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ABSTRACT
Objective This study will analyse respiratory contacts 
to three healthcare services that capture more of the 
community disease burden than acute data sources, such 
as hospitalisations. The objective is to explore associations 
between contacts to these services and the patient’s age, 
gender and deprivation. Results will be compared between 
healthcare services, and with non- respiratory contacts 
to explore how contacts differ by service and illness. It is 
crucial to investigate the sociodemographic patterns in 
healthcare- seeking behaviour to enable targeted public 
health interventions.
Design Ecological study.
Setting Surveillance of respiratory contacts to three 
healthcare services in England: telehealth helpline 
(NHS111); general practitioner in- hours (GPIH); and general 
practitioner out of hours unscheduled care (GPOOH).
Participants 13 million respiratory contacts to NHS111, 
GPIH and GPOOH.
Outcome measures Respiratory contacts to NHS111, 
GPIH and GPOOH, and non- respiratory contacts to NHS111 
and GPOOH.
Results More respiratory contacts were observed for 
females, with 1.59, 1.73, and 1.95 times the rate of 
contacts to NHS111, GPOOH and GPIH, respectively. When 
compared with 15–44 year olds, there were 37.32, 18.66 
and 6.21 times the rate of respiratory contacts to NHS111, 
GPOOH and GPIH in children <1 year. There were 1.75 
and 2.70 times the rate of respiratory contacts in the 
most deprived areas compared with the least deprived to 
NHS111 and GPOOH. Elevated respiratory contacts were 
observed for males <5 years compared with females <5 
years. Healthcare- seeking behaviours between respiratory 
and non- respiratory contacts were similar.
Conclusion When contacts to services that capture more 
of the disease burden are explored, the demographic 
patterns are similar to those described in the literature 
for acute systems. Comparable results were observed 
between respiratory and non- respiratory contacts 

suggesting that when a wider spectrum of disease is 
explored, sociodemographic factors may be the strongest 
influencers of healthcare- seeking behaviour.

INTRODUCTION
Acutely presenting respiratory diseases, 
henceforth referred to as respiratory disease, 
including upper and lower respiratory tract 
infections (URTI and LRTI) and asthma, 
have a substantial impact on individual health 

Strengths and limitations of this study

 ► One of the largest multiservice, observational stud-
ies ever undertaken of over 13 million respiratory- 
related contacts to explore the demographic and 
socioeconomic patterns of healthcare- seeking be-
haviour for respiratory symptoms in England.

 ► Data from three commonly used community health-
care services: telehealth helpline (NHS111); general 
practitioner in- hours (GPIH); and general practitioner 
out of hours unscheduled care (GPOOH), were in-
cluded in the study, allowing for a comprehensive 
analysis of respiratory healthcare- seeking behaviour 
in the community.

 ► For NHS111 and GPOOH services, non- respiratory 
contacts were explored to allow us to identify sim-
ilarities and differences between demographic 
and socioeconomic patterns in healthcare- seeking 
behaviours for respiratory and non- respiratory 
illnesses.

 ► Data were obtained from the real- time surveillance 
of three community healthcare services and due to 
this did not contain information of comorbidities. 
Therefore, this could not be accounted for in the 
analysis.

by copyright.
 on N

ovem
ber 20, 2020 at U

niversity of E
ast A

nglia. P
rotected

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2020-038356 on 6 N
ovem

ber 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-1564-2319
http://orcid.org/0000-0002-9671-3405
http://orcid.org/0000-0001-8543-477X
http://orcid.org/0000-0002-5608-6144
http://orcid.org/0000-0001-5613-6810
http://orcid.org/0000-0002-9069-2885
http://orcid.org/0000-0002-4257-0568
http://orcid.org/0000-0002-6414-3065
http://orcid.org/0000-0003-4407-5357
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-038356&domain=pdf&date_stamp=2020-10-06
http://bmjopen.bmj.com/


2 Morrison KE, et al. BMJ Open 2020;10:e038356. doi:10.1136/bmjopen-2020-038356

Open access 

and healthcare systems. Globally, LRTI were the sixth 
leading cause of death, causing over 2.3 million deaths in 
2016.1 URTI have a substantial impact on health burden 
with over 4.7 million disability- adjusted- life years (DALYs) 
globally in 2016.2 Although asthma is a chronic condi-
tion, it often presents with acute exacerbations. World-
wide, as of 2015, around 358 million people were living 
with asthma.3

