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Counting Diabetes in the Next
Millennium

Application of capture-recapture technology

Naoko TAJIMA, MD
SHIGEAKI BABA, MD

Ronaip E. LAPORTE, PHD
DanieL McCARTY, Ms
GrazieLLA Bruno, MD

Monitoring diabetes is critical for our understanding of the etiology and natural
history of disease and for public health actions. However, traditional methods for
monitoring are either too expensive (e.g., IDDM registries, NIDDM-OGTT prevalence
surveys) or too inaccurate (routinely collected data or passive surveillance) for broad,
accurate, national programs for monitoring the incidence and prevalence of disease.
We suggest that one technology called capture-recapture would considerably increase
our ability to “count” diabetes, both nationally and globally. Implementation of this
approach could lead to accurate inter- and intracountry data on rates of disease.
Moreover, such tracking of diabetes could serve as the model for the monitoring of
all diseases in the 21st century and beyond.

the allocation of limited health-care re-
sources.

Since 1980, an important epide-
miological development for monitoring
IDDM began with the establishment of
standardized incidence registries (5). For
the first time, the registries permit the

abetes both across geo-
graphic area and over time
has taken on a prominent role in the
study of the disease. The place where an
individual lives is one of the most impor-
tant—if not the most important—deter-

(1 c ounting” the frequency of di-

minants of risk for both IDDM and
NIDDM (1,2). Moreover, it appears that
worldwide diabetes is rapidly increasing,
in epidemic proportions in some cases
(3,4). Effective monitoring is needed not
only for the prevention of disease, but for

direct comparison of IDDM around the
world. For NIDDM, the standardization
of the OGTT, a consistent method for
defining NIDDM, and standardized ap-
proaches towards population studies
have evolved so that it is now possible to
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compare the prevalence of disease across
populations and time (6,7). As we will
explain, these developments, although
extremely important, are still inadequate
for broad-based counting of diabetes.

We believe that a revolution in
the technology of monitoring the fre-
quency of diabetes is about to take place.
This paradigm shift will permit individ-
ual areas and countries to broadly eval-
uate the patterns of diabetes.

In the history of science, major
paradigm shifts have frequently occurred
as the result of improvements in our abil-
ity to measure (8). For example, micro-
scopes, X-ray machines, andtelescopes
have led to vast increases in our knowl-
edge, as we could see better, and the
information in nature could be brought
into the limited domain of man's senses
and cognition. Once improvements in
the technology of measurement are de-
veloped, scientists can better understand
nature.

In laboratory science, technolog-
ical advances typically have meant new
instruments or techniques. However, in
diabetes epidemiology, the population is
our laboratory. Can there be a revolution
in diabetes epidemiology based on new
techniques to facilitate measurement?
Can this directly lead to a revolution in
how we view and quantitate health? We
believe so.

The fundamental building block
of chemistry is the atom; of genetics,
DNA; and of archaeology, fossils. The
foundation of epidemiology is the rate of
disease occurrence (incidence and prev-
alence) (9). We believe that a technology
is available that can sharpen our mea-
surement ability to count diabetes and
produce accurate rates of disease. This
will transform how we approach diabe-
tes, because we will be better able to see
diabetes across place and time.

Rose and Barker (10) noted that,
“Rates are the hallmark of epidemiology,
for they form the bases of comparisons
between population groups.” The better
we are able to measure diabetes rates, the
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better we are able to understand diabe-
tes.

The core to both incidence and
prevalence rates of diabetes is the iden-
tification and counting of cases of the
disease. For incidence, this would be the
identification of newly occurring cases,
for prevalence, this would represent ex-
isting cases. Traditional methods of case
identification fit into three broad catego-
ries, the first of which is registries. As
will be presented, the traditional ap-
proaches are inadequate.

IDDM INCIDENCE REGISTRIES —
IDDM epidemiology now has a well-
established system of standardized regis-
tries for identifying new cases. In 1983, a
group met in Philadelphia to begin to
establish the standards of incidence reg-
istries. A simple set of criteria was set
forth. These consisted of the definition of
a case and the description of the popu-
lation at risk. The group also called out
the need for a secondary source of case
ascertainment that would provide a
check on the degree of ascertainment. It
was agreed that all registries should
strive for at least a 90% ascertainment for
the primary source of ascertainment (1),
thus 90% of the cases in a population
should be counted.

