounts for 70% of worldwide prevalence

(4;5). People with SS disease are the main focus of this thesis.

Other forms of SCD (known as compound heterozygous forms), combine the HbS mutation
with another mutation of the beta-globin gene. Examples of compound heterozygous SCD
are SC disease, SB°-thalassaemia, and S3*-thalassaemia (see Section 1.2.2). Most people who
carry the mutated ‘sickle-cell’ allele have it on only one of their pair of genes. The other gene
of the pair does not have the mutation and so produces normal adult haemoglobin (haemo-

globin A). These carriers have the sickle cell trait, and in general suffer no adverse clinical

effects.

(a) Origins
The sickle-cell mutation has occurred in at least four independent populations: three in Af-

rica and one the Middle East and India (Figure 1.2). Each mutation has a recognisable DNA

structure around the beta-globin locus (known as a beta-globin haplotype).

Figure 1.2
Geographical distribution of the sickle-cell gene in Africa and the Middle East
(adapted from Bodner and Cavelli-Sforza (6)).
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These mutations, if inherited from a single parent (creating the sickle-cell trait), confer a
relative protection against falciparum malaria during an important phase in early childhood
between the loss of passively acquired maternal immunity and the development of actively
acquired immunity (7;8). They are more likely to survive and pass on their genes. This pro-
tection does not apply to sickle-cell disease; in Africa malaria is a common cause of mortality

among people with SS disease (8).

(b) Distribution

Over generations the sickle cell trait has therefore reached high frequencies in malarious ar-
eas (Figure 1.2). Subsequent human movement transferred affected populations from West
and Central Africa to the Caribbean, the southern United States, and Central and South
America. From the 1950’s secondary movements shifted southern US populations to the
Northern United States and Canada, Caribbean populations to Europe and North America,

and Mediterranean populations to Northern Europe.

1.2.2 Decreased haemoglobin production: the thalassaemias

Disorders of haemoglobin production result in the thalassaemia conditions. Decreased pro-
duction of alpha chains (a-thalassaemia) or beta chains (3-thalassaemia) are most common,
and less frequently larger genetic regions are affected, giving rise to delta-beta or gamma-
delta-beta thalassaemia. Alpha-thalassaemia is usually the result of gene deletion. Beta-
thalassaemia usually occurs due to a single point mutation. Sickle-cell disease is a (-globin

disorder, and concidence with a-globin deletions is relatively common.

1.3 Pathophysiology

The haemoglobin-S molecule has a tendency to change its shape when it is not linked to
oxygen. Collections of these molecules distort the whole red blood cell. We commonly refer
to this repeated deformation process as ‘sickling’, and the resulting red blood cell as a sick-
led-cell (because of its distinctive shape). After a series of cycles of sickling and de-sickling,

red blood cells with a high concentration of HbS lose the ability to de-sickle and become

permanently deformed.

Sickling has two important effects: haemolysis and vaso-occlusion (9). Red cells containing
HbS have a weaker structure and have a much shorter life than the normal four-months.
This increased red cell destruction (increased haemolysis) leads to anaemia. By itself, anae-

mia may not be a big problem - people with sickle-cell disease cope well with chronically

lowered levels of haemoglobin.

Secondly, red cells with HbS are less pliable and tend to adhere to blood vessel walls. These

effects, along with the increased density of sickled cells can slow the blood flow in SCD, and
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in extreme cases can cause complete blockage of small blood vessels. These blockages are al-

ways serious, as they deprive tissues of their oxygen and lead to local death of the tissue.

1.4 Diagnosis

Diagnosis of the major genotypes of sickle-cell disease is relatively simple and has been the
subject of several reviews (10-12). Neonatal diagnosis is available and inexpensive, allowing
clinical management from birth. Antenatal diagnosis is possible, but is more costly and has

associated ethical, religious, and social considerations.

1.5 Clinical manifestations

SCD has a wide range of symptoms, and anyone with the disease may have any number of
these complications. Some may have none but die with a single acute event. Some skip one
or more ‘phases’ in the age-related progression of the disease. A person with sickle-cell dis-
ease would be expected to survive into the fifth or sixth decade, although there is also wide
variation in survival rates (13;14). There is evidence that variation in the expression of the
disease has a geographical dimension, although reports from different countries are compli-
cated by differences in the characteristics of the populations studied (for example, many
studies are cross sectional with different age structures). Based on clinical signs and symp-

toms, SS and S@E°-thalassaemia are considered the clinically serious forms of SCD, with SC

and SPp*-thalassaemia ranked as milder diseases (15;16).

Evidence for the haemolytic anaemia in SS disease is an increased reticulocyte count, which
reflects an increased bone marrow response. Complications of haemolysis relate to the high
red cell turnover, and the production of excessive amounts of haemoglobin metabolites such

ag bilirubin. The most common associated clinical event is the production of gallstones.

The vaso-occlusive aspect of SCD is responsible for most of the major complications; many
organs of the body can be affected. In infancy, functional asplenia leads to increased suscep-
tibility to infection, and acute splenic sequestration (ASS) can reduce the total haemoglobin
to critical levels within hours. Dactylitis is common in infancy and may be a precursor to a
serious clinical course (17). In childhood, infection, stroke and the acute chest syndrome
(ACS) dominate as causes of morbidity and death. In adolescence, bacteraemias, dactylitis,
ASS, ACS, and stroke decrease in frequency, and gallstones, episodes of severe pain, and leg
ulceration increase in frequency. Although adolescence can be a time of relative clinical calm,
those with the disease face the physical limitations and the psychological impact of a serious
chronic condition. In adulthood, complications associated with pregnancy, the eyes, and
chronic organ damage become increasingly prevalent. Throughout adolescence and early
adulthood the painful crisis becomes the major cause of morbidity, placing a physical and

social burden on those that it affects.
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1.6 Sickle-cell disease epidemiology

The variable clinical expression of the disease is well known. A large literature has focused
on defining the range of clinical events, and exploring features of study participants and
their environment that might explain why and when specific clinical events occur. This is
the domain of epidemiology in sickle-cell disease research. The number of sickle-cell disease
publications has risen steadily in the 30-years from 1970 (Figure 1.3). The number of clinical
trials remains low. Observational studies dominate the SCD literature and provide the evi-
dence-base for most current clinical practice. There is an urgent need for randomised con-
trolled trials of therapeutic interventions, but observational epidemiology looks likely to

drive our understanding of SCD for some time to come.

Figure 1.3
Number of sickle-cell disease publications listed in Medline between 1970 and 2002
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1.7 Research challenges in sickle-cell disease epidemiology

Sickle-cell disease epidemiology faces important challenges.

1.7.1 Definitions

Decisions on how we recruit study participants, and how we define clinical endpoints and
haematological indices (which are often used as predictors in models of the disease) are fun-
damental pre-requisites in sickle-cell disease epidemiology. Despite their central importance,
there is little consensus on the role of participant recruitment, and the use of haematology
and clinical events in sickle-cell disease. Systematic assessment of whether currently accepted
methodology and definitions are appropriate is not available. This has lead to widespread
use of potentially inappropriate statistical methodology. The ability to compare and repro-

duce published risk factors is complicated by these variations.

1.7.2  Incomplete natural history

Many clinical events in sickle-cell disease have been well documented, and important texts
are available that summarise these findings (2;18;19). Other events remain poorly described,
often because appropriate study participants have not been available to allow a satisfactory
description of a condition; in some cases the event is rare, in some cases an event is only
seen in infants or older adults, and in some cases the described populations are missing im-
portant subgroups, which can bias conclusions. In many instances, cross-sectional informa-

tion has been used to summarise implicitly age-related phenomena.

1.7.8 Predicting health-status

The possibility of identifying those most affected by the disease as primary candidates for
intervention, has encouraged a vocal and persistent call for methods to inform the classifica-
tion of people with SS disease according to some notion of health-status (20-24). At the same
time, the barriers to such a classification are widely understood (25). For a predictive
scheme to be useful in practice, it must accurately identify those people at increased risk of
adverse outcomes (using a generally accepted measure of outcome). To promote clinical ac-
ceptance, the tool must then be shown to maintain its accuracy in repeated applications to

different groups of participants. This level of statistical rigour is not yet available.

1.8 Thesis plan

In this thesis we use a prospective cohort and a clinically ascertained group of participants
to investigate each of these research challenges. We have grouped our investigations into
four books: study participants, haematology, clinical events, and health-status. In
each book we present analyses in self-contained chapters, each with its own background,

methods, results, and discussion. We present summaries of proposed future work in the final

thesis discussion (Chapter 9).
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Two chapters do not belong to any thesis book. In chapter two we introduce the study
groups and provide a description of clinic utilisation among these participants, which pro-
vides information for future resource planning. In chapter nine we offer a final overarching

interpretation of the thesis results.

1.8.1 Book One: Study participants

In Book One (chapters 3 and 4) we examine the influence of study participants on research
results. It tackles research challenge one — definitions in sickle-cell disease. Methods of identi-
fying participants, and levels of subsequent non-response among participants define the gen-
eralisability of research to other sickle-cell disease populations. Without neonatal screening,
patients enrol to clinic with varying delay, and a proportion of homozygous sickle-cell births
may never enrol for specialist clinical care. In chapter three, we quantify this delay, and the
proportion of non-enrolled patients using a clinic-enrolled Jamaican patient population and
the known haemoglobin-S allele frequency for Jamaica. The results have implications for the
clinical care of the homozygous sickle-cell disease patient, for public-health policymaking,

and for clinical research.

Neonatal screening for SCD is well established in industrialised countries that have signifi-
cant numbers of people with the disease. The economic conditions in low and low-middle in-
come countries makes the provision of systematic screening more challenging. In case studies

1 and 2 we explore neonatal screening programmes in two low-middle income nations: Brazil

and Jamaica.

The use of clinic-ascertained patients remains common in sickle-cell disease research. We re-
port the incidence of bacteraemia (case-study 3) and the mortality rate (case-study 5) using
neonatal and clinic ascertained participants. Differences in results from these two study

groups would confirm an intuitive assumption that research conclusions can be dependent on

the choice of research population.

In chapter four we define and describe non-response, and explore the effect of non-response

on research conclusions.

1.8.2 Book Two: Haematology

In book two (chapter 5) we examine the role of haematology in sickle-cell disease research. It

tackles research challenge two — sickle-cell disease natural history.

Cross-sectional summaries of haematology are generally used for modelling clinical outcomes.
Most haematological indices are strongly age-related, and using single summaries may be in-
appropriate. Published age-related descriptions of haematology are restricted to early child-

hood (26;27). In chapter five we describe eleven haematological parameters from birth to 18
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years of age, accounting for non-linear changes with age, and the effects of participant non-

response.

During modelling in sickle-cell disease, haematological indices may be included as potential
risk-factors. Usually, we only use haematology collected when a patient is clinically well; the
notion of ‘steady-state’ haematology. There is no consensus on a definition for steady-state
haematology. In chapter nine, we propose a study to apply alternative definitions for the
haematological ‘steady-state’ to the cohort study group, and to investigate the resulting

variation in risk-factor study conclusions using sensitivity analysis.

Non-steady state haematology is routinely discarded as unrepresentative time periods. Yet
paradoxically, it is these acute phases that define much clinical outcome. The use of non-
steady state haematology may ultimately provide novel information on sickle-cell disease

clinical outcome. In chapter nine we include a proposal for future development of this work.

Reference intervals are commonly used in medical research to determine whether individual
values are ‘normal’ or ‘extreme’ in relation to a sampled majority. In chapter nine we de-

scribe a proposal for the development of reference intervals for haematological indices for use

in the clinic setting.

1.8.83 Book Three: Clinical events

In book three (chapter 6) we investigate the clinical outcomes of sickle-cell disease.

Evidence on the incidence and prevalence of clinical events is available, but is widely dis-
persed and for many events it is incomplete. In chapter six we provide annual incidence rates
for fourteen common clinical events in SS and SC disease, and present gender differences in
these rates. We examine the bias introduced into clinical descriptions when we use study
participants that have been clinically ascertained. We investigate the use of birth cohorts in
analysing early predictors of later clinical outcome by examining the role of birthweight and
childhood size on adolescent vasoocclusive events (case study 4). We finally examine mortal-

ity and survival among people with homozygous sickle-cell disease in Jamaica (case study 5).

Descriptions of haematological profiles, clinical event incidence, and of growth, mortality and
survival fulfil the original aim of the JSSCD and of this thesis — to document and summarise

the aetiology and natural history of sickle-cell disease.

1.8.4 Book Four: Health status

In book four (chapters 7 and 8) we examine the definition of health-status in sickle-cell dis-

ease. It tackles research challenge 3 — sickle-cell disease health-status.

Methods for summarising the health status of people living with SS disease are not well de-

veloped. Evidence is available, but has not received widespread clinical acceptance. In chap-
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ter seven we systematically review the available evidence on health-status in SS disease for

content and quality.

In this systematic review, a subset of articles offering a quantitative index to classify or pre-
dict health-status was identified. In chapter eight we apply these indices to a cohort study
group to assess their ability to maintain prognostic ability when applied to an alternative

population.

Biomarkers are outcomes that can represent or predict a clinical event or health-status, but
can be measured earlier in the disease process, potentially reducing the length of clinical tri-
als. A major clinical trial showed the benefit of hydroxyurea therapy for reducing the annual
number of painful crises in SS disease (28). In chapter nine we propose the use of data from
our cohort participants to develop prognostic models for biomarkers of painful crises. Devel-
oped models will be subjected to stringent sensitivity analyses, and will be validated using
an external population from a London sickle cell disease register. This will be the first time

that modelling in sickle-cell disease has been subjected to such statistical rigour.