In the Global Burden of Disease Study 2010,4 the UK 
had the second highest number of age- standardised 
DALYs due to LRTI and asthma out of 19 other high- 
income countries.5 In comparison to 15 other European 
countries, the UK had one of the highest mortality rates 
due to respiratory infections.6 In the UK, 15.8% of the 
population are predicted to develop asthma in their life-
time.6 LRTI and URTI are estimated to cost the UK over 
£1.7 billion, and asthma over £3 billion annually.7

To help develop effective interventions, it is necessary 
to understand who is most at risk. Deprivation has been 
linked to morbidity and mortality of asthma and respi-
ratory infections.8–11 Factors attributed to higher rates 
of respiratory diseases in more deprived areas include 
higher smoking rates,12 higher levels of pollution13 and 
poor- quality housing.14 Females have higher rates of 
presentation with URTI compared with males.15 However, 
males succumb more to LRTI, which are more severe 
than URTI and lead to higher mortality rates.15 Gender 
differences in respiratory diseases are affected by age, 
with male children more prone to illness, hospitalisation, 
and death due to respiratory diseases.16 This age- gender 
interaction has been observed in asthma, with prepubes-
cent boys more likely to develop asthma; by early puberty 
the prevalence equalises.17–19

Here, we focus on the sociodemographic patterning 
of respiratory disease in England. Respiratory diseases 
can often be self- limiting, and therefore may be under- 
reported in national surveillance from traditional data 
sources such as laboratory reports and hospitalisations. 
This can lead to bias in the reported relationship between 
healthcare- seeking behaviour for respiratory diseases, 
and sociodemographic factors. Unlike previous studies, 
which often focus on traditional data sources (eg, labora-
tory reports, hospitalisations), we use data sources from 
telehealth, family doctors and unscheduled care that 
may provide a more complete reflection of community 
burden. The data used in this study are defined as non- 
specific, prediagnostic- syndromic data which we use as a 
proxy for disease.20

Syndromic data have previously been used to investi-
gate associations between demographics, deprivation and 
disease. Todkill et al,21 used syndromic data from family 
doctors’ presentations for allergic rhinitis to investigate 
sociodemographic associations. Higher rates of allergic 
rhinitis were observed in females, children and those from 
more deprived areas. Lusignan et al,22 used family- doctor 
coded diagnoses to conduct a large- scale investigation on 
the impact of age, gender and deprivation on respiratory 
illnesses in England. Those in the most deprived quintile 

had a higher probability of presenting with common cold. 
Nilsson et al,23 investigated associations between antibi-
otic prescriptions for penicillin- non- susceptible Strepto-
coccus pneumonia (PNSP) and deprivation in Sweden. 
Although deprivation was not linked with higher rates of 
PNSP, higher deprivation was associated with increased 
rates of antibiotic prescribing.

One issue with the use of syndromic data in such studies 
is the difficulty in ascertaining whether associations arise 
from healthcare- seeking behaviours or disease incidence. 
This situation could be explored by comparison of results 
to all healthcare- seeking behaviours, but this appears 
absent in the literature. Furthermore, most studies use 
a single source of syndromic data making it difficult to 
know the generability of results.

Aims
This study aims to:
1. Explore associations between respiratory- related con-

tacts to three community healthcare services; tele-
health, family doctors and unscheduled care, and 
age, gender and ecological measures of deprivation in 
England.

2. Compare these results to all non- respiratory contacts 
to identify whether associations are specific to respira-
tory disease.

METHODS
Data collection
Syndromic data
Public Health England (PHE) coordinates a national 
programme of syndromic surveillance of multiple 
healthcare services.24 Our study uses routinely available 
syndromic data from a telehealth service (NHS111) 
which operates continuously all year; a family doctor 
service (general practitioner in- hours; GPIH) that oper-
ates during weekday working hours, and an out- of- hours 
family doctor service (general practitioner out of hours; 
GPOOH) (table 1). These services run as part of the 
National Health Service (NHS) which is universal and 
free at the point of delivery.

Syndromic data, obtained from the three surveillance 
systems coordinated by PHE, comprised annual counts, 
between 1 January 2015 and 31 December 2016, of respi-
ratory and non- respiratory contacts. Syndromic indica-
tors classified as respiratory for this study are presented in 
table 1 (and described in online supplemental appendix 
1). Previous studies have demonstrated the association 
between acute respiratory diseases and these syndromic 
indicators.25 26 Based on expert knowledge these indica-
tors were chosen to characterise acutely presenting respi-
ratory illnesses such as asthma, and respiratory infections, 
and to be as comparable as possible between the three 
healthcare services. Respiratory contacts for each service 
comprised the sum of the respiratory indicators listed in 
table 1. Non- respiratory counts comprised the difference 
between the total number of contacts and the number 

by copyright.
 on N

ovem
ber 20, 2020 at U

niversity of E
ast A

nglia. P
rotected

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2020-038356 on 6 N
ovem

ber 2020. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjopen-2020-038356
https://dx.doi.org/10.1136/bmjopen-2020-038356
http://bmjopen.bmj.com/


