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'INTRODUCTION 

Integrating data from various sources is desirable 
in any area characterized by multiple data use. In 
health services administration and research, in descrip- 
tive and analytical epidemiological studies, and in 
routine health statistical collection activities, data 
collection is often costly and/or time consuming. Due 
to this, such data sets should not only be used for t h e  

single purpose they were collected for, but they should 
also have the potential to be put to multiple use. Thus, 
they should fill the pre-requisites so as to be used as 
secondary data by others in conjunction with further 
relevant data sets. In particular, large samples or 
population censuses performed with a similar methodo- 
logy for a long time would gain in usefulness, if this 
would hold true for them. 

Nonitoring the health of populations, describing 
trends in mortality and morbidity, or describing the 
use of health services require not only a variety of 
different data sets but also imply the necessity of 
combining data in a way that is adequate for the 
questions being asked. 

As not all potential data uses for a particular 
data set may be forseen in advance, ongoing, particu- 
larly large routine data sets may become potentially 
useful if several requirements for them are met. In 
countries without national personal identification 
numbers or similar schemes, the existence of such formal 
characteristics is a necessary condition for any secon- 
dary data use. These formal criteria involve methodo- 
logical characteristics, which will be discussed below. 
Discussing the issue of integrating data from various 
sources may be done from several perspectives, namely: 

- linking data at one level of aggregation 

- linking different data components at one 
aggregation level 

- linking multiple data components at several 
levels of aggregation 

LINKING DATA AT ONE LEVEL OF AGGREGATION 

In health services research, it is useful to link 
data at an individual level or for groups of persons 
(i.e. aggregates of persons). Much practical experience 
is already available for performing data linkage at an 
individual level. It was developed by computer special- 
ists and is based on linking data from several data sets 
using one or more characteristics common to both sets. 
This linkage may be performed on a deterministic or a 
probabilistic basis. It is routine with health or life 
insurance companies. Data are linked by insuree and 
provider in such settings. 

When linking data for groups of individuals, char- 
acteristics of these groups have to be common to both 
data sets to be linked. Often, locality, area or scheme 
number may be used as linkage parameters. If the data 
set's locality or area definitions agree with definitions 
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of geographic sub-areas of the national statistical 
system, then useful demographic information may be drawn 
from that system. 

Obviously, patient data may be linked to physician 
data if service or contact data sets for patients rout- 
i neiy contain the physician number. On the other hand, 
separate patient data components may be combined if 
services data sets contain reliable and complete patient 
identification information, such as name, birth date, 
place of birth or insurance number. 

In spite of these possibilities, linking data of 
public health services schemes and other sources, or 
health services research on the basis of linked data are 
still relatively uncommon in some countries. There are 
many possible reasons for this. They are : 

- unclear ideas about what use integrated data 
sets may be put to 

- payment or reimbursement schemes may nat require 
such linkage. In fee-for-service schemes, for 
example, documents may contain just types and 
dates of delivery services, which are required 
as the basis for remuneration (i.e. there is no 
administrative requirement for linkage) 

- fear of the cost and effort required to handle 
large volumes of data as preparation for pro- 
ducing linked data sets 

- fear of misuse of the linked data sets 

- fear of the effort required to introduce uniform 
standards and definitions as a pro-requisite for 
linking data sets. 

As a consequence of this separateness of data, we 
find much duplication of data collection activities, par- 
ticularly of random samples attempting to collect data 
which exist in census form elsewhere. As a matter of 
fact, in the F.R.G., collecting data of persons using 
physician services in ambulatory care via random samples 
of physicians or the population seems much simpler than 
drawing samples of documents about the population's 
contacts with physicians and deducing the information 
in this way (note that in a fee-for-service system as, 
for example the F.R.G., data about almost each patient- 
physician contact and the services delivered are stored 
for reimbursement purposee). Even though each service 
act delivered in ambulatory care in the country is 
entered into a computer, reliable estimates of the num- 
ber of blood pressure checks per lO00 population, or 
per 1000 persons of a specified age group are hard to 
produce for a given time period. 