1.8.5 Thesis study participants
All study participants in this thesis attend the Jamaican Sickle Cell Clinic, located in King-

ston, Jamaica.

(a) The Jamaican Study of Sickle-Cell Disease

The Jamaican Study of Sickle-Cell Disease (JSSCD) is a longitudinal cohort study of people
with sickle-cell disease, identified at birth and prospectively followed thereafter. Cohort par-
ticipants were identified from neonatal screening of 100 000 consecutive live births from a
single Kingston hospital between 1973 and 1981 (26). It is the longest running cohort in
sickle-cell disease research, and is the only ongoing birth-cohort of adult sickle-cell disease.
Importantly, although participants may subsequently drop out or temporarily default from
the study, this birth cohort avoids biases associated with enrolling patients from clinics or
hospitals, who may represent a more severely affected subpopulation. This prospective data
collection is time consuming and costly but the resulting clinical and laboratory data possi-

bly represent the best available observational data.

(b) The Jamaican Sickle cell unit clinic study
The clinic study participants are not actively recruited and join the study as they present to
the Jamaican sickle cell clinic. The clinic study has enrolled 6326 participants in the period

between January 1st 1973, and December 31st 1999.
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Chapter 2
The Jamaican Sickle-cell Clinic

Background

The sickle-cell unit of the University of the West Indies has operated Jamaica’s only comprehensive
sickle-cell centre since 1973. In the 27 years to December 31 1999, 7262 patients had presented to the
clinic. In the same year the Jamaican cohort Study of Sickle Cell Disease (JSSCD) was started, to
investigate the natural history of the disease. JSSCD participants have been followed prospectively for

between 18 and 26 years.

Methods

JSSCD participants were initially identified from neonatal screening of 100 000 consecutive non-
operative deliveries at a single hospital location; 552 cases of sickle-cell disease were identified, 315 of
which were homozygous for the haemoglobin-S allele. Data on haematology, biochemistry, and
anthropometry are collected according to a predefined visit schedule, and participants are encouraged
to attend the day-care medical facility when sick, at which time information on clinical complications

is recorded. The clinical services are also available free of charge to anyone with sickle-cell disease.

Findings

During the 27-year period there has been a steady increase in the number of registered patients
(patient load) and the number of annual clinic presentations (clinic load). The clinic load has
increased 10-fold, from 3668 presentations in 1973-75 to 35,682 presentations in 1997-1999. There has
been an associated increase in number of presentations per patient per year (clinic rate), especially
amongst young children (ages 0-4) and young adults (ages 20-39) visiting during the 1990’s. The age

structure of the general clinic population is stable, whilst that of the JSSCD continues to increase by

design.
Interpretation

These attendance figures have implications for healthcare planning, which in turn will influence the

collection of timely, relevant and quality clinical data for research.
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2.1 History of the Jamaican sickle-cell clinic

utpatient clinics of the then University College Hospital of the West Indies were
Oinitiated in 1952, and until 1965 sickle-cell patients used this general outpatient facility.
An adult sickle-cell clinic was initiated in 1965 by Dr. Paul Milner of the Department of
haematology, and a paediatric clinic began in 1968. These two clinics operated on different
days, in different locations and were manned by different staff. At 12 years of age, patients
were referred from the paediatric to adult clinic, and a high default rate during this
transition has been ascribed to the apprehension of changing clinics (1). Also in 1968, a
network of outreach clinics were initiated to service people with sickle-cell disease living
beyond the limits of the Kingston corporate area. These clinics were located in five regional
hospitals (Morant Bay, Annotto Bay, Montego Bay, Black River, and Mandeville) and were
selected so that patients were rarely more than 35 miles from a clinic (Figure 2.1). In 1971,
staffing reductions forced the cancellation of the outreach program and a reduction in the

facilities offered by the Kingston based adult clinic.

Figure 2.1
Location of six sickle-cell clinics in Jamaica between 1968 and 1971
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In 1962, the British Medical Research Council (MRC) funded the MRC Epidemiological
Research Unit at a site on the University Hospital of the West Indies (UHWI) campus in
Mona, Kingston for a ten-year study on hypertension and cardiomegaly. This study ended in
1972. Thereafter, sickle-cell disease became a focus of research, and the new unit, under the
directorship of Professor Graham Serjeant, was known officially as the MRC Laboratories
(Jamaica) and locally as The sickle-cell unit (SCU). This Unit took responsibility for the
adult sickle-cell clinic, and extended an existing programme of sickle-cell research, funded by
the Wellcome Trust since 1966, to study the natural history of SCD in Jamaica. In early
1973 the adult and paediatric clinics were merged and run jointly by MRC staff and the

department of Child Health. This merger rationalized administration and data collection,
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and removed the artificial barrier associated with the transition from child to adult
healthcare. In 1977, a reduced outreach programme re-commenced, with monthly clinics at

Black River and Montego Bay serving the sickle-cell population of Western Jamaica.

A dedicated clinic facility was built in 1988 using funds from an associated charity (the
sickle-cell trust) and in 1990 a suite of laboratories was built on the same site with funds
from the MRC. In 1994 corporate financing allowed the development of a sickle-cell
education centre, again on the same physical site. In September 1999 the Unit passed into
the ownership of the University of the West Indies. The SCU became one of four units of the
Tropical Medicine Research Institute (TMRI), along with the Tropical Metabolism Research
Unit (TMRU) and The Epidemiology Research Unit (ERU), also on the Mona campus, and
the Chronic Diseases Research Centre (CDRC) on the Cave Hill campus in Barbados.

2.2 The Jamaican Study of Sickle-Cell Disease (JSSCD)

Throughout the first half of the twentieth century, SS disease was considered a severe
condition of childhood and adolescence, and those with the disease were not expected to
survive into adulthood. Occasional case reports of long survival appeared primarily in the
early 1960's (2-5), and in 1968 the first extended presentation described 60 patients surviving
beyond 30 years of age in Jamaica (6). Subsequent publications reflected an increasing
awareness of the variability in clinical expression, with further descriptions of extended

survival (7-9) and benign cases at younger ages (10).

Improving clinical management may have partly explained this apparent improvement in
prognosis. Much early research, however, relied on symptomatic, clinic-based research
participants, and this implied that people who died without presenting to clinic were being
missed. Death without presentation to a healthcare provider might be ascribed to two
physiological processes: mild and severe disease expression, (extremes in a spectrum of

clinical severity). It might also reflect missed diagnosis when a patient presents to a

healthcare provider.

In Jamaica, early attempts to reduce this symptomatic bias focused on encouraging clinic
attendance, and included regional clinics, free bus fares, and a mobile clinical unit for
domiciliary visits. Despite these efforts, most patients were still identified by symptomatic

presentation, and the life-course of undiagnosed patients remained unknown.

The JSSCD was started to provide a group of study participants free from the symptomatic
bias of clinic-recruitment. The participants were identified at birth from a population that

was screened for the presence of haemoglobin-S. These participants were then followed at

regular intervals.
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2.2.1 Study design
The JSSCD was designed as a prospective cohort study. The assignment of participants into
groups was defined at birth by genotype and gender, making patient randomisation

inapplicable and categorizing the study as observational.

2.2.2 Patient ascertainment

Cord blood screening was performed on 100 000 consecutive normal deliveries at the main
government maternity hospital in Kingston, Jamaica (Victoria Jubilee Hospital). Caesarean
section births or other operative deliveries were excluded due to increased difficulty in
obtaining blood samples. During the recruitment period the hospital had between 10 000 and
15 000 deliveries yearly, accounting for two-thirds of all deliveries in the Kingston corporate
area, and approximately one-quarter of all island deliveries. It served a population of
principally West African descent. The screening programme commenced on 25 June 1973
and ended on 28 December 1981. The number of births screened and haemoglobinopathies

ascertained are presented by year of recruitment in Table 2.1.

The first 125 children with initial genotyping consistent with SS disease were matched with
2 controls of the same sex, born closest in time to the index case and with a normal
haemoglobin (AA) genotype. Each SS patient and associated AA control pair were assigned

a unique cohort identifying number.

Table 2.1
Number of patients screened, genotypes identified, and genotypes

entering the JSSCD by year of screening.

Year Screened (% /cum %) SS Sbeta® Sheta® SC SF SL SO SV AA Total

1973 6472 (6.5 / 6.5) TR RRD )5t M R () S )i A A8 5o 0%,
1074k 12208 = (U220 AIR6) sl s EORERR IS () ) )
1975, 20318 | 2108 G0t - A0 %0 D RIS ) ) e 0 S L 1
19767 12170 {227 pA2i)h 3Rk fh S Tony ol 0N 0l ol
1077 12030° ({205 /5459)) #3085 Dk p20% 105 H0N OB AIlE SNOF S
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To70% 5Ty Ay ERt e e I T S ) (0] 5 1) s (0 o o
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Total 100,000 315 36 Lils STl arRe A Sl S R e

Some of these initial SS classifications were subsequently identified as SB3° thalassaemia
(n=14) or S/hereditary persistence of fetal haemoglobin (S/HPFH or SF) (n=4), leaving 107
SS patients with associated AA controls. Of the 250 controls with an AA genotype, four
were subsequently shown to have the (3 thalassaemia trait, leaving 246 AA controls. These

four re-classified controls were associated with two SS cases, one SB* case, and one SC case,



Chapter Two The Jamaican sickle cell unit 2.5

leaving four case-control groups with a single AA control each. Due to clinic and staffing
capacity, recruitment of AA controls was stopped after cohort member 125. The last 28
cases of the 201 SC participants identified were referred directly to another institution
(Bustemante Children's Hospital, Spanish Town) for follow-up, reducing the number of SC
participants entering the cohort to 173. The numbers of recruited haemoglobinopathies and
controls that were never traced or were untraceable after a single clinic attendance are

presented in Table 2.2.

Table 2.2

Numbers of untraceable recruited JSSCD participants

Genotype Recruited No clinic visit  Single clinic visit

SS 315 3 1
SB + 36 0 1
SB 0 11 0 0

SC 173 6 0

SE 7 0 0

SL 0 0

SO 0 0

SV 0 0
AA 246 3 7l
Total 798 12 9

2.2.8 Data collection
Data collected for all cohort participants are grouped into the following broad classifications:
static information, routine and sick visit documentation, haematology, anthropometry,

ophthalmological, ultrasound, and clinical events.

(a) Static patient information
Basic information is maintained on all participants: a unique numeric identifier, genotype,
gender, date of birth, date of last visit, patient status (alive, dead, emigrated), alpha-

thalassaemia status, and beta-globin haplotype.

(b) Routine visits and sick visit documentation

Study participants follow a pre-defined routine appointment schedule (see section 2.2.3(c),
and are encouraged to attend the clinic whenever they are sick. Clinical event information
(see section 2.2.3(h) is collected at each sick visit, along with haematology and biochemistry
if necessary for patient management. All other data are collected during the pre-defined

appointment schedule.
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(c¢) Routine visit appointment schedule

Initially, two methods of follow-up were proposed so that the effects of frequent follow-up on
the clinical course could be ascertained. Odd numbered cohort members were given
appointments at monthly intervals from birth to six months, two monthly intervals from six
to twelve months and every three months thereafter. Even numbered cohorts were given
appointments at six-month intervals. This regime proved unsatisfactory, with the less
frequent follow-up group providing inadequate levels of information. Infrequent follow-up
was abandoned in April 1975, and thereafter, surveillance of all participants followed the
more frequent attendance schedule. From six-years of age, follow-up of AA controls was
reduced to intervals of six-months (Table 2.3). From 25-years of age follow-up of SC cases

was reduced to intervals of six-months.

Table 2.3
Routine appointment schedule among JSSCD participants with sickle-cell disease (SCD) and

normal (AA) controls.

1973 - March 1975 April 1975 — Dec 1981
SCD AA SCD AA SCD AA
(odd) controls (even) controls (all) controls
Year One
birth v v v v v v
1 month v v v v
2 7 v v 7
3 v v v v
4 v v v v
5 v v v v
6 7 7 7 e v v
8 v v v v
10 v v v v
12 v v v v v v
Year Two
15 v v v v
18 v v v v v v
21 v v v v
24 v v v v v v
Years Three to Five Rotims amoniod.
1st q v v i st v 4
e v \/ articipants v v
transferred to
grcia % i frequent follow- v 5
At v 7 quent follow-up 7 3
Years Six and above
1st q v v
2nd q v v v v
3rd q v v
4th q v v v v

(d) haematology / biochemistry

An initial capillary blood sample was taken within 48 hours of birth. Subsequent
venepunctures have been performed, and haematology and biochemistry collected according
to the regime outlined in Table 2.4. Assessment of routine haematology is contra-indicated

for a three-month post-transfusion period.
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Table 2.4

Data collection regime of routine haematology among JSSCD participants

Age FBC HbAz HbLF Fe / Bilirubin Folate Storage LFT RFT

1 2 1 1 1 1 1 - -
2 2 1 1 il 1 1 - -
3 2 1 1 1 1 il - -
4 2 1 1 1 1 1 - -
5 2 1 1 1 1 1 1 -
6 2) 1 1 il 1 1l - -
7 2 1 1 1 1 1 - -
8 2 1 1 1 1 1 - -
9 2 1 1 1 1 1 - -
10 2 1l 1 1 1 1 1 -
11 to 14 2 - 1 1 1 1 - -
15 2 1 1 1 1 1 1 1
16 to 19 2 - 1 il 1 1 - 1
20 2 1 1 1 1 1 1 1
21 to 24 2 - 1 1 1 1 - 1
25 2) 1 1 1 1 1 1 1
26 to 29 2 - 1 1 1 1 - 1
30 2 1 1 1 il 1 1 1
1 Measurement once a year, on birthday
2 Measurement twice a year, on birthday and at 6-months

Routine haematology (full blood count or FBC) consists of total haemoglobin (Hb, g/dl), red
cell count (RBC, count/1), packed cell volume or haematocrit (PCV, 1/1), mean cell volume
(MCV, fl), mean cell haemoglobin (MCH, pg), mean cell haemoglobin concentration
(MCHC, g/dl), platelet count (PLATE 10°/1), and reticulocyte count (RETICS %). Hb and
RBC were measured in an electronic counter (Coulter ZB16 or Coulter MaxM, Coulter
Electronics) regularly calibrated with a commercially available control (4C, Coulter
Electronics). PCV was measured as the centrifuged micro-haematocrit after centrifuging at
12,000g for 5 minutes and without correction for trapped plasma. MCV, MCH, and MCHC

were derived haematological parameters calculated from Hb, RBC, and PCV (equations 2.1

to 2.3).