The simple criteria have served
us well for the past 9 years. One of the
largest global health projects in exist-
ence, the WHO DiaMond effort, has
evolved, with more than 100 centers in
65 countries, monitoring the incidence
of disease for more than 200 million chil-
dren (5).

Despite the enormity of the effort
and the remarkable findings as the reg-
istries evolved, their limitations also be-
came evident (11-13). The major diffi-
culty is that registries have proven to be
too little and too late for the identifica-
tion of rapidly changing patterns of dis-
ease epidemics. Registries are ill suited
for epidemic identification and preven-
tion, as they do not monitor sufficiently
large populations, and the latency be-
tween changing patterns of incidence

OGTTs Screen

“Crude” Rates

Figure 1—Traditional NIDDM prevalence
screening.

and the identification of the changing
patterns of incidence is too long to serve
well in any hot pursuit of causative fac-
tors for epidemics. Moreover, the cost to
identify all cases is quite high. Thus, ap-
proaches are needed that rapidly obtain
accurate IDDM incidence data across
large areas to complement current regis-
try approaches (13).

The fundamental principle of
IDDM registries is one of active surveil-
lance systems in which the research is led
by a small group of interested investiga-
tors who actively go to hospitals, phar-
macies, and the like to identify new
cases. The goal is to identify and count as
close to 100% of cases as possible. As the
participants in the WHO DiaMond
project have found, a high degree of as-
certainment has been extremely impor-
tant, but also expensive, because without
constant vigilance, the case identification
rate can easily slip below 90%.

NIDDM PREVALENCE
SCREENING — A second type of mon-
itoring is that typically used in research

LaPorte and Associates

on NIDDM—that of population-based
screening using a 75-g OGTT (Fig. D).
With this approach, a small community
is identified (as represented by the
square in Figure 1) and invited to take an
OGTT. Typically, participation is not
perfect, with ranges from 60-75% (14—
16) (as represented by those that would
fall inside the circle in Fig. 1, who re-
ceived an OGTIT). Conclusions drawn
from the 60-75% from the small com-
munity are then interpolated to an entire
country—should information be needed
about the number of diabetic individuals
in Japan, Italy, or the U.S., for example.

COMMUNICABLE DISEASE

SURVEILLANCE — Registries and
population screens for counting diabetes
can be contrasted with the third ap-
proach for identifying cases of disease—
passive disease surveillance systems typ-
ically used in the area of communicable
diseases (17). As seen in Table 1, these
counting systems usually are situated in
public-health agencies and are volun-
tary, in that the cases are reported into a
central source or are part of routinely
collected lists rather than the result of
investigators having actively sought them
out. These systems typically evaluate
multiple communicable diseases, cases
are rapidly identified, and the cost for the
identification of cases is small. Using the
U.S., ltaly, and Japan as examples, cur-
rently <5% of these countries’ popula-
tions is being monitored for diabetes, but
100% is being monitored for measles,
mumps, rheumatic fever, and other in-
fectious diseases. The communicable dis-

Table 1—Comparison of disease counting approaches

IDDM NIDDM COMMUNICABLE
REGISTRIES SCREENING DISEASE SURVEILLANCE
SOURCE ACADEMIA ACADEMIA HEALTH DEPARTMENTS
SPEED OF IDENTIFICATION SLow SLow Fast
COST PER CASE HigH Hicn Low
(GEOGRAPHIC COVERAGE Low Low HigH

ASCERTAINMENT PRESUMED HIGH

PRESUMED HIGH LOW AND VARIABLE
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Counting diabetes in the next millennium

ease system has certain advantages com-
pared with registry and screening-based
systems in that it permits broad, inex-
pensive, timely coverage of disease oc-
currence.

However, the communicable dis-
ease model has a fundamental drawback
in that the rates of ascertainment are low
and variable, and thus are extremely in-
accurate. Evaluation of passive systems
reveal that typically <20% of the cases
are identified and counted. But the im-
precision of the rates generated from
these counts is not a major problem in
communicable disease research where a
spiking incidence may represent a 10-
fold increase in the number of cases.
Thus, even imprecise measures of rates
can identify an explosion of the number
of cases. With diabetes, however, the
monthly or yearly change in incidence is
of a much lower magnitude, therefore, to
identify changes, one needs far more pre-
cise measurement tools. Hence, the
methods of registries and diabetes
screening developed and evolved with
the primary concept that the only way to
achieve precise rates is to approach a
100% count of the cases.

