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Abstract

Introduction: In adults, multimorbidity is associated with social position. Socially disadvantaged adults typically
experience more chronic illness at a younger age than comparable individuals who are more advantaged. The
relation between social position and multimorbidity amongst children and adolescents has not been as widely
studied and is less clear.

Methods: The NHS Information Centre (NHS IC) linked participants in the Avon Longitudinal Study of Parents and
Children (ALSPAC) to the General Practice Research Database (GPRD). Multimorbidity was measured in three
different ways: using a count of the number of drugs prescribed, a count of chronic diseases, and a person’s
predicted resource use score; the latter two measures were derived using the Johns Hopkins ACG system. A
number of different socio-economic position variables measured as part of ALSPAC during pregnancy and early
childhood were considered. Ordered logistic and negative binomial regression models were used to investigate
associations between socio-economic variables and multimorbidity.

Results: After mutually adjusting for the different markers of socio-economic position, there was evidence, albeit weak,
that chronic condition counts among children aged from 0 to 9 years were higher among those whose mothers were
less well educated (OR = 0.44; 95% confidence interval 0.18-1.10; p = 0.08). Conversely, children whose mothers were
better educated had higher rates of chronic illness between 10 and 18 years (OR = 1.94; 95% Cl 1.14-3.30). However,
living in a more deprived area, as indicated by the Townsend score, was associated with a higher odds of chronic
illness between 10 and 18 years (OR for each increasing decile of Townsend score = 1.09; 95% CI 1.00-1.19; p = 0.06).

Conclusions: We have found some evidence that, in younger children, multimorbidity may be higher amongst
children whose parents are less well educated. In older children and adolescents this association is less clear. We have
also demonstrated that linkage between prospective observational studies and electronic patient records can provide
an effective way of obtaining objectively measured outcome variables.
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Introduction

Multimorbidity, the co-occurrence of two or more
chronic medical conditions, is increasingly common
[1,2] and has a large impact on a number of different
outcomes, including treatment complications, disability,
mortality and quality of life [3,4]. People with
multimorbidity also account for a large proportion of
healthcare usage, not only because they have multiple
conditions, but also due to their relatively complex
needs [2,4]. Although multimorbidity increases dramat-
ically with age, one study found that the ratio of ob-
served to expected frequency (expected figures based on
the assumption that individual diseases occur independ-
ently) of subjects with three or more different chronic
conditions was actually highest among those aged 0 to
19 years [5]. Estimates of the prevalence of multimorbidity
vary quite substantially, depending on the definition and
number of chronic conditions included - among those
aged under twenty the estimates vary from under five per-
cent [1,6] to around ten percent [5].

The fact that socio-economic position has an impact
on health has been known for a long time. In 1980 the
Black report was published, showing that there were
large differences in both mortality and morbidity by so-
cial class in the UK [7]. In 2010, the Marmot review
concluded that these inequalities still exist and that they
accumulate across the lifecourse, starting prenatally [8].
Few studies have examined the impact of socio-
economic position in childhood on multimorbidity. One
study carried out in the USA examined the impact of
childhood economic hardship on multimorbidity among
people aged 50 or over and found that, on average, those
who experienced hardship during childhood had a
greater number of chronic conditions [9]. Others have
found a relationship between multimorbidity and educa-
tional level [4,5,10] but only one of these studies [5] in-
cluded children in their study. A recent study, carried
out in Scotland, found that people living in more de-
prived areas were more likely to be multimorbid; this ap-
plied at all ages except among those aged 85 years or
older [1]. Other studies have shown social class inequal-
ities in rates of common childhood conditions, such as
injury, asthma, respiratory infections, and general mor-
bidity [11,12].

It has been suggested that social disadvantage in-
creases the likelihood of childhood illness through in-
creased exposure to conditions that are detrimental to
health, such as poor diet, poor housing conditions, ex-
posure to smoking, and psychosocial stress [13].

In this study, carried out as part of a larger project be-
ing conducted to explore the potential value of linkage
between large observational cohort studies and adminis-
trative and healthcare data, we have investigated whether
there is an association between socio-economic position
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measured during pregnancy and multimorbidity during
childhood and adolescence.

Methods

Subjects

Subjects were those eligible to participate in ALSPAC
who also had a record in the GPRD, which has now be-
come part of the Clinical Practice Research Datalink
[14]. The GPRD is an anonymised database of primary
care records of around 5 million patients in the UK;
practices using Vision software (this replaced VAMP
Medical software) contribute to the database. Patients
are part of the GPRD from the time at which they regis-
ter into a practice that contributes to the database; simi-
larly they leave the GPRD if they transfer to a practice
that does not contribute. ALSPAC has been described in
detail before [15]. To summarise, 20248 pregnant
women living in and around Bristol, UK with due dates
between 1 April 1991 and 31 December 1992 were eli-
gible to take part in the study; of these, 14541 were
recruited in 1990-1992 and a further 706 in later years.
Among these, there were a total of 14775 live births.
ALSPAC participants have been followed up regularly
since birth. (Please note that the ALSPAC website con-
tains details of all the data that is available through a
fully searchable data dictionary [16]). Ethical approval
was obtained from the ALSPAC Ethics and Law Com-
mittee, Local Research Ethics Committees and the NHS
National Information Governance Board (NIGB).