This demonstrates that linking of data at various 
1eye, of aggregation means that a number of formal 
requirements be met, namely, that reliable patient and 
complete provider identification or characteristics be 
available and agree in all data sets to be linked at 
an individual level. The more formal requirements are 
the following : 

- The population references (e.g. sub-populations, 
members of a scheme) are available and identical 
in all data sets to be linked at an aggregate 
level. The population should be a defined 
population. 
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The reference to persons should be possible 
or producible. These persons might be patients 
or providers, depending on who the linkage is 
planned for. 

The period reference be available and identical 
for all data sets to be linked at an individual 
or aggregate level. 

- The procedure definitions are available and 
identical for all data sets to be linked, if 
this should be the linkage criterion. 

- The place or geographic subdivisions should 
be identical and available for all data sets 
to be linked. This is essential for linkage at 
any area level, and particularly critical at a 
smallarea level. 

- Other parameters, terms, and definitions of 
variables should agree across data sets, e.g. 
age, occupation, deaease categories, if occu- 
pational health studies are under consideration. 

- The classification schemes must agree across 
data sets if grouped data are to be used for 
analysis or linkage. This means that identical 
subdivisions are required For variables, such 
as age or diseases, if linking is performed 
for such groups. 

LINKAGE OF DIFFERENT DATA COMPONENTS AT ONE 
~T^~--~ 'ON LEVEL 

The produc t ion  o f  data sets cover ing severa l  
content areas may Further be achieved by collecting 
data at a particular aggregation level about a variety 
of topics. Many social surveys use this approach by 
COllecting data from various content areas with one 
SUrvey instrument. The areas that data collection focu- 
Ses on may be vital and economic data, occupational 
information, health services use, morbidity, etc. Such 
SUrvey procedures are applied in one-time data collec- 
tion or ongoing data c o l l e c t i o n  a c t i v i t i e s .  Examples o f  
SOcial surveys using this integrated approach are the 
general household survey of England (i), The Mikrozen- 
aUa of the Federal Republic of Germany (Z) and many 
Other health and social surveys. Both surveys have been 
repeated several times so that trend information about 
the various subject areas, including health, may be 
derived. 

The limitation of many of these surveys has been 
that the resulting data sets were often neither compar- 
able across various data collectors nor over time within 
the same country. This lack of continuity limits the 
role surveys could play for ascertaining the health of 
Populations (3). International comparisons are hardly 
PoSsible under these circumstances. Thus, suggestions 
have been made in our country to agree on uniform data 
Collection techniques, terms and definitions for a data 
Component required in almost any population field survey 
and many routine data sets: namely the vital statistics 
Portion. All major commercial survey organizations 
agreed to use that uniform vital data component. Thus, 
data from different surveys may potentially be linked 
or Compared on that basis. 

Linkage of different data components may also be 
POssible via the minimum basic data sets developed in 
the U.S.A. for hospital (4) and long-term (5) care. The 
Uniformity in these minimum basic data sets goes beyond 
the uniformity described in the previous paragraph. The 
minimum basic data sets cover several subject areas, 
such as aocio-demographic, health services category, 
diaease and procedure information in a uniform way 
aCroaa persons, institutions and providers and thus 
tremendously improve the analysis and linkage potential 
of data sets from various settings and of different 
contents, given only that the minimum basic data sets 
agree and are used by many settings. 

A Somewhat more universal instrument of linking 
different data sets at one aggregation level is provided 
~Y the United Nation's Health Survey Capability Program 
~)" merit of that program in potential The consists its 

compare similar data sets internationally without 

the need to organize international survey programs 
at the same time. This is achieved by recommending to 
participating countries standardized data collection, 
instruments, and methods for field surveys in a modular 
arrangement. This arrangement provides fmr the Freedom 
of countries to choose their topics of interest and 
then to use the relevant modules of the program in 
order to implement the necessary data collection (6,7). 
It covers topics such as nutrition, health, morbidity, 
special client groups, and the use of the health ser- 
vices (7). 