PCV (%) %10
MCV = — fl (2.1)
RBC (mllhons/ ul)
Hb (g/dl)x 10
MCH = g . .) Pg (2:2)
RBC (mllhons/ ul)
Hb (g/dl
MCHC = Mx 100 (2.3)

PCV (%)

Platelets were counted in an electronic counter (Coulter Thrombocounter). Reticulocytes
were ascertained from blood, stained 5% brilliant cresyl blue. Further red cell indices were

collected less frequently. HbA, (g/dl) was estimated by elution after electrophoresis on
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cellulose acetate (11) and fetal hemoglobin (%) by an alkali denaturation method. Serum
was separated and stored at 4°C for estimation of serum iron (mmols/l) by the method of
Beale et al (12), iron binding capacity (mmols/1), and % saturation (%). Serum was stored
at -20°C for estimation of serum bilirubin (conjugated and total, mmols/1) by the method of
Lathe and Ruthven (13). Serum was stored at -20°C after addition of ascorbic acid to
stabilize folate, for the estimation of serum folate (mg/l). Assessment of folate levels was

contra-indicated for patients on folate supplementation (14). Further serum was separated

and stored at -70°C.

Liver function tests (LFTs) included total protein, albumin, globulin, alkaline phosphatase,
GGT, and SGOT. Renal function tests (RFTs) include serum electrolytes, urea, creatinine,
and uric acid. Stored serum allowed subsequent measurement of (3, microglobin (an indicator
of the glomerular filtration rate). Urine samples taken at annual birthday visits were tested

for proteinuria, and were stored at -70°C for later measurement of microalbuminuria.

(e) anthropometry

The measurement schedule for anthropometry is presented in Table 2.5.

Height and weight

Patient height and weight (HW) were recorded by a nurse practitioner at each routine visit.
Weight (kg) was measured on balance scales after removal of shoes and any heavy top
clothes. Height (cm) was measured using a standing stadiometer with the person standing
straight and upright, head forward and eyes level, and heels on the ground and against the

back plate. Height and weight measurements were compared with previous values by the

attending physician, and were repeated if necessary.

Anthropometry

Limited anthropometry (L) additionally included sitting height, arm span, arm
circumference, triceps skin fold thickness and subscapular skin-fold thickness, and was
collected every six months. The mean of three consecutive skin-fold measurements are taken.
Full anthropometry (F) additionally included inter-acromial diameter, inter cristal diameter,

chest anteroposterior and lateral diameters, chest circumference, and bicep and supra-iliac

skin fold thicknessess.

Limited and full anthropometry are not used in this thesis. Measurement details are not

described, and are available on request.
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Table 2.5

Data collection regime of anthropometry among JSSCD patients

SS / AA SC S/other
Every routine visit HW HW HW
Every 6 months LP LP LP
Every year (birthday) FP LP I 18]
Once at 8 years FPB FPB FPB
Once at 12 years FPB LPB LP
Once at menarche B - -

HW = height and weight, L = limited anthropometry, F = full anthropometry
P = pubertal staging, B = bone age.

Sexual development
Pubertal staging (P) is assessed by the Tanner method from stage 1 (prepubertal) to stage 5
(pubertal). Testicular size is assessed by Praders orchidometer palpating each testicle gently

in the right hand while comparing with the orchidometer held in the left.

(f) ophthalmological studies

Each year between 1985 and 2000, a team led by Professor Alan Bird (Moorfield's Hospital,
London) examined the eyes of all JSSCD patients with a haemoglobin S genotype. This
examination took place over three weeks in January and February - a period known
anecdotally as the cohort eye review. Examination included assessment of visual acuity,
retinal examinations with retinal drawings, fluorescein angioscopy and angiography, and was
designed to describe the natural history of proliferative sickle retinopathy. During the clinic

presentation, participants were given a clinical examination, and a FBC was collected.

(9) ultrasound studies

During the cohort eye review, participants underwent annual ultrasound assessment. The
gallbladder was examined for stones, sludge, thickening of the gallbladder wall, or dilation of
the common bile duct. The spleen was examined for dimensions, and irregularities of splenic
structure and consistency. The kidneys were examined for long and short renal dimensions,

abnormalities of structure, and congenital abnormalities.

(h) sick visits

A computerised participant information system allowed attending physicians to enter details
of clinical events directly into a database. The wide ranging symptoms of SCD have proven
difficult to incorporate into a general clinical coding regime (e.g. ICD, READ codes (15;16)),
and a dedicated coding system has been developed for use at the Jamaican sickle-cell clinic.
Codes are presented in Appendix 1, organized by system involvement. A study participant is
assigned one or more clinical codes at every clinic presentation. A yI (481) code is assigned

each time a study participant presents without clinical symptoms.
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2.3 Patients and methods

2.5.1 Patient groups

Newborn screening took place at a single Kingston hospital for the period of JSSCD
recruitment. There was no neonatal screening between the end of JSSCD recruitment (1981)
and 1994, and a geographically limited (and ongoing) programme thereafter. Full details of
screening for sickle-cell disease are presented in Chapter Three. The JSSCD recruited 552
patients with a haemoglobin 3° allele, and 246 AA genotype controls. The ongoing newborn
screening program has identified 138 patients with an SS genotype. The remaining 6326

patients have been symptomatically recruited to the clinic.

Participants belong to one of two distinct samples from the Jamaican sickle-cell disease
population: (1) the JSSCD sample, recruited for a specific and ongoing research program,
and (2) the clinic sample, not actively recruited and joining the sample as they present to
the sickle-cell clinic. Patients identified through the ongoing newborn screening program
and symptomatically recruited patients are collectively considered to be clinic-study
participants. If analysed separately, symptomatically referred patients are known as main-
study participants, and patients identified through the ongoing newborn screening

programme are known as screened-study participants.

2.8.2 Patient characteristics at first visit to clinic

The clinic facilities of the Jamaican sickle-cell unit and its regular outreach clinics represent
the primary health care provider for ° haemoglobin allele patients in Jamaica. Since 01
January 1973, 7016 patients with the B° globin chain abnormality have presented to the
clinic. Along with 246 AA genotype JSSCD controls, 7262 patients have presented to clinic
at least once within the study window. These patients are summarized by study group
(main, JSSCD, screened), and by genotype in Table 2.6. SS disease forms the clinic majority
in both the main and JSSCD study groups (main: 66.5%, JSSCD: 57.1%), with the combined
patient load (see section 2.3.3) of SS and SC disease around 90% for both main study and
the JSSCD (main: 91.1%, JSSCD: 88.4%). Within the JSSCD, the ten compound
heterozygotes of HbS and beta chain variants (SV) include sickle-cellHbO Arab (two),
sickle-cell-HbD Punjab (two), sickle-cell-Hb Lepore-Boston (one), and combinations of the
sickle-cell gene with HbD Iran (two), Hb Caribbean (one), HbK Woolwich (one), and Hb
Korle Bu (one).

Among symptomatically referred study participants, median age at entry to clinic
(unadjusted for clinic period) was lower in the more severe genotypes. Compared to SS
disease, the age at first presentation to clinic was significantly higher among SC and SB*
participants; the relative risk of attendance for SC (with 95% CI) was 0.69 (0.65 to 0.73),
and for SP* it was 0.67 (0.60 to 0.75). Recruitment is considered in detail in Chapter Three.

Once recruited to the clinic, the relative risk of leaving the study for any reason was
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significantly higher in all genotypes compared with SS patients. Non-response is considered
in detail in Chapter Four. These differences may be a feature of clinical expression across
genotypes, with an increasing number of clinical complications maintaining attendance. The
increased research focus on SS disease may further promote attendance among the SS
patient group. Among JSSCD study participants, the pattern of follow-up was different,
with recruitment at birth, and an increased length of follow-up among the milder genotypes
(SC, SB*, SF), which reflects improved survival.



Table 2.6

Number of patients enrolled, age at entry to clinic, and years of clinic follow-up by study group and genotype.

Main study JSSCD Screened-study
e o age at £ relative risk T yrs of SR relative risk F = yrs of i -~ yrs of oL
entry (95 CI) follow-up (95% CI) follow-up follow-up

SB* 305 (4.82) 1222  7.90 0.67 (0.60 to 0.75) 7.25 557 1.34 (119 to 1.50) 36 (6.52) 21.62 228  12(8.7) 213  0.92
Sp° 198 (3.13) 8.28 4.82 0.98 (0.85 to 1.13) 7.72 4.65 1.18 (1.03 to 1.36) 11 (1.99) 18.95 3.51 8 (58) 0.93 1.05
SC 1567 (24.77) 1275  7.93 0.69 (0.65 to 0.73) 6.63 462 154 (146 to 1.64) 173 (31.34) 21.00 2.75 : : .
SE 19 (0.30) 13.03 8.41 0.84 (0.54 to 1.32) 2.05 1.79 2.29 (1.46 to 3.59) 7 (1.27) 2091 3.35 2 (1.4) 0.83 0.92
SS 4207 (66.50) 9.12 6.72 1 9.41 6.33 1 315 (57.07) 19.15 4.63 115 (83.3) 1.51 0.85
SV 30 (0.74) 9.83 5.33 1.00 (0.70 to 1.43) 6.79 6.07 1.48 (1.03 to 2,12) 10 (1.81) 3.54  7.70 1 (0.7) 0.66 -
total 6326 (100) 552 (100) 138 (100)

AA - - - - - 246 23.82 1.59 - - -

* mad: Median absolute deviation
1 Relative risk of presentation to clinic (compared to SS participants)

 Relative risk of leaving the clinic (compared to SS participants)
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2.83.8 Vital statistics: patient burden and clinic burden

Vital statistics have been described as data on the fundamental events of human life; births
and deaths (17). They are generally simple constructs, usually in the form of counts or rates.
We develop four vital statistics describing clinic demand: the number of people recruited to
the clinic in time period t (7,), the number of people eligible for clinic attendance in time
period t (e, ), the number of people attending the clinic in time period ¢ ( a,), and the
number of clinic presentations in time period ¢ (¢,). Recruitment occurs at birth for
neonatally screened study participants and at first visit to clinic otherwise. A person is
eligible for attendance at the sickle-cell clinic if that person has been recruited and has not
emigrated or died since the last clinic visit. From the set of eligible participants, the number

attending and the total number of presentations in any given time period are available.

To investigate healthcare demand, we develop two concepts: participant burden, measured

by participant load and participant rate, and clinic burden, measured by clinic load and

clinic rate. For any time period, t,

a, = participant load
a, / e, = participant rate
¢, = clinic load
¢ |4 = clinic rate

r (e) = e (main) [ e (jsscd) = Relative participant eligibility

r (a) = a (main) [ a (jsscd) = Relative participant load

Participant load can be used to describe the changing population structures of the clinic-
study populations (clinic participants and JSSCD participants). Participant rate describes
the number of eligible participants that attend the clinic, and provides a basic description of
default from each study. Clinic load is a direct measure of participant demand for the
healthcare facility, and clinic rate allows the direct comparison of demand from alternative
study groups, controlling for the size of the attending group. Both are useful to healthcare
management. Relative participant eligibility and relative participant load examine the
changing contribution of the main and JSSCD studies to the overall clinic population as age
and period vary. All measures are examined annually. Attendance may exhibit seasonal
fluctuation, and clinic burden is also examined monthly. Data are presented by study group

(clinic participants and JSSCD participants), for all genotypes, and restricting to SS disease.

2.8.4 Reference tables
For reference, we tabulate participant-burden and clinic-burden in three-year time periods (9
groups) and either five-year age groups (13 groups — clinic sample) or two-year age groups

(14 groups — JSSCD). We present the average annual participant load for the clinic sample
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(Table 2.7) and for the JSSCD (Table 2.8). We present the clinic load and the clinic rate for
the clinic sample (Table 2.9) and for the JSSCD (Table 2.10).

2.3.5 The effect of time on attendance: age, period and cohort effects

Attendance may increase with age due to an ongoing process of symptomatic referral (main
study) or conversely may decrease due to attrition of participants caused by mortality,
migration (JSSCD). Attendance may depend on secular (calendar) time due to events that
affect the entire clinic population at once. FExamples of these period effects include the
introduction of newborn screening in Jamaica (1973), the introduction (in 1977) of parental
education for the detection of an enlarged spleen (18) with a subsequent increase in detected
cases of acute splenic sequestration, and the introduction (in 1978) of penicillin prophylaxis
(19) requiring regular medication visits to the sickle-cell clinic. Patients less than 5 years of
age attending the clinic from May 1978, will have benefited from the treatment, highlighting
the potential effect of period and age. Only participants recruited in the last three years of

the JSSCD benefited from penicillin prophylaxis, highlighting the potential effects of period

and cohort

2.8.6  Graphical display of attendance

Marginal period and age effects can be visualised using 1-dimensional line graphs, by either
calendar period or age. We present these graphs in Figure 2.2 to Figure 2.4. These simple
displays can provide useful information. Care is needed in interpretation, however, as
alternative 1-dimensional projections of 2-dimensional data can lead to competing
conclusions. Two-dimensional plots, which allow the joint assessment of alternative time
bands, are more useful. Jolley and Giles suggest the use of contour plots as an alternative
summary of age-period-cohort trends without the potential loss of information. Contours in
the age-period projection represent regions of equal attendance (cf. contours on a topological
map). Superimposed lines from lower left to upper right represent the passage of cohort

groups (20). We present contour plots in Figure 2.5 and Figure 2.6.