Linkage between ALSPAC and the GPRD

Linkage between ALSPAC and the GPRD was conducted
by the NHS Information Centre (NHS IC) in the role of
a trusted third party and using a methodology to pre-
serve anonymity. The NHS numbers of individuals meet-
ing recruitment criteria and eligible to participate in
ALSPAC were ascertained by the NHS IC as part of a
previous linkage exercise [15]. With approval from the
NIGB Ethics and Confidentiality Committee, the NHS
IC used this information to identify ALSPAC eligible in-
dividuals who also appeared in the GPRD; they then sent
an anonymised linking dataset to be stored securely at
the GPRD. ALSPAC and GPRD data for linked individ-
uals were merged and analysed in a safe setting at the
GPRD offices. As GPRD is anonymous and collected on
an opt-out basis, and anonymity was preserved using the
safeguards described above, this piece of research does
not require consent above and beyond the consent
obtained for participation in ALSPAC. However,
ALSPAC has been collecting consent from participants,
who are now adults, for ongoing participation in the
study as well as consent to extract information from
health and other administrative records and any partici-
pants who withdrew from the study or did not agree to
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their health records being extracted were excluded from
the linkage.

Social position data

A number of different measures of social position (col-
lected by ALSPAC) were used. The following variables
collected via postal questionnaires filled in by the
mothers during pregnancy were included in the analysis:
mother’s and father’s educational level; mother’s and fa-
ther’s occupational social class; housing tenure; and fam-
ily adversity index, a composite measure of social
adversity, taking into account a variety of different risk
factors thought to be important for mental health
outcomes. These risk factors include items relating to
housing adequacy, financial difficulties, family size and
problems, maternal age and educational level, the avail-
ability of social and financial support, partner relation-
ship, substance abuse, and crime [17]. Each subject’s
Townsend score, based on their address at study enrol-
ment and converted to deciles, was also included in the
analysis. Social class was defined using the UK Registrar
General’s occupational coding (SOC 90); family occupa-
tional social class was defined as the lower of maternal
or paternal social class.

Multimorbidity measures

Multimorbidity was measured in three different ways.
The Johns Hopkins University Adjusted Clinical Groups
(ACG®) System [18] was used to construct two of the
measures. The first measure considered all diagnoses
recorded up until the time at which an individual exited
from the GPRD. The ACG system considers all the rele-
vant Read codes from a person’s record and categorises
these as one of 267 expanded diagnostic clusters (EDCs),
a classification of clinically similar conditions. Salisbury
et al. [2] previously defined 114 of these EDCs as
chronic conditions; with the addition of the following
EDCs in version 9.0 of the ACG software, this list has
increased: EYE15 — age-related macular degeneration,
PSY12 - bipolar disorder, and RHUO5 — rheumatoid
arthritis. We counted the number of chronic EDCs
recorded for each person up to age 9 and between the
ages of 10 and 18 years (inclusive). The second measure
was the ACG itself, a mutually exclusive group based on
a person’s combination of Aggregated Diagnostic Groups
(ADGs). There are 32 ADGs; these are based on the
expected subsequent resource use for a given condition
and take into account its severity; whether it is acute, re-
current or chronic; the diagnostic certainty and aetiology
of the condition; and whether or not it is likely to lead
to specialist care. Every diagnosis code (in this case Read
codes) is assigned to one of the 32 ADGs. If an individ-
ual has at least one diagnosis within a particular ADG
then that person is classified as having that ADG. An
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individual’s ACG is based on their age, sex and the pres-
ence of particular ADGs, number of ADGs and number
of major ADGs. The ACGs are assigned using diagnoses
recorded over a one year period; we included each sub-
ject’s ACG whilst aged 5, 10, and 15 if they were regis-
tered in a GPRD practice for the entire year in question.
If they were not in the GPRD for these particular time
periods, we included each subject’s ACG while aged 4 or
6, 9 or 11, and 14 or 16, respectively; this was done to
maximise the number of subjects available for analysis.
Finally, and also as described by Brilleman and Salisbury
[19], we counted the number of different drugs received
by each subject while aged 0-9 years and while aged
10-18 years. As described in the above paper, each
unique drug name was counted only once, and repeated
prescriptions and prescriptions for different formulations
or dosages of the same drug were not counted — this
was done to try to reflect the number of unique condi-
tions being treated during these two time periods.

Statistical methods

Grouping of socio-economic position variables

To ensure adequate numbers in all categories of the
socio-economic variables, some of the groups were com-
bined: maternal and paternal education were analysed as
O level or lower and A level or above; social classes I, II,
and III non-manual were combined, as were III manual,
IV and V; housing tenure was analysed as mortgaged/
owned or other; and the family adversity index was
regrouped as 0, 1, 2, and 3 or more. Townsend score
was put into quintiles for the cross-tabulations but
analysed as a decile in the regression analyses.

Analyses of multimorbidity measures

The chronic condition count was analysed as an ordered
categorical variable. Because there were relatively few in-
dividuals with more than two chronic conditions, the
counts were regrouped as zero, one, and two or more
chronic conditions. Cross-tabulations and ordinal logis-
tic regression were used to investigate the relationship
between chronic condition counts and socio-economic
position. In ordinal logistic regression, the odds ratios
are (in this case) interpreted as the relative odds of being
multimorbid compared to having zero or one chronic
condition or the relative odds of having one or more
chronic conditions compared to having none (the model
assumes these odds ratios are the same) for different
levels of each socio-economic position variable. Because
of the large number of ACGs (subjects in this study fell
into a total of 20, 24 and 27 categories at ages 5, 10, and
15, respectively), these were grouped according to their
Resource Utilisation Band (RUB), such that ACGs with
similar expected subsequent resource use were com-
bined into a single category. There are six possible
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RUBs: non-user, health user, low morbidity, moderate
morbidity, high morbidity, and very high morbidity.
Again, this was analysed as an ordered categorical vari-
able. Drug counts were modelled using negative bino-
mial regression.

