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How did the register come about?

The Copenhagen School Health Records Register
(CSHRR) is a database of health examination infor-
mation on more than 350 000 schoolchildren who ever
attended school in the central municipality of the
capital city of Denmark. For longer than 100 years,
school-based health care has been provided to chil-
dren in Copenhagen,' and from the 1930s, the mate-
rial was systematically recorded on individual health
cards. The CSHRR results from the retrieval and
computerization of data from every health card.
Information from the register can be used on its
own and it can also be linked to a variety of health
registers and other cohort studies in Denmark.

In the early 1980s, an effort was made to locate the
cards when researchers wanted to examine childhood
exposures in a cohort of severely obese Danish draf-
tees.”” Locating these records was a large undertaking,
as previously the cards had been found only for a small
number of subjects.®® Retrieving the cards was a
challenge because they were stored in boxes under the
attic eaves of an old tall school building. The necessary
cards were retrieved and computerized for the draftee
study, but recognizing their tremendous research
potential, efforts were made to ensure they were prop-
erly archived. Fortunately, this realization occurred just
in time—the cards were slated for destruction. The
Cancer Registry, run by the Danish Cancer Society,
rescued the records and they are now preserved in the
Copenhagen Municipal Archives. In the 25 years fol-
lowing the initial study on the draftees, a systematic
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computerization of information on schoolchildren in
Copenhagen born from 1930 to 1983 was undertaken
in phases depending on available resources. The
process is ongoing, and records from recent school
years are added as they become available.

Who is in the register?

The CSHRR is based on the population of 350445
children born from 1930 to 1983 who ever attended
school in the municipality of Copenhagen. A unique
feature of the register is that it contains virtually
every school child from this time period from public
and private schools. Although children who attended
private schools were only included from 1947 and
onwards, as <4% of children attended private schools
before this time, very few were not seen by the health
services.” It is noteworthy that private schools in
Denmark, unlike in many other countries, are sub-
stantially funded by the state (up to 85% of costs) and
are not necessarily only for children from well-off
families.'® Additionally, as non-traditional schooling
methods such as home schooling were, and remain,
very rare in Denmark, few children were educated
outside of the formal school system.” Therefore,
the register can be considered virtually complete
with regard to the inclusion of Copenhagen’s
schoolchildren.

During the large number of school years included in
the CSHRR, there were slight variations in the ages at
which children entered and exited school. Throughout
this time period, children entered school at 5-7 years
of age,'" but they left school at different ages because
the length of compulsory education changed. From
1814, children had to remain in school until the
seventh grade, which corresponds to ~13-14 years of
age. In 1972, a law was passed requiring that children
remain in school until the ninth grade, or 15-16 years
of age.!? By the time it was officially changed,
however, it reflected a trend towards longer educa-
tions and did not substantially increase the numbers
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of students remaining in school until this grade.'? As
a result of these legislative changes, children were
consistently in school from the ages of 7 to 13 years
throughout the majority of the time period covered by
the register, and up to the age of 15 years from 1960s
onwards.

What time period does the
sample cover?

The cohort includes children who were born during a
significant portion of the 20th century. The history of
Copenhagen during these years can be divided into
six phases: 1930-35: the mid-inter-war period; 1935-
39: the late inter-war period; 1940-45: the occupation;
1946-52: the reconstruction; 1953-72: the social
expansion (when the welfare state was established)
and 1973-84: the new departure and crises period
(characterized by large political and governmental
changes, oil crises and a recession)."*'* The impact of
World War II on Denmark during the occupation
period bears closer scrutiny.

In contrast with many other European countries,
German forces occupied Denmark with a minimum of
violence.'”'® In sharp contrast with the well-known
Dutch Famine in The Netherlands,'” there was very
little loss of life in Denmark and supplies were not
blockaded."'® Although certain food items, fuel and
clothing were rationed, all Danes, regardless of eco-
nomic circumstances, were able to afford and obtain a
full diet."' In fact, for many, the rationing system
meant that they ate a healthier diet than before the
war, which is supported by a reduction in the number
of dental caries among the population.'' We have also
demonstrated that there was a negligible impact on the
growth of children attending school during the war
years.'® These results contrast with documented
deficits in childhood growth in countries that were
severely affected by the war including Finland,'®
France,'” The Netherlands'® and Norway,?*'® among
others.

How were the data collected?

