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ABSTRACT

AIM: The aim of this study was to quantify the community prevalence of multimorbidity from both hospital and general practice (GP)
records.

METHOD: Using encrypted health identifiers, electronic health record data from 374,071 patients aged =18 years, enrolled in ProCare
primary health organisation in January 2014, were linked to national hospitalisation records. We identified the prevalence of
multimorbidity (two or more long-term conditions [LTCs]) recorded within hospitalisation data (based on 61 ICD-10-AM LTC categories
from the M3 multimorbidity index) and the same conditions matched to Read codes, Read terms or free text from GP records.
RESULTS: Multimorbidity was identified in 31% of patients; under half of this group, 52,867 (14%), were identified from hospital records
and 62,453 (17%) exclusively from GP records. Multimorbidity increased markedly with age, affecting over 60% of both sexes by 65-74
years. Under-estimation using hospitalisation data alone was greater for women, older people, Chinese and Europeans.

coNcLUsION: Multimorbidity prevalence is substantially under-estimated if relying solely on hospital discharge data, capturing under
half of the total multimorbidity burden found when GP-level data are included. These data sources need to be combined to properly

recognise the complexity of care and health-system resources required to meet patient needs.

ultimorbidity, the presence of two or

more co-existent long-term conditions,

is associated with an increased risk of
hospitalisation, greater use of unplanned care and
higher mortality."® Life expectancy in Aotearoa
New Zealand has increased by over 10 years
in the last 50 years, but 20-30% of these years
are lived in poor health due to multimorbidity.!
Common long-term conditions (LTCs) contributing
to this burden include diabetes, cancers, cardio-
vascular diseases, respiratory diseases, mental
illness, chronic kidney disease and dementia.
Many co-occur and comprise a major part of the
primary care workload—almost 70% of general
practice (GP) visits.* Multimorbidity is a stronger
predictor of healthcare utilisation and costs
than age or sex® and is the strongest predictor of
adverse drug events.®’

In 2017, Sarfati and Stanley developed a New
Zealand general population multimorbidity index
“M3” utilising 61 LTC categories identified via
ICD-10-AM (International Statistical Classification
of Diseases and Related Health Problems, 10th
Revision, Australian Modification) codes from

hospital records.® They also developed the P3
index containing 30 condition categories from
pharmaceutical dispensing records.? Both are
weighted indices representing the association
between LTCs and 1-year mortality®® and have
been used to describe the prevalence of multi-
morbidity.? However, both the M3 and P3 indices
have limitations for estimating the prevalence
of multimorbidity. M3 was derived solely from
hospital administrative data and cannot capture
LTCs that rarely lead to admission or are not
recorded if they are unrelated to the primary cause
of admission. The P3 index, based on community
pharmacy dispensing, is more closely aligned to
what might be expected in primary care diagnosis
data, but many LTCs cannot be determined from
these records because medications may have
multiple indications (and were not included
in the P3 index) or treatment may not include
prescribed medication.?

There remains uncertainty about the extent
to which hospital data alone can capture the full
burden of multimorbidity in the community.
Measurement of multimorbidity is critical for
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health service planning, care delivery, hospital and
primary care funding and understanding ineq-
uities in healthcare utilisation and outcomes.**°
With an ageing population, the complexity and
need for care in the community is increasing, but
funding and planning decisions are often based
on hospitalisation data alone. Research suggests
that this primary care information gap will under-
estimate the prevalence of multimorbidity and
clinical priority conditions driving health inequity
and life expectancy gaps, such as those experienced
by Maori and Pacific people.!* Multimorbidity
has been reported to be more common among
Maori and Pacific people,? and so it is important
to assess whether different data sources affect
observed (in)equity patterns. In New Zealand, 24%
of patients with ischaemic cardiovascular disease
(CVD) diagnosed by their general practitioner
were not recorded as having a prior CVD-related
hospital admission.'”? In the United Kingdom’s
QRISK3 equation, 23% of angina and 55% of
transient ischaemic attack (TIA) outcomes came
only from GP records.*

Using both GP and hospital records, we aimed
to quantify the community prevalence of mul-
timorbidity for the 61 LTCs included in the M3
index and determine the extent to which adding
GP data affects estimation of its “true” burden.

