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ABSTRACT

Objectives To describe the prevalence of multimorbidity
(presence of two or more long-term health conditions)

in the New Zealand (NZ) population, and compare risk of
health outcomes by multimorbidity status.

Design Cross-sectional analysis for prevalence of
multimorbidity, with 1-year prospective follow-up for
health outcomes.

Setting NZ general population using national-level routine
health data on hospital discharges and pharmaceutical
dispensing.

Participants All NZ adults (aged 18+, n=3 489 747) with
an active National Health Index number at the index date
(1 January 2014).

Outcome measures Prevalence of multimorbidity was
calculated using two data sources: prior routine hospital
discharge data (61 ICD-10 coded diagnoses from the
M3 multimorbidity index); and recent pharmaceutical
dispensing records (30 conditions from the P3
multimorbidity index).

Methods Prevalence of multimorbidity was calculated
separately for the two data sources, stratified by age
group, sex, ethnicity and socioeconomic deprivation, and
age and sex standardised to the total population. One-
year risk of poor health outcomes (mortality, ambulatory
sensitive hospitalisation (ASH) and overnight hospital
admission) was compared by multimorbidity status using
logistic regression adjusted for confounders.

Results Prevalence of multimorbidity was 7.9% using
past hospital discharge data, and 27.9% using past
pharmaceutical dispensing data. Prevalence increased
with age, with a clear socioeconomic gradient and
differences in prevalence by ethnicity. Age and sex
standardised risk of 1-year mortality was 2.7% for

those with multimorbidity (defined on hospital discharge
data), and 0.5% for those without multimorbidity (age
and sex-adjusted OR 4.8, 95% Cl 4.7 to 5.0). Risk of
ASH was also increased for those with multimorbidity
(eg, pharmaceutical discharge definition: age and sex-
standardised risk 6.2%, compared with 1.8% for those
without multimorbidity; age and sex-adjusted OR 3.6,
95%Cl 3.5 10 3.6).

Conclusions Multimorbidity is common in the NZ adult
population, with disparities in who is affected. Providing
for the needs of individuals with multimorbidity requires
collaborative and coordinated work across the health
sector.

Strengths and limitations of this study
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» This study uses national-level data for nearly
3.5million New Zealand adults to provide robust es-
timates of the prevalence of multimorbidity.

» Multimorbidity was defined using existing methods
to classify and code long-term health conditions,
based on well-established data sources for prior
hospital discharge and pharmaceutical dispensing.

» Health outcome measures (mortality and hospital
admission) were available for everyone in the study
population.

» Due to the nature of the data sources, not all long-
term health conditions could be measured: the esti-
mates include only conditions recorded during a past
hospital admission or those long-term conditions
which can be treated by medication (and where
medications are specific to treating a condition).

» Results may be only partially comparable with those
studies from other countries that have used a pri-
mary care-based sampling frame or data source to
estimate prevalence of multimorbidity.

INTRODUCTION

Healthcare delivery in secondary care settings
has typically been dominated by systems that
focus on the treatment or management of a
single disease,1 such as cancer or diabetes, with
less attention paid to other health conditions
(which are typically conceptualised as comor-
bidities). Recently, more attention has been
given towards the concept of multimorbidity,
defined as the copresence of two or more long-
term health conditions,2 % as a framework for
viewing a patient’s health needs from a more
holistic management perspective."® While
such management is considered best practice
in primary care settings, the quality of care
provided in both secondary and primary care
settings could be improved by encouraging
a greater emphasis on this approach and
considering the complex needs of patients
with multimorbidity.”
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This view of multimorbidity also requires consideration
of the social and economic determinants of health that lie
upstream of poor health generally.'’ "' Long-term condi-
tions are patterned by these determinants of health such
as greater exposure to social, environmental or workplace
risk factors, which in term often pattern individual-level
risk factors, for example, smoking, poor diet, lack of
exercise and poorer access to healthcare resources in the
socioeconomically disadvantaged.

At an individual level, those with multimorbidity have
poorer health outcomes, including increased risk stem-
ming from polypharmacy, worse functional status and
lower quality of life.> '* ' The implications of multi-
morbidity for health systems have been well described:
expenditure on healthcare in high-income countries is
dominated by the needs of those with multiple long-term
conditions.” '* Furthermore, while multimorbidity is not
restricted to the elderly, it is more prevalent among older
people.?” Therefore, the healthcare demands and costs
associated with multimorbidity will continue to rise as
populations age,'” though the rising prevalence of multi-
morbidity does not appear to be solely driven by ageing
populations.'®

There have been many prevalence studies of
multimorbidity, as described in several systematic
reviews.” ® '* ¥ Studies have generally focused on multi-
morbidity in specific populations (eg, the elderly'” ' or
among hospitalised patients'®); examined the general
population, either among registered populations using
existing patient databases'® *’ or using surveys of the
general population'”; or have measured multimorbidity
during primary care interactions.”'