In 1897, a school health system of doctors was intro-
duced in Copenhagen because many children showed
signs of poor hygeine.' The primary task of the school
health system was to ensure good sanitary conditions,
reduce infectious diseases and improve the general
health of the children in the schools. As the years
went by, the system expanded and children were
given full health examinations on a yearly basis.'?!
Supporting this practice, which already prevailed by
the school year of 1936, a law was passed in 1947
requiring every child to be examined by at least once
a year by a doctor. The law was revised in 1972, and
this resulted in fewer examinations. In 1983, it was
changed again, and it stipulated that children only
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had to be measured at school entry or if they had
special health needs. Nevertheless, in Copenhagen the
policy was to continue offering an examination at
school exit. In 1995, a measurement at school exit
was again required. Changes in these laws only
affected the number of measurements available per
child, and not the number of children in the register.

Parents or guardians accompany the child to the
first health examination at school entry. At the exam-
inations, the children are given a full health check
and the results are recorded in their health card. The
health cards changed during the years included in
the CSHRR, but the manner of recording height and
weight remained unchanged. Birth weight was
recorded for children born after 1936. A parent (typ-
ically the mother) reported it at the first school health
examination. During much of this period, mothers
were instructed to bring cards or health books in
which doctors, midwives or public health nurses had
recorded birth weight. Nonetheless, the period of
recall was short (<8 years) and as other reports show,
this method is fairly accurate over much longer
periods,?*?> it is fair to assume the values are
reasonable.

School physicians and nurses performed the height
and weight measurements.' During the majority of the
period covered by the register, children were measured
without shoes and either naked or wearing underwear.
Only after 1973 was light clothing permitted. The
measurements were performed using equipment pro-
vided by the school health service. Each school had its
own schedule for performing the exams; some opted
to measure all children on one day, whereas others
had individual examinations. Nonetheless, at all
schools, if a child was absent on the day of the
exam, he or she was measured at another time.

A key feature of the register is that it contains a
personal identification number for the children. From
April 1, 1968 onwards, The Danish Central Office of
Civil Registration (Det Centrale Personregister) assigned
an identification number to every citizen. It is known
as the central person registration number (CPR
number).?* It consists of 10 digits; the first six indi-
cate the day, month and year of birth and the last
digit denotes the sex of the person. Children attend-
ing school in 1968 and therecafter had the number
recorded on their health card.

Identification numbers were also obtained for chil-
dren who did not have them recorded on their health
cards. Based on the subjects’ forename(s) and surname,
sex and date of birth, matches were obtained with the
entire CPR register. A series of algorithms were applied
to determine the validity of the matches. A conservative
approach was used to ensure that only the valid matches
were retained. As a result, identification numbers were
identified for 309 198 (88%) of children (Figure 1). CPR
numbers were not identified for subjects who died or
emigrated before 1968 (thus a number was never
issued). Therefore, subjects born in the earliest part of
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Figure 1 Description of the CSHRR cohort. Personal
identification numbers (CPR numbers) were identified for
>88% (1n=309198) of the sample. Birth weight, due
primarily to procedural reasons, was available for a subset
of the cohort
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Figure 2 Numbers of children in the CSHRR, with and
without personal identification numbers (CPR numbers), by
year of birth

the cohort are more likely to be missing CPR numbers
compared with subjects born later (Figure 2). These
identification numbers allow for linkages with various
other registers and studies in Denmark.

What variables are computerized?

The sheer size of the register meant that only the
most crucial information was computerized; any
added digit would have to be read and typed more
than 350000 times. The building up of the register
focused on childhood body size, so even though the
cards contain health data, only essential personal
information and anthropometric measurements were
computerized (Table 1). The register currently con-
tains >2.7 million computerized measurements.

Birth weight was computerized, if possible. It was
not recorded for children born prior to 1936, and its

entry on the cards was phased in from the school year
of 1942 so it is not available for children from the
earliest part of the cohort. An examination of children
with missing birth weight did not reveal an obvious
pattern of missing data,?” but it remains a possibility
that it is somehow an indicator of a disadvantaged
background. Up to 12 measurements of childhood
height and weight were entered, with the restriction
that measurements needed to be at least 3 months
apart. The doctors and nurses recorded the heights
and weights with a great attention to detail; heights
were recorded to the nearest half-centimetre and
weights were recorded to the nearest 100 g.

What other variables are available?