Average annual participant load for clinic participants (SS only patients in brackets).

Table 2.7

Calender Age group
period 0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60+
R e - 13BN 22 (16). 2205 nid0) - 11 7 (5) 6 (5) 3(2) 2 (1) 2 (2) 1 (0)
76578 10K(R)r - 220(5) i 06 (@8) 291(21) 1265(19)e 19/ (15). - 10:@) 8 (6) 6 (4) 3 (2) 1 (1) 1 (0) 1(1)
70:81L 934(19) 20 (22) L 344(25). [361(27) 1a3i(@4) L 27.(19) -18°(3) i 10%(6) 9 (5) 5 (4) 2 (2) 1(1) 1(1)
82-84 40(31) 53(39) 70(48) 72(51) 56 (39) 45(31) 30(20) 18 (13) 14 (10) 8 (5) 4 (3) 3 (2) 1(1)
8587 56.(43)° " 61 (A1) 667 7957 T(GLY 51(36) ¢ 35(23) T R5iT) 15 (10) & 11°(D) 6 (3) 3 (2) 1(1)
88-90 62 (51) 87 (60) 67 (46) 83 (60) 79 (59) 59 (44) 45 (32) 27 (18) 20 (15) 15 (10) 11 (7) 5 (4) 1(1)
91-93 61 (50) 97 (74)  82(53) 71 (50) 84 (60) 70 (52) 42(32) 31(23) 21(16) 12(9) 12 (9) 6 (4) 1(1)
94-96 75 (62) 101 (77) 107 (74) 72 (49) 82(61) 78 (58) 53 (42) 35(28) 24 (18) 15(13) 11 (8) 9 (6) 1(1)
97-99 105 (87) 120 (88) 114 (86) 90 (62) 79 (58) 87 (65) 69 (53) 44 (34) 32 (26) 18 (14) 13 (10) 10 (8) 2 (1)

Table 2.8
Average annual participant load for JSSCD participants (SS only patients in brackets).

Calender Age group
period 0-1 2-3 4-5 6-7 8-9 10-11 12-13 14-15 16-17 18-19 20-21 22-23 24-25 26-17

73-75 150 (44)

76-78 139 (58) 125 (42)

79-81 95 (59) 93 (52) 112 (46) 87 (32)

82-84 46 (38) 68 (50) 86 (50) 112 (50) 146 (42)

85-87 25 (23) 58 (43) 83 (49) 92 (44) 151 (47) 112 (32)

88-90 44 (35) 68 (44) 82 (43) 115 (44) 123 (37)

91-93 29 (25) 53 (37) 76 (43) 82 (38) 130 (40) 98 (29)

94-96 40 (31) 59 (38) 70 (37) 94 (36) 103 (33)

97-99 22 (18) 44 (31) 57(32) 65(31) 95(33) 67(22) 19 (8)




Table 2.9

Clinic load (c) and clinic rate (c/a), for all clinic sample participants by genotype

Age group
0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60+

73-75 Allc (c/a) 282 (1.8) 461 (1.7) 480 (1.5) 563 (1.7) 626 (2.1) 409 (2) 286 (1.8) 185 (1.9) 172 (1.8) 57 (1.5) 39 (1.7) 71 (2.1) 37 (1.9)
SSc (c/a) 218 (1.8) 351 (1.9) 343 (1.6) 435 (1.9) 510 (2.3) 316 (2.2) 219(2) 136(2) 146 (2) 45(1.6) 19 (L.7) 67 (2.2) 21 (2:6)

76-78 Allc (c/a) 287 (2) 561 (1.7) 615 (1.6) 673 (1.6) 700 (1.8) 577 (2) 290 (1.8) 207 (1.7) 131 (1.5) 69 (1.4) 20 (1.5) 18 (1.3) 99 (2.5)
SSc (c/a) 252 (2.1) 425 (1.9) 473 (1.7) 501 (1.6) 542 (1.9) 468 (2.1) 214 (1.9) 150 (1.7) 95 (1.6) 44 (1.4) 13(14) 5(1) 85 (3.1)

79-81 Allc (c/a) 1037 (3) 731 (1.7) 763 (1.5) 839 (1.5) 953 (1.9) 775 (1.9) 585 (2.1) 253 (1.8) 244 (1.9) 137 (1.7) 60 (1.6) 26 (1.4) 78 (1.7)
SSc (c/a) 912 (3.2) 587 (1.7) 587 (1.6) 656 (1.6) 752 (2.1) 582 (2) 466 (2.3) 178 (1.9) 172 (2.1) 91 (1.7) 44 (1.6) 12 (1.5) 51 (2)

82-84 Allc (c/a) 1970 (3.3) 1851 (2.3) 2119 (2) 2381 (2.2) 2061 (2.5) 1722 (2.6) 1083 (2.4) 712 (2.6) 496 (2.4) 332 (2.6) 149 (2.7) 107 (2.8) 164 (2.9)
SSc (c/a) 1606 (3.5) 1430 (2.4) 1518 (2.1) 1730 (2.3) 1530 (2.6) 1246 (2.7) 748 (2.5) 525 (2.8) 363 (2.5) 222 (2.9) 119 (2.6) 53 (2) 95 (3.4)

85-87 Allc (c/a) 2794 (3.4) 2279 (2.5) 2121 (2.1) 2603 (2.2) 2612 (2.4) 1826 (2.4) 1516 (2.9) 986 (2.7) 530 (2.3) 379 (2.4) 226 (2.6) 118 (2.9) 211 (3.1)
SSc (c/a) 2239 (3.4) 1638 (2.6) 1575 (2.2) 1973 (2.3) 2025 (2.6) 1390 (2.6) 1190 (3.5) 780 (3) 348 (2.4) 266 (2.5) 142 (2.8) 71 (2.4) 140 (3.3)

88-90 Allc (c/a) 2978 (3.2) 3384 (2.6) 2307 (2.3) 3277 (2.6) 3018 (2.5) 2350 (2.7) 1709 (2.5) 1023 (2.5) 873 (2.9) 607 (2.7) 416 (2.5) 192 (2.4) 307 (3.6)
SSc (c/a) 2589 (3.4) 2473 (2.7) 1648 (2.4) 2399 (2.7) 2376 (2.7) 1888 (2.9) 1365 (2.9) 701 (2.7) 689 (3.1) 428 (2.8) 284 (2.8) 137 (2.5) 204 (3.5)

91-93 Alle (c/a) 2855 (3.1) 3505 (2.4) 2526 (2.1) 2680 (2.5) 3732 (2.9) 3358 (3.2) 1823 (2.9) 1456 (3.1) 850 (2.8) 517 (2.8) 522 (2.9) 262 (2.8) 289 (3.8)
SSc (c/a) 2429 (3.2) 2810 (2.5) 1774 (2.2) 1950 (2.6) 2690 (3) 2717 (3.5) 1513 (3.2) 1183 (3.4) 706 (3) 379 (2.9) 439 (3.1) 164 (2.8) 172 (3.5)

94-96 Allc (c/a) 3859 (3.5) 3895 (2.6) 3374 (2.1) 2466 (2.3) 4289 (3.5) 3840 (3.3) 2580 (3.2) 1765 (3.4) 1127 (3.1) 562 (2.5) 587 (3.5) 426 (3.3) 241 (2.7)
SSc (c/a) 3411 (3.6) 2957 (2.6) 2408 (2.2) 1741 (2.4) 3164 (3.4) 3003 (3.4) 2229 (3.6) 1509 (3.6) 945 (3.5) 505 (2.7) 479 (4.1) 298 (3.4) 137 (2.4)

97-99 Allc (c/a) 5739 (3.6) 4652 (2.6) 3844 (2.3) 3063 (2.3) 3777 (3.2) 4882 (3.8) 3501 (3.4) 2326 (3.5)1599 (3.3) 774 (2.8) 603 (3) 473 (3.2) 449 (2.9)
SSc (c/a) 5006 (3.9) 3578 (2.7) 2922 (2.3) 2170 (2.3) 2814 (3.2) 3745 (3.8) 2900 (3.6) 1983 (3.8) 1376 (3.5) 635 (3) 524 (3.5) 412 (3.5) 312 (3.3)

All years 21801 (3) 21319 (2.2) 18149 (1.9) 18545 (2.1) 21768 (2.5) 19739 (2.7) 13373 (2.6) 8913 (2.6) 6022 (2.4) 3434 (2.3) 2622 (2.4) 1693 (2.5) 1875 (2.8)
18662 (3.1) 16249 (2.3) 13248 (2) 13555 (2.2) 16403 (2.6) 15355 (2.8) 10844 (2.8) 7145 (2.8) 4840 (2.6) 2615 (2.4) 2063 (2.6) 1219 (2.4) 1217 (3)




Table 2.10
Clinic load (c) and clinic rate (c/a), for all JSSCD sample participants by genotype

Age group
0-1 2-3 4-5 6-7 8-9 10-11 12-13 14-15 16-17 18-19 20-21 22-23 24-25  26-17

73-75 All ¢ (c/a) 2570 (3.4) 79 (2)

SS c(c/a) 925 (4.2) 38 (2.9)
76-78 All ¢ (c/a) 3820 (4.6) 2156 (2.9) 499 (2.5)

SS c (c/a) 2038 (5.9) 1014 (4) 266 (3.6)
79-81 All ¢ (c/a) 2998 (5.2) 2128 (3.8) 2039 (3) 1116 (2.6) 67 (1.9)

SS ¢ (c/a) 2144 (6.1) 1454 (4.6) 1152 (4.2) 581 (3.7) 31 (24)
82-84 All ¢ (c/a) 797 (5.7) 1818 (4.4) 2013 (3.9) 2093 (3.1) 2307 (2.6) 574 (2.3)

SS c(c/a) 712 (6.2) 1383 (4.6) 1291 (4.3) 1182 (4) 932 (3.7) 232 (3.3)

85-87 All c (c/a) 102 (4.1) 1175 (4.1) 1819 (3.7) 1981 (3.6) 2504 (2.8) 1456 (2.6) 60 (1.7)
SS ¢ (c/a) 98 (4.3) 944 (4.4) 1181 (4) 1191 (4.5)1055 (3.8) 585 (3.6) 37 (2.3)
88-90 All ¢ (c/a) 584 (4.5) 1545 (3.8) 1748 (3.6) 2150 (3.1) 1909 (2.6) 442 (2.3)
SS ¢ (c/a) 503 (4.8) 1032 (3.9)1013 (3.9) 1067 (4) 772 (3.5) 209 (2.9)
91-93 All ¢ (c/a) 120 (4.1) 880 (3.3) 1604 (3.5) 1579 (3.2)2129 (2.7)1298 (2.7) 80 (2.2)
SS ¢ (c/a) 112 (4.5) 634 (3.4) 935 (3.6) 839 (3.6) 886 (3.7) 576 (4) 54 (3.2)
94-96 All c (c/a) 414 (3.5) 1227 (3.5) 1589 (3.8) 1896 (3.3) 1988 (3.2) 500 (2.9)
SS ¢ (c/a) 331 (3.6) 770 (3.4) 954 (4.3) 970 (4.4) 962 (4.9) 275 (4.2)

97-99  All ¢ (c/a) 90 (4.1) 824 (3.7) 1424 (4.2) 1534 (4) 2016 (3.5) 1015 (3) 48 (2.5)
SS ¢ (c/a) 81 (4.5) 550 (3.5) 838 (4.3) 884 (4.7) 1058 (5.4)514 (4.6) 32 (4)

All years ¢ (c/a) 10185 (4.7) 6283 (3.4) 5726 (3.4) 5612 (3.5)6020 (3.2) 5706 (3) 5624 (3.2) 4865 (3) 4984 (3.1)4618 (3.4) 3602 (3.1) 2516 (3.2) 1015 (3) 48 (2.5)
c (c/a) 5819 (5.6) 3987 (4.1) 3653 (4.1) 3447 (4.1) 3298 (3.8) 2934 (3.6) 2018 (3.7) 2499 (3.5) 2599 (3.6) 2384 (4.2) 1900 (4.3) 1333 (4.8)514 (4.6) 32 (4)
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Participant eligibility, and participant load at the Jamaican sickle-cell clinic
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2.4 Results one: Participant burden
2.4.1 Period effects
We present the number of eligible participants, and participant-load for clinic participants

(Figure 2.2 a-b) and for JSSCD participants (Figure 2.2 c-d).

(a) Clinic participants

Clinic sample eligibility increases approximately linearly throughout the study period
(Figure 2.2a). The clinic sample patient load also rises throughout the study period, reaching
an absolute peak in 1997-99 (all patients: 2890, SS patients: 2143) (Figure 2.2b). Annual
participant rates were highest in the period 1982-84 (all genotypes: 64.8%, SS genotype:
66.0%). The crude participant rate was 58.3% among all clinic patients and 61.5% among SS

clinic patients.