Exclusion criteria

For all the outcome measures, analyses by socio-economic
position were restricted to those with complete socio-
economic position data and multiple regression models
were used to mutually adjust for the different socio-
economic variables. Additional restrictions based on com-
pleteness of GPRD follow-up were applied as follows. The
analysis of drug counts was restricted to those with
complete GPRD follow up for the relevant time periods
(0-9 years or 10—18 years). This was done instead of ana-
lysing the drug counts as rates because, assuming that
many children receive some drugs, antibiotics for ex-
ample, several times during their childhood for different
infections, in the latter analysis the contribution of drugs
for acute conditions to the overall drug count would be
proportionately higher for those followed for a short
amount of time compared to those followed for a longer
period. The analysis of chronic condition counts between
0 and 9 years was restricted to those who registered into a
GPRD practice before the age of five; this is explained in
greater detail below. All analyses were carried out using
Stata v12.

Results

Socio-economic position variables

Of all the live births linked by the NHS IC, 765 appeared
in the GPRD; eleven of these declined consent for link-
age to their health records and one registered into and
left GPRD on the same day, resulting in no follow up.
Of the remaining 753 eligible individuals, 522 (69%) had
enrolled in ALSPAC. Of these, 50% were female. As de-
scribed above, apart from the Townsend score, which
was available for all whom a record of contact was made
during 1990-92, the socio-economic variables were only
available for individuals who had enrolled in ALSPAC; in
addition, numbers with a non-missing or valid response
varied according to when the information was collected.
Table 1 shows the distributions of each of the socio-
economic position variables as well as the numbers with
data available for each. Of the 522 patients contributing
to ALSPAC and GPRD, 346 patients had complete data
on all the socio-economic variables used in this study.
These numbers are shown in Figure 1.

Multimorbidity measures

Between 0 and 9 years, 418 (56%) of the 753 children
had no chronic conditions diagnosed. Among the 335
children with at least one chronic condition, there were
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a total of 517 chronic condition diagnoses. By far the
most common conditions between these ages were
dermatitis and eczema (192 children) and asthma (141
children), followed by deafness/hearing loss (24 chil-
dren), seizure disorder (23 children) and anxiety/neur-
oses (20 children). Of the 662 children registered in a

Table 1 Distribution of socio-economic position markers

Socio-economic marker Frequency
(%)
Maternal education (n = 460) CSE/vocational/lower 153 (33.3%)
O level 182 (39.6%)
A level 5 (18.5%)
Degree 0 (8.7%)
Paternal education (n=376) CSE/vocational/lower 99 (26.3%)
O level 0 (23.9%)
A level 127 (33.8%)
Degree 0 (16.0%)
Occupational social class (n=419) | 3(3.1%)
Il 1 (21.7%)
Il non-manual 3 (22.2%)
Il manual 118 (28.2%)
Y 84 (20.1%)
% 20 (4.8%)
Housing tenure during pregnancy  Mortgaged/owned 320 (66.3%)
(n=483) Private rented 33 (6.8%)
Council rented/ 130 (26.9%)
housing association
Long family adversity index during 0 169 (34.9%)
pregnancy (n = 484) 1 133 (27.5%)
2 81 (16.7%)
3 42 (8.7%)
4 17 (3.5%)
5 15 (3.1%)
6 12 (2.5%)
7 11 (23%)
8or9 4 (0.8%)
Townsend score (n = 620) 1°" decile 63 (10.2%)
(least deprived)
2 6 (12.3%)
3 0 (6.5%)
4 7 (9.2%)
5 9 (11.1%)
6 8 (11.0%)
7 9 (9.5%)
8 6 (13.9%)
9 6 (7.4%)
69

10" (most deprived) 10%)
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Eligible to take part in ALSPAC
and part of GPRD (n=765)

Consented to linkage and had >0

days follow up in GPRD (n=753)

Enrolled in ALSPAC
(n=522)

Complete socio-

economic data (n=346)

Figure 1 Flowchart showing numbers of subjects linked
and included.

GPRD practice between the ages of 10 and 18, 373
(56%) were diagnosed with at least one chronic condi-
tion. A total of 442 chronic conditions were diagnosed
during this time period. Again, the most common condi-
tions were dermatitis and eczema (95 children) and
asthma (92 children), followed by anxiety/neuroses (47
children). When the analysis was restricted to those who
had registered into a practice contributing to the GPRD
before the age of five, the percentage with no chronic
conditions recorded between the ages of 0 and 9 years
fell from 56% to 36%. Thus, further analysis on chronic
condition counts for those aged 0 to 9 was restricted to
this group in order to make the children included simi-
lar with respect to completeness of follow-up. Con-
versely, restricting to those with complete follow up
between 10 and 18 years did not change the percentages
markedly. Additionally restricting to those with socio-
economic data from ALSPAC had very little impact on
the percentages at either ages. Figure 2 shows the distri-
bution of chronic condition counts between 0-9 years
(for the restricted group) and 10-18 years. Among the
82 children registered before the age of five and with
two or more chronic conditions between 0 and 9 years,
39 (47.6%) had both asthma and eczema. Similarly,
among the 104 children with two or more chronic con-
ditions between 10 and 18 years, 24 (23.1%) had both
asthma and eczema.
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Drug counts while aged 0 to 9 years and 10 to18 years
are shown in Figure 3. The proportions with no pre-
scribed drugs at these ages were 7% and 0%, respectively;
the median (IQR) number of unique drugs prescribed
were 9 (4-15) and 5 (3-9).