Methods

This cross-sectional study of linked data from
GP and hospital records is described according to
the STrengthening the Reporting of OBservational
studies in Epidemiology (STROBE) checklist for
the reporting of observational studies.'*

Study participants, data sources and
linkage

ProCare is a primary health organisation (PHO)
in Auckland, and in 2014 it included over 170
member practices, serving approximately 820,000
enrolled patients, covering 51% of the Auckland
population (17% of New Zealand population).
Adults >18 years enrolled in a ProCare practice at
the study index date of 1 January 2014 and who had
GP electronic health records (EHRs) were eligible
for inclusion in this study (Appendix Figure 1).
With practice approval, ProCare PHO extracts
and centrally stores EHR data for population
health improvement and approved research. GP-
recorded LTC data from practices using patient
management systems that employed Read coding
were obtained from this repository.
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ICD-10-AM-coded hospitalisation data were
obtained from the National Minimum Data Set
(NMDS), which holds records of all publicly and
most privately funded hospital discharges in
New Zealand since 1988."° These datasets (from
inception to the end of 2013) were linked via an
encrypted unique health identifier (the National
Health Index [NHI]) assigned to everyone upon
their first interaction with the New Zealand health
system. Age, gender and ethnicity as of 1 January
2014 were obtained from the NHI collection.

Ethnicity was categorised into six broad groups
of Maori, Pacific, Indian, Chinese, European and
Other ethnicities (representing Middle Eastern/
Latin American/African/Other/Other Asian) using a
modified total ethnicity approach, with individuals
identifying with multiple ethnicities counted in
each group they identified with. The European
group was defined as mutually exclusive for
comparison.

Area-based socio-economic deprivation (New
Zealand Index of Deprivation 2013 [NZDep2013])
was assigned to each patient using meshblock
codes from the national PHO enrolment database.!®
NZDep2013 was analysed in quintiles from 1 (least
deprived) to 5 (most deprived).

Multimorbidity definition

Multimorbidity was defined as having two or
more of 61 ICD-10-AM-coded condition categories
in the M3 index.? From the GP EHRs, any recorded
diagnosis matching one of the 61 M3 index codes
was extracted, whether it had been entered using
Read codes, Read terms or free text. Free-text
entries were classified using methods previously
described.!” In brief, a quarter of primary care clas-
sifications contained either unrecognised Read
codes or were free-text only. To improve accuracy,
clinical raters independently identified condition-
related text, including synonyms, negation terms
and common spelling errors in randomised
samples. Clinician inter-rater reliability was high
(kappa>=0.9). Over 10 iterations, text classification
performance improved, achieving average sensi-
tivity, specificity and positive predictive value of
88%, 99% and 95%, respectively.

To avoid double-counting, primary cancers
(e.g., breast cancer, malignant melanoma) were
excluded if a metastatic cancer diagnosis was also
present. This rule was applied across both GP and
hospital data sources.

Statistical analysis
The cohort was categorised based on socio-
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demographic factors, with age and ethnic groups
selected to align with those used by Stanley et
al.? for comparability. Prevalence estimates were
reported with 95% confidence intervals (95% CIs)
calculated using the Wilson method for binomial
distributions.

Agreement between GP and hospital discharge
diagnoses was assessed with Cohen’s kappa statistic
for each of the 61 conditions, categorising the extent
of agreement as: slight (0.01-0.20), fair (0.21-0.40),
moderate (0.41-0.60), substantial (0.61-0.80) and
almost perfect (0.81-1.00). Missing data were
minimal and supplemented using linked national
datasets; no imputation was performed. All analy-
ses were conducted using R software version 4.3.1
(R Core Team, 2023, R Foundation for Statistical
Computing, Vienna, Austria).

Ethics approval

Ethical approval for this study was granted
by the Health and Disability Ethics Committees
(HDEC) under the VIEW programme (MEC/07/19/
AM25) and subsequently under the VAREANZ
programme (2022 EXP 13442 and 2023 EXP 18564),
with annual reapproval since (2025 PR 13442).
The need for informed participant consent was
formally waived by the Northern B HDEC (2022
EXP 13442). The study was also approved by the
ProCare Clinical Governance committee for the
secondary use of de-identified patient data.

Results

A total of 623,475 individuals aged >18 years
were identified. GP data for 374,071 (60.0%) were
available from practices using “Read coding”
patient management systems. Of these, 251,058
patients also had hospital records. Among the
included patients, over 7 million entries in GP
medical history/classification fields and over 1
million unique hospital discharge events were
identified (Appendix Figure 1).