(b) JSSCD participants

Eligibility among the JSSCD rises to a peak soon after the close of study recruitment (1982-
84), and decreases thereafter due to mortality and migration (Figure 2.2c). JSSCD
participant load reached an absolute maximum during 1982-84 (all patients: 622, SS
patients: 265) (Figure 2.2d). Annual patient rates were highest in the mid 1980’s (all
genotypes, 1985-87: 86.3%, SS genotype, 1982-84: 97.2%). The crude patient rate was 80.5%
among all JSSCD patients and 95.4% among SS JSSCD patients.

(c) Relative participant eligibility and relative participant load

The relative participant eligibility, and relative participant load are presented in Figure 2.3
for all participants and for SS participants. They fall rapidly to lows toward the end of
JSSCD recruitment (1979-81) and rise thereafter. The closed nature of the JSSCD cohort
defines its decreasing importance over time with respect to clinic attendance. Relative
participant load is generally lower than relative eligibility, highlighting the higher
participant rate within the JSSCD.

Among all genotypes, relative participant load rises from a low of 1.75 (95% confidence
interval 1.58 to 1.93) in 1976-78 to a high of 6.68 (6.23 to 7.16) in 1997-99. Among SS
patients it rises from a low of 3.01 (2.77 to 3.26) in 1979-81 to a high of 11.90 (11.21 to

12.64) in 1997-99.

2.4.2 Age effects

We present the number of eligible participants, and participant-load for clinic participants

(Figure 2.2 e-f), and for JSSCD participants (Figure 2.2 g-h).
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(a) Clinic participants
Clinic sample eligibility increased from birth to a plateau between 10-24 years of age, and
decreased slowly thereafter (Figure 2.2e). Participant load followed a similar pattern (Figure

2.2f).

(b) JSSCD participants

JSSCD eligibility decreased steadily with age as participants died or migrated. As of
December 31, 1999, JSSCD participants were between 18 and 26 years of age, and eligibility
decreased sharply between these ages (Figure 2.2g). JSSCD participant load mirrors the
pattern of decreasing eligibility (Figure 2.2h). Among JSSCD participants there was a dip in
participant load between the ages of two and seven. This dip was not seen in SS

participants.

Generally, the percentage of eligible participants presenting in any given calendar year or at

any given age is increased among JSSCD participants, and among SS participants.

Figure 2.3
Relative patient eligibility and relative patient load between the clinic study and the JSSCD

(a) Relative eligibility in clinic study and JSSCD (b) Relative load in clinic study and JSSCD

— All genotypes ——--—- SS genotype —— All genotypes ———-—- SS genotype
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2.5 Results two: Annual clinic burden

The marginal effects of calendar period and age on clinic load and clinic rate are examined
using line graphs (Figure 2.4 a-h). The investigation is then extended with the examination
of the joint effects of calendar period, age and cohort using contour plots (Figure 2.5 a-d and

Figure 2.6 a-d).
2.5.1 Period effects

(a) Clinic participants

Clinic load rises steadily throughout the calendar period. A jump is evident at the close of
JSSCD recruitment (1981), and probably represents the return of the Victoria Jubilee
Hospital SCD births to the clinically ascertained population. Over the nine 3-year calendar
periods, the clinic has seen a 10-fold increase in attendance (3668 presentations in 1973-75,
increasing to 35682 presentations in 1997-99) (Figure 2.4 a). Clinic rate ranges between 2

and 3 presentations per participant per year, with an upward shift in clinic rate in the early

1980’s (Figure 2.4 b).

(b) JSSCD participants

Clinic load peaks at the end of JSSCD recruitment (Figure 2.4 ¢). Clinic rate is generally
stable at between 3 and 4 presentations per participant per year for the entire JSSCD
sample, and between 4 and 5 presentations per patient per year among JSSCD SS

participants (Figure 2.4 d).

2.5.2 Age effects

(a) Clinic participants

Among the clinic sample, clinic load has two peaks; early childhood (ages 0-4), and early
adulthood (ages 20-24). Thereafter, presentations decrease rapidly due to a decreasing
patient load (Figure 2.4 e). The clinic rate is highest in early childhood, dips during
adolescence, before settling to values below 3 presentations per participant per year in

adulthood (Figure 2.4 f).

(b) JSSCD participants

Among the JSSCD, clinic load reflects the decreasing participant eligibility with increasing
age. Highs in the first 2 years of life decrease rapidly, stabilise in adolescence, and fall
towards zero after 18 years of age (Figure 2.4 g). A high clinic rate of around 5 presentations
per participant per year settles to values between 3 and 4 in adolescence, and rises again in

early adulthood, especially among SS participants (Figure 2.4 h).
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2.5.8 Age-period-cohort effects

Using contour plots, the interaction between age, period, and cohort are more evident (see

Figure 2.5 and Figure 2.6).

(a) Clinic participants

The sharp rise in clinic load at the end of JSSCD recruitment (1979-1981) is seen primarily
among patients aged 30 years or less, whilst the high early childhood and early adulthood
clinic loads are only apparent from 1990 onwards (Figure 2.5 a). The pattern of participant

load for SS participants is broadly similar (Figure 2.5 c).

The sharp rise in clinic rate seen at the end of JSSCD recruitment is seen across all ages.
Clinic rates peak in early childhood (ages 0-4) for all calendar years, in early adulthood (ages

20-39) in the 1990’s, and in older adults (ages 54-64) around 1990 (Figure 2.5 b and d).

(b) JSSCD participants

The passage of the JSSCD population through time is striking. The high early life clinic load
(ages 0-3) persists for the 8-year window of recruitment, and this largely explains the very
different period and age trends seen on the 1-dimensional projections (Figure 2.6 a,c). Clinic
rates are generally stable, with a tendency for increased rates early in life (ages 0-3) and for
the latter half of the JSSCD recruits (recruitment 1987-1981) (Figure 2.6 b,d). This cohort
effect will be due in part to the design change of JSSCD follow-up (see Table 2.3).
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Figure 2.4

The Jamaican sickle cell unit

Clinic load and clinic rate by calendar period (a-d) and by age (e-h)
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Figure 2.5

Clinic load for all participants (a) and for SS participants (c), and clinic rate for all participants (b) and for SS participants, among the clinic sample.
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Figure 2.6
Clinic load for all participants (a) and for SS participants (c), and clinic rate for all participants (b) and for SS participants, among the JSSCD sample.
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2.6 Results three: Monthly clinic burden

Seasonal fluctuations in clinic load should be expected and will be due to variation in the

level of sick visits (21) and the structure of routine appointments.

2.6.1 Period effects
Figure 2.7
Monthly clinic load among (a) the clinic participants and (b) the JSSCD

(a) Clinic: Secular clinic load

— Sick visits

Routine visits

600+

(b) JSSCD: Secular clinic load

——— Sick visits Routine visits

Monthly clinic load

Year of attendance (1973 to 1999)

(a) Clinic participants
The numbers of routine and sick visits are similar until the early 1980’s and diverge abruptly

thereafter (Figure 2.7 a).

(b) JSSCD participants

The numbers of routine and sick visits are roughly comparable. Routine attendance spikes

from 1985 onwards highlight the annual JSSCD review of participants (Figure 2.7 b).
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2.7 Discussion

We summarise some main findings from this investigation of attendance:

e During the 27-year period from 1973 to 1999, there has been a continual increase in
the number of people visiting the clinic (participant load) and the number of clinic

appointments (clinic load).

e (Clinic load has increased 10-fold, rising from 3668 presentations in the period 1973-
1975 to 35682 presentations in 1997-99. This increasing trend has been approximately
linear throughout the period.

e This increase in clinic load is due to an increase in the size of the eligible participant

sample and an increase in the number of visits per person per year (clinic rate).

e C(Clinic rate was highest among young children (ages 0-4) at all times and young

adults (ages 20-39) during the 1990’s

e The importance of the JSSCD at a contributor to patient and clinic burden has been

decreasing since the close of JSSCD patient recruitment, and will continue to do so.

o The age structure of the clinic sample has stabilised, whilst the age structure of the
JSSCD continues to increase (Table 2.11). The clinical management of SCD for the
clinic sample should already be based on the correct demographic profile. Research
using the JSSCD participants must continue to adapt to the emerging complications

of adulthood.

Serjeant and Hutson provided the only published record of Jamaican sickle-cell clinic
attendance (1952-1982) (1) and showed an aging clinic in the first 15 years of the clinic and
stability thereafter. Median age with associated median absolute deviation (22) for the
period 1973 to 1999 for clinic and JSSCD study groups confirms the continuing age stability
for the clinic study and an increasing age structure among the JSSCD. The median JSSCD
age exceeded that of the main study for the first time in 1999 and will continue to increase

as the JSSCD are followed through adulthood.

Participant and clinic burden provide important basic information for healthcare provision.
In particular, knowledge of how these burdens are likely to change in the near future can

guide timely alterations in healthcare supply.

In SCD research, all data on disease complications are collected directly from the clinic
environment. The quantity and quality of data is fundamentally dependent on the ability to

accurately collect comprehensive clinical data. The changing demand on the clinical
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environment, and the clinic’s ability to adapt to such changes has quality implications for

subsequent research.

Table 2.11

Median age (median absolute deviation) by calendar period and study group.

Calendar period Clinic sample JSSCD

1973-75 20.21 (8.32)  0.50 (0.33)
1976-78 20.51 (8.35)  1.75 (1.02)
1979-81 19.97 (8.92)  3.50 (2.00)
1982-84 19.55 (8.84)  6.54 (2.22)
1985-87 20.15 (9.67)  9.75 (2.00)
1988-90 20.67 (10.19) 12.75 (2.00)
1991-93 21.99 (10.49) 15.75 (2.00)
1994-96 22.83 (10.97) 18.89 (1.90)
1997-99 22.55 (11.84) 21.75 (2.00)
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Sickle-cell Unit clinical coding system.
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Code id Description Code id Description
Infections: general
al 1 Chicken pox a7 7 Unused
a2 2 Mumps a8 8 Unused
a3 3 Measles a9 9 Unused
a4 4  Pertussis a0 10  Unused
ab 5  Diptheria a- 11  Unused
a6 6 Unused a+ 12
a- 13
Infections: GI tract and upper respiratory tract
bl 21 Diarrhoea - no culture sent b7 27  Oral Monilia
b2 22 Diarrhoea - no pathogen b8 28  Tonsillitis
b3 23 Diarrhoea - E. coli b9 29  URTI (without tonsillitis)
b4 24 Diarrhoea — Salmonella b0 30  Vomiting ? cause
b5 25 Diarrhoea — Shigella b- 31  Acute gastroenteritis
b6 26 Diarrhoea - Other b+ 32 -
B* 33  Stool culture, pending result
Infections: Localised
cl 41 Otitis externa c7 47  Osteomyelitis - salmonella
c2 42 Otitis media (acute) c8 48  Osteomyelitis — other
c¢3 43 conjunctivitis & eye infections c9 49  Osteomyelitis — suspected
c4d 44 Unused c0 50  Venereal disease
c¢5 45 Unused c- 51  MSU, culture sterile
c6 46 Unused c+ 52  MSU, confirmed UTI
co 53  MSU pending result

Dactylitis, Painful Crisis, and Avascular Necrosis of Bone (AVN)

dl 61 Acute dactylitis d7 67 AVN femoral head - joint
damage
d2 62 Shortened small bones d8 68 AVN femoral head - no
joint damage
d3 63 Osteomyelitis of digits d9 69  AVN other sites
d4 64 Mild bone pain d0 70  AVN ribs or sternum
d5 65 Painful crisis requiring peth / sosegon d- 71 -
d6 66 Abdominal painful crisis (distention d+ 72  Day care admission
tdecreased or absent bowel sounds)
d* el o
E.N.T
el 81 Perforated drum e’ 87
e2 82 Permanent deafness, 1 or 2 ears e8 88
ed 83 Nosebleed €9 89
ed 84 Dental abcess e0 90  Other
eb 85 e- 91
e6 86 e+ 92
e* 93
Urogenital System: Male
fi 101 Stuttering priapism f7 107
265102 Major priapism f8 108
3103 Impotence f9 109
f4 104 Gynaecomastia with stilboestrol {0 110
f5 105 Gynaecomastia without stilboestrol f- 111
f6 106 - f+ 112
i 113
Gastrointestinal Tract
gt 12l Non-specific abdominal pain g7 127 Large bowel lesion
g2 122 Pica g8 128 Hernia
g3 1123 Vomiting ? cause g9 129 DU symptoms Endoscopy
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NAD

gd 124 Symptoms suggestive of DU g0 130 Suspected worms
gh 125 DU (endoscopy or barium meal) g- 131 Other GI problems
gb 126 Small bowel lesion g+ 132 Constipation

g* 133
Heart
hl 141 Congenital heart disease h7 147
h2 142 Rheumatic heart disease h8 148
h3 143 Heart failure h9 149
h4 144 Hypertension (diastolic 290) h0 150 Other heart problems
h5 145 h- 151
h6 146 h+ 152

h* 153
Liver and Spleen
il 161 Hepatitis / hepatic abscess i7 167 ASS (clinical)
i2 162 Hepatomegaly > 3cm i8 168 ASS (subclinical)
i3 163 Hepatic sequestration i9 169 Hypersplenism
i4 164 Acute cholecystitis i0 170 Splenic Infarction
15 165 Acute cholestasis i- 171
i6 166 Cholelithiasis izf 172
Chronic Diseases
PSRRI Diabetes j7 187 BMT
j2 182 SLE j8 188
B IR Cirrhosis j9 189
j4 184 HIV + jo 190
j5 185 HTLV1 + i- 191
j6 186 HBSAg + i+ 192

j* 193
Kidney Problems
k1 201 Enuresis k7 207 Urinary retention
k2 202 Haematuria k8 208 QOedema (renal or non-renal

origin)

k3 203 Nephrotic syndrome k9 209 -
k4 204 Acute nephritis kO 210 Other
kb5 205 Acute renal failure k- 211 -
k6 206 Chronic renal failure k+ 212 -

k* 213 -
Locomotor problems
LISSES201] Fracture of bone 17 220 =
128888227 Osteoarthritis 18 228 -
13 223 Ankle fixation from leg ulceration 19 229 -
4 224 Gout 10 230 Other
158225 Mechanical neck and back pain I- 231 -
16 226 Rheumatoid arthritis 1+ 232 -