The most common ACGs (those individually account-
ing for at least 4% of subjects at any one of the three
ages considered) at each age considered in this analysis
are shown in Table 2. Apart from “non-user” (children
with no GP consultations) and “no diagnoses”, the most
common ACG at each age was acute minor, accounting
for 20.6% of subjects at age 5, 16.2% at age 10 and
15.4% at age 15 years. The proportion with no diagno-
ses increased from 6.3% at 5 years to 22.8% at 15; there
was a corresponding decrease in the proportion in the
“acute minor and likely to recur” category (19.3% at
5 years and 5.3% at 15). The proportion of children
with no consultations (“non-users”) also varied with
age, being highest at 10 years and lowest at 15. Table 2
also shows the ACGs grouped according to their
Resource Utilisation Band.

Relationship between multimorbidity measures and
socio-economic position

Chronic condition counts

Cross-tabulations of chronic condition counts against
socio-economic position variables are given in Table 3.
In the univariate analysis chronic condition counts be-
tween 0 and 9 years were related to maternal education.
Children whose mothers had a lower level of education
were more likely to have chronic conditions, particularly
two or more chronic conditions. The relationship be-
tween maternal education and chronic condition counts
at ages 10—18 years was reversed: those whose mothers
had a lower educational level were less likely to have
two or more chronic conditions. In the multivariate ana-
lysis, mutually adjusting for the different markers of
socio-economic position, the relationship between
chronic conditions between 0 and 9 years and maternal
education became slightly weaker. The odds ratio (OR)
for A level or degree versus O level or lower was 0.44
(95% confidence interval (CI) 0.18-1.10; p = 0.08). Between
10 and 18 years maternal education remained associated
with chronic conditions, (OR for A level or degree versus
O level or lower = 1.94; 1.14-3.30; p =0.02). In addition,
after adjustment there was some evidence of an associ-
ation with housing tenure (OR for rented versus owned/
mortgaged = 0.56; 0.31-1.02; p=0.06) and Townsend
score (OR for increasing deprivation decile = 1.09; 1.00-
1.19; p=0.06). When restricting to those with complete
follow up while aged 0-9, the relationship between
chronic conditions and maternal education remained
more or less the same (OR = 0.43; 0.11-1.60), although the
confidence interval became wider as a result of the
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Age 0-9 years

Percent
20% 30% 40% 50% 60%
1 1 1 1 1

10%
1

0%
I

\

0 1 2 3 4 5 8 0 il 2 3 4 5 6

Number of chronic conditions

Figure 2 Distribution of chronic condition counts (0-9 and 10-18 years).

Age 10-18 years

reduced sample size. In contrast, the relationship with ma-
ternal education at ages 10-18 disappeared (OR =0.95;
0.44 -2.06). However, the relationship with housing tenure
became stronger (OR =0.39; 0.17-0.89) and the relation-
ship with Townsend score remained the same (OR =1.09;
0.96-1.24).

Drug counts

Maternal education was not related to drug counts at
either age group: the rate ratio (RR) for A level or
higher compared to O level or lower was 0.87 (0.64-1.18;
p=0.4) at ages 0-9 years and 1.01 (0.79-1.28; p=1.0) at
ages 10-18 years. The only socio-economic position

variable associated with drug counts between 0 and 9 years
was paternal education: RR for A level or higher compared
to O level or lower =0.78 (0.62-0.99; p = 0.04). None of
the socio-economic position variables was associated with
drug counts between 10 and 18 years. These results, to-
gether with equivalent results for the other socio-
economic position variables are shown in Table 4.
These results remained the same after mutual adjust-
ment (adjusted RRs not shown).

Resource utilisation bands
Although there was no statistical evidence for a relation-
ship between socio-economic position and predicted

Age 0-9 years

25%
1

20%
1

Percent
15%

10%

5%

0%

Figure 3 Distribution of drug counts (0-9 and 10-18 years).

0 10 20 30 40 0 10 20 30 40

Age 10-18 years
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Table 2 ACGs at ages 5, 10 and 15

ACG Age 5' Age 10’ Age 15"
Non-user 68 (22.6%) 119 (28.7%) 78 (17.9%)
No diagnoses 19 (6.3%) 77 (186%) 99 (22.8%)
Acute minor 62 (206%) 67 (162%) 67 (15.4%)
Acute minor and likely to recur 58 (19.3%) 26 (6.3%) 23 (5.3%)
(with or without allergies)

Likely to recur 29 (9.6%) 38 (9.2%) 46 (10.6%)
(with or without allergies)

Acute minor and major 13 (4.3%) 18 (4.4%) 9 (2.1%)
Acute major 6 (2.0%) 11 (2.7%) 24 (5.5%)
2-3 other ADGs 3.9%) 29 (6.7%)

16 (5.3%) 16 (
30 (10.0%) 42 (10.1%) 60 (13.8%)
301 414 435

Other ACGs

Resource Utilisation Band

68 (22.6%)
87 (28.9%)
124 (41.2%)

119 (28.7%)
150 (36.2%)
131 (31.6%)

78 (17.9%)
177 (40.7%)
151 (34.7%)

Non-user
Healthy user

Low morbidity?

Moderate morbidity2 22 (7.3%) 14 (3.4%) 28 (6.4%)
High morbidity” 0 0 1(0.2%)
Very high morbidity? 0 0 0

301 414 435

' Or at ages 4 or 6, 9 or 11, and 14 or 16, if data not available at ages 5, 10
and 15, respectively.