Even with registries, 100% ascer-
tainment frequently is not achieved. We
are confronted with the same problem
with registries in diabetes, although im-
portant information has been generated,
they are just too costly for long-term,
broad, rapid geographic coverage to
monitor disease (11). Moreover, even
with the population screening for
NIDDM, a high degree of undercount or
bias occurs, as 25-40% of the popula-
tion at risk typically is not tested and
only small communities can be evalu-
ated; questions are bound to arise about
the representativeness of these commu-
nities for entire countries. We are con-
fronted with a major problem in diabetes
research as we face a trade-off between
striving to achieve a high degree of as-
certainment and the cost of monitoring
diabetes in a broad and timely manner.

To monitor diabetes and trans-
form diabetes epidemiology in the next

Scimitar-Horned ~
Oryx y
Oryx dammah
n =200
African Wild Dog
Lycaon picuts
n = 7,000

Geometic Y ©™ Cape Mountain Zebra
Tortise i 0= Equus zebra zebra
Psammobates geomelricus =450
n = 6,000 !

Figure 2—Threatened animals in Africa.

millennium, our approaches will need to
be modernized towards determining
rates of disease, because the current
methods are neither efficient nor cost ef-
fective. It is time to move to the next
paradigm of counting technology to
complement existing systems.

CAPTURE-RECAPTURE TO COUNT
DIABETES — Recently, we argued that
such a technology is available, in an ar-
ticle entitled “Counting Birds, Bees, and
NCDs” (18) and in several other papers
describing the methodology (17-24).
Why do we know that there are 110,000
California seals and 90,000 sea lions off
California (USA Today, 6/23/92)? How
can we know the numbers of threatened
species and their ranges in Africa (Fig.
2)? It is rather amazing that we know
more about “hot spots” for animals, par-
ticularly threatened animals—with high
concentrations in Africa and around the
world—than we know about the global
and temporal patterns of diabetes. The
reason that we know much more about
the number, geographic spread, and
changes over time of animals than we
know about diabetes is that we are better
able to count animals. We believe that
the methods of animal ecologists show
us the way to revolutionize our ap-
proaches towards counting diabetes. It is
from this animal literature that the next
generation of diabetes monitoring sys-
tems will evolve.

To illustrate an approach from
animal ecologists, suppose the objective
was to count the number of mice in a
field. Naturalists would not go out to
count all the mice—as we try to count all
cases of diabetes. The wildlife ecologists
realize that it would be virtually impos-
sible to identify all cases. Instead, they
count mice through a simple capture-
recapture procedure. First, they go to the
field and capture mice, which are then
tagged and released, and recaptured the
following day: the proportion of cases in
common then is used to estimate the
number of mice in the field with 95% CI
(Fig. 3). Animal population scientists
rarely catch >20% of the cases in each
sample, yet they obtain very accurate es-
timates of the number of cases. In con-
trast, we constantly strive for >90% as-
certainment in our primary sources for
IDDM and for a 75% participation rate
for screening for NIDDM. However, such
high rates of ascertainment are not truly
needed for accurate rates. Using a simple
formula (see Appendix), we can estimate
the total number of mice in a field, sea
otters in the ocean, bald eagles in the
world, or diabetes in the U.S., ltaly, or
Japan (23).

The primary assumption of the
sample case of capture-recapture is one
of independence of sources. In health,
this is a difficult assumption to achieve.
For example, pediatricians will refer to
specific hospitals, and insulin prescrip-
tions may come from a certain set of

Figure 3—Tagged animal.
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physicians. However, in an elegant
method, Bishop and Feinberg (21)
showed that if we use more than two
sources for the identification of cases,
then source dependencies can be mod-
eled and taken into consideration when
estimating the number of cases. In dia-
betes epidemiology, there are many pos-
sible incomplete sources of ascertain-
ment, including hospitals, physicians,
diabetes associations, laboratories, death
certificates, etc. What is critical is not the
exact nature of the log linear modeling,
but rather what this means for estimating
the counts of disease. These models al-
low us to use data that are readily avail-
able, but have been neglected, to adjust
for dependencies between sources to cor-
rect for ascertainment. Moreover, if more
than two sources of identification of
cases are used, then the assumption of
independence need not be made. It typ-
ically is much less costly to use multiple
incomplete sources of ascertainment
than to count all cases from a single
source. This approach to counting has
become the standard for estimating
many elusive species. It is just beginning
to be used in diabetes research.