A 2012 systematic review” looked at variations in the
prevalence of multimorbidity by country and research
setting (eg, primary healthcare patients or across
the general population). Unsurprisingly, studies that
sampled individual patients during primary care consul-
tations have typically reported higher prevalence of
multimorbidity compared with studies that used broader
health system-based populations as the denominator (eg,
registered patients).’

This review made two major recommendations for
studying multimorbidity: first, use a broad sample frame
that matches the appropriate target population; and
second, consider a reasonably comprehensive list of long-
term conditions to capture the sheer variety of specific
health needs that arise in long-term conditions (with a
lower bound of 12 eligible conditions suggested as a
minimum).®

Our primary objective was to describe the prevalence
of multimorbidity for the general adult population in
New Zealand (NZ), defining multimorbidity status using
past hospital discharge and pharmaceutical dispensing
records. To examine health inequities, we also analysed
the patterning of multimorbidity by major sociodemo-
graphic and socioeconomic groupings. As a secondary
objective, we examined subsequent health outcomes
for those with multimorbidity, including mortality,

ambulatory sensitive hospitalisations (ASH) and over-
night admissions to hospital.

METHODS

Study design, setting and participants

This study is a cross-sectional prevalence study of multi-
morbidity across the NZ adult population, defined at 1
January 2014, using routinely collected, national-level
administrative health data. We also examined subsequent
health outcomes for the year following this index date.
Study size was determined by the total identified popula-
tion at this index date.

The target study population was all NZ adults (aged
18+), operationally defined as individuals with an active
National Health Index (NHI) number, based on active
enrolment with a Primary Health Organisation (PHO)
or recent interaction with the NZ health system in the
year prior to the index date (n=3 489 747). No additional
inclusion or exclusion criteria were applied. Further
details are given under data sources below. This target
population covers the vast majority of New Zealanders (it
is estimated that around 94% of the entire population are
enrolled with a PHO,? and so the actual coverage should
be in excess of 94% when including additional individ-
uals who meet the recent interaction criteria for an active
NHI number).

Patient and public involvement
Patients and members of the public were not involved in
the design or conduct of this study.

Data sources

All data were sourced from the national collections as
maintained by the NZ Ministry of Health.” The popu-
lation denominator and sociodemographic information
were derived from the master NHI table. This source
includes information on date of birth, sex, ethnicity and
place of residence, and can be linked to other national
health data using the unique NHI identifier.

Information on long-term conditions was sourced
for an extended period prior to the index date from
(1) the National Minimum Data Set, which captures all
publicly funded hospital discharges in NZ (and some
privately funded), with diagnostic information relevant
to the admission coded using International Statistical
Classification of Diseases 10 codes (ICD-10) and (2) the
pharmaceutical collection, which includes all communi-
ty-dispensed prescriptions across NZ, with medications
coded using a modified version of the Anatomical Ther-
apeutic Chemical Classification (ATC) system.23 # The
past hospital discharge data thus provides a measure
for the general population of long-term conditions that
have been recorded during hospital admissions (over an
extended period of 5years to capture all relevant long-
term conditions); while the pharmaceutical data provides
a similar measure for the general population (using a
l-year lookback period, assuming that these long-term
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conditions are under active management). Both data
sources use the total adult denominator when calculating
rates for the same population.

Long-term conditions were identified using the condi-
tion lists developed for the M3 index (for prior hospital
discharge data,” based on all diagnoses recorded for
discharges in the b-year lookback period) and the P3
index (for community pharmaceutical data (see online
supplementary table A), based on dispensings in a l-year
lookback period from the index date). Both indices were
developed for considering mortality risk in population
health analyses, with the individual conditions chosen
based on chronicity, expected impact on mortality
and other long-term impacts on health. The M3 index
includes a total of 61 conditions, with the list of condi-
tions intended to capture long-term conditions known to
have some impact on mortality and/or morbidity. The P3
index includes a different, shorter list of 30 conditions, as
the underlying pharmaceutical dispensing data can only
capture conditions for which pharmaceutical treatment is
possible. Furthermore, since some medications are used
to treat multiple disparate conditions, it is not always
possible to determine the precise condition or indication
for a given medication. These medications with multiple
common indications were thus excluded in the creation
of the P3 index. Both of these indices are described in full
detail elsewhere for the M3 index® and in online supple-
mentary table A for the P3 index, including full details
of the exact codes included in their definitions for any
condition.

Information on deaths during the follow-up period was
drawn from the NZ Mortality Collection.

Variables

Multimorbidity was defined as having at least two condi-
tions from the M3 or P3 condition list. Results are
reported separately based on these two different data
sources, as the conditions coded by each index do not
fully align with each other. In addition to prevalence of
multimorbidity, a number of identified conditions are
reported using medians and IQR.