3Morrison KE, et al. BMJ Open 2020;10:e038356. doi:10.1136/bmjopen-2020-038356

Open access

Ta
b

le
 1

 
In

d
ic

at
or

s 
fo

r 
re

sp
ira

to
ry

 d
is

ea
se

s 
fo

r 
ea

ch
 s

yn
d

ro
m

ic
 s

ur
ve

ill
an

ce
 s

ys
te

m
, 1

 J
an

ua
ry

 2
01

5 
to

 3
1 

D
ec

em
b

er
 2

01
6

H
ea

lt
hc

ar
e 

se
rv

ic
e

H
ea

lt
hc

ar
e 

se
rv

ic
e 

p
ro

vi
d

ed
C

o
d

in
g

 s
ys

te
m

 f
o

r 
he

al
th

ca
re

 s
er

vi
ce

C
o

nt
ac

t 
ty

p
e

R
o

ut
in

e 
sy

nd
ro

m
ic

 in
d

ic
at

o
r 

in
cl

ud
ed

 f
o

r 
th

is
 s

tu
d

y
N

um
b

er
 o

f 
co

nt
ac

ts
 

us
ed

 in
 s

tu
d

y

N
H

S
11

1
N

H
S

11
1 

is
 a

 fr
ee

 n
on

- e
m

er
ge

nc
y 

m
ed

ic
al

 h
el

p
lin

e.
 

It 
op

er
at

es
 2

4/
7 

an
d

 is
 s

ta
ffe

d
 b

y 
tr

ai
ne

d
 c

al
l 

ha
nd

le
rs

. A
 c

lin
ic

al
 d

ec
is

io
n 

su
p

p
or

t 
sy

st
em

 is
 

us
ed

 t
o 

st
ru

ct
ur

e 
th

e 
re

sp
on

se
 t

o 
th

e 
ca

ll,
 w

ith
 t

he
 

ca
ll 

d
is

p
os

al
 r

an
gi

ng
 fr

om
 a

d
vi

ce
 a

b
ou

t 
se

lf-
 ca

re
 

to
 d

is
p

at
ch

 o
f a

n 
em

er
ge

nc
y 

am
b

ul
an

ce
.

N
H

S
 P

at
hw

ay
s43

A
cu

te
 r

es
p

ira
to

ry
 

ca
lls

‘C
ol

d
/in

flu
en

za
’, 

‘c
ou

gh
’ a

nd
 

‘d
iffi

cu
lty

 b
re

at
hi

ng
’

1 
72

1 
03

4

To
ta

l n
um

b
er

 o
f 

ca
lls

A
ll 

co
nt

ac
ts

21
 2

42
 1

54

N
on

- a
cu

te
 

re
sp

ira
to

ry
 c

al
ls

A
ll 

no
n-

 ac
ut

e 
re

sp
ira

to
ry

 
co

nt
ac

ts
 (A

ll 
co

nt
ac

ts
—

ac
ut

e 
re

sp
ira

to
ry

 c
on

ta
ct

s)

19
 5

21
 1

20

G
P

IH
G

P
IH

 a
re

 p
rim

ar
y 

ca
re

 s
er

vi
ce

s 
th

at
 p

ro
vi

d
e 

fr
ee

 
sc

he
d

ul
ed

 d
ay

- t
o-

 d
ay

 h
ea

lth
ca

re
 in

 E
ng

la
nd

. 
G

en
er

al
 p

ra
ct

iti
on

er
s 

tr
ea

t 
al

l c
om

m
on

 m
ed

ic
al

 
co

nd
iti

on
s 

an
d

 d
ep

en
d

in
g 

on
 t

he
 c

on
d

iti
on

 w
ill

 
re

fe
r 

p
at

ie
nt

s 
to

 h
os

p
ita

ls
 a

nd
 o

th
er

 m
ed

ic
al

 
se

rv
ic

es
 fo

r 
ur

ge
nt

 a
nd

 s
p

ec
ia

lis
t 

tr
ea

tm
en

t.

R
ea

d
 c

od
es

 v
2 

(h
ie

ra
rc

hi
ca

l) 
an

d
 v

3 
(n

on
-  h

ie
ra

rc
hi

ca
l).