To understand how these ap-
proaches towards counting animals can
be used to count cases of diabetes, it is
best to contrast these with the traditional
approaches of IDDM registries, NIDDM
prevalence screening, and passive sur-
veillance.

INCIDENCE RATES OF IDDM:
APPLICATION OF
CAPTURE-RECAPTURE — When we
attempt to identify new cases of IDDM,
we frequently use multiple sources (Fig.
4). For example, people with diabetes are
identified from hospitals, pediatricians,
schools, and laboratories. To determine
the numerator (e.g., the number of new
cases), the researcher(s) typically aggre-
gates the sources, culling out duplicates.
Itis this total that is used for determining
the incidence rates, as we have pointed
out in several papers (17-20,24). How-
ever, this incidence rate should be con-

sidered the crude rate, because it as-
sumes that the aggregate of the lists
represents all (or nearly all) of the cases
in the population. It assumes that the
number of missing cases is zero, and
undercount is ignored.

The traditional method can be
contrasted with the capture-recapture
approach. In capture-recapture, instead
of eliminating the duplicates, attention is
paid to the them because they provide
important information about the degree
to which cases may have been missed.
These duplicates represent “recaptured”
people who have diabetes. Thus, the de-
gree of undercount is estimated, and the
rates of disease are corrected for under-
count, which yields an ascertainment
corrected rate. This method potendally
can revolutionize our approach to count-
ing IDDM, which is best illustrated with
an example—one from Madrid with a
registry established by Prof. Serrano Rios
and Dr. Moy (25).

The registry began with the re-
view of the three major referral hospitals
in Madrid. A secondary source of valida-
tion was established through the review
of the Madrid Diabetes Association. In
the initial few weeks, >50% of the cases
were identified from the three hospitals.
It took an additional 4 mo to achieve an
additional 40% of the cases. Thus, as
with any registry system, it took a short
amount of time to count ~50% of the

Sources of Ascertainment Traditional Aggregated Method

i — H

H

Hosphtais *

"Crude" Rates

“"Ascertainment -Corrected
Rates

Figure 4—Ascertainment-corrected inci-
dences rates.

LaPorte and Associates

cases, but an enormous amount of time
to approach 100% ascertainment.

Figure 5 represents the samples
collected from the total population (the
open squares). Once ascertainment cor-
rection is done, the estimate of the inci-
dence rises closer to the truth, as repre-
sented in the dark boxes. What will
occur is that the precision of the estimate
as presented with the 95% CI in Table 2
is reduced, but not markedly. What is
important is that attempting to achieve
complete ascertainment is extremely
costly. The loss of a small degree of ac-
curacy produces enormous potential
gains in the feasibility of conducting the
work. As Table 2 shows, the precision of
the estimates is reduced but still is quite
acceptable. The 95% Cls are widened,
but still are not large. The central point is
that it is extremely difficult and time con-
suming to attempt to count all cases. We
can obtain almost the same degree of
precision for much less cost through the
use of multiple incomplete sources of
case ascertainment.

This methodology is currently
being tested by Prof. Baba in Kakogawa
City, Hyogo prefecture, Japan. Multiple
independent sources of case ascertain-
ment are available, and IDDM is the first
noncommunicable disease to be moni-
tored. Subsequently, other noncommu-
nicable diseases will be added to the sys-
tem, based on the experiences with
IDDM.