Prevalence estimates are reported stratified by several
sociodemographic and socioeconomic factors. Age at
the index date and sex were defined using information
from the NHI master table (age grouped as 18-24, 25-34,
35-44, 45-54, 5564, 65—74, 7584 and 85+). Prevalence
by broad ethnic groups (Maori, Pacific, Asian, Euro-
pean and Middle-Eastern/Latin  American/African/
Other (MELAA/Other)) is presented using a modified
total ethnicity approach based on self-identified health
as recorded in the NHI master table, in line with best
practice in NZ health settings.”® Total ethnicity reporting
means that individuals who self-identify with more than
one ethnic group were counted in both numerator and
denominator for each of those groups: to allow some
comparison in prevalence estimates, the European group
was treated as a mutually exclusive group (ie, containing
individuals who only self-identified as NZ European or

European). For regression analysis, ethnicity was priori-
tised so that individuals were only assigned to one group
(in the order noted above) following standard practice.”

Socioeconomic status was measured using the NZDep
2013 Index of Deprivation (NZDep index),”” an area-
based measure of socioeconomic deprivation produced
from relevant information in the NZ census. This was
matched to individual’s health records based on their
geocoded residential address in the NHI master record:
in some cases this information was missing and hence an
NZDep score could not be assigned to a person’s record
(missing data reported in table 1).

We also considered several potential adverse outcomes
from multimorbidity during the I-year follow-up period
(1 January 2014 to 31 December 2014). Data were avail-
able for all participants across this period. All-cause
mortality was considered alongside ambulatory sensi-
tive hospitalisations (ASH admissions) and overnight
hospital admissions. ASH admissions were defined based
on a primary diagnosis in a specified list*® * where the
admission type was defined as either acute or arranged
(ie, excluding elective admissions, except in the case of
dental procedures which are always coded as ASH regard-
less of admission type). Overnight hospital admissions
were any admissions that included an overnight stay in
hospital, with the exclusion of maternity-related events
(defined as any admission with a primary diagnosis ICD
code starting with ‘O’).

Statistical methods

Data coding and preparation was conducted in SAS V.9.4
(SAS Institute, Cary, NC); all subsequent analyses were
conducted using RV.3.2 (R Foundation, Vienna, Austria).

Prevalence estimates for the NZ adult population are
reported at the index date as crude percentages. For
reporting of prevalence of multimorbidity stratified by
other sociodemographic factors, we directly standardised
estimates for each subgroup to reflect the total adult NZ
age/sex distribution (as calculated for the entire study
population) using R’s epitools package.” Prevalence for
the total NZ adult population is also reported following
direct age-standardised to WHO world standard.”

We also compared adverse outcomes (death, ASH and
overnight hospitalisation) within 1year between individ-
uals with and without multimorbidity, again in separate
analyses with multimorbidity defined based on hospital
diagnosis data or pharmaceutical dispensing data. Risks
of outcomes within 1lyear of the index date are initially
presented as crude and age and sex-standardised risks
for each outcome. We also report odds ratios (ORs, from
binary logistic regression) comparing the odds of each
outcome in models where we sequentially adjusted for
confounder variables. The first model for each outcome
presents unadjusted ORs; the second model adjusts for
age group and sex; the third model additionally adjusts
for prioritised ethnicity and the fully adjusted fourth
model adds in adjustment for socioeconomic status
using NZDep2013 (in quintiles as a categorical variable).
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Table 1 Sociodemographic and socioeconomic description of study population at index date (1January 2014)

Prevalence of multimorbidity

Hospital
Total* discharge data Pharmaceutical
n (last 5years) Standardisedt data (last year) Standardisedt
Variable Group (column %) n (%) % n (%) %
Total Total 3489 747 (100.0) 275706 (7.9) 7.9 972222 (27.9) 27.9
Age group 18-24 454511 (13.0) 7258 (1.6) 1.6 36625 (8.1) 8.1
25-34 605263 (17.3) 12334 (2.0) 2.0 69041 (11.4) 11.4
35-44 621645 (17.8) 18978 (3.1) 3.1 104296 (16.8) 16.7
45-54 646669 (18.5) 33987 (5.3) 5.3 160862 (24.9) 24.9
55-64 525600 (15.1) 48702 (9.3) 9.2 199362 (37.9) 38.0
65-74 366866 (10.5) 62869 (17.1) 17.1 201807 (55.0) 55.0
75-84 193497 (5.5) 59116 (30.6) 30.7 139099 (71.9) 71.7
85+ 75696 (2.2) 32462 (42.9) 43.3 61130 (80.8) 80.4
Sex Female 1807 908 (51.8) 135615 (7.5) 7.3 561921 (31.1) 30.7
Male 1681 839 (48.2) 140091 (8.3) 8.6 410301 (24.4) 24.8
Total Ethnicityt ~ NZ European 2 292 963 (69.6) 197471 (8.6) 7.6 725030 (31.6) 29.0
Maori 402188 (12.2) 37111 (9.2) 13.4 97337 (24.2) 31.7
Pacific 226503 (6.9) 21108 (9.3) 13.8 49645 (21.9) 29.8
Asian 360349 (10.9) 16726 (4.6) 6.9 68926 (19.1) 243
MELAA/Other 44056 (1.3) 2091 (4.7) 8.7 9087 (20.6) 29.9
NZDep quintile§ 1 669348 (19.2) 37217 (5.6) 5.8 167609 (25.0) 251
2 653071 (18.8) 44000 (6.7) 6.7 173294 (26.5)  26.3
3 672889 (19.3) 52417 (7.8) 7.3 191645 (28.5) 27.5
4 737521 (21.2) 66749 (9.1) 8.7 222336 (30.1) 29.6
5 748339 (21.5) 74548 (10.0) 10.8 215689 (28.8) 30.9