 F
ul

l 
d

es
cr

ip
tio

n 
in

 R
ob

in
so

n 
et

 a
l44

A
cu

te
 r

es
p

ira
to

ry
 

co
ns

ul
ta

tio
ns

’U
p

p
er

 a
nd

 lo
w

er
 r

es
p

ira
to

ry
 

tr
ac

t 
in

fe
ct

io
ns

’ a
nd

 ‘a
st

hm
a’

10
 3

10
 6

26

To
ta

l n
um

b
er

 o
f 

co
ns

ul
ta

tio
ns

N
ot

 a
va

ila
b

le
N

ot
 a

va
ila

b
le

N
on

-  r
es

p
ira

to
ry

 
co

ns
ul

ta
tio

ns
N

ot
 a

va
ila

b
le

N
ot

 a
va

ila
b

le

G
P

O
O

H
G

P
O

O
H

 s
er

vi
ce

s 
p

ro
vi

d
e 

fr
ee

 a
cc

es
s 

to
 p

rim
ar

y 
he

al
th

ca
re

 w
he

n 
G

P
IH

 s
er

vi
ce

s 
ar

e 
cl

os
ed

, w
hi

ch
 

is
 t

yp
ic

al
ly

 w
ee

kd
ay

s 
18

:3
0 

to
 0

8:
00

, w
ee

ke
nd

s 
an

d
 b

an
k 

ho
lid

ay
s.

R
ea

d
 c

od
es

44
A

cu
te

 r
es

p
ira

to
ry

 
co

ns
ul

ta
tio

ns
‘A

cu
te

 r
es

p
ira

to
ry

 in
fe

ct
io

n’
 

‘d
iffi

cu
lty

 b
re

at
hi

ng
/w

he
ez

e/
as

th
m

a’

1 
56

2 
88

3

To
ta

l n
um

b
er

 o
f 

co
ns

ul
ta

tio
ns

A
ll 

co
nt

ac
ts

8 
50

0 
54

0

N
on

-  a
cu

te
 

re
sp

ira
to

ry
 

co
ns

ul
ta

tio
ns

A
ll 

no
n-

 ac
ut

e 
r e

sp
ira

to
ry

 
co

nt
ac

ts
 (A

ll 
co

nt
ac

ts
—

ac
ut

e 
re

sp
ira

to
ry

 c
on

ta
ct

s)

6 
93

7 
65

7

G
P

IH
, g

en
er

al
 p

ra
ct

iti
on

er
 in

 h
ou

rs
; G

P
O

O
H

, g
en

er
al

 p
ra

ct
iti

on
er

 o
ut

 o
f h

ou
rs

; N
H

S
, N

at
io

na
l H

ea
lth

 S
er

vi
ce

.

by copyright.
 on N

ovem
ber 20, 2020 at U

niversity of E
ast A

nglia. P
rotected

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2020-038356 on 6 N
ovem

ber 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


4 Morrison KE, et al. BMJ Open 2020;10:e038356. doi:10.1136/bmjopen-2020-038356

Open access 

of respiratory contacts. The total number of contacts was 
not available through the surveillance system of GPIH, 
and therefore non- respiratory counts were not available.

Data were obtained at the finest geographical level 
available; postcode district (PD) (eg, SW1) for NHS111 
and GPOOH, and PHE Centre (eg, London) for GPIH. 
In England, there are 2 234 PD with, on average, 25 660 
(range: 142–162 266) residents. There are nine PHE 
Centres with an average of 6 181 375 (range: 2 644 727–9 
080 825) residents in England. Count data were subdi-
vided by age group: <1, 1–4, 5–14, 15–44, 45–64, 65–74 and 
>75 years; by gender (male/female), year (2015/2016); 
and by geographical location.

Demographic data
PD population, obtained from the 2011 census,27 grouped 
by age and gender, was used as a denominator in the anal-
ysis of NHS111 and GPOOH contacts. GPIH populations 
were derived from the sum of registered populations at 
each participating GPIH practice.

Independent variables
The Index of Multiple Deprivation (IMD)28 was used as 
an area- level measure of deprivation. This index in calcu-
lated from seven domains; income, employment, educa-
tion, health (premature death and poor physical/mental 
health), crime, barriers to housing and services, and living 
environment. This index was used, rather than more 
specific variables (eg, smoking behaviour) to avoid issues 
with collinearity. IMD scores were obtained at lower layer 
super output area (LSOA); a weighted mean for each PD 
was calculated using the proportion of LSOA population 
in each PD. Weighted means were divided into quintiles 
from most (1) to least (5) deprived.