Median age was 46 years (interquartile interval
[IQI] 33-58) and 55% were women (Table 1). There
were 6,802 (1.8%) people recorded as having more
than one non-European ethnicity resulting in a
total ethnicity count of 379,405. The total ethnicity
composition was 8% Maori, 11% Pacific people,
6% Indian, 7% Chinese, 7% Other ethnicities and
62% sole European. Of the cohort, 32% were living
in communities with the highest levels of depriva-
tion (NZDep2013 Q4 and Q5).

The prevalence of multimorbidity using both
data sources was 30.8% (95% CI: 30.7-31.0) with
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14.1% (14.0-14.2) identified using only hospital
records and 16.7% (16.6-16.8) exclusively from
GP records (Table 1).

Figure 1 shows the prevalence of multimorbidity
and denotes individuals with three, four, five and
six or more long-term conditions (MM3+, MM4+,
MMS5+, MM6+). Within each of these categories,
the prevalence of more complex multimorbidity
is at least doubled after taking GP records into
account.

Prevalence by age group and gender

Multimorbidity increased markedly with age,
affecting over 60% of men and women by age 65—
74 years from combined hospital and GP records
(Figure 2, Appendix Tables 1 and 2). Across all
age groups, the under-estimate of multimorbidity
using only hospitalisation data was greater for
women—f{rom 7% under-estimated at age 18-24
years to 36% at age 65-74 years. The range for
men was 6% at age 18-24 years to 29% at age
65-74 years.

Prevalence by age group, total ethnicity
and deprivation quintile

By age 35-44 years, 28% Maori, 25% Pacific
people, 20% Indian and 18% Europeans had
multimorbidity (Figure 3, Appendix Table 2). By
65-74 years, the prevalence of multimorbidity
for the same groups was 76%, 74%, 74% and 61%,
respectively. Overall, Maori and Pacific people are
more likely to be identified with multimorbidity
from hospitalisation data, with European and
Chinese more likely identified using solely GP
data. The relative under-estimate of prevalence
using hospital data alone was lowest for Chinese
people until the age of 55 years.

Multimorbidity was highly patterned by
socio-economic deprivation (Figure 4, Appendix
Table 2). By age 35-44 years, the prevalence of
multimorbidity was 15% in the least deprived
(NZDep2013 Q1) compared with 26% in the most
deprived communities (NZDep2013 Q5). By 65-74
years, this difference had widened somewhat:
57% in NZDep2013 Q1 vs 72% in NZDep2013 Q5.
Overall, the prevalence under-estimate when
using hospital data alone was lower for NZDep2013
Q5 compared to NZDep2013 Q1. By all socio-
demographic strata, the largest under-estimate in
multimorbidity prevalence between hospital and
combined hospital and GP records occurred from
age 55 to 84 (Figures 2, 3, 4, Appendix Tables 1
and 2).

Table 2 lists the five most common conditions
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Table 1: Multimorbidity prevalence by gender, age, ethnicity and New Zealand Index of Deprivation 2013 (NZDep2013).

Prevalence of multimorbidity
(=2 M3 index categories)*

Total patients

in the cohort ; :

n, column % ::?:i;a::‘:?;?t:"th Hospital data GP data only

n, row % n, row % R

Total 374,071 115,320 (30.8) 52,867 (14.1) 62,453 (16.7)
Gender
Female 205,539 (54.9) 64,254 (31.3) 27,745 (13.5) 36,509 (17.8)
Male 168,432 (45.0) 51,066 (30.3) 25,122 (14.9) 25,944 (15.4)
;":adria" age(lQl, | 45 (3359 58 (46-69) 61 (48-73) 56 (44-66)
Age group, years
18-24 40,977 (11.0) 4,296 (10.5) 1,678 (4.1) 2,618 (6.4)
25-34 63,163 (16.9) 8,356 (13.2) 3,401 (5.4) 4,955 (7.8)
35-44 73,755 (19.7) 13,819 (18.7) 5,540 (7.5) 8,279 (11.2)
45-54 77,865 (20.8) 22,071 (28.3) 8,739 (11.2) 13,332 (17.1)
55-64 58,325 (15.6) 25,312 (43.4) 10,509 (18.0) 14,803 (25.4)
65-74 37,498 (10.0) 23,271 (62.1) 11,144 (29.7) 12,127 (32.3)
75-84 16,684 (4.5) 13,042 (78.2) 7,916 (47.4) 5,126 (30.7)
=85 5,804 (1.6) 5,181 (89.3) 3,952 (68.1) 1,229 (21.2)
Ethnicity
Total Maori 31,480 (8.4) 10,415 (33.1) 5,781 (18.4) 4,634 (14.7)