Currently, a case—cohort sampling design has been
implemented to obtain further information on the
children.” Even though childhood anthropometry is
the focus of the register, the school health examina-
tions covered many aspects of the child health and
well being, and this information was recorded on the
health cards (Table 1). The case—cohort design
optimizes retrieval of this other information for use
in studies. In this strategy, a pre-defined, multi-
purpose sub-cohort is selected.’® It can be used in
multiple studies, which contrasts with the more
familiar case—control sampling scheme in which the
controls can only be used in one study.?® The case—
cohort sampling scheme maximizes statistical power,
and the confidence intervals for analyses on rare
outcomes are only slightly broader than those from a
full-cohort analysis.?”*® For common outcomes, the
confidence intervals are similar to those obtained
from a full cohort analysis.?*?”

The sub-cohort in the CSHRR consists of a 5%
sample of each sex by year of birth. All children born
on the first of the month are included, and then the
sample is enriched up to 5% by a random sample of
the remaining children. Children born on the first of
the month are included to benefit from future linkage
potentials with records from the Copenhagen Muni-
cipal Archives. Records are retained there from num-
erous sources for all citizens born on the first of the
month. The case sampling is performed on a project-
specific basis.

Information from other computerized
sources

The unique personal identification number is the key
to linking children in the CSHRR to a large number of
national registers on vital statistics, health, economic
and social conditions. Thus far, four key national
registers have been linked to the cohort. The first
national register is the CPR register which contains
basic vital statistics.?* The second register is the
Hospital Discharge Diagnosis Register (Landspatientreg-
ister).”® Established in 1977, it contains information
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Table 1 Information available in the Copenhagen School Health Records in versions of the records from the birth years

of 1930-83°

Information recorded in the health records on a nearly continuous basis

Currently computerized Available
General information Name Address
Sex Paternal and/or maternal occupation

Date of birth

School name(s)

Personal identification number (CPR number)®

Date of the examination (month, year)

Birth and early infancy Birth weight (g)¢

Anthropometric variables Weight (kg), Height (cm)

Physical examination

Illnesses/conditions

Infectious diseases

Vaccination status

Birth order
Number of siblings

Age at menarche
Hearing

Vision

Colour blindness
Involuntary urination

Mental condition

Chicken pox
Measles
Mumps
Pertussis
Rubella

BCG
Diptheria/tetanus/polio/pertussis
Smallpox?

20ther information about the children’s health is contained in the records, just not on a continuous basis throughout this time

period.

"Recorded on the health card for children attending school in 1968 and onwards, and identified for children in school prior to this

time.
‘Recorded from the birth year of 1936 and onwards.
4Discontinued as of April 1, 1977.

about operations and procedures they received and
discharge diagnoses from the visit. From 1995
onwards, outpatient admissions have also been
recorded. The third register is the National Cancer
Register (Cancerregisteret). Established in 1943, it
contains validated information on the type, location
and treatment given for cases of cancer.?” Finally, the
Cause of Death register (Dodsdrsregister) has been
linked.>® It contains information about mode of
death and up to four diagnoses about the causes of
death, which are coded according to International
Classification of Disease criteria (version 8 prior to
1994, version 10 thereafter).

The CPR number allows for linkages with numerous
other registers in Denmark. These include the Fertility
Database,®' the Prescription Medicine Register,*? the
Psychiatric Central Register,>> the Twin Register** and
registers from the National Board of Statistics,””
among others. Additionally, because of the CPR

number, linkages are also possible with a number of
cohort studies that have been conducted throughout
Denmark during the last 50 years.

What are the main strengths
and weaknesses?

Major strengths of this cohort stem from its extreme
size, its population-based nature and the linkage
possibilities it offers. The large number of subjects
provides great statistical power that allows for
investigations of both common and rare outcomes
with a high degree of precision. As the cohort is
population-based, there is minimal selection bias due
to such factors as socioeconomic status. Combined
with the complete follow-up obtained on the 88%
of the cohort that had a CPR number, analyses on
this cohort produce results with a high degree of
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internal validity. The linkage possibilities to national
registers and other studies within Denmark afforded
by the identification number make this cohort
relevant for numerous types of studies, and especially
for those in the area of life-course research.

Other strengths lie in the information contained in
the records and in the long time span covered by the
cohort. Birth weight was available for the majority of
the cohort, and it was reported while the children
were young. Doctors and nurses measured the chil-
dren’s body size, and their attention to detail is
evident in their careful recordings of it. Since the
records still exist, it is always possible to verify an
unusual value. The longitudinal nature of the
measurements also provided the opportunity for an
internal validation by plotting growth curves for the
children and examining them for anomalies.
Additionally, many of the cohort members have now
reached middle age and beyond, so investigations of
diseases that only manifest later in life are possible.