*Total column reports number of people in each sociodemographic category and their proportion of the total adult population at the index

date.

TStandardised to age and sex profile of total study population (aged 18+; age groups as presented). All standardised confidence intervals

were narrower than +0.2%.

FPeople identifying with multiple ethnic groups are counted in each of these groups (and so total can sum to >100%). n=192910 individuals

had no ethnicity recorded.

§A total of 140056 individuals had no NZDep quintile available (could not be matched to a valid NZDep area).

Regression analysis was restricted to individuals with
complete information on all covariates (complete case
analysis).

Sensitivity analysis

To address the impact of missing covariate data (5.8% of
individuals missing ethnicity and/or NZDep quintile),
we used multiple imputation to examine whether the
associations measured in the main analysis could have
been biased due to exclusion of individuals with missing
data (complete case analysis). Five imputation datasets
were created using chained equations™ (using the mice
package® in R). These datasets imputed missing values
for ethnicity and NZDep quintile (as polynomial vari-
ables) based on all other variables in the analytical model
including exposure variables and outcome variables
(multimorbidity status, age group, sex, ethnicity, NZDep
quintile and all outcome variables). The imputation

models also included auxiliary information on each
person’s District Health Board of residence (the 20
administrative divisions of the public health system in NZ,
which provides additional information on subnational
distribution of people by ethnicity and socioeconomic
deprivation). Further details on this sensitivity analysis
and underlying assumptions are given with online supple-
mentary table B.

RESULTS

Table 1 gives the sociodemographic profile of the
3.49million NZ adults in the study population at the
index date (1 January 2014). Table 2 gives a list of the
top 15 condition categories (as single conditions) iden-
tified across the population (ie, not just among those
with multimorbidity) for both the hospital diagnosis data
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Table 2 Prevalence of top 15 individual condition
categories (study group total n=3 489 747) based on
hospital admission data (top panel) and pharmaceutical
dispensing data (bottom panel)

n Prevalence (%)

Condition (hospital discharge data, last 5 years)

Cardiac arrhythmia 76469 2.2
Diabetes complicated 75957 2.2
Hypertension uncomplicated 62030 1.8
Metabolic disorder 57937 1.7
Bowel disease inflammatory 56335 1.6
Cardiac disease (other) 54508 1.6
Chronic pulmonary disease 48417 1.4
Coagulopathy and other blood 43329 1.2
disorders
Cerebrovascular disease 40619 1.2
Myocardial infarction 36811 1.1
Eye problem long term 36266 1.0
Congestive heart failure 33329 1.0
Angina 33147 0.9
Major psychiatric disorder 32687 0.9
Intestinal disorder 32457 0.9
Condition (pharmaceutical dispensing data, last year)
Gastric acid disorder 514562 14.7
CVD (low risk*) 495386 14.2
Depression 418512 12
Reactive airway disease 383652 11
Anxiety and tension 318563 9.1
CVD (moderate riskt) 302317 8.7
Steroids responsive conditions 279394 8.0
Diabetes 186186 5.3
Hypothyroidism 113098 3.2
Congestive heart failure 94342 2.7
Anaemias 89336 2.6
Psychotic illness 81788 2.3
Epilepsy 77040 2.2
Ischaemic heart disease/angina 72942 2.1
Anticoagulation 70753 2.0

*Medication from one CVD category.
TMedication from two CVD categories.
CVD, cardiovascular disease.

(based on the M3 index categories) and the pharmaceu-
tical dispensing data (based on the P3 index categories).

Prevalence estimates for multimorbidity in the adult
population at the index date are also presented in table 1,
for definitions of multimorbidity drawing from each of the
two data sources (past hospitalisation discharge records
and past pharmaceutical dispensing). Across the entire
identified NZ adult population, 7.9% of the population
were defined as having multimorbidity when using the
past 5-year hospital diagnosis data source; prevalence was

considerably higher at 27.9% when using the past year
pharmaceutical dispensing data source. When age stan-
dardised to the WHO standard age structure, these prev-
alences were 6% and 23%, respectively.