Data cleaning and exploration
NHS111 respiratory contacts from Essex in 2015 and 2016 
and Norfolk in 2016 were excluded because syndromic 
data were unavailable. Syndromic surveillance coverage 
maps of GPOOH were obtained at the upper tier local 

authority (UTLA) geographical level, and data were 
excluded from any UTLA where the PHE surveillance 
programme received little or no syndromic data.

For all systems, data were excluded if location, age or 
gender of healthcare seeker was unknown (table 2). PD 
that were demarcated for large organisations (eg, Heathrow 
Airport), or had less than 200 residents were excluded 
from analysis as their small populations or unique nature 
are unlikely to produce reliable estimates. PD that overlap 
borders with Scotland and Wales were excluded.

For each system, contact rates were mapped for both 
study years to visualise spatial variation of the data (online 
supplemental appendix 2).

Statistical analysis
To measure the relationship between the dependent and 
independent variables generalised linear mixed models 
(GLMMs) were used for NHS111 and GPOOH, while 
a generalised linear model (GLM) was used for GPIH. 
GPIH data were modelled using both GLM and GLMM 
methods; however, the GLM provided a better model fit 
(online supplemental appendix 3).

The variables of interest for analysis of NHS111 and 
GPOOH data were age, gender and deprivation. Two- way 
interactions between age and gender, and age and depri-
vation were also investigated. A categorical variable for 
year was included in the model to account for interannual 
variation. Percentage urban area was included to account 
for differences in healthcare- seeking behaviour or disease 
risk related to urbanicity. Due to the highly aggregated 
deprivation and percentage urban data at PHE centre 
level, these variables were not included in the analysis of 
GPIH data, as non- significant estimates would likely be 
due to the lack of variation within this aggregated data. 
Therefore, the variables of interest, age and gender and 
their interactions were investigated in the analysis of 
GPIH data. To account for population differences at the 
geographical level, the logarithm of the population plus 
one was included as a model offset.

Table 2 Number of contacts excluded from study by reason for exclusion

NHS111 (% of total) GPOOH (% of total)

Total number provided 21 905 099 9 623 939

Reason for exclusion

  No valid postcode provided/not in England 613 495 (2.9) 92 815 (9.6)

  No gender given 9 536 (0.04) 12 312 (0.13)

  No age given – 1 601 (0.017)

  Postcode district with <200 population 44 (0.0002) 12 (0.0001)

  Overlapping borders with Scotland or Wales 17 072 (0.08) 3 795 (0.04)

  Large area users/city centres 1 517 (0.007) 2 379 (0.03)

  Poor coverage/data issues 21 281 (0.1) 1 010 485 (10.50)

Total excluded 662 945 (3.02) 1 123 399 (11.67)

*General practitioner in hours had no exclusions.
GPOOH, general practitioner out of hours.
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The study design accounted for the hierarchical struc-
ture of the data for each system by including PD and 
UTLA as random effects in the NHS111 and GPOOH 
models. UTLA was included as a random effect to account 
for similar characteristics of neighbouring PD to reduce 
the effect of spatial autocorrelation, and because UTLA 
are responsible for services that might influence contact 
rates (map of UTLA overlaid PD in online supplemental 
appendix 4). Where a PD was located in more than one 
UTLA, the largest PD area was allocated. PHE Centre was 
included as a fixed effect in the GPIH model.

We explored Poisson and negative binomial model 
specifications to account for potential overdispersion in 
the data. Overdispersion was tested by comparing the sum 
of squared Pearson residuals to the residual degrees of 
freedom. Models with overdispersion statistics <1.5 were 
deemed acceptable.29 Wald tests were used to determine 
the overall significance of variables. The algebraic defini-
tion of the models is described in online supplemental 
appendix 5.

Model overfitting and the predictive ability of the model 
was assessed using k- fold cross validation where the data 
were split into 10 equal groups (k). Each group was used 
to train the model k−1 times and test the model once. To 
assess the model, mean absolute error was used and the 
results are presented in online supplemental appendix 6. 
Rate ratios (RR) with 95% CIs were estimated for the main 
effects: age, gender and deprivation. To allow the visual-
isation of the main and interaction effects, and compar-
isons of trends between the contact types and services, 
the number of contacts to each service were predicted 
using the models, then standardised and plotted. The 
predictions were standardised to a zero mean and unit 
variance by subtracting the mean of the predictions from 
each predicted value and then dividing by the standard 
deviation (SD).

All analyses were conducted in R V.3.5.230 and models 
were specified using the glmmTMB31 and MASS32 
packages.