Total Pacific people

41,150 (11.0)

13,100 (31.8)

7,504 (18.2)

5,596 (13.6)

Total Indian

22,901 (6.1)

6,687 (29.2)

2,991 (13.1)

3,696 (16.1)

Total Chinese 25,572 (6.8) 5,346 (20.9) 2,003 (7.8) 3,343 (13.1)
Total MELAA/Others | 27,068 (7.2) 6,084 (22.5) 2,397 (8.9) 3,687 (13.6)
Sole European 231,234 (61.8) 75,390 (32.6) 33,109 (14.3) 42,281 (18.3)
NZDep2013

Q1 (least deprived) 100,218 (26.8) 28,736 (28.7) 10,659 (10.6) 18,077 (18.0)
Q2 85,341 (22.8) 25,129 (29.4) 10,739 (12.6) 14,390 (16.9)
Q3 68,100 (18.2) 20,737 (30.5) 9,500 (14.0) 11,237 (16.5)
Q4 59,357 (15.9) 19,405 (32.7) 9,836 (16.6) 9,569 (16.1)
Q5 (most deprived) 61,054 (16.3) 21,341 (35) 12,145 (19.9) 9,196 (15.1)

*“Total patients with multimorbidity” presents patients identified via combined hospitalisation data or GP electronic records.

“Hospital data” are multimorbidity identified from administrative hospital data. “GP data” are multimorbidity identified exclusively
from conditions found in GP records, meaning they were not recorded as having multimorbidity based on hospital data alone. For

example, if a patient has three M3 index conditions with two documented in both hospital and in GP data, that person is counted in
the “hospital data” column but not the “GP data” column.

GP = general practice; IQI = interquartile interval; MELAA = Middle Eastern, Latin America and African.
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Figure 1: Prevalence of multimorbidity by categories of increasing numbers of long-term conditions (LTCs); MM2+

(22 LTCs) to MM6+ (26 LTCs). Bars in blue represent the number of patients with multimorbidity identified from linked
administrative hospital data and GP electronic records. Values are shown as percentages with 95% confidence intervals
in parentheses.
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Figure 2: Prevalence of multimorbidity (>2 conditions) by age group, stratified by gender. Hospital discharge diagnoses
joined by solid line; combined general practice (GP) and hospital data joined by dashed line. Error bars represent 95%
confidence intervals.

== Hospitalisation -#- Hospitalisation + GP

Female Male
100 -
80 -
S
=
bS]
£
S 60 -
E
E
S
£
H
g a0-
c
K}
[]
=
0
a
20 -
oo =t =t <t =T T =T [Fe} oot < el =t =T T oy Ty
o~ o« g w fi=] ~ © <« o~ @ ~ w © ~ o w
o e 0 w © Te) > Al ) v} te) ) B ) © Al
— o~ (22} =t wy [Te] M~ ~— o~ 3] A w w ~
Age group
New Zealand Medical Journal 2026 Sep 25;139(1642).1SSN 1175-8716

Te ara tika o te hauora hapori https://www.nzmj.org.nz/ ©PMA



ARTICLE 47

Figure 3: Prevalence of multimorbidity (>2 conditions) by age group and total ethnicity. Hospital discharge diagnoses
joined by solid line; combined general practice (GP) and hospital data joined by dashed line. Error bars represent 95%
confidence intervals.
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Figure 4: Age group and New Zealand Index of Deprivation 2013 (NZDep) quintile. Hospital discharge diagnoses joined
by solid line; combined general practice (GP) and hospital data joined by dashed line. Error bars represent 95%
confidence intervals.
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contributing to multimorbidity when identified
only in GP EHRs (i.e., not identifiable within hospital
records) among patients aged 55-64 years, 65-74
years and 75-84 years. Across all strata the most
common M3 long-term condition categories found
in GP records were uncomplicated hypertension,
joint or spinal disorder, chronic pulmonary disease,
diabetes (uncomplicated or complicated) and
metabolic disorder. In addition, osteoporosis was
in the top five additional conditions for women
and inner-ear disorder for men.