2 ACGs occurring in these data that fall into these categories are as follows:
Healthy user: no diagnoses, acute minor, eye and dental, preventive/
administrative.

Low morbidity: acute major, likely to recur (with or without allergies), asthma,
chronic medical (stable), chronic specialty (stable or unstable), psychosocial
(stable), acute minor & major, acute minor & likely to recur (with or without
eye & dental in addition to these), acute minor and chronic medical (stable),
acute minor & psychosocial (stable), 2-3 other ADG combinations.

Moderate morbidity: Acute major & likely to recur, acute minor & likely to recur &
psychosocial, psychosocial (unstable), acute minor & major & likely to recur (with
or without stable chronic medical or psychosocial in addition to these), acute
minor & psychosocial (unstable), 4-5/6-9 other ADGs (none major).

High morbidity: pregnancy plus 2-3 ADGs (none major), delivered.

Very high morbidity: N/A — none occurred in these data.

resource use at any of the ages considered, at 5 and
15 years the trends were in the same direction as for
chronic condition counts, such that children with less
well educated mothers and those from a lower occupa-
tional social class were more likely to be classified as
having low or moderate morbidity (as opposed to being
healthy or a non-user) at age 5 but less likely to be clas-
sified as such at age 15 years. These results are shown in
Tables 5, 6 and 7.

Discussion

We have shown that multimorbidity is quite common
among children - in this linked dataset 16% of 10-
18 year olds had two or more chronic conditions and
the corresponding figure among 0-9 year olds could be
as high as 29%. This figure is much higher than figures
from other studies [1,5,6]. This is likely to be mainly due
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to the differing definitions and numbers of chronic con-
ditions included. For example, in the Scottish study, 40
chronic conditions were included and, in the case of
asthma and eczema, the most common conditions oc-
curring among children in our study, they had to have
received treatment for these conditions in the past
12 months for them to be counted [5]. We have in-
cluded more than one hundred chronic conditions and
have counted them if they occurred during a much lon-
ger time period. Our estimates of multimorbidity are
thus likely to be less conservative.

Although our conclusions should be regarded as tentative,
we have also provided some evidence that multimorbidity
may be associated with socio-economic position: in this
study, higher maternal education was associated with
lower levels of multimorbidity among those aged 0 to
9 years; in contrast, among those aged 10 to 18 years,
higher socio-economic position, as measured by hous-
ing tenure and maternal education, was associated with
higher levels of multimorbidity, although the latter rela-
tionship disappeared in some analyses. In contrast,
when these factors were taken into account, increasing
neighbourhood deprivation was associated with in-
creasing multimorbidity in this older age group. Similar
results have been found by others. Chen and colleagues
carried out a review of studies looking at the relation-
ship between socio-economic position and child health.
One of their main objectives was to examine whether
this relationship changed with age. They found evi-
dence that lower socio-economic position was associ-
ated with a higher prevalence of asthma at younger
ages (up to age nine), but either no relationship or a re-
verse relationship during adolescence, although the re-
lationship with severe asthma appeared to persist
throughout childhood [12]. They hypothesised that this
could be because certain characteristics associated with
low socio-economic position, such as poor housing
conditions, which, in turn, are related to asthma, could
become less important during adolescence when indi-
viduals spend relatively more time outside the home
environment. Further, they suggested that neighbour-
hood characteristics are likely to play a more important
role in adolescent health. Similarly, another review con-
cluded that there is a relative equalisation during adoles-
cence in terms of rates of chronic and acute illness,
certain dimensions of mental health, and several other
outcomes [20]. There are conflicting results in the litera-
ture regarding eczema, the other main chronic condition
occurring among the children in this study. One study
found that the prevalence of eczema was higher among
higher socioeconomic groups [21], whereas others have
found no relationship [22]. The fact that there may be dif-
ferent, even opposing, effects of socio-economic position
on different chronic illnesses occurring among children
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Table 3 Univariate analysis (unadjusted results) of chronic conditions by socio-economic position variables
Socio-economic marker Number of chronic conditions while aged 0-9 years xz; p-value
(% within SEP category)
0 1 2 or more
Mother's education O level or lower 35 (34.3%) 4 (33.3%) 33 (32.4%) ><22 =79, p=002
A level or degree 0 (58.8%) 0 (27.4%) 4 (11.8%)
Father's education O level or lower 3 (31.5%) 7 (37.0%) 3 (31.5%) ¥’ =43;p=0.1
A level or degree 2 (50.8%) 7 (27.0%) 4 (22.2%)
Family social class [, I, I non-manual 31 (49.2%) 8 (28.6%) 4 (22.2%) x22 =38 p=01
Il manual, V'V 24 (32.9%) 6 (35.6%) 3 (31.5%)
Housing tenure (in pregnancy) Owned/mortgaged 48 (42.9%) 5(31.3%) 29 (25.9%) x22 =10, p=05
Other 7 (29.2%) 9 (37.5%) 8 (33.3%)
Family adversity index 0 25 (44.6%) 18 (32.1%) 13 (23.2%) x52 =44,p=06
1 17 (42.5%) 13 (32.5%) 10 (25.0%)
2 6 (30.0%) 5 (25.0%) 9 (45.0%)
23 7 (35.0%) 8 (40.0%) 5 (25.0%)
Townsend score (quintile) 1st (least deprived) 18 (40.9%) 15 (34.1%) 1 (25.0%) ><62 =21,p=09
2 11 (40.7%) 7 (25.9%) 9 (33.3%)
3 8 (33.3%) 10 (41.7%) 6 (25.0%)
4™ & 5™ (most deprived)' 18 (43.9%) 12 (29.3%) 1(26.8%)
Number of chronic conditions while aged 10-18 years
(% within SEP category)
0 1 2 or more
Mother's education O level or lower 121 (58.7%) 0 (29.1%) 5(12.1%) %> =9.2; p=001
A level or degree 45 (45.5%) 9 (29.3%) 5 (25.3%)
Father's education O level or lower 85 (54.1%) 49 (31.2%) 3 (14.7%) Xzz =1.1,p=06
A level or degree 81 (54.7%) 0 (27.0%) 27 (18.2%)
Family social class I, 11, I non-manual 79 (49.7%) 48 (30.2%) 2 (20.1%) Y22 =43;p=0.1
Il manual, IVV 87 (59.6%) 41 (28.1%) 8 (12.3%)
Housing tenure Mortgaged/owned 118 (51.5%) 70 (30.6%) 41 (17.9%) XZZ =33,p=02
Other 48 (63.2%) 19 (25.0%) 9 (11.8%)
Family adversity index 0 60 (49.6%) 43 (35.5%) 8 (14.9%) st =45p=06
1 3 (56.4%) 25 (26.6%) 16 (17.0%)
2 9 (61.7%) 10 (21.3%) 8 (17.0%)
23 4 (55.8%) 11 (25.6%) 8 (18.6%)
Townsend score (quintile) 1°" (least deprived) 1 (58.0%) 25 (28.4%) 12 (13.6%) ng =41,p=08
2 31 (55.4%) 16 (28.6%) 9 (16.1%)
3 5 (48.0%) 21 (28.8%) 17 (23.3%)
4 33 (55.0%) 18 (30.0%) 9 (15.0%)
5" (most deprived) 16 (57.1%) 9 (32.1%) 3 (10.7%)