LINKING SEVERAL DATA COMPONENTS AT SEVERAL LEVELS OF 
AGGREGATION 

When attempting to link multiple data components at 
varying aggregation levels, then the Formal requirements 
discussed above must be given for respective pairs of 
data sets at the respective linkage levels. This means 
that when it is intended to link patient data to their 
respective physicians, patient as well as physician 
data sets must contain identical physician identifiers. 
When such linked data is then to be related to demogra- 
phic data from the official statistical system in order 
to estimate rates of use or ratios of physicians per 
population, then the geographic areas for which this is 
planned have to be identical in both data sets. 

On the other hand, if environmental risks are to be 
related to rates of specific morbidity, then morbidity 
information has to be ascertained for the areas with 
environmental risk measures. So it is evident that, be- 
fore planning major studies, it would be wise to ascer- 
tain which other relevant data sources might be useful 
for the investigation, and how one might be able to tap 
that data within the study's frame of reference. 

EXAMPLES OF STUDIES BASED ON MORE THAN ONE DATA SET 
FROM DIFFERENT SOURCES 

In the f o l l ow ing  sec t ion  three examples are 
g iven demonstrat ing the combinat ion o f  data From d i f -  
fe ren t  sources. In epidemiologieal research, the need 
to combine data in such a way comes about from the need 
to answer questions about possible associations between 
several variables. This might be a risk factor (air 
pollution) and an outcome variable (rate of hospitali- 
zations for croup) as in example 2. We might also be 
interested in studying an outcome variable, such as 
cancer incidence and relate it to a process variable, 
such as smear-taking as in example i. Both of these 
studies performed the linking after the original data 
collection activity had been completed, but data linka- 
ge at various aggregation levels may also be part of a 
study design, as is demonstrated in example 3. 

i. Regional trends in incidence of cervical cancer in 
Denmark in relation to local smear-taking activity (8) 

The investigation studies the relationship between 
trends in the incidence of cervical cancer in Denmark 
between 1943 and 1977 and pap-smear taking activities. 
For that purpose, data from the Danish National Health 
Insurance scheme, the organized screening programs, hos- 
pitals, and the national cancer registry are combined. 
'~he study shows a considerable decline in the cumulative 
incidence of cervical cancer for women aged 30-59 years 
of age in areas where organized screening programs began 
before 1969. The decline in areas without organized 
programs but with a higher or equivalent screening 
activity in 1974/75 is in general smaller or occurring 
later"(8). 

Summary 

Study purpose 

Study of the relationship between trends in cervical 
cancer incidence and pap-smear taking. 

Data sources 

- Danish national cancer registry for cervical can- 
cer incidence 
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- National Health Insurance scheme for pap-smear 
taking outside of organized screening programs 

- Hospital admissions for gynecological reasons 
for pap-smear taking in hospitals 

- Organized screening programs for pap-smear 
taking within those programs 

- Official statistics system for demographic data 

Statistics produced 

- Rates of cumulative cervical cancer incidence 
per coun~ of Denmark (5-yr periods) 

- Rates of pap-smears per woman aged 30 - 59 per 
county of Denmark in 1974/75. 

Linkage level 

- County (old or new) of Denmark 

Difficulties 

- Change of county borders during study period. 

2. Relationship between air quality and respiratory 
disease among children aqed 0 ~ 4 years (9) 

The study relates the incidence rates of the croup 
syndrome and of obstructive bronchitis in children aged 
0 - 4 years to the level of air and dust pollution in 
the areas where the children live. The authors show a 
positive correlation between the incidence rates of the 
croup syndrome and of bronchitis and the level of SOn 
and dust pollution in small geographic regions after z 
adjusting for several intervening factors, such as 
distance to clinic, level of infection rate (9). 