The agreement between primary care and
hospital discharge diagnoses using Cohen’s kappa
statistic was slight for 23 conditions (<0.20 for drug
abuse, inflammatory bowel disease, metastatic
cancer, etc.), fair for 25 conditions (0.21-0.40 for
cardiac valvular disease, lung cancer, pancreatitis,
dementia, etc.), moderate for 12 conditions (0.41—
0.60 for prostate, breast and colorectal cancer,
cerebrovascular disease, myocardial infarction
and cardiac disease, lymphomas and leukaemia,
etc.) and substantial for one condition (0.61-0.80:
acquired immunodeficiency syndrome [AIDS])
(Appendix Table 3).

Discussion

In this study of 374,071 primary care patients
aged 18 years and over, 31% were identified as
having multimorbidity: 14% from hospital records
and 17% exclusively from GP EHRs. If only hospital
administrative records are used, 54% of multimor-
bidity in the community would not be recognised.

48

This under-estimate was greater for women
than men and increased with age, being highest
at 65-74 years (36% for women and 29% for men).
The under-estimate was higher for European
and Chinese people and for those living in the
least-deprived areas. Overall, over 60% of men
and women aged 65-74 had multimorbidity, and
across all ages, one in 10 people (11.8%) had four
or more LTCs, and one in 20 (5%) had six or more
LTCs. The most common LTC categories found
exclusively in GP records were uncomplicated
hypertension, joint or spinal disorder, chronic
pulmonary disease, diabetes, metabolic disorder,
osteoporosis (women) and inner-ear disorder
(men). For the majority of LTCs in the M3 index,
the agreement between hospital and GP records
was only slight or fair. This misclassification is
likely occurring in both directions and would
substantially affect prevalence estimates if relying
on either data source alone. These findings
highlight the potential for misclassification when
relying solely on hospital data, particularly
for those conditions indicated as having low
agreement.

The closest comparison for an estimate of
multimorbidity prevalence comes from the New
Zealand population-based study of multimorbidity
by Stanley et al. who used a 5-year look-back of ICD-
10-AM-coded hospitalisations from the M3 index
(7.9%) and 1-year look-back of national community
pharmaceutical dispensing records (27.9%; 30
conditions from the P3 index).? Our estimate
of 14% from ICD-10-AM-coded hospitalisations

Table 2: Top five most common additional conditions contributing to multimorbidity identified only in general practice
(GP) records, among patients aged 55-84 years, by gender. Conditions are ranked from highest to lowest prevalence
within each age group.

55-64 years

65-74 years

75-84 years

Hypertension (uncomplicated)

Hypertension (uncomplicated)

Hypertension (uncomplicated)

Joint or spinal disorder

Joint or spinal disorder

Joint or spinal disorder

Female Chronic pulmonary Chronic pulmonary Osteoporosis (uncomplicated)
Endocrine disorder Metabolic disorder Diabetes (complicated)
Metabolic disorder Osteoporosis (uncomplicated) Chronic pulmonary
Hypertension (uncomplicated) Hypertension (uncomplicated) Hypertension (uncomplicated)
Joint or spinal disorder Joint or spinal disorder Joint or spinal disorder

Male Metabolic disorder Metabolic disorder Inner-ear disorder

Chronic pulmonary

Chronic pulmonary

Diabetes (complicated)

Diabetes (uncomplicated)

Inner ear disorder

Chronic pulmonary
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is likely to be due to our much longer look-
back period to 1988.

Recent systematic reviews have reported
a pooled prevalence of multimorbidity in
community settings ranging from 33 to 42%.52!
Although prevalence varied by geographic region
and country income level, the estimates in our
study sit at the lower end of this range. However,
individual studies included in these reviews were
highly heterogeneous, varying by mean age of the
study sample (e.g., only including adults over 60
years), data source (e.g., self-reported population-
based surveys, primary care EHRs, aged care
facilities, hospitalised patients, pharmaceutical
dispensing), whether data sources were single
or combined (e.g., inpatient and/or emergency
department and/or GP EHRs), the definition of
multimorbidity (e.g., two or more, three or more
LTCs) and multimorbidity measurement tools
(e.g., the number of and specific LTCs included).
This substantial variability in estimates of
multimorbidity prevalence is illustrated in a recent
review of 16 studies of primary care EHRs which
reported estimates ranging from 14% to 93.9%.2
Within this review, there were two English studies
including all people aged over 18 years (the same
age range as this study) with reported prevalence
from GP EHRs of 21%? and 29%.%* A further study
that combined primary care EHRs with data from
secondary care® (inpatient and outpatient) found
an overall multimorbidity prevalence of 21.6%.
This was considerably lower than our findings;
however, the study included all ages and multi-
morbidity is rare in people less than 18 years.?