1. Groups combined as numbers small.

may result in there being only a weak association between
multimorbidity and socio-economic position. A large pro-
portion of the children with chronic illnesses had either
asthma or eczema or both. Therefore, it should be ac-
knowledged that the observed relationships between
socio-economic position and multimorbidity in this study

are mainly, although not entirely, a reflection of an ob-
served association with atopic illnesses.

Strengths and limitations
Our study has two main strengths. Firstly, we were able
to look at a number of different measures of socio-
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Table 4 Univariate analysis (unadjusted results) of drug counts by socio-economic position variables
Socio-economic marker Drug counts age 0-9
Number of drugs/person Rate ratio (95% Cl) p-value
Mother's education O level or lower 1107/69=16.0 1.00 p=04
A level or degree 195/14=139 0.87 (064, 1.18)
Father's education O level or lower 902/53=17.0 1.00 p=004
A level or degree 400/30=13.3 0.78 (0.62, 0.99)
Family social class |, Il I non-manual 506/33=153 1.00 p=08
Il manual, IVV 796/50=159 1.04 (0.82, 1.32)
Housing tenure (in pregnancy) Owned/mortgaged 1096/69 =159 1.00 p=03
Other 206/14=147 0.93 (068, 1.26)
Family adversity index 0 498/31=16.1 1.00 p=06
1 404/25=16.2 }0.97 (0.88, 1.09)
2 199/14 =142
23 201/13=155
Townsend score (quintile) 1" (least deprived) 404/25=16.2 1.00 p=09
2 250/18=139 }1.00 (095, 1.04
3 309/18=17.2
4 & 5™ (most deprived)' 339/22=154
Drug counts age 10-18
Number of drugs/person Rate ratio p-value
Mother's education O level or lower 758/95=8.0 1.00 p=10
A level or degree 410/51=80 1.01 (0.79, 1.28)
Father's education O level or lower 634/75=85 1.00 p=03
A level or degree 534/71=75 0.89 (0.71,1.12)
Family social class |, Il I non-manual 601/80=75 1.00 p=03
Il manual, IVV 567/66 =286 1.14 (091, 1.44)
Housing tenure Mortgaged/owned 922/113 =8.2 1.00 p=05
Other 246/33=75 091 (069, 1.21)
Family adversity index 0 452/63=72 1.00 p=02
1 430/49=88 }1.07 (096, 1.21)
2 151/19=79
>3 135/15=9.0
Townsend score (quintile) 1" (least deprived) 414/54=17.7 1.00 p=06
2 152/23=66 }1.01 (097,105
3 335/36=93
4 176/22 =80
5™ (most deprived) 91/11=83

1. Groups combined as numbers small.
2. Townsend score entered as a decile in the regression analysis.

economic position which were measured before the chil-
dren were born, thus avoiding issues of reverse-causality.
There may have been changes in some of the measures
during the course of the study, particularly housing tenure
and Townsend score; however, relative social position has
been shown to be quite stable [23]. Furthermore, it is un-
likely that there would have been substantial changes in

parental educational levels or occupational social class; as
such, it seems reasonable to assume that the values of
these factors in pregnancy are fairly representative of
childhood socio-economic background. The other main
strength is that, by linking to the GPRD, we were able to
obtain objectively-measured outcome variables, rather
than relying on self-reported health.
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Table 5 Univariate analysis (unadjusted results) of Resource Utilisation Bands at age 5 by socio-economic position

variables

Socio-economic marker

Resource Utilisation Band at age 5 (% within SEP category)