RESULTS
Data and model selection
Table 2 indicates that relatively few contacts were 
excluded from analysis due to unknown location, age 
or gender, with only 3.02% of NHS111 and 11.67% of 
GPOOH data excluded. GPIH data had no exclusions 
because patients that used this service have to prereg-
ister and therefore location, age and gender are known. 
Any data issues observed in the datasets were because of 
the passive reporting to the surveillance systems and not 
due to disruption of healthcare services. Table 2 demon-
strates that in total 21 242 154 contacts to NHS111 were 
included in the analysis, of which 8.10% (n=1 721 034) 
were respiratory contacts; 6 937 657 GPOOH contacts 
were included in the analysis of which 22.53% (n=1 562 
883) were respiratory contacts. The different proportions 
of respiratory contacts between the NHS111 and GPOOH 

services likely reflect to the different functions of the 
services, and the severity of illness for which each service 
would be contacted by patients. Total number of contacts 
were not available for GPIH, but 10 310 626 respiratory 
contacts were included in the analysis of GPIH data.

Two model distributions were considered for analysis: 
Poisson, and negative binomial, with models selected by 
considering overdispersion of the data. Negative bino-
mial models handled the overdispersed data best in all 
five models (descriptions of model fit in online supple-
mental appendix 7).

Overall, the models performed well with low mean 
of mean absolute error values (online supplemental 
appendix 6). The fixed effects explained a high amount 
of variation in both NHS111 and GPIH respiratory 
models, with a marginal R2 of 0.86 and an R2 of 0.99, 
respectively (online supplemental appendix 7). The fixed 
effects explained less of the variation in the GPOOH 
respiratory model, with a marginal R2 of 0.30. When the 
spatial random effects were considered in the NHS111 
and GPOOH respiratory models, both models had a 
conditional R2 of over 0.94. In the GPOOH models, the 
difference observed between marginal and conditional 
R2 values compared with the NHS1111 models is because 
less of the variation in the data can be explained by the 
fixed effects. The difference between the marginal and 
conditional R2 in the GPOOH models is likely due to the 
uncertainty of the underlying study population, with this 
uncertainty explained by the geographical levels included 
as random effects (random effects of PD and UTLA).

Multivariable analysis
Standardised predictions, the number of SD from the 
mean, of each model are visualised in figures 1–3 along-
side overall significance of each model. The table of main 
effect RR and 95% CI is presented in online supplemental 
appendix 7.

Respiratory contacts in the <1 year age group are signifi-
cantly higher compared with the reference group (15–44 
years) in all three services (online supplemental appendix 
7), with 37.32 (95% CI 36.10 to 38.85), 18.66 (95% CI 17.78 
to 19.58) and 6.21 (95% CI 5.96 to 6.48) times the rate of 
contacts to NHS111, GPOOH and GPIH, respectively. The 
comparative differences between respiratory contacts in 
the <1 year age group and the reference group was highest 
for NHS111 compared with GPOOH and GPIH. Although 
contacts are highest in the <1 year age group compared with 
the reference group in the non- respiratory models, similar 
RR were observed between the services; with 7.03 (95% CI 
6.87 to 7.20), and 7.64 (95% CI 7.28 to 8.02) times the rate 
of non- respiratory contacts to NHS111, and GPOOH. This 
relationship is visualised in figure 1A

Gender has a significant influence on contacts to 
each service (online supplemental appendix 7); visually, 
the trend appears similar between respiratory and non- 
respiratory contacts and across all services (figure 1B). 
There are 1.59 (95% CI 1.56 to 1.62), 1.73 (95% CI 1.70 
to 1.77) and 1.95 (95% CI 1.87 to 2.03) times the rate 
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of respiratory contacts regarding females to NHS11, 
GPOOH and GPIH, respectively.

Deprivation is significant in both NHS111 models 
(online supplemental appendix 7), which found there 
are 1.75 (95% CI 1.56 to 1.95) times the rate of respira-
tory contacts in the most- deprived areas compared with 
the least- deprived (IMD quintile 1 vs 5), and 1.81 (95% 
CI 1.66 to 1.99) times the rate of non- respiratory contacts. 
Deprivation was significant in both the respiratory and 
non- respiratory GPOOH models, with 2.70 (95% CI 1.79 
to 4.08) times the rate of respiratory contacts and 2.70 
(95% CI 1.89 to 3.85) times the rate of non- respiratory 
contacts in most- deprived areas compared with least- 
deprived. Similar RR estimates for deprivation were 

observed in respiratory and non- respiratory NHS111 
and GPOOH contacts. This relationship is visualised in 
figure 1C, where the similarities between NHS111 and 
GPOOH, and respiratory and non- respiratory contacts 
can be observed.