As expected, the prevalence of multimorbidityincreased
with age for both definitions, as also shown in figure 1.
Prevalence of multimorbidity was consistently higher
based on pharmaceutical dispensing data compared with
hospital admission data, with the difference widening in
the older age groups. Multimorbidity based on hospital
data was higher for males than females (8.6% and 7.4%,
age standardised); while females had higher prevalence
based on pharmaceutical dispensing (30.7% compared
with 24.8% for males, age standardised). Differences
between males and females in patterns of multimorbidity
by age are shown in figure 2: the higher prevalence using
hospital discharge data among males becomes manifest
by the 55-64 age group, while higher prevalence for
females compared with males based on pharmaceutical
dispensing data was apparent across all age groups.

The crude prevalence of multimorbidity based on
hospital data (table 1, middle set of columns) was roughly
similar across NZ European, Maori and Pacific popula-
tions (8.6%—9.3%) and lower for Asian and MELAA/
other groups (4.6% and 4.7%). This was partially due
to the NZ European group having an older population
distribution: following age and sex standardisation, prev-
alence of multimorbidity was higher for Maori and Pacific
ethnic groups (13.4% and 13.8% prevalence, respectively)
than for NZ European (7.6% prevalence), and the Asian
and MELAA/Other groups (6.9% and 8.7%, respectively)
were also more in line with the NZ European prevalence.
Figure 3 gives age-stratified estimates of multimorbidity
by total ethnicity group, which shows early divergence
by ethnicity in younger age groups but relatively similar
trajectories of prevalence as age increases.

Crude ethnic group differences in prevalence based
on pharmaceutical dispensing (table 1, right-hand set
of columns) were also confounded by age. Crude preva-
lence appeared relatively high in NZ European (31.6%)
compared with the other ethnic groups (19.1%-24.2%),
but following age standardisation these differences were
less pronounced (prevalence between 29% and 32% for
all groups except Asian, with a standardised prevalence of
24.3%). Age-stratified ethnic patterns of multimorbidity
based on pharmaceutical dispensing data are shown in
figure 3.

Multimorbidity was also more common among those
in higher socioeconomic deprivation areas (based on
NZDep2013), with standardised prevalence based on
hospital diagnoses rising from 5.8% (least deprived quin-
tile) to 10.8% (most deprived quintile); and for pharma-
ceutical-based definitions from 25.1% (least deprived) to
30.9% (most deprived). These patterns were consistent
across the age spectrum (figure 4).

Those with multimorbidity were at substantially higher
risk of an adverse outcome in the year following the index
date (mortality, ASH admission, non-maternity overnight
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Figure 1
pharmaceutical dispensing data sources.

admission). Table 3 gives the crude and age and sex-stan-
dardised risk of each adverse outcome by multimorbidity
status. Absolute risk was consistently higher across all
outcomes for the multimorbidity group based on the
past hospital diagnosis definition than for the past phar-
maceutical dispensing definition. Figure 5 plots the age
and sex standardised risks for each outcome according
to multimorbidity status, based on the two data sources.

Table 4 shows the ORs for each adverse outcome by
multimorbidity status, from logistic regression models.
Unadjusted estimates (first row of table 4) were largely
confounded by age and sex: further adjustment for
ethnicity and socioeconomic deprivation (NZDep) had
minimal impact on estimates of comparisons by multi-
morbidity status. All results in the following text are from
the complete case analysis for the fully adjusted model
(bottom row of table 4).

All three outcomes were substantially more common
for those with multimorbidity than those without. While
l-year mortality was just under 1% for the total adult
population, those with multimorbidity had around a
three to fivefold higher risk of death (fully adjusted
OR = 3.9, 95%CI 3.7 to 4.0 for the pharmaceutical
dispensing definition; and OR = 4.6, 95% CI 4.5 to 4.7 for
the hospital diagnosis definition). Fully adjusted ORs for
the ASH and non-maternity hospital admission outcomes

85+ -

< < < <

Lfl7 © l\I @

n n Yo} [Te)

< [Tel © N~
Age group

Pharmaceuticals

Prevalence of multimorbidity (two or more conditions) by age group, according to hospital discharge diagnosis and

also indicated higher risk of hospitalisation for those
with multimorbidity: ORs from models using the hospital
diagnosis definition were again higher than the corre-
sponding ORs from the models using the pharmaceutical
dispensing definition (table 4).

The analyses looking at health outcomes were repeated
following multiple imputation for missing data on
ethnicity and socioeconomic deprivation (5.8% of cases).
As shown in online supplementary table B, adjusted
estimates following imputation were not substantially
different from the estimates from complete case analysis.
For example, for the analysis of mortality risk according
to multimorbidity defined on hospital discharge data:
complete case analysis OR 4.6 (95% CI 4.5 to 4.7);
multiple imputation pooled OR 4.7 (95% CI 4.6 to 4.8).
Other estimates from the imputed data analysis were also
of similar magnitude to the main results in table 4 (online
supplementary table B).