Non-user Healthy user Low or moderate morbidity X% p-value
Mother's education O level or lower 24 (22.0%) 32 (29.4%) 53 (48.6%) %> =29, p=02
A level or degree 4 (35.9%) 9 (23.1%) 6 (41.0%)
Father's education O level or lower 0 (26.0%) 3 (29.9%) 4 (44.2%) x22 =05 p=08
A level or degree 8 (254%) 8 (25.4%) 5 (49.3%)
Family social class I, I, I non-manual 3 (31.1%) 0 (27.0%) 31 (41.9%) Xzz: 24, p=03
Il manual, IV V 5 (20.3%) 21 (28.4%) 8 (51.4%)
Housing tenure (in pregnancy) Owned/mortgaged 7 (22.5%) 38 (31.7%) 5 (45.8%) %2> =6.2; p=0.05
Other 11 (39.3%) 3 (10.7%) 4 (50.0%)
Family adversity index 0 18 (28.1%) 19 (29.7%) 7 (42.2%) x62 =98, p=0.1
1 11 (26.2%) 6 (14.3%) 5 (59.5%)
2 4(19.1%) 6 (28.6%) 1 (524%)
23 5 (23.8%) 10 (47.6%) 6 (28.6%)
Townsend score (quintile) 1° (least deprived) 9 (18.0%) 16 (32.0%) 5 (50.0%) Yo' =42, p=06
2 1 (37.9%) 6 (20.7%) 2 (41.4%)
3 8 (28.6%) 8 (28.6%) 2 (42.9%)
" or 57 (most deprived)' 10 (24.4%) 1(26.8%) 0 (48.8%)

1. Groups combined as numbers small.

Table 6 Univariate analysis (unadjusted results) of Resource Utilisation Bands at age 10 by socio-economic position

variables

Socio-economic marker

Resource Utilisation Band at age 10 (% within SEP category)

Non-user Healthy user Low or moderate morbidity X% p-value
Mother's education O level or lower 45 (35.4%) 37 (29.1%) 45 (354%) x22 =23,p=03
A level or degree 20 (29.4%) 7 (39.7%) 1 (30.9%)
Father's education O level or lower 32 (32.7%) 0 (30.6%) 6 (36.7%) xf =08, p=07
A level or degree 33 (34.0%) 34 (35.1%) 0 (30.9%)
Family social class [, I, I non-manual 5 (34.3%) 31 (30.4%) 6 (35.3%) xf =06;,p=0.7
Il manual, IV V 0 (32.3%) 33 (35.5%) 0 (32.3%)
Housing tenure (in pregnancy) Owned/mortgaged 7 (31.3%) 54 (36.0%) 9 (32.7%) ¥2> =30, p=02
Other 18 (40.0%) 10 (22.2%) 7 (37.8%)
Family adversity index 0 31 (36.9%) 7 (32.1%) 6 (31.0%) st =31,p=08
1 17 (29.3%) 9 (32.8%) 2 (37.9%)
2 12 (40.0%) 9 (30.0%) 9 (30.0%)
23 5 (21.7%) 9 (39.1%) 9 (39.1%)
Townsend score (quintile) 1° (least deprived) 9 (28.8%) 24 (36.4%) 23 (34.9%) Yo’ = 13.5, p=004
2 0 (28.6%) 17 (48.6%) 8 (22.9%)
3 7 (38.6%) 6 (13.6%) 21 (47.7%)
" and 5™ (most deprived)' 19 (38.0%) 7 (34.0%) 14 (28.0%)

1. Groups combined as numbers small.
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Table 7 Univariate analysis (unadjusted results) of Resource Utilisation Bands at age 15 by socio-economic position

variables
Socio-economic marker Resource Utilisation Band at age 15 (% within SEP category)
Non-user Healthy user Low or moderate morbidity X% p-value

Mother's education O level or lower 28 (20.3%) 56 (40.6%) 54 (39.1%) o> = 54; p=007
A level or degree 7 (9.3%) 9 (38.7%) 9 (52.0%)

Father's education O level or lower 7 (15.6%) 7 (43.1%) 5 (41.3%) x22 =10,p=06
A level or degree 8 (17.3%) 8 (36.5%) 8 (46.2%)

Family social class I, I, I non-manual 16 (13.6%) 6 (39.0%) 6 (47.5%) Xzz =23,p=03
Il manual, IV V 9 (20.0%) 9 (41.1%) 7 (39.0%)

Housing tenure (in pregnancy) Owned/mortgaged 7 (16.5%) 7 (40.9%) 0 (42.7%) ><22 =03;,p=09
Other 8 (16.3%) 8 (36.7%) 3 (46.9%)

Family adversity index 0 16 (18.8%) 2 (37.7%) 7 (43.5%) x62 =32,p=08
1 10 (14.9%) 7 (40.3%) 0 (44.8%)
2 7 (18.9%) 7 (46.0%) 13 (35.1%)
23 2 (8.3%) 9 (37.5%) 13 (54.2%)

Townsend score (quintile) 1°" (least deprived) 10 (15.4%) 6 (40.0%) 29 (44.6%) Yo' =28, p=08
2 9 (21.4%) 9 (45.2%) 14 (33.3%)
3 8 (16.7%) 7 (35.4%) 23 (47.9%)

" and 5™ (most deprived)' 8 (13.8%) 3 (39.7%) 27 (46.6%)

Groups combined as numbers small.