JE 233 -
Miscellaneous
ml 241 Malnutrition m7 247 Other psychological disorder
m2 242 Trauma m8 248
m3 243 Depression m9 249
m4d 244 Malignant disease m0 250
mb 245 Poor school performance m- 251
m6 246 Medical certificate m+ 252

m* 253
Nervous system
nl 261 Cerebral palsy n7 267 Fits - epileptic
n2 262 Mental retardation n8 268 Fits - febrile
n3 263 Vertigo n9 269 Fits - other
nd 264 Migraine n0 270 Other
nd5 265 Cerebro-vascular accidents n- 271 Non migraine headaches
n6 266 Brain damage other than CVA n+ 272 -

n* 273
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Ophthalmic
ol 281 PSR - no treatment o7 287
02 282 PSR - Xenon photocoag o8 288
o3 283 PSR - Argon laser 09 289
o4 284 PSR o0 290 Eye visit — No PSR
o5 285 o- 291
o6 286 o+ 292
o* 293
Haematopoietic system
pl 301 Presumed aplastic crisis p7 307 Confirmed B19 infection
p2 302 Lymphadenopathy p8 308 Haemorrhage
p3 303 Unexplained hypoplasia jol?) 309 -
p4d 304 Megaloblastic change p0 310 -
p5 305 Iron deficiency p- 311 -
p6 306 Combined folate and iron deficiency p+ 312 -
DE 313 -
Infections / fever
Glik - &0l Septicaemia — pneumococcal q7 327 Meningitis — other bacterial
Q2322 Septicaemia — H.influenzae B q8 328 Meningitis — viral
q3 323 Septicaemia —Salmonella q9 329 Suspected meningitis
qd 324 Septicaemia —E Coli q0 330 Non-specific viral illness
gb 325 Septicaemia —Other q- 331 Blood culture sterile
g6 326 Meningitis - pneumococcal q+ 332 PUO (ill child, T 100.4 /
38.0 ? (cause)
q* 333 Blood culture, pending
result
Respiratory system
rl 341 Wheezy bronchitis Ll 347 Asthma
r2 342 Bronchitis r8 348 Chest signs (CXR nad, no
CXR)
r3 343 Bronchiolitis r9 349 -
r4 344 Croup r0 350 Other respiratory problem
r5 345 Acute Chest Syndrome (abnormal I- 351 -
CXR)
r6 346 Unused r+ 352 -
e 353 Presumed ACS, no result
Skin
sl 361 Abcess s7 367 Scabies
s2 362 Cellulitis s8 368 Acne
s3 363 Eczema s9 369 Leg Ulceration > 3cm
s4 364 Impetigo / skin sepsis s0 370 Other
sb 365 Dermatitis S- 371 Skin trauma, cuts etc.
s6 366 Tinea s+ 372 -
s* 373 -
Transfusion / treatment
t1 381 Transfusion t7 387
t
t2 382 Transfusion trial (stroke) 8 388
t
t3 383 Painful crisis trial (pentoxyf.) t9 389
t4 384 Oral contraceptive trial t0 390
th 385 Depoprovera trial t- 391
t6 386 Hydroxyurea t+ 392
i 393
Urogenital system: female
ul 401 Menarche - (visit type V) u’? 407 Contraception -
medroxyprogesterone
u2 402 Spontaneous abortion u8 408 Contraception - IUD
u3 403 u9 409 Contraception - TL
ud 404 Stillbirth u0 410 Hysterectomy
ud 405 Live delivery u- 411 Vaginal discharge / PID
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ub

406 Contraception - oral u+ 412 Other gynecological
problems
u* 413 Pregnancy

Surgery: general anaesthesia

vl 421 Skin grafting v7 427 Caesarean section
v2 422 Debridement of leg ulcers v8 428 D and C
v3 423 Ocular Surgery v9 429 Other gynaecological surgery
vd 424 Neurosurgery v0 430 Drainage of osteomyelitis
vh 425 Penile surgery V- 431 Hip replacement
ve 426 Breast surgery v+ 432 Other orthopaedic
procedures
v* 433 -
Surgery: local anaesthesia
x1l 461 Pinch grafting of leg-ulcers x2 462 Other minor surgery
Routine clinic visit
yl 481 Steady state
y2 482
Death
z1 501 Death

t Excluded from steady state for 90 days post transfusion.

2.9
(1)

(2)

(3)
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Chapter 3

Recruiting participants

Background

Without early-life screening, patients are identified through siblings or family studies, or are clinically
ascertained as they present to the healthcare system with clinical events. Reliance on clinical
ascertainment impacts adversely on clinical practice, public health policymaking and research, yet it
remains the only available method of patient identification for many SCD populations. Although the

benefits of screening are well known, the extent of these benefits is less clear.

Methods

We conducted a retrospective clinic-based study of enrolment to outpatient clinics, using three
outpatient facilities in Jamaica; the country’s only specialist referral centres for sickle-cell disease since
1973. All patients enrolling to clinic for the first time between 01 January 1973 and 31 December 1999
and diagnosed with homozygous sickle-cell disease or sickle-cell (SC) disease were eligible for the
study. In a setting without comprehensive neonatal screening, we predicted the percentage of people
with sickle-cell disease that will enrol in a specialist clinic by 18-years of age, and the percentage of
affected people with homozygous sickle-cell disease that will enrol early enough to benefit from

penicillin prophylaxis (which is offered until five years of age). Among clinic enrollers we quantified

the age at enrolment.

Findings

Between 1973 and 1981, 19% of Jamaica’s newborns were screened. None were screened between 1982
and 1994, and 17% were screened between 1995 and 1999. Most patients (85% SS, 80% SC) are
clinically well at first visit, suggesting that referral from elsewhere in the healthcare system is the
primary mode of clinical ascertainment. Among unscreened homozygous sickle-cell disease patients,
observed enrolment by five years of age was 10.1% (95% confidence interval 5.7 to 16.7) among 1974
births and is predicted to rise to 35.7% (35.0 to 36.4) among 1999 births. Observed enrolment by 18-
years of age was 45.9% (35.7 to 58.2) among 1974 births, and is predicted to peak at 61.9% (60.5 to
63.2) among 1984 births, then fall to 48.9% (40.9 to 56.9) among 1999 births. Among unscreened

enrollers, median age at enrolment was 10.5 years (9.9 to 11.2) in SS patients.

Interpretation

Among people born in Jamaica in 1999 with sickle-cell disease, almost 656% have not enrolled to our
specialist clinics by five years of age and so will not benefit from important early-life clinical
interventions. We predict that over half will not enrol for specialist clinical care during their
childhood. Among SS disease patients that do enrol, over half do so in adolescence and adulthood
when management is less focused on preventive care. Without a comprehensive screening programine
the economic and social impact of the disease is likely to be underestimated. Programmes for

systematic disease identification must be considered in countries with a substantial burden of this

disease.
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3.1 Introduction
T he process of recruiting a patient to a sickle cell disease research programme has two
complimentary features: disease ascertainment and patient enrolment. Disease
ascertainment is the process of identifying SCD in an individual. Enrolment involves the
subsequent identification of a sample of SCD participants. Because of age variation in
disease ascertainment, participant enrolment is the single most important design
consideration in SCD research. Differing enrolment criteria severely inhibit the ability to
directly compare published research. Enrolment using early life screening is possible and

neonatal screening is now universally considered the gold standard for patient care and

enrolment to studies.

3.2 The importance of early disease ascertainment

Simple, reliable and inexpensive neonatal screening procedures to detect homozygous sickle-
cell disease are available (1), and there is evidence from observational studies that newborn
screening programmes can lead to substantial reductions in morbidity and mortality if linked
to subsequent and appropriate patient-care and parental education. Mortality of 1.8% in the
first 10 years of life among neonatally screened patients versus 8% among clinically

ascertained controls has been reported (2).

Based on the proven efficacy of penicillin prophylaxis in the prevention of pneumococcal
infections in the young child with homozygous sickle-cell disease (3), screening for all
neonates in the US irrespective of ethnicity has been advocated by the National Institutes of
Health since 1987 (4). In the United Kingdom, reports commissioned by the National Health
Service advise universal neonatal screening in regions with more than 0.5-1.8 cases of sickle-
cell disease per 1000 live births, with targeted screening elsewhere (5;6). The World Health
Organisation working group on haemoglobinopathies recommended national sickle-cell
programmes including neonatal screening in countries where the disease constitutes a
‘common public-health problem’ (defined as more than 0.5 affected patients per 1000 live
births, in countries where the infant mortality rate has fallen to less than 40 per 1000

births), and where the country’s infrastructure and health services allow such an approach

(7).

Screening guidelines have been widely adopted in the US (8). In the absence of national
guidelines, screening programmes exist in many countries, either targeting regions of special
concern, or on a project basis (9-11). To our knowledge, many more countries in which
sickle-cell disease constitutes ‘a common health problem’ have not introduced a neonatal

screening programme for sickle-cell disease.

This reluctance to screen may be due to under-estimating the benefits of screening. We
therefore estimate the proportion of unscreened patients that will eventually enrol in the

sickle-cell clinics by selected ages, and we report the age at enrolment among unscreened
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homozygous sickle-cell disease patients referred to three sickle-cell facilities in Jamaica. This
baseline information is an important first step in quantifying the social and economic impact

of screening versus not screening for homozygous sickle-cell disease at birth.

With an infant mortality of 24.5 per 1000 births (12) and approximately three cases of
homozygous sickle-cell disease per 1000 live births, the disease is a common public health
problem in Jamaica, a lower-middle income country (13). The burden of disease in Jamaica
has shifted from paediatric and infectious disease to chronic illness (14). Given this
epidemiological transition, our results are particularly relevant to many low and lower-

middle income nations whose demographic pattern of disease is following a similar process

(15).

3.3 Chapter plan

We report the proportion of islandwide sickle-cell disease births (SS and SC disease
genotypes) that have enrolled in the Jamaican sickle-cell clinics — the notion of clinic
coverage, then predict future enrolment among those people born recently with sickle-cell
disease. In section 3.4 we examine the possible disease ascertainment strategies, and in
sections 3.5 and 3.6 we describe screening policies for some SCD populations. In section 3.5
we include an analysis of the trait frequencies reported in the first nine years of a screening
programme in Campinas, Brazil. In section 3.6 we include a case study examining factors
affecting the probability of neonatal screening in the current Jamaican government screening

programme. In sections 3.7 to 3.9 we analyse enrolment to the Jamaican sickle-cell clinics.

3.4 Disease ascertainment strategies

Two strategies exist to identify the sickle cell haemoglobin disorders: antenatal and neonatal

screening (16).

3.4.1 Antenatal and neonatal screening
Antenatal haemoglobinopathy screening allows the identification of pregnancies at risk of an

affected fetus. The diagnosis procedure is sequential. Mothers are carrier tested, and if
positive for a haemoglobin disorder, partner testing is performed. For potentially affected
foetuses ascertained through parental carrier testing, prenatal diagnosis is available.
Termination of pregnancy is a final option available to parents of an affected foetus. The
goal of antenatal screening should be to allow reproductive choice over affected pregnancies
rather than a reduction in disease incidence. Despite this, affected births and number of

terminations have been used as measures of antenatal screening program failure and success

respectively (17).

Neonatal screening is the identification of newborns affected with a haemoglobin disorder,
and not already diagnosed using pre-natal diagnosis. Enrolment into a comprehensive care

facility with initiation of penicillin prophylaxis is the primary objective. In SCD, if diagnosis
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is beyond the conventional neonatal period (4 weeks), it should ideally be before the onset of
symptoms (generally between 3 and 6 months). Post-neonatal diagnoses within the first six
months of life are often classified as neonatally screened for the purposes of research (18),

although the validity of this classification will depend upon the reason for clinic enrolment.

3.4.2 Universal and selective screening
A universal antenatal screening programme offers antenatal screening to all pregnant

women. A universal neonatal screening programme screens all newborns not diagnosed
prenatally. A selective antenatal or neonatal programme identifies a subgroup of women at
increased risk of a haemoglobin disorder (e.g. non North Europeans in the UK). For neonatal
screening a third option exists - a targeted programme - which takes into account the
parental carrier status in order to decrease the number of neonates requiring screening still
further. Universal screening requires increased resources and, for antenatal screening,
involves an increased risk of adverse screening outcomes. Selective screening can miss SCD
cases, and the administration costs of selecting the population subgroup are expected to

increase with increasing racial admixture (19).