DISCUSSION

These results present the first nationwide report of the
prevalence of multimorbidity in nearly 3.5million NZ
adults. Over one-quarter of the adult population of NZ
had multimorbidity when defined from pharmaceu-
tical dispensing data in the last year (27.9%), although
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Figure 2 Prevalence of multimorbidity (two or more conditions) by age group and sex, according to hospital discharge

diagnosis and pharmaceutical dispensing data sources.

estimates were consistently lower when based on past
hospital discharge data over the previous byears (prev-
alence of 7.9% of all adults). Multimorbidity was more
common among older people, those living in areas of
higher socioeconomic deprivation, and in Maori and
Pacific ethnic groups. People with multimorbidity were at
higher risk of subsequent adverse outcomes (death and
ASH or overnight hospitalisation) in the 1-year follow-up
period, even following adjustment for confounding from
age and other sociodemographic factors.

The prevalence estimates for multimorbidity were
generally consistent with international results: the phar-
maceutical dispensing-based estimate (27.9%) was firmly
within estimates of prevalence from those studies that
looked at a relatively broad range of age groups from early
adulthood—these have typically ranged from 14% to 40%,
with most studies reporting a prevalence between 20%
and 30%.”* Estimates from low-income and middle-in-
come countries have tended to be lower, supporting the
hypothesis of epidemiological transition as an important
driver in the prevalence of long-term disease,” though
methodological variations may explain this difference.
These results are concordant with recent studies in coun-
tries with similar population structures. Recent estimates
from the USA put multimorbidity in the general popula-
tion at around 22%-26%, based on record linkage and
survey data, respectively.”’ ** In Canada, survey estimates
from the general population have recently been put as

high as 59% or as low as 13%.”” For future comparisons,
the prevalence estimates following age standardisation to
WHO age standard were 6% and 23%, respectively, for
definitions based on the hospital discharge and pharma-
ceutical dispensing data sources.

In Australia, the most recent national population
estimates demonstrate a multimorbidity prevalence of
around 33%” using primary care attendance numera-
tors and population denominators. A regional Australian
study from New South Wales of adults aged 45 and over
found prevalence of 36.1%-37.4%, based on pharmaceu-
tical claims data and survey data, respectively; and a prev-
alence of 19.3% based on past hospital discharge data."
Restricting our own data to ages 45 and above returned a
prevalence of 42.2% based on pharmaceutical dispensing
data, and 13.1% based on hospital discharge data (not
shown).

One result of interest for the regression analyses was that
there was little change in the magnitude of the associa-
tions (between multimorbidity and each health outcome)
when adjusting for ethnicity and socioeconomic depriva-
tion (on top of adjustment for age group and sex). This
is suggestive that ethnicity and socioeconomic depriva-
tion were not substantial confounders of the association
between multimorbidity and subsequent outcomes: it is
important to note that the results of the fully adjusted
regression models (not presented) indicated that these
two factors were independently associated with the

Stanley J, et al. BMJ Open 2018;8:021689. doi:10.1136/bmjopen-2018-021689
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Figure 3 Prevalence of multimorbidity (two or more conditions) by age group and ethnicity, according to hospital discharge
diagnosis and pharmaceutical dispensing data sources. MELAA/Other, Middle-Eastern/Latin American/African/Other; NZ, New

Zealand.

outcome, such that there was still evidence for ethnic
inequities and a socioeconomic gradient in outcomes.

The key strengths of this analysis include the wide
coverage of the NZ population, covering the vast majority
of NZ adults engaged with the health system. The clas-
sification and coding of conditions in both the hospital
discharge and pharmaceutical dispensing datasets also
followed well-delineated methods™ that are reproduc-
ible across time and different countries. These two data
sources provide complementary definitions of what it
means to have multimorbidity.

The key weaknesses are discussed below with respect to
the utility of these two data sources. It is worth noting
that neither the hospital nor pharmaceutical data source
perfectly align with the prevalence of multimorbidity that
could be determined from primary care interaction data;
however, the national coverage and internal consistency
of the hospitalisation and dispensing data sources used
in this study improve the generalisability and utility of
these data sources above what could be discovered from
more locally held primary care data sources, and the
pharmaceutical dispensing data should provide a reason-
able approximation for the prevalence of multimorbidity
from primary care data. Unfortunately in NZ, there is no
national collation of primary care data from which the
prevalence of multimorbidity can be calculated, and so

primary care-level definitions of multimorbidity are not
feasible at a national level.