One of the limitations of this study is the fact that the
children had differing periods of follow-up, as this was
dependent on when they happened to be registered in a
GP practice contributing to the GPRD. The median
length of GPRD follow up was 8.2 years, but this ranged
from just over five weeks to the full nineteen years under
consideration. Since GPRD contains a representative
sample of the UK population and subjects enter and exit
the GPRD when they register with or leave a GP practice
that contributes to this database, it is unlikely that the
relationship between socio-economic position and
multimorbidity would be different among those with
complete and incomplete follow up. However, although
historic diagnoses are contained within a person’s elec-
tronic patient record — and this is likely to be particu-
larly the case for chronic conditions — we cannot be
certain that they are complete. When the analysis was
restricted to those who entered the GPRD before the age
of five, the percentage with at least one chronic condi-
tion between 0 and 9 years changed quite dramatically.
The most common chronic condition during this period
was eczema. Atopic eczema is a common chronic condi-
tion, with onset typically in early childhood [24]. It has
been shown that a relatively large proportion of eczema
cases are mild and, in addition, atopic eczema often
clears at some point during childhood [24]. As such,
children who were not registered in a GPRD practice
but had mild eczema during infancy may not have a
diagnosis of eczema in their record. We tried to address

this issue by restricting the main analysis to those who
were registered in a GPRD practice before the age of
five, thus making the sample more comparable in terms
of their follow-up profile and our results indicate that
the associations with socio-economic position were
broadly similar when the analysis was carried out on a
more restricted dataset. Because historic prescriptions
are not added to a patient’s record when they join a
practice we restricted the analysis of drug counts to
those with complete GPRD for the periods in question;
the main drawback of this is that the sample size de-
creased quite markedly, thus reducing the study’s power.

A second limitation relates to how we defined our out-
come measures. In the study carried out by Salisbury
and colleagues [2], the subjects were all adults. As
discussed above, some of the chronic conditions in-
cluded, particularly eczema, can be relatively mild and
short-lived in children. However, by dividing childhood
up into two distinct periods of follow-up, chronic condi-
tions that were diagnosed in early childhood but had re-
solved before the age of ten would not be included as a
chronic condition in later childhood, thereby addressing
this issue to a certain extent. Obviously this would not
take into account the fact that a diagnosis of dermatitis
or eczema could refer to a very short-lived reaction to
an irritant. When calculating the ACGs, we only used
diagnoses recorded during a one-year period. In other
words, previous diagnoses of chronic conditions that are
still current but do not happen to be recorded during
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the year under consideration were not included in the
calculation of a person’s ACG category. This may have
affected the categorisation of some subjects. However,
the findings at age 5 and 15 years were generally consist-
ent with those for chronic conditions, suggesting that
this did not have a substantial impact.

It should also be noted that the three different mea-
sures of multimorbidity used in this study assess slightly
different aspects of morbidity. The count of chronic
EDCs provides a measure of the total number of chronic
conditions being experienced by a child in a particular
time period (here from 0 to 9 and 10 to 18 years). The
main drawback of this measure is that it takes no ac-
count of severity and duration; this is particularly an
issue in this study because the most common chronic
conditions were asthma and eczema which, among chil-
dren, vary substantially with respect to these factors.
The drug count includes drugs prescribed for both
chronic and acute conditions. Although repeat acute
conditions will only be counted once if the same drug is
prescribed each time, a person with numerous short-
lived conditions all treated with different drugs would be
classified as having a greater level of multimorbidity
using this measure than someone with one serious con-
dition treated with only one or two different drugs.
Finally, the ACGs and RUBs also consider acute condi-
tions, although these measures, unlike the drug count,
do take into account the usual severity of a condition
and whether or not it is likely to recur. Thus, these mea-
sures assess a person’s overall morbidity burden as op-
posed to multimorbidity per se.

Although diagnosis data in the GPRD has been shown
to be well recorded, particularly for chronic conditions
[25], there are some drawbacks to using routine data to
define outcome measures. Firstly, we are assuming that
all diagnoses are recorded (and recorded correctly). Sec-
ondly, and perhaps more importantly for this particular
study, having a diagnosis recorded by a GP depends on
whether a child was actually taken to see the GP. Thus,
higher rates of recorded illness could be genuinely due
to higher morbidity but could also reflect higher parental
anxiety, leading to higher consultation rates and hence a
greater likelihood of being diagnosed and receiving pre-
scriptions for certain conditions; conversely lower rates
of recorded illness may not necessarily be due to lower
morbidity - it could reflect neglect, for example, or per-
haps inappropriate use of alternative services such as
A&E. It is not possible to determine whether the observed
associations between social position and multimorbidity
were wholly a reflection of differing levels of morbidity
or partly due to differences in help-seeking behaviour.
Our measures of multimorbidity are only proxy mea-
sures and there is likely to be a certain amount of
misclassification.
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Finally, it should be added that the sample size in this
study was quite small and a large number of statistical
tests were carried out. Therefore, our conclusions can
only be regarded as tentative. ALSPAC is currently in
the process of trialling alternative methods of linking to
GP data and we hope to be able to repeat these analyses
on a larger sample in the future. This would also allow
us to look in more detail at individual chronic condi-
tions. With a larger dataset it would also be possible to
try to determine the pathways through which social pos-
ition might be impacting on multimorbidity.

In conclusion, we have found that in younger children
apparent multimorbidity (as reflected in patient records
from primary medical care services) appears to be higher
amongst children whose mothers are less educated. In
older children and adolescents this association is less
clear. We have also demonstrated that linkage between
prospective observational studies such as ALSPAC and
electronic patient records can be an effective way of
obtaining objectively measured outcome variables, in-
cluding outcome measures for subjects who may have
been lost due from the study.
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