We stratified our prevalence estimates by socio-
demographic status. Our findings were consistent
with published literature showing more than half
the adult population worldwide over 60 years of age
have multimorbidity,'*?* and that multimorbidity
is more prevalent in women than men,'*? by lower
socio-economic status??® and for Maori and Pacific
people compared with European ethnic groups.?
Of note, the under-estimate of multimorbidity
prevalence using hospital records alone was more
strongly apparent for women. Similarly, Stanley et
al. reported that women had lower age- and sex-
standardised prevalence when measured by M3
(61 hospitalised conditions) than men, but higher
when measured by P3 (30-condition community
pharmaceutical dispensing).?

The slight or fair agreement between hospital
and GP records for 48 out of 61 conditions listed in
the M3 index is likely multifactorial. For example,
hospital diagnoses may not reach the intended

49

practice or be fully updated in GP electronic
health records. If hospitalised, many LTCs are not
coded if not the major or contributing reason for
hospitalisation. For people aged 55-84 years with
multimorbidity and without previous hospital
admissions, the most common codes were for
cardiometabolic disease, chronic pulmonary
disease and joint or spinal disease. While it was
outside the scope of this study to characterise mul-
timorbidity clusters, common patterns reported
in systematic reviews include at least two or
more clusters relating to cardiovascular disease,
musculoskeletal, respiratory and mental health
conditions (primarily characterised by depression
and anxiety disorders).!%2226

Strengths of this study were the large
population sample and the ability to individually
link patient data from GP EHRs and hospital
admissions. A further strength was the ability to
utilise unstructured text as well as structured data
within GP EHRs to accurately identify LTCs.'” These
multimorbidity estimates are likely to be general-
isable to New Zealand adults as the age and sex
distribution of our cohort is similar to that of the
national adult population.?

The main study limitation is that we report
multimorbidity prevalence in a 2014 cohort; thus,
it is over 10 years old. However, we purposefully
chose the 2014 cohort to enable us to investigate
the impact of multimorbidity on 5-year CVD risk
(research in progress) and implications for risk
management. To assist primary care decision
making we will need to understand whether
measures of multimorbidity are associated with
fatal and non-fatal CVD events and if so, which
measure or measures are the most practical to be
used in a primary care setting.

A further limitation includes the inability to
accurately map, at the time of data extraction, to
SNOMED codes for the M3 ICD-10-AM conditions,
resulting in only 60% of the ProCare-enrolled
adult population being included. However, while
prevalence estimates may have differed somewhat
with the addition of practices using patient man-
agement systems utilising SNOMED classification,
our aim was to investigate the impact of including
both primary and secondary care datasets.

Implications and future research

This study has highlighted the previously
under-recognised extent and complexity of
multimorbidity in the community and exposes the
“unsung” GP workload, which will have increased
as this cohort is now over 10 years older. Funding
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and planning decisions that are based on routine
hospital administrative data, while capturing the
more severe end of the disease spectrum, will not
track emerging trends in LTC prevalence in the
community, nor the needs for primary healthcare
services. The next steps are to build on our
methodology (available on request) to include
SNOMED-coded primary care LTC information
to more accurately quantify multimorbidity
prevalence.

50

Conclusion

Multimorbidity prevalence is substantially
under-estimated if relying solely on hospital
discharge data, capturing under half of the total
multimorbidity burden found when GP-level data
are included. Without the combination of primary
care and hospital data, we will continue to under-
rate the complexity of care and health system
resources required to support the needs of this
important and growing group of patients.
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Appendix Figure 1: Cohort creation.

n = 623,475 patients
in the 2014 ProCare Adult Cohort

(aged =18 who were alive on 1 January 2014)

n = 249,404 patients

Able to be extracted
(40%)

from the PMS? *

n = 374,071 patients (60.0%)
n = 7,182,341 records

Clinical data
entered in classification
ields from database inception
to 31 Dec 2013

n= 27,579 records
(0.4%)

Yes

NMDS admissions

53

(public and private hospitals)