Asecond issue arising from the data sources was missing
data for the regression models (which was 5.8% of total
group missing ethnicity and/or deprivation measure).
While there is no uniform consensus on when the
amount of missing cases in a regression analysis is likely
to bias results, in methodological work the threshold for
considering the impact of missing data typically starts at
around 10% of cases having missing data * *. Further-
more, regression models for complete cases (ie, those
with all covariate data available) that adjust for covariates
potentially related to missingness, including exposure
and confounder variables, have been demonstrated to
be unbiased in comparison to more complex analytical
methods*'. Our sensitivity analysis using multiple impu-
tation suggested that the adjusted complete case logistic
regression results presented in table 4 were not biased
compared with using multiple imputation.

The final issue is that the data sources used cover adults
defined as being engaged with the NZ health system
(either through enrolment with a PHO, estimated to
cover around 94% of the population; or having used
publicly funded health services in the year prior to the
index date). It is only possible to speculate about those
individuals who are not covered in these data sources:
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Figure 4 Prevalence of multimorbidity (two or more conditions) by age group and NZDep quintile, according to hospital

discharge diagnosis and pharmaceutical dispensing data sources.

however, we do know that they will not have been in
contact with health services in the period used to define
multimorbidity, and hence would not be able to meet
the operational definitions of multimorbidity used in
this study (as these are based on hospital admissions and
pharmaceutical dispensing).

The difference in prevalence estimates when using
hospital admission and pharmaceutical dispensing data
sources has implications for future research and plan-
ning. Using past hospital admission data identifies a
smaller group of individuals with multimorbidity, but this
group is at particularly elevated risk of subsequent poor

outcomes (following adjustment for confounders like age
and sex). This is highly suggestive of a more severe level
of multimorbidity, which may be additionally captured in
other analyses by accounting for recent hospital admission
as a separate risk factor variable. The appropriate choice
of data source for considering multimorbidity based on
routine data will ultimately depend on both data avail-
ability and the study question being addressed. The two
systems also differ regarding the most commonly captured
conditions: as one key example, mental health conditions
were considerably more prominent when using the phar-
maceutical definition than the hospitalisation definitions.

Table 3 Crude and age-standardised/sex-standardised risk of adverse outcomes within 12 months of index date

Risk of outcome in following year

Hospital discharge data definition

Pharmaceutical dispensing data definition

Multimorbid
(n=275706)

Total population
(n=3 489 747)

Not multimorbid
(n=3 214 041)

Multimorbid
(n=972222)

Not multimorbid
(n=2 517 525)

n (crude %)

n (crude %)

n (crude %) n (crude %)

Outcome n (crude %) (standardised %)* (standardised %)* (standardised %)* (standardised %)*
Mortality 29642 (0.8) 17536 (6.4) (2.7) 12106 (0.4) (0.5) 25131 (2.6) (1.3) 4511 (0.2) (0.4)
ASH admission 116522 (3.3) 45509 (16.5) (13.2) 71013 (2.2) (2.4) 78347 (8.1) (6.2) 38175 (1.5) (1.8)
Overnight admissiont 327825 (9.4) 88285 (32.0) (27.5) 239540 (7.5) (7.9) 183406 (18.9) (15.7) 144419 (5.7) (6.5)

Cls are not printed: for crude risk, the margin of error on the 95% Cl was <0.1%; for adjusted risk, <0.3%.

*Age and sex standardised to total study population profile.
TNon-maternity admissions with at least an overnight stay.
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Figure 5 Age- and sex-standardised risk of mortality (left panel), ambulatory sensitive hospitalisation (ASH) admission (middle
panel) and overnight non-maternity admission (right panel) within 1year of index date, by multimorbidity status (defined based
on hospital discharge diagnosis or pharmaceutical dispensing data).

The number of long-term conditions used in defining
multimorbidity is known to impact on the measured prev-
alence: a systematic review recommended a minimum of
12 conditions to facilitate comparable estimates across
studies.” The conditions included in the current study
were selected as reflecting long-term conditions with
some impact on subsequent serious health outcomes,”
and as such the definition of multimorbidity used here
strikes a balance between the number of conditions
considered and the severity of their impact.

The two indices also included different numbers of
long-term conditions (61 for the hospital discharge
definition; 30 for the pharmaceutical dispensing defini-
tion). Including a higher number of conditions should
generally increase the recorded prevalence of multimor-
bidity, as there are more conditions that can be included
in the definition: this was not the case in the current
study, however, due to the nature of the data sources.
To be coded as having multimorbidity based on the past

hospital discharge data required atleast one prior hospital
admission in the past byears (with two or more different
long-term conditions recorded across these admissions);
whereas to be coded with multimorbidity based on the
pharmaceutical dispensing data only required dispens-
ings of medications for at least two long-term conditions
in the pastyear. Thus, the definition based on past hospital
discharge data sets a higher threshold for defining multi-
morbidity, and identifies people with multimorbidity who
are at higher risk of subsequent poor health outcomes, as
noted above.