Age–gender interactions show similar trends across 
system types and when compared with non- respiratory 
contacts. Overall, there are more female contacts; but in 
all models (figure 2), in the <1 and 1–4 age groups there 
were more contacts regarding males.

Age–deprivation interactions were investigated for 
NHS111 and GPOOH. In both respiratory and non- 
respiratory contacts to NHS111 (figure 3A), the trends 
suggest there are more contacts in the most deprived 

Figure 1 Standard deviation from the mean of main effects predictions from the multivariable analysis of respiratory contacts 
to NHS111, general practitioner out of hours (GPOOH) and general practitioner in hours (GPIH): each plot describes the SD of 
(A) age group, (B) gender and C) deprivation. All models had an overall significance ≤0.001.

Figure 2 Standard deviation from the mean of age gender interactions for respiratory and non- respiratory contacts by each 
system: (A) NHS111, (B) general practitioner in hours (GPIH) and (C) general practitioner out of hours (GPOOH). All models had 
an overall significance ≤0.001.
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quintiles across all ages. For respiratory contacts, there is 
a stronger trend with deprivation in the <1, 1–4 and >75 
year age groups, and a weaker trend in the remaining age 
groups. This NHS111 trend is strong across all age groups 
for non- respiratory contacts, particularly in the age group 
>75 years. There was a similar linear trend with depriva-
tion and age for respiratory and non- respiratory contacts 
to GPOOH (figure 3B), with more contacts in the most- 
deprived areas in all age groups.

DISCUSSION
Impact
We present a large- scale analysis of over 13 million 
respiratory- related contacts to three healthcare services 
in England. These services deliver healthcare to patients 
at the community level and may be better indicators of 
overall disease patterns as opposed to the relatively small 
proportion that appear in hospitalisation or laboratory- 
based surveillance. Access to these large syndromic 
datasets has allowed a comprehensive analysis of the 
demographics using of each service and the impact depri-
vation has on healthcare contacts. It has also allowed the 
interactions between these factors to be explored. By 
analysing respiratory and non- respiratory contacts, we 
were able to identify differences and similarities in usage 
patterns. Analysing NHS111 and GPOOH contacts at 
PD, a small level of geography, we explored deprivation 
patterns to give a thorough analysis of social patterning of 
factors associated with respiratory contacts.

Main findings and comparison to literature
In all three services (NHS111, GPOOH and GPIH), 
there were more respiratory and non- respiratory contacts 
in females. Previous research indicates that women are 

more likely to seek healthcare than men, even when 
female- specific concerns are accounted for.33 34 Although 
we observed higher respiratory contact rates for in 
females, males have been observed to have higher death 
rates due to respiratory disease,9 highlighting possible 
gender differences in healthcare- seeking behaviour or 
sex differences in severity of respiratory disease. In terms 
of age, contacts were highest in <1, followed by the 1–4 
and the >75 age groups. These trends were observed 
across all three services, and fit with previous research.16 35 
Although the three services displayed similarities in terms 
of the age groups more likely to use the service, there 
were differences in the magnitude of the RRs. In compar-
ison to the reference group (15–44 years) children <1 
year were 37.3, 18.7 and 6.2 times more likely to contact 
NHS111, GPOOH and GPIH, respectively, due to respira-
tory disease. These differences could reflect the routes to 
access to the different services (table 1), and the severe 
and sudden nature of the respiratory illness in very young 
children requiring urgent health advice.

When interactions between age and gender were 
explored, we found that more contacts were regarding 
males in the two youngest age groups for both respira-
tory diseases; this effect was observed in all services. 
Previous studies have reported that male children have 
higher rates of respiratory illnesses.16 17 36 Lusignan et al,36 
observed a higher incidence of family doctors contacts 
in males <15 years due to LRTI compared with females 
of the same age, with the largest gender difference in 
the youngest age group (<1 year). This study also noted 
a higher contact rate in males <15 years due to asthma. 
The reasons for which are unclear, but immunological, 
genetic and biological differences are thought to increase 
risk, suggesting that the excess in male children is due to 