Summary 

Study purpose 

Study of relationship between disease incidence 
rates in children and air pollution level. 

Data sources 

- H o s p i t a l  admissions in  a 3 year pe r i od  f o r  the 
croup syndrome and f o r  b r o n c h i t i s  in  c h i l d r e n  
as a bas is  f o r  i nc idence  r a t e  c a l c u l a t i o n  

- SO 2 emiss ions and dust  emiss ions f o r  60 one-km 2 
areas f o r  o n e - q u a r t e r  pe r i ods  

S t a t i s t i c s  produced 

- SO 2 l e v e l  i n  mg per m 2, dust  l e v e l  i n  g per  m2*d 

- Admission r a t e s  to one c h i l d r e n ' s  h o s p i t a l  f o r  
the croup syndrome and f o r  o b s t r u c t i v e  b r o n c h i -  
his in the age group 0 - 4 years. 

Linkage level 

- One-km 2 areas 

Difficulties 

- Possible selectivity of cases to one hospital 

- Area definitions somewhat artificial 

5. Survey amonq ambulatory care physicians in the 
Federal Republic of Germany (EVa S-Study) (i0) 

The survey was carried out among a random sample of 
physicians who documented a sample of their patient 
contacts with their offices. The purpose of the study 
was to learn about the contents of ambulatory medical 
care in the Federal Republic of Germany and several of 
its sub-regions by recording reasons for contact, 
patient characteristics, services delivered and recom- 
mended, diagnoses and disposition. Physician charac- 
teristics were ascertained by a mail survey. 

Summars 

Purpose 

Study of contents of ambulatory medical care in 

the F.R.G. in 1981/82 and some of its sub-divisions 

Data sources 

- Office and personal patient-physician contacts 
from a sample survey in physicians' offices 

- Office characteristics and resources from a mail 
questionnaire 

- Physician characteristics from a national regis- 
ter of physicians 

- Socio-demographie data about studied regions from 
official statistics 

Statistics produced 

- Volume of physician contacts per 1000 population 
for the whole area and its subdivisions and by 
patient characteristics 

- Ratio of physicians per 1000 population by special- 
ity for the total area and its subdivisions 

- Response rates and non-respondents' characteristics 

Linkage levels 

- Contacts with physicians by physicians 

- Contacts with physicians by area 

- Physician survey with physician registry data 

- Contacts with physicians with regional demographic 
data  

Difficulties 

- Lack of availability of data about foreigners by 
regions 

- Lack of data about members in health insurance 
schemes by regions 

These three examples from very different research 
areas show that linking of data sets from different 
sources is frequently performed on the basis of regions 
as linkage parameters. Knowing this, geographic infor- 
mation in data sets should be recorded in a uniform way. 
It should, for example, be recommended that geographic 
information be stored in the form of standard statisti- 
cal areas or postal zip codes, if these have reached a 
certain stability over time. Such standardization would 
obviously greatly enhance the usefulness of routine 
data sets for small area analyses. 