1988 - 31 Dec 2013

Adults aged 218 years, all diagnoses

n = 374,071 patients
with 7,154,762 records
in primary care data

v

n = 251,058 patients
with 1,067,889 unique
events (7,953,319 records)

\ Linked NMDS and ProCare data

\

J

*With practice approval, ProCare primary health organisation extracts data from practice electronic health records and stores
these securely in a central repository. General practice data from practices using patient management systems that employed

Read coding were extracted from this repository.
PMS = patient management system; NMDS = National Minimum Data Set.
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Appendix Table 1: Prevalence of multimorbidity by 10-year age groups from age 18 onwards, based on M3 index

conditions identified from combined hospitalisation and general practice records.

Number of patients with multimorbidity
(=2 M3 index categories)*

" column % ::s:ai::l and Hospital data Only GP data

(row %) (row %) (row %)
Total 40,977
Female 22,298 (54.4) | 2,303 (10.3) 841 (3.8) 1,462 (6.6)
Male 18,645 (45.5) | 1,989 (10.7) 836 (4.5) 1,153 (6.2)
Z‘ZES\E’ZS)B Qllleast | g g6 3.4 979 (10.2) 288 (3.0) 691 (7.2)
NZDep2013 Q2 8,402 (20.5) 861 (10.2) 307 (3.7) 554 (6.6)
NZDep2013 Q3 7,010 (17.1) 684 (9.8) 240 (3.4) 444 (6.3)
NZDep2013 Q4 6,667 (16.3) 731 (11) 303 (4.5) 428 (6.4)

18-24 years
gfsr?\f’:g)B Q5(most | g 310 22.7) 1,041 (11.2) 540 (5.8) 501 (5.4)
Total Maori 5,739 (14.0) 802 (14) 408 (7.1) 394 (6.9)
Total Pacific 7,189 (17.5) 780 (10.8) 435 (6.1) 345 (4.8)
Total Indian 2,693 (6.6) 221 (8.2) 77(2.9) 144 (5.3)
Total Chinese 2,356 (5.7) 130 (5.5) 49(2.1) 81(3.4)
Total MELAA/Others 3,485 (8.5) 251(7.2) 81(2.3) 170 (4.9)
Sole European 20,815 (50.8) | 2,281 (11) 723 (3.5) 1,558 (7.5)
Total 63,163
Female 36,264(57.4) | 5,048 (13.9) 2,007 (5.5) 3,041 (8.4)
Male 26,882 (42.6) | 3,305 (12.3) 1,393 (5.2) 1,912 (7.1)
Z‘ZE:\ZS)B Qileast | 1) sag(10.9) | 1,510(12) 493 (3.9) 1,017 (8.1)
NZDep2013 Q2 13,613 (21.6) | 1,624 (11.9) 598 (4.4) 1,026 (7.5)
NZDep2013 Q3 12,596 (19.9) | 1,642 (13) 628 (5.0) 1,014 (8.1)
NZDep2013 Q4 11,829 (18.7) | 1,625 (13.7) 677 (5.7) 948 (8)
25-34 years

:j;ﬁf:;ﬂ Q5(most | 1) 577 (19.9) 1,955 (15.5) 1,005 (8.0) 950 (7.6)
Total Mori 6,538 (10.4) 1,309 (20) 694 (10.6) 615 (9.4)
Total Pacific 8,765 (13.9) 1,364 (15.6) 765 (8.7) 599 (6.8)
Total Indian 5,903 (9.3) 559 (9.5) 194 (3.3) 365 (6.2)
Total Chinese 5,747 (9.1) 303 (5.3) 108 (1.9) 195 (3.4)
Total MELAA/Others 5,803 (9.2) 546 (9.4) 195 (3.4) 351(6)
Sole European 31,803(50.4) | 4,554 (14.3) 1,587 (5.0) 2,967 (9.3)
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Appendix Table 1 (continued): Prevalence of multimorbidity by 10-year age groups from age 18 onwards, based on
M3 index conditions identified from combined hospitalisation and general practice records.