Figure 3 Standard deviation from the mean of age deprivation interactions for respiratory and non- respiratory contacts by 
each system: (A) NHS111 and (B) general practitioner out of hours (GPOOH). NHS111 respiratory, GPOOH respiratory and 
GPOOH non- respiratory models had an overall significance ≤0.001. NHS111 non- respiratory model had an overall significance 
of ≤ 0.01.
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genuine predisposition to respiratory illness rather than 
sociological factors.16 This excess in male children was also 
observed in our data for non- respiratory contacts. The 
reasons for this excess of non- respiratory contacts in male 
children is unclear. These findings suggest that there are 
similar drivers to contacts in male children presenting for 
all illness types rather than with just respiratory diseases, 
whether this be due to differences in healthcare- seeking 
behaviours or disease aetiology. Earp et al observed that 
adults perceived that male children (aged 5 years) expe-
rienced more pain compared with females of the same 
age, despite the same clinical circumstances and identical 
pain behaviour.37 The Infectious Intestinal Disease (IID) 
Study observed a higher rate of IID in the community in 
females <1 year compared with males, but a higher rate 
of contacts to family doctors of males compared with 
females of the same age.38 This observation suggests that 
either males were more likely to have cases of IID, which 
required medical intervention, or healthcare was more 
likely to be sought for males compared with females of 
the same age. There could be gender differences in the 
perception of ill health in young children from parental 
caregivers, which could influence healthcare- seeking 
behaviour, although this requires more research.

Deprivation was significant in both the NHS111 and 
GPOOH models, with a greater risk of respiratory and 
non- respiratory contacts in those from more deprived 
areas. Similar results were found when looking at gastro-
intestinal illness contacts to NHS111 and deprivation, with 
more contacts in the most deprived areas.39 Kelly et al,40 
observed higher attendances from those living in the most 
deprived areas to GPOOH services. The findings observed 
in this study are similar to those described in the literature 
from more acute healthcare settings, with previous studies 
linking increased deprivation with increased rates of hospi-
talisations and death due to respiratory infection.9 41 42

One of the relatively unique elements of our work was 
the exploration of the interactions between deprivation 
and age. For NHS111, when stratified by age, depriva-
tion appears to have a greater impact on non- respiratory 
contacts than on respiratory contacts. The exception is in 
the youngest age bracket, where deprivation has a simi-
larly high impact on both respiratory and non- respiratory 
contacts, with more contacts in most- deprived areas. A 
similar pattern emerged for GPOOH where there was 
more contact in the most derived areas; however, this 
trend was similar across age groups and in respiratory and 
non- respiratory contacts.

It is important to consider how these results can be 
generalised outside of England. It is difficult to make 
direct comparisons to other countries due to differences 
in healthcare systems, public health surveillance infra-
structure, population demographics and deprivation 
levels. With the rise internationally in use of syndromic 
and non- traditional forms of surveillance (such as those 
used in this study), we feel it is important for other coun-
ties who use these forms of surveillance to undertake 
similar research.

Limitations
Although the surveillance of these three services allows us 
to observe a large number of healthcare contacts, these 
are working surveillance datasets from real- time surveil-
lance system, with periods where data are not received. 
The large numbers included in the study meant that 
socioeconomic and demographic patterns could still be 
observed, and omissions are only likely to bias estimates 
if correlated with independent variables. Coverage issues 
will increase the uncertainty of our estimates, which 
is particularly evident in the wide CIs observed in the 
GPOOH results.

The analysis presented here is exploring indicators 
of disease as opposed to actual disease. Therefore, the 
analyses are reliant on accurate classifications of disease 
indicators. NHS111, GPIH and GPOOH services have 
different symptom coding systems, and although we tried 
to choose indicators which would allow comparisons, 
the definition of respiratory and non- respiratory may 
differ between services. The deprivation measures used 
were composites of multiple factors that contribute to 
deprivation and were ecological in nature, are subject to 
the ecological fallacy whereby the associations found at 
the area level may not hold at the individual level. Data 
obtained from the surveillance systems did not contain 
information on comorbidities or ethnicity; therefore, 
these factors could not be accounted for in the analysis. 
Data from each surveillance system were available in an 
aggregated format, and hence it was not possible to iden-
tify multiple contacts by the same patient to the services 
during the study period.

CONCLUSION
This large- scale study highlights the effects of age, gender 
and deprivation on healthcare- seeking behaviours 
for respiratory diseases in the community, with more 
healthcare contacts from females, the young and old 
and those from more deprived areas. Similar patterns 
were observed across the three services, which were in 
agreement with the literature. Comparable results were 
also observed between respiratory and non- respiratory 
contacts suggesting that even when a wider spectrum of 
disease is explored, demographic and socioeconomic 
factors may be the strongest influencers of healthcare- 
seeking behaviours. When broken down by age, there 
were more contacts regarding male children <5 years 
compared with females. This trend was observed in both 
respiratory and non- respiratory contacts indicating there 
are more healthcare- seeking behaviours in male children 
across a range of disease types. These findings could be 
influenced by sociological factors as well as disease aeti-
ology and requires further research. Further research 
is required to understand the role that age, gender and 
deprivation has on healthcare- seeking behaviours.
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