3.5 Current guidelines and practice
Since the early 1970’s neonatal diagnosis of the haemoglobinopathies has been available
(20;21), and early screening programs were quickly initiated (22;23). The World Health

Organisation summarised the programmes available in many countries by the mid-1980s (7)

3.5.1 United Kingdom
Antenatal and neonatal screening are regarded as a standard feature of healthcare delivery

(24). Moreover, it has been established as legally unacceptable to have specific policies not to
neonatally screen high-risk population subgroups (25). The primary policy decision for UK
health authorities is therefore between universal and selective neonatal screening. The first
guidelines were published in the late 1980’s (26). In 1993, Standing Medical Advisory
Committee (SMAC) guidelines suggested universal neonatal screening for authorities with
greater than 15% of their antenatal population at risk from SCD (27). This incidence was
based on a single locality and has been criticised (28). In 1999 and 2000, reports
commissioned by the National Health Service Health Technology Assessment programme,
developed decision models for all UK district health authorities for the comparison of the
cost-effectiveness of universal and selective screening based on maternal ethnic status (5;6).
In these models universal neonatal screening was advised in regions with more than 0.5 to
1.8 cases of sickle-cell disease per 1000 live births, with targeted screening elsewhere. With

these reports still to be assessed and implemented, current practice is inconsistent (10).

3.5.2 North America
Guidelines from the USA, and the World Health Organisation (WHOQO) can be categorised

into one of three types: (i) a decision on universal or selective neonatal screening should be
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made at the local level, and should take into account disease prevalence, cost effectiveness
and available resources (9;29), (ii) universal screening should be the preferred methodology
due to the (increasing) difficulties of targeting high-risk groups by assigning ethnic origin
(30;31), (iii) selective screening should be the preferred methodology, with universal
screening reserved for areas with high-risk sub-populations (32). The first statewide
screening program began in 1975 and was fully implemented in 1978 (33). In the light of
overwhelming evidence for the benefits of early life screening, an NIH Consensus
Development Conference concluded that every child should be screened early for sickle cell
disease to prevent death during infancy (30). Program development was encouraged by
direct funding (34). By 1994, 41 states, along with the territories of Puerto Rico and the US
Virgin Islands had statewide programs. Thirty-six of these screen all infants (universal
screening), and the remaining seven are geographically or demographically targeted

programs.

3.5.8 Jamaica
There are no government guidelines on antenatal or neonatal screening. The primary

practical source of screening is coordinated by the Sickle Cell Unit at the University Hospital
of the West Indies in Kingston. Details are presented in section 3.6 and factors influencing

the uptake of screening are presented in the accompanying case-study.

3.5.4 Africa
With the high incidence of SCD and the continued burden of malaria on SS patients, the

provision of early life screening is a major public health necessity. A recent report describes
the initiation of antenatal diagnosis in Nigeria (35) and highlights that this technique is still
not affordable for the majority of at risk parents. The first large scale neonatal screening
programme for SCD in tropical Africa began in Kumasi, Ghana, in February 1995 (36).

Provision remains inadequate.

3.5.5 Brazil
In Brazil, the most comprehensive newborn screening programme started in Minas Gerais in

1998 (37), and a programme in Campinas, Sao Paulo State began in 1992, and has proceeded
more slowly. In the following case-study we assess the HbS allele frequency recorded in the

first 9 years of the Campinas programme.
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3.5.6 Case Study 1: Screening for sickle-cell disease in Brazil

Data are available on AFS and AFC trait frequencies between 1992 and 2000 in Brazil,
which we present in Table 3.1. There is evidence of a secular increase in trait rates, and we

investigate possible reasons for this increase.

(a) Methods

We investigated the stability of trait frequencies during this 9-year period. We present
annual trait incidence rates per 100 screened patients in Table 3.1, along with ninety-five
percent jackknife confidence intervals, which are appropriate when the Poisson assumption
(random occurrence of trait samples in time) is questionable. Any secular trend in trait

frequency would violate this distributional assumption.

We described annual trait rates using a random-effects log-linear model, which allowed the
longitudinal nature of the data and the differential effects of individual hospitals to be
incorporated into the analysis. We examined two questions: (1) Is this change in secular trait
frequency explained by enrolment of new hospitals during the screening period, which may
have differential trait rates, and (b) do trait rates vary within the same hospital (perhaps

due to increasing sensitivity in trait detection)?

The programme has identified participants as one of six possible genotypes: AA, AS, AC, SS,
SC, and CC. The locus for sickle-cell disease has been examined for the three associated
alleles: BA, BS, and BC. We tested whether the observed genotype frequencies are consistent
with the Hardy-Weinberg equilibrium.

Table 3.1.
Frequency of AFS and AFC traits in Campinas, Brazil
Year AFS AFC Population £E AFS 95% ci Se AFC 95% ci
Incidence incidence
1992 8 3 379 2.11 (1.09-4.69) 0.79 (0.25-3.86)
1993 20 6 1110 1.80 (1.18-2.88) 0.54 (0.25-1.42)
1994 150 57 9702 1.55 (1.32-1.82) 0.59 (0.46-0.77)
1995 200 55 11713 1.71 (1.49-1.96) 0.47 (0.36-0.62)
1996 336 119 22563 1.49 (1.34-1.66) 0.53 (0.44-0.63)
1997 567 216 40838 1.39 (1.28-1.51) 0.53 (0.46-0.61)
1998 1126 367 62632 1.80 (1.7-1.91) 0.59 (0.53-0.65)
1999 1214 369 62995 1.93 (1.82-2.04) 0.59 (0.53-0.65)
2000 1576 423 69952 2.25 (2.15-2.37) 0.60 (0.55-0.67)

(b) Results

The small AFS and AFC trait frequencies in the first two years of screening are reflected in
the wide confidence intervals. The log-linear test for trend performed independently for AFS

and AFC trait rates suggests a linear increase in trait frequency between 1992 and 2000 for
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both traits (AFS rate ratio 1.07, ci 1.05-1.09, x*=83.3 p<0.001. AFC rate ratio 1.07, ci
1.05-1.08 x*>=80.2 p<0.001). There is approximately a 7% increase in both AFS and AFC

trait frequency for every l-year secular progression.

Table 3.2.
Years of screening data provided by 81 participating hospitals
Screening data Number of
provided (years) hospitals
Complete years
1992-2000 1
1993-2000 0
1994-2000 1
1995-2000 1
1996-2000 12
1997-2000 47
1998-2000
1999-2000 1
2000 11
Partial years

1997, 1998, 1999 1
1997, 1998, 2000 2
1998 1

2001 (no data yet) 2

Hospitals joined the screening programme between 1992 and 2000, and provide screening

information in subsequent years with frequencies shown in Table 3.2.

The majority of hospitals enrol in one of three years: 1996 (12 hospitals or 15%), 1997 (47 or
58%), or 2000 (11 or 14%). Secular investigations will be dominated by these three years. A
single hospital that provided only partial information during one year (1998) and
subsequently left the screening programme, and two hospitals who entered the programme in

2001 were not included in the analysis.

Using the Poisson model, the unadjusted secular increase in AFS trait frequency between
successive years of screening was approximately 10% per year (rate ratio 1.10 95% ci 1.08-
1.12 p<0.001). This secular increase remained important after adjusting for year of entry
into the screening programme (rate ratio 1.16 95% ci 1.11-1.21 p<0.001). Year of entry to
the screening programme had some effect on AFS trait frequency levels, but changes to the

trait detection rate within hospitals must also be a factor.

In Figure 3.1 we present the estimated annual trait rates stratified by year of entry into the
screening programme. In Table 3.3 we present the AFS frequency rate differences of hospitals
recruited in each year, compared to hospitals recruited in 1997 (the largest group of -
hospitals). Only hospitals recruited in 2000 had a marginally significantly increased AFS
trait frequency (AFS trait difference 0.34 95% ci 0.06 to 0.61 p=0.02).
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Table 3.3.
Trait frequency for hospitals entering the screening programme in each year from 1992 to 2000,

compared to hospitals entering the programme in 1997.

Year of entry to Difference in AFS trait frequency Pr
screening programme in the year 2000 (95% ci)

1992 -0.12 (-0.77 to 0.53) 0.72
1993t - -
1994 0.13 (-0.46 to 0.72) 0.66
1995 0.39 (-0.21 to 0.99) 0.21
1996 -0.05 (-0.30 to 0.20) 0.68
1997% - -
1998 -0.37 (-1.07 to 0.33) 0.30
1999 -0.76 (-2.03 to 0.51) 0.24
2000 0.34 (0.06 to 0.61) 0.02

T No hospitals entered the screening programme in 1993

I Reference category

Observed and expected frequencies (assuming Hardy-Weinberg equilibrium) are presented in

Table 3.4.

Table 3.4.
Observed genotype frequencies and expected genotype frequencies for the A, BS and the BC alleles,

assuming Hardy-Weinberg equilibrium.

AA AS AC SS SC CC Total
Observed (O) 275 016 5197 1615 29 26 1 281 884
Expected (E) 275 002.5 5216.141 1622.821 24.734 15.391  2.394 281 884
(O-E)*/E 0.0007 0.0702 0.0377 0.7360  7.3147  0.8118 8.97

The overall chi-squared statistic of 8.97 provides evidence for a departure from the Hardy-
Weinberg equilibrium. Examining the individual chi-squared values, we note that most of
the departure from Mendelian genetics comes from the SC genotype (its chi-squared value is
7.31 which represents 81.5% of the variation from H-W). In contrast, the SS genotype
represents 0.74/8.97 or 8.20% of the variation from H-W. The Brazilian screening

programme does not see an excess number of SS cases, but does see an excess of SC cases.
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Figure 3.1
Predicted trait frequencies for the years 1992-2000 among 78 hospitals stratified by year of entry into

the screening programme, allowing for different longitudinal trends.

——————— one hospital joins screening programme
— multiple hospitals join screening programme

AES trait frequency
(per 100 screened births)

0_
1992 1994 | 1996 1998 2000
Year that screening began
3.6 Disease ascertainment at the Jamaican sickle-cell clinic

In Jamaica, the British Medical Research Council initiated geographically targeted neonatal
screening in June 1973. The programme screened all non-operative live births from a single
hospital in Kingston (Victoria Jubilee) for eight years (to December 1981) for recruitment to
the JSSCD (see Chapter Two). From 1982 to 1994, there was no screening in Jamaica. In
1995 neonatal screening, funded by the Jamaican government and coordinated by the SCU,

re-commenced at three hospital sites in Kingston, and is reviewed in the following case-

study.

3.6.1 Case Study 2: The uptake of neonatal screening for sickle-cell disease in Jamaica
High rates of screening are needed for screening programmes to have a significant impact in

reducing mortality and morbidity from inherited conditions. In this case-study we evaluated
the uptake of the government neonatal screening programme in Jamaica. We determined

the uptake of neonatal screening for sickle cell disease in 1999 at two Kingston hospitals, and

investigated factors associated with increased screening.

(a) Material and methods

Infants born at two hospitals in Kingston (Victoria Jubilee and the University Hospital of
the West Indies) between 01 January and 31 December 1999 were eligible for inclusion.
Stillbirths were excluded. Details collected by both hospitals included date of birth, gender,
the time of delivery, the type of delivery (vaginal or caesarean section), hospital personnel
attending the delivery (doctor or midwife), whether the delivery was pre-booked, mother’s
age, birth weight (in kg), and the number of previous live-births, still-births and abortions

the mother had experienced. UHWI additionally collected information on APGAR scores at
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1 and 5 minutes post-delivery, location of the birth (before arrival at the hospital, in the
labour-ward, in the labour-ward theatre, in the operating theatre), and whether the delivery
was routine or an emergency. VJH additionally collected information on the mother’s

marital status, and the location of the birth (before arrival at the hospital, or in the

hospital).

Statistical Methods: We tabulated all demographic variables by hospital, and by whether the
birth was screened. Complete distributions of continuous variables were graphed by hospital
and whether the birth was screened. We formally examined differences in mothers’ ages and

in birth weight for screened and unscreened babies in each hospital using Normal linear

regression.

We present a profile of the weekly proportion of screened births for each hospital. We used a
running mean, which averaged totals from every four consecutive week period. This
technique smoothed the curve slightly, which improved its visual appeal, and highlighted
any true trends above the ‘noise’ of weekly fluctuations. We used histograms to show the
percentage of daily unscreened births in each hospital, which highlighted any days with

particularly large levels of unscreened births.

We used logistic regression to examine the role of the various demographic characteristics on
the odds of being screened. A preliminary model examined differential screening between the
two hospitals. Separate models were then fitted for each hospital. The logistic models
clustered births by date of birth to account for the possibility that two births on the same

day are more likely to have a similar odds of screening than two births on different days.

(b) Results

Eligible sample: There were 13,791 births in the study period and 202 (1.46%) died at birth.
At VJH there were 10,955 births and 165 (1.51%) died. At UHWI there were 2836 births
and 37 (1.30%) died. These deaths were excluded from the current investigation, leaving a

total of 13,589 eligible births (10,790 or 79.40% at VJH and 2799 or 20.60% at UHWI).

Characteristics: We present frequencies and summary statistics of all demographic variables

in Table 3.5.
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Table 3.5.
Characteristics of screened and unscreened births at two Kingston hospitals between

January 01 and December 31 1999.