As this is an extremely large register-based cohort, a
weakness is that little information is available on
potentially confounding variables. It was not possible
to computerize the entire health card due to time and
financial constraints. Nonetheless, as the records are
stored in an archive, it is possible to retrieve them and
obtain information on a project-specific basis. Exter-
nal validation studies on anthropometric measure-
ments in the CSHRR are not possible because Danish
registers on these items simply do not exist for the
time period it covers.

In the majority of the cohort, information was not
recorded about ethnicity. It can be assumed that nearly
all of the subjects in the cohort from the birth years of
1930-83 are of European origin. Immigration from
non-Western countries was uncommon prior to the late
1960s, and although it increased after this time, the
numbers were very low until 1980s.>® Even in 1980,
<3.1% of the overall population in Copenhagen was of
non-Western origin.”” Since this time, however, the
ethnic composition of schoolchildren in Copenhagen
has changed dramatically, and now 24% are of non-
European origin.”® Information about ethnicity is noted
in records (and is computerized) from the birth year of
1984 onwards. The number of children in the CSHRR
has declined since 1940s. In addition to a decreasing
birth rate in Denmark, the decline also reflects a
movement of many young families to the suburbs
outside of the Copenhagen municipality.’® Even with
these limitations, which are common to all register-
based cohorts, the unique qualities of the CSHRR make
it an invaluable resource for research.

What are key findings from

this cohort?

Research from this cohort has contributed extensively
to the understanding of the early origins of disease.

In particular, important contributions have been
made in the areas of the development and course of
obesity, how the epidemic developed and its long-
term health consequences.

An carly series of studies used data from the merge
between a subset of the CSHRR and a cohort of male
Danish draftees to investigate early life risk factors for
obesity in young adulthood and its social consequen-
ces. Compared with non-obese draftees, the obese
men were disadvantaged in terms of intelligence®’
and eventual attained social class.* These differences
were independent of parental social class, suggesting
that some aspect of obesity impaired their abilities.
Investigations into the childhood growth of these
obese men revealed that, contrary to expectations,
most were not obese in childhood, although the risk
of becoming an obese young man increased exponen-
tially over the entire range of body mass index
(BMI; kg/m?) in childhood.” Findings from these
studies suggested that to really understand the origins
of obesity an investigation of the entire cohort of
schoolchildren was required.*® Until this became
possible, studies investigating causes of obesity were
conducted in a population of adoptees who were also
in the CSHRR. The strength of the genetic influence
on BMI was already fully expressed by 7 years of
age.*! These studies suggest that an interplay between
genetic and environmental factors leads to obesity in
adulthood as well as its social consequences.

Capitalizing on the wide range of years included in
this cohort, trend studies have investigated the devel-
opment of the obesity epidemic among children.
Overweight and obesity developed in three phases
among Danish school boys**** and girls.*’> Yet, surpri-
singly during these years, the birth weight distribution
changed very little**?* and the positive association
between birth weight and childhood obesity remained
stable.** A comparison between obesity trends among
boys and draftees showed they were similar only when
expressed by year of birth (as opposed to calendar year
of measurement), suggesting that factors early in
life contribute to the later development of obesity.*’
Further, by supplementing the register with special
data on a subset of Copenhagen schoolchildren in the
2003 school year, it was demonstrated that the pre-
valence of obesity has continued to rise.*® From these
studies, a unique picture of the development of the
obesity epidemic has emerged.

Several investigations have examined the long-term
health implications of birth weight and body size in
childhood. Larger size at birth is associated with
breast cancer in women*”*® as well as most other
cancers.*” Birth weight is also associated with all-
cause mortality, but the association is U-shaped such
that both low and high birth weights increase the risk
of death.”> When childhood body size was investi-
gated, the study on breast cancer found that women
who were tall in childhood or who achieved their
peak growth at an early age had a higher risk.*® In an
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investigation of childhood BMI and adult coronary
heart disease, significant linear associations between
childhood body size and heart disease were identified.
For example, among boys each Z-score increase in
BMI at 13 years of age was associated with a 17%
greater risk of heart disease in adulthood.’® Taken
together, these studies demonstrate that birth weight
and body size in childhood have long-lasting effects
on disease later in life.

Subsets of the cohort have been used in diverse
areas of research investigating other topics such as
Hodgkin’s disease,®® testicular cancer,”’ multiple
sclerosis,”® childhood growth during World War 1I,'®
blood pressure,”>>* lung function in adulthood®” and
statistical methodologies to describe growth.>

How do I find out more about

the cohort?

The contact person is T.ILA.S., E-mail: tias@ipm.
regionh.dk.
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