While a pharmaceutical dispensing definition sits
closer to primary care-level definitions of multimor-
bidity, determination of long-term health conditions
from pharmaceutical data is limited in that (1) some
medications are used to treat different conditions
and (2) not all long-term health conditions might
require or respond to pharmaceutical treatment. On
top of this, costrelated factors that restrict the ability

Table 4 ORs for increased risk of mortality/hospital admission with multimorbidity (by multimorbidity defined using past
hospital discharge or pharmaceutical dispensing data) from unadjusted and adjusted logistic regression models

OR (95% CI) for risk of outcome with multimorbidity*

Hospital discharge definition

Pharmaceutical dispensing definition

Modelt Mortality ASH Admissiont Mortality ASH Admissiont

Unadjusted model 176 (17.2to 18.1) 8.4(8.3t08.5) 5.6(5.6t05.7) 14.7(14.2t015.2) 55(5.5t05.6) 3.7 (3.7t03.7)
Adjusted age, sex 4.8 (4.7 10 5.0) 494910500 3.6(38.5t03.6) 4.0(3.9t04.2) 3.6(3.6t03.7) 2.6(2.6t02.7)
+adjust ethnicity 4.7 (4.6 to 4.8) 47 (4.6t04.7) 35(8.5t03.5 3.9(3.8t04.1) 3.6 (3.56t03.6) 2.6(2.6t02.6)
+adjustNZDep quintile 4.6 (4.5 to 4.7) 46(451t04.6) 35(B.4t03.5 3.9(3.7t04.0) 3.53.5t03.6) 2.6(2.6t02.6)

*Reference group is individuals without multimorbidity (ie, either zero or only one long-term conditions identified).
TAIl models run on complete case data only (n=3 288 646; total of n=201 101 missing ethnicity and/or NZDep).

FNon-maternity admissions with at least an overnight stay.
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to access primary healthcare consultations and/or pay
for prescriptions*” mean that pharmaceutical dispens-
ing-based definitions may underestimate the preva-
lence of multimorbidity in socioeconomically deprived
groups. Conversely, the number and breadth of diag-
noses recorded on hospital discharge records are depen-
dent on several factors, including the primary reason
for the admission, requirements for reporting of health
conditions in specific jurisdictions, and the quality of
recording of information both by attending medical
staff and clinical coders.* **

Other studies comparing different designs or data sources
for estimating prevalence of multimorbidity have reported
higher prevalence when the denominator comprises those
currently receiving care or medication, compared with
when denominators are based on registered patients or the
general population.” * Recent studies from Quebec and
Australia have suggested a 10%-15% higher prevalence
(respectively) when using a denominator based on primary
care attendees rather than a general population denomi-
nator’® **; and another study suggested higher prevalence
when using health survey methods compared with exam-
ining electronic health records.* A recent Australian study
that linked survey data (for ages 45 plus) with routine phar-
maceutical and hospitalisation data returned comparable
prevalence estimates between survey and pharmaceutical
data sources (37.4% and 36.1%), which were both around
17% points higher than prevalence estimated using hospital
data (19.3%)."

There are important equity considerations that arise from
the patterning of multimorbidity by age, ethnicity and socio-
economic status, especially considered in conjunction with
this group’s increased risk of subsequent hospital admission
or death within the l-year follow-up period. The higher
prevalence of multimorbidity in the Maori and Pacific
populations also raises issues of equity in health outcomes:
as such, interventions in NZ that aim to prevent multimor-
bidity or improve outcomes for those with multimorbidity
need to consider the equity impacts of such interventions.*°
While these prevalence results are specific to NZ, we expect
that patterning of multimorbidity by sociodemographic
profile and the adjusted estimates for increased risk of poor
health outcomes with multimorbidity should be generalis-
able to other countries.

CONCLUSIONS

Multimorbidity is common among NZ adults, with older
people, Maori and Pacific ethnic groups and the socioeco-
nomically disadvantaged having higher prevalence (on
both of the measures used). Pharmaceutical dispensing
data should give a better proxy for the prevalence of multi-
morbidity that could be determined from primary care-level
data sources compared with using past hospital admission
diagnosis data, although these estimates may be subject to
bias arising from differential access to healthcare and phar-
maceuticals between different population groups (eg, by
ethnic groups).

Looking more broadly at the health system, these results
support calls to consider the existence of multimorbidity in
the design of health services, which requires a continued
shift from management of individual diseases to care of
the whole patient.®®*” The impact of an ageing popula-
tion (and hence higher numbers of people with multimor-
bidity) combined with the substantial costs of providing

healthcare for people with multimorbidity’ '* ' will also

present a major challenge to the sustainability of healthcare
systems. This has important implications for both planning
health services to improve management for those who are
already unwell, but perhaps more importantly for justifying
appropriate targeting of interventions aimed at preventing
long-term conditions.”
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