Summary 

The paper discusses the necessity of combining data 
from various sources in order to enhance their useful- 
ness for a variety of applications. As future data use 
can hardly be forseen in advance, major data sets in 
health services should fulfil several formal require- 
ments in order to make them suitable for future linkage. 
These formal requirements are that there be references 
to defined populations, to specific persons, to defined 
time periods, to specific places or regions. It would 
be necessary for terms, definition and classification 
schemes to agree between data sets which are to be 
l i n k e d  and be in  wide use. Three face ts  o f  data l i nkage  
are d iscussed s p e c i f i c a l l y  namely l i n k i n g  data a t  one 
l e v e l  o f  agg rega t i on ,  l i n k i n g  d i f f e r e n t  data components, 
and combining data se ts  from d i f f e r e n t  sources a t  seve-  
r a l  l e v e l s  o f  agg rega t i on .  Three examples are p rov ided ,  
desc r i b i ng  l i nkages  o f  data from va r i ous  sources f o r  
e p i d e m i o l o g i c a l  s t ud ies  and a s tudy in  hea l t h  s e r v i c e s  
research ,  They show t h a t  a t  t h i s  p o i n t  i n  d e s c r i p t i v e  
e p i d e m i o l o g i c a l  s t ud ies  l i nkage  on the bas is  o f  reg ions  
i s  o f  g rea t  impor tance.  This imp l ies  t h a t  i t  would be 
d e s i r a b l e  f o r  l a rge  sca le  data c o l l e c t i o n  a c t i v i t i e s  i n  
hes l t b  s e r v i c e s  to  p rov ide  f o r  a un i fo rm r e p r e s e n t a t i o n  
o f  the geographic  areas,  Such u n i f o r m i t y  would g r e a t l y  
enhance the l i nkage  p o t e n t i a l  o f  data sets  and thus 
t h e i r  use fu lness  f o r  smal l  area and r e g i o n a l  ana lyses .  

70 



Sozial. und Pr~iventivmedizin M6decine sociale et pr6ventive 30, 68 -  71 (1985) 

Zusammenfassunq 

~ n q  yon Datens~tzen im .Gesundheitswesen 

Es wird die Notwendigkei t  d i s k u t i e r t ,  Daten aus 
Verschiedenen Quellen zu kombinieren, um deren Nutzen 
f~r Untersch ied l iche Anwendungan zu erhShen, Da 
zukSnft ige Datennutzung fBr einen Datensatz n ich t  vo- 
[ausgesehen werden kann, s o l l t e n  w ich t ige  Datens~tze 
im Gesundheitswesen einigen formalen ~terie~ent~en, um 
sie for zukOnftige VerknOpfungen geeignet zu maehen. 
Diese formalen Kriterien sind der Bazug zu einer defi- 
nierten Population, Personenbezug (as kann sich um Pa- 
tienten~und/oder Versorgerbezug handeln), Bezug zu einer 
definierten Z~tperiode und zu definierten Orten oder 
Regionen. Ausserdem mOssen in zu verknOpfenden Daten- 
S~tzen Termini und Definitionen, sowie Klassifikations- 
Schemata Obereinstimmen. DatenverknOpfung wird for drei 
Situationen diskutiert, n~mlich die VerknSpfung yon 
Daten auf einer Aggregationsstufe, VerknSpfung yon 
Datenkomponenten urddie VerknOpfung unterschiedlicher 
Datenk~rper auf untarschiedlichen Aggregationsstufen. 
Es Warden drei Beispie~n beschrieben, die DatenverknOp- 
fUngen for epidemologische Studien und eine Studie im 
Gesundheitswesen zeigen. Aus diesen Beispielen geht 
hervor, dass der VerknSpfung yon Daten auf der Basis 
Yon Regionen heute sine grosse Bedeutung zukommt. Daraus 
felgt, dass es w~nschenswert wore, in wichtigen Dsten- 
k~rpern des Gesundheitswesens die Variable Region in 
einheitlicher Weise darzustellen. Dies wOrde deren 
8rauchbarkeit Ober den eigentlichen Zweck der Daten- 
erhebung hinaus, insbesondere aber for Kleinr~umige 
Analysen, erhebiich erh~hen. 

~ e  diverses sources de donn~es issues des 
~ d e  cant6 

Cat article analyse le potential de i'utilisation de 
diverses sources de donn6es provenant du systbme de 
Sant6. Pour permettre une utilisation pour des buts 
divers, et & plusieurs reprises, sent developp~s une 
s~rie de critbres auxquels doivent satisfaire les 
banques de donn~es~ Trois exemples montrant l'interet 
de la fusion de plusieurs sources dans des ~tudes 
~pidemiologiques o~ la recherche sur lea services de 
Sant~ sent d iscut~s,  
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