VIJH UHWI
Characteristic Not-screened Screened Not-screened Screened
N (%) N (%) N (%) N (%)
Hospital 1405 (13.0) 9385 (87.0) 202 (7.2) 2597 (92.8)
Sex
female 705 (13.2) 4626 (86.8) 99 (7.4) 1232 (92.6)
male 700 (12.8) 4757 (87.2) 101 (6.9) 1363 (93.1)
Time
morning 334 (12.6) 2309 (87.4) 37 (5.7) 614 (94.3)
afternoon 370 (12.0) 2716 (88.0) 46 (5.4) 803 (94.6)
evening 297 (11.4) 2303 (88.6) 60 (8.3) 666 (91.7)
night 394 (16.2) 2045 (83.9) 54 (10.2) 477 (89.8)
Attending staff
doctor 143 (10.8) 1181 (89.2) 92 (10.4) 790 (89.6)
midwife 1262 (13.3) 8204 (86.7) 108 (5.7) 1801 (94.3)
Delivery booked
no 496 (17.5) 2332 (82.5) 5 (33.3) 10 (66.7)
yes 909 (11.4) 7053 (88.6) 197 (7.1) 2587 (92.9)
Location of birth
outside 119 (56.7) 91 (43.3) 2 (20.0) 8 (80.0)
hospital 1286 (12.2) 9294 (87.4) . .
ward - - 126 (6.2) 1919 (93.8)
ward-theatre - - 72 (9.8) 666 (90.2)
Mode of delivery 1
caesarian section 72 (6.5) 1045 (93.6) 74 (10.0) 670 (90.0)
nsvd 1333 (13.8) 8340 (86.2) 128 (6.2) 1927 (93.8)
Mode of delivery 2
emergency - - 63 (11.3) 520 (88.7)
routine - - 139 (5.0) 2077 (95.0)
Married
No 1267 (12.8) 8656 (87.2) 3 3
Yes 138 (15.9) 729 (84.1) : :
Neonatal death
No 1385 (12.9) 9355 (87.2) 196 (7.0) 2589 (93.0)
Yes 20 (40.0) 30 (60.0) 6 (42.9) 8 (57.1)
Mean (sd) Mean (sd) Mean (sd) Mean (sd)

Age of mother (yrs) 25.5 (6.5) 25 (6.6) 28.3 (5.7) 28.1 (5.8)
birthweight (kg) 3 (0.7) 3.1 (0.6) 2.8 (1) 3.2 (0.6)
previous livebirths 1.66 (1.71) 1.47 (1.64) 0.8 (1.11) 0.78 (1.02)
previous stillbirths 0.01 (0.12) 0.01 (0.13) 0.01 (0.1) 0.01 (0.12)
previous abortions 0.19 (0.49) 0.2 (0.55) 0.5 (0.73) 0.42 (0.75)
apgar after 1 minute - - 7.5 (2.3) 8 (1.7)

apgar after 5 minutes - - 8.4 (2) 8.9 (1)
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Figure 3.2
Distributions of age of mother for unscreened and screened births at VJH and UHWI
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Figure 3.3
Distribution of birthweights for unscreened and screened births at VJH and UHWI
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Figure 3.4
Proportion of weekly births that are screened at VJH and UHWI
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The distributions of the mothers’ ages are presented in Figure 3.2. Mothers at the UHWI are
significantly older than those at VJH (mean difference 2.85 years, 95% ci 1.90 to 3.81, t=5.9,
Pr<0.001). The mothers of unscreened babies are slightly older at both hospitals, although
this difference is not statistically strong (mean difference 0.72 years, 95% ci —0.44 to 1.90,
t=1.2, Pr=0.22). The distributions of birthweights are presented in Figure 3.3. A
significantly lower birthweight at the UWHI is primarily due to a cluster of low-birthweight,

unscreened deliveries.

Secular trends: Secular trends in screening are presented in Figure 3.4 and Figure 3.5. After
a poor start for VJH in early January, both hospitals maintain weekly screening proportions
around of 0.9 until approximately week 30 (the beginning of August). Thereafter, the VJH

screened proportions deteriorate towards 0.8, whilst the UHWI rate is maintained.

Predictors of screening: The odds of screening is higher at the UHWI compared to VJH,
mainly due to a higher screening rate towards the end of 1999 (odds ratio 1.92, 95% ci 1.61
to 2.30). Because different information is collected by the two hospitals, and because a
univariate examination of potential screening predictors (see Table 3) suggests a different
spread of reasons for not-screening at each hospital, we fitted separate models for each
hospital. Two main effects models are presented in Table 3.6. All terms are independently

strong predictors of screening after accounting for the effects of other included predictors.

Predictors for screening at the UHWI: The odds of screening increased by 16% for every 1-
unit increase in the 5-minute APGAR score, and by 44% for every 1 kg increase in
birthweight. It was more than 1.5 times higher when a midwife attended the birth instead of
a clinician, and in the morning compared to the evening, and almost 2.5 times higher
compared to the night. It was more than 3 times higher among survivors compared to babies

who died during the neonatal period.

Figure 3.5
Percentage of daily births that are not screened at VJH and UHWI
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Predictors for screening at VJH: The odds of screening was 6% higher for every five-year
decrease in the age of the mother, and 42% higher for every 1 kg increase in birthweight. It
was 30% higher in the morning compared to the night. It was 3.5 times higher when a
midwife attended the birth instead of a clinician. It was almost 7 times higher in caesarian
section births versus normal vaginal deliveries, and almost 8 times higher if the patient
delivered in the hospital rather than before arriving at the hospital. It was 39% higher
among unmarried versus married mothers. It was over 3 times higher among survivors

compared to babies who died during the neonatal period. Pre-booked births were 33% more

likely to be screened.

Table 3.6.
Odds ratios, standard errors and significance of demographic determinants

of screening at UHWI and VJH (using multiple logistic regression)

Characteristic OR (95% CI) z Pr

UHWI

APGAR score after 5 minutes 1.16 (1.05 to 1.29) 2.98 <0.001
Birthweight (in kg) 1.4 (1.16 to 1.79) 3.27 <0.001
evening vs. morning 0.62 (0.42 to 0.91) -2.44 0.02
night vs. morning 0.42 (0.28 to 0.62) -4.31 <0.001
midwife vs. doctor 1.87 (1.36 to 2.58) 3.82 <0.001
Survival vs. neonatal death 3.35 (1.13 to 9.91) 2.18 0.03
VIJH

Married (yes vs. no) 0.72 (0.58 to 0.89) -3.08 <0.001
Age of mother (5-yr age increase) 0.94 (0.9 to 0.98) -2.77 0.01
Birthweight (in kg) 1.42 (1.27 to 1.59) 6.24 <0.001
night vs. morning 0.77 (0.65 to 0.91) -2.97 <0.001
midwife vs. doctor 3.49 (2.6 to 4.67) 8.35 <0.001
nsvd vs. caesarian section 0.15 (0.1 to 0.21) -9.84 <0.001
hospital vs. outside 7.66 (5.68 to 10.34) 13.33 <0.001
Pre-booked (yes vs. no) 1.33 (1.17 to 1.52) 4.29 <0.001
Survival vs. neonatal death 3.46 (1.62 to 7.37) 3.21 <0.001

(¢) Discussion

The dataset represents the majority of live deliveries in Kingston, and 25% of an anticipated
57,000 live deliveries island wide. Guidelines for improving screening must be hospital

specific to accommodate alternative factors contributing to unscreened neonates
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3.7 Materials and methods

In settings without universal neonatal screening, age at enrolment to a specialist sickle cell
clinic infers the pre-enrolment period during which people with SCD are at an increased risk
of undiagnosed outcome. We were interested in the proportion of babies with sickle-cell
disease that have enrolled or will eventually enrol in the clinics of the Jamaican sickle-cell
unit by 5-years of age (the end of the penicillin prophylaxis period in Jamaica), and by the
end of childhood (which we defined as 18-years of age).

3.7.1 Participants
We enrolled participants diagnosed with homozygous sickle-cell disease defined by standard

criteria (38), who were born between 01 January 1973 and 31 December 1999, and who
attended one of three specialist clinics (Kingston, Montego Bay, or Black River) at least
once in the first 18-years of life. A number of these participants were diagnosed from
neonatal screening of 100 000 consecutive live births from a single Kingston hospital between
1973 and 1981 as part of the JSSCD (39). The Jamaican Ministry of Health diagnosed
another subgroup of participants between 1995 and 1999 as part of an ongoing neonatal

screening programme. The remaining unscreened participants were diagnosed on arrival to

clinic.

3.7.2 Age at enrolment to clinic: the delay distribution
In Table 3.7 and Table 3.8 we present the year of birth and age at enrolment to clinic for all

Jamaican SS and SC patients born and enrolling in the sickle cell clinic between 1973 and
1999. The age at enrolment is zero for patients diagnosed using neonatal screening, and
otherwise is the year of life, so that category one includes unscreened infants less than 12
months old, category two includes unscreened infants from 12 months to just less than two
years old, and so on. The data leave a triangle of empty cells in each table, reflecting the
fact that the maximum possible age at enrolment decreases with the year of birth. There
were 2517 presenting SS patients (2087 clinically ascertained), and 839 presenting SC

patients (666 clinically ascertained). The time from birth to clinic enrolment is known as the

delay.

The form of the delay distribution guided our choice of modelling technique; certain
techniques required a delay distribution that did not change with time (40;41). We examined
age at enrolment by five years of age among births from four clinic periods (1973-1977, 1978-
1982, 1983-1987, and 1988-1992), and by ten years of age among births from three clinic
periods (1973-1977, 1978-1982, and 1983-1987). These clinic period choices ensured equal
follow-up among all participants. We present these age-at-enrolment distributions using
kernel density estimation. We examined age at enrolment between the clinic periods, and
between two major sickle-cell disease genotypes (SS disease and SC disease) graphically. We

used a test of rank differences to formally compare these groups.
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G708 Reason for enrolment

Among clinically ascertained patients, initial presentation may be during a symptomatic
episode, or when clinically well. These alternatives suggest different clinic usage in the

community. We report the proportions of symptomatic and asymptomatic first visits.

3.7.4 Clinic enrolment proportion
We represent the process of clinic enrolment for any single year of birth in Figure 3.6.

Neonatally ascertained patients were invited to enrol in the clinics at birth. Many more
unscreened patients enrolled in the clinics during time period A (before the end of the study
window). Others, who were born during the study window, might enrol during time period B
(after the end of our study window and before their 18th birthday). Younger patients have
had less time to present during the study window, and this leads to negatively biased
enrolment totals among infants born in recent years. Datasets of this type have been
described previously, in relation to HIV/AIDS incidence (42), cystic fibrosis (41), and

multiple sclerosis (40).

Figure 3.6

Clinic enrolment among neonatally-detected and unscreened patients with sickle-cell disease.
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We identified the proportion of sickle-cell disease patients that will enrol to clinic in a three-
stage process. First, we calculated the expected numbers of unscreened SCD-affected births
in Jamaica. Second, we calculated the numbers of unscreened patients that have already
enrolled in the clinics. Third, we estimated the number of unscreened patients that will

eventually enrol in the clinics.
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(a) Stage one: Ezrpected unscreened births

The number of people born with homozygous sickle-cell disease (or SC disease) in Jamaica
between 1973 and 1999 was the maximum number of patients that could join the clinic
during the study window. Using the prevalence of homozygous sickle-cell disease (2.99 per
1000 live births) and sickle cell (SC) disease (2.13 per 1000 live births) (11), and the annual
number of unscreened births (43), we calculated the expected numbers of annual unscreened

births with homozygous sickle-cell disease in Jamaica.

(b) Stage two: Observing patients that have already enrolled

We present the number of unscreened births with SCD disease that have already enrolled to
clinic, as a proportion of the islandwide unscreened births. We present this observed
enrolment by 1l-year, 5-years, 10-years, and 18-years of age. Our enrolment numbers are
progressively under-represented with age: enrolment by 5-years of age is incomplete after
1995, and enrolment by 18-years of age is incomplete after 1982. In stage three, we use a log-

linear modelling approach to predict these patients that will eventually enrol.

(c) Stage three: Predicting patients that will eventually enrol

The two dimensions of our data in Table 3.7 and Table 3.8 are year of birth and age at
clinic enrolment. The age at clinic enrolment gives the delay over time. The row totals
describe the numbers presenting at each age, with the most recent values too small because
of the missing triangle of values not yet reported. Our data yield an 18x27 table with a
triangle of 289 missing cells. Kalbfleisch and Lawless (44) suggested a likelihood modelling
approach to such Poisson generated data, and several researchers (42;45;46) have noticed
that a non-homogenous delay distribution can be incorporated using log-linear modelling.
Our modelling approach therefore assumes random arrival to clinic, and estimates the
number of expected unscreened births that will eventually enrol to clinic (Figure 3.8 section

B) using a log-linear model.

Let (bz’rthz,,enrolz,) (i =1,...,n) be the observed data, where for the ith individual birth, is

the year of birth and enrol, is the date of clinic enrolment. Let age; = enrol, — birth, be the
delay, which in our case is age at enrolment. We fitted Poisson regression models including
birth,and age, as categorical or continuous terms. Between 1973 and 1982, complete clinic
enrolment data were available. As the year of birth approaches 1999, the time period A
decreases and time period B increases (see Figure 3.6), and the estimation of clinic enrolment
becomes less precise. The number of unscreened island-wide births in each year will affect
the number of unscreened patients enrolling, and all models are adjusted to reflect the size of

this unscreened population (see Table 3.9).

During the modelling procedure we paid close attention to two specific details: parametric

versus non-parametric models, and a stationary versus a non-stationary delay distribution.
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We investigated non-parametric versus parametric models. Although non-parametric models
typically provide a better fit to data, this may simply reflect close modelling of random
fluctuation, and this may hinder generalisations to other datasets. For this reason we used a
penalized measure for comparing models, Akaike’s information criteria (AIC), which adds a

penalty to the maximum likelihood estimate for the number of terms in the model (47).

From our preliminary data exploration (see Figure 3.7) we expected a non-stationary delay
distribution. We investigated the importance of a non-stationary delay by including

interaction terms of birth,and age; during the model development.

We report models using the widely accepted model notation of Wilkinson and Rogers (see

for example S-Plus software documentation) (48).

(d) Presenting results as a clinic enrolment proportion

Unscreened clinic-coverage is defined as the number of unscreened homozygous sickle-cell
disease births in a year that will subsequently enrol in th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>