Diabetes researchers have been
progressive in part, in that capture-
recapture frequently has been used to
check and correct for undercount with
registries. We still, however, have the
goal of trying to find all new cases of
IDDM. This goal is expensive and thus
cannot be used across broad areas or
over time. It is not yet widely recognized
that we can break away from having to
“count” everyone in order to obtain ac-
curate incidence rates. But, if accurate
estimates of wildlife can be produced
with <209% ascertainment per sample by
using capture-recapture, then the same
can apply to IDDM. We thus can con-
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Level of Ascertai Corrected Estimate

Figure 5—Point estimates, precision, and cap-
ture-recapture.

sider that multiple sources of ascertain-
ment, each of which identify a fraction of
cases, can yield precise, standardized es-
timates of cases. Thus in Table 1, we
would have all the advantages of the
communicable disease monitoring sys-
tem with none of the disadvantages. This
would truly be a paradigm shift in IDDM
epidemiology, as we would have accu-
rate incidence data in countries, across
the world and over time.

PREVALENCE RATES OF NIDDM:
APPLICATION OF
CAPTURE-RECAPTURE — To esti-
mate the prevalence of diabetes, epide-
miologists have used OGTTS in small
population samples in isolated commu-
nities. Because of costs, rarely are tens of
thousands of people evaluated. The total
number of individuals screened in pop-

Table 2—95% Cls in Madrid, Spain at
various levels of ascertainment per 100,000

ulation-based cohorts for the past de-
cade is <80,000 people; most of the
community-based epidemiological stud-
ies are in the range of 500 to 4000 peo-
ple. But 80,000 represents only 0.002%
of the world’s population. In contrast, for
many endangered species, we have accu-
rate estimates of the total number in the
whole world. It would be a major ad-
vancement if we could estimate the num-
ber of people who have diabetes as
readily as we can estimate the number of
sperm whales.

Typically, in screening programs,
only 60~75% of the population at risk in
a community is tested, as presented in
the dark circle in the upper left hand of
Fig. 6. In prevalence studies of NIDDM,
no additional sources are employed to
identify cases other than the OGTT. Typ-
ically the communities in which the
OGTTs are completed already have diag-
nosed cases of diabetes, as represented
by the other circles in Fig. 6. One sus-
pects that these cases would have a dif-
ferential response rate to participation.
One could obtain lists of diagnosed cases
relatively easily from the community—
such as from physicians, pharmacies,
and hospitals—and compare the rates of
diagnosis of diabetes for the screened
and nonscreened populations. In addi-
tion, these sources could provide infor-
mation about a much broader popula-
tion in the community. Moreover,
instead of crude extrapolation from the
prevalence of diabetes identified by
OGTTs in the small community to the
country as a whole, we can use readily
available lists on even a country-wide
basis in conjunction with the OGTT re-
sults to much more precisely determine
the number of people who have diabetes.

The OGTIT would be used for
two reasons: first, it serves as an addi-
tional source of ascertainment of cases;
second, it would accurately estimate the
degree to which people in the population
fulfilled the criteria for diabetes. Thus,
for people who have been “labeled” as
having diabetes, the OGTT can then ac-
curately estimate how many truly have

! !
XOGﬂ'sScreen}
.

“Crude" Rates

“Ascertainment -Carrected”
ates

Figure 6—Capture-recapture and ascertain-
ment-corvected prevalence rates.

diabetes by WHO criteria. For those who
have not been labeled, it can estimate the
numbers of undiagnosed cases. Thus the
ascertainment-corrected prevalence rates
would also be adjusted for the sensitivity
and specificity of the diagnosis.

Perhaps the greatest contribution
of capture-recapture to NIDDM esti-
mates is that, potentially, estimates of the
prevalence of diabetes can become much
broader than for 0.002% of the world's
population. The reason is that even
though country-wide efforts using
OGTTs is extremely expensive, lists of
cases are available from multiple sources,
as presented in Fig. 7 (lower left). The
OGTT screen can be done on only a
small sample of the population. With the
incorporation of readily available Iists,
broad, precise estimates of rates and
numbers of people who have diabetes
can be attained.

Inclusion of the readily obtainable
information into the NIDDM prevalence
surveys would have several important ad-
vantages. First, the representativeness of
the tested population with regard to the
prevalence of diabetes could truly be de-
termined. Second, the precision of the
estimates of the numbers and rates of
individuals who have diabetes in a coun-
try and the world would increase dra-
matically. The incorporation of informa-
tion from the readily obtainable lists with
that of the OGTTs would potentially lead
to much more cost-effective monitoring,

LEVEL OF ASCERTAINMENT~
ASCERTAINMENT CORRECTED + 95%
(%) INCIDENCE Cl
10 10.9 8.0
25 10.9 2.1
75 10.9 0.7
90 (acTuaL) 10.9 03
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Figure 7—Capture-recapture, ascertainment-
corrected prevalence rates, and broad screening,

covering much broader areas. Accurate
country-wide monitoring, which currently
is not feasible with the existing ap-
proaches, could be accomplished over
tme.

IMPLICATIONS FOR HEALTH
AND WELFARE FOR PEOPLE
WHO DEVELOP DIABETES IN

THE 21ST CENTURY AND
BEYOND — The essence of prevention
of diabetes and its complications is to
reduce the incidence and prevalence of di-
abetes and its complications. Many na-
tional and international prevention pro-
grams are implemented without valid
information as to how frequently diabetes
and its complications occurs. Any local or
national program of diabetes prevention
must have accurate data concerning the
rate of disease. Untl now, this has not
been feasible as accurate registries and
broad monitoring of diabetes through pop-
ulation-based OGTTs are too expensive
and slow. However, implementation of
natural monitoring systems such as with
capture-recapture may be able to provide
much broader and more timely monitor-
ing.

Monitoring of diabetes should be
under the purview of government health
agencies. Academic centers do not have
the network nor the resources for national
monitoring of diseases. Perhaps agencies
such as the Ministries of Health in Japan

and Italy and the Centers for Disease Con-
trol in the U.S. should begin discussions
about approaches toward monitoring the
rates and numbers of cases of diabetes in
current and future generations.

During the last few years, govern-
ments have been starting to establish
programs for the prevention and conirol
of noncommunicable diseases, one of
which is diabetes (26). It is impossible to
prevent and control diabetes and its
complications unless we know the fre-
quency at which diabetes and its compli-
cations occur. Therefore, as part of all
national programs for diabetes and other
noncommunicable diseases, there needs
to be monitoring. We believe that the use
of a systemn such as capture-recapture
will bring accurate yet cost-effective
monitoring to a national level.

CONCLUSIONS — We cannot pre-
vent diabetes unless we know how fre-
quently it occurs, yet we know surprising
little about the rates of diabetes within
our own countries and throughout the
world. The existing paradigms for mea-
suring diabetes are simply not cost effec-
tive for broad and timely monitoring of
diabetes mellitus in the 21st century and
beyond. We must begin to evaluate al-
ternative means of counting that have

LaPorte and Associates

been established and proven effective in
other disciplines, such as animal-popu-
lation science and quality control in in-
dustry. One of these methods is capture-
recapture.

Approaches toward monitoring are
meant to complement, not replace, regis-
tries and in-depth population screening,
because for many preventive actions, case-
control studies, or health services studies,
it is necessary to be near perfect in case
ascertainment. However, if the goal is to
determine the number or rate of diabetes,
capture-recapture offers a viable contrast to
the other traditional methods.

It is important to recognize that
these methods need to be evaluated for
use in diabetes. Our existing methods are
inadequate and nowhere near delivering
the truth for broad monitoring of dis-
ease. Methods such as capture-recapture
are not perfect—they do not give an es-
timate of incidence and prevalence where
the point estimate is the absolute guth.
However, these types of methods help
bring us closer to the truth than inade-
quate existing systems.

Approaches like these and others
can produce a major paradigm shift con-
cerning our knowledge of diabetes across
the world. It seems rather ironic that we
know more about the numbers of many

Capture-Recapture

Sample 2
Sample 1

in-common

(M+1)(n+1)
(m+1)

N=Estimate of Number

M=Number in First Sample (those Marked)
n=Number in Second Sample

m=Number of "marked" items in Second Sample

(M+1)(n+1)(M-m)(n-m)

Var(N)=
(m+f) (m+2)

95% Cl = +1.96\/Var(N)

Appendix—Formula for capture-recapture technology.
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animals in the world then we know
about the numbers of people afflicted
with diabetes.

can
but

We believe that diabetes counting
take the lead not only for diabetes
all diseases in the next millennium.

Population-counting technologies such
as capture-recapture bring this into the
realm of feasibility.
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