n, column %

Number of patients with multimorbidity
(=2 M3 index categories)*

Hospital and

P data ::ri;a)l data 8:3 :j:; data
(row %)
Total 73,755
Female 41,520 (56.3) | 8,208 (19.8) 3,295 (7.9) 4,913 (11.8)
Male 32,206 (43.7) | 5,603 (17.4) 2,242 (7.0) 3,361 (10.4)
:ez;?r?\?ezg)m Qllleast | 15135 25.9) 2,928 (15.3) 886 (4.6) 2,042 (10.7)
NZDep2013 Q2 16,970(23.0) | 2,820 (16.6) 995 (5.9) 1,825 (10.8)
NZDep2013 Q3 14,169 (19.2) | 2,585 (18.2) 1,008 (7.1) 1,577 (11.1)
NZDep2013 Q4 11,960 (16.2) | 2,542 (21.3) 1,110 (9.3) 1,432 (12)
35-44 years
:555553)13 QS(MOSt | 11 sra(15.6) | 2,944 (25.5) 1,541(13.4) 1,403 (12.2)
Total Maori 6,778 (9.2) 1,892 (27.9) 993 (14.7) 899 (13.3)
Total Pacific 8,445 (11.5) 2,065 (24.5) 1,108 (13.1) 957 (11.3)
Total Indian 5,112 (6.9) 1,008 (19.7) 335 (6.6) 673 (13.2)
Total Chinese 4,356 (5.9) 435 (10) 161 (3.7) 274 (6.3)
Total MELAA/Others 6,268 (8.5) 884 (14.1) 322(5.1) 562 (9)
Sole European 43,865 (59.5) | 7,812 (17.8) 2,758 (6.3) 5,054 (11.5)
Total 77,865
Female 41,592 (53.4) | 12,053 (29) 4,559 (11.0) 7,494 (18)
Male 36,266 (46.6) | 10,014 (27.6) | 4,179 (11.5) 5,835 (16.1)
pr?r?\?:g)m Qllleast | 3 299 (29.9) 5,155 (22.1) 1,502 (6.4) 3,653 (15.7)
NZDep2013 Q2 18,209 (23.4) | 4,565 (25.1) 1,566 (8.6) 2,999 (16.5)
NZDep2013 Q3 13,650 (17.5) | 3,983 (29.2) 1,605 (11.8) 2,378 (17.4)
NZDep2013 Q4 11,406 (14.6) | 3,789 (33.2) 1,690 (14.8) 2,099 (18.4)
45-54 years
:ZES\E’:;)B Q5(most | 11 301 (14.5) 4,579 (40.5) 2,376 (21.0) 2,203 (19.5)
Total Maori 6,454 (8.3) 2,574 (39.9) 1,304 (20.2) 1,270 (19.7)
Total Pacific 8,107 (10.4) 3,181 (39.2) 1,644 (20.3) 1,537 (19)
Total Indian 4,025 (5.2) 1,522 (37.8) 599 (14.9) 923 (22.9)
Total Chinese 5,496 (7.1) 1,096 (19.9) 355 (6.5) 741 (13.5)
Total MELAA/Others 6,047 (7.8) 1,625 (26.9) 533 (8.8) 1,092 (18.1)
Sole European 48,618 (62.4) 12,488 (25.7) 4,477 (9.2) 8,011 (16.5)
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Appendix Table 1 (continued): Prevalence of multimorbidity by 10-year age groups from age 18 onwards, based on
M3 index conditions identified from combined hospitalisation and general practice records.

Number of patients with multimorbidity

(=2 M3 index categories)*

" column % :;s::::l and Hospital data Only GP data

R (row %) (row %)
Total 58,325
Female 30,654(52.6) | 13,364 (43.6) | 4,948 (16.1) 8,416 (27.5)
Male 27,665 (47.4) | 11,944(432) | 5,558 (20.1) 6,386 (23.1)
ZZF?S\';:;))B Qilleast | 17043308 | 6,653 (37.1) 2,115 (11.8) 4,538 (25.3)
NZDep2013 Q2 13,764 (23.6) | 5,552 (40.3) 2,096 (15.2) 3,456 (25.1)
NZDep2013 Q3 9,967 (17.1) 4,408 (44.2) 1,825 (18.3) 2,583 (25.9)
NZDep2013 Q4 8,444 (14.5) 4,146 (49.1) 2,012 (23.8) 2,134 (25.3)

55-64 years
2552533)13 Q5 (most | ¢ 506 (14.1) 4,553 (55.5) 2,461 (30.0) 2,092 (25.5)
Total Mori 3,797 (6.5) 2,124 (55.9) 1,214 (32.0) 910 (24)
Total Pacific 5,101 (8.7) 2,944 (57.7) 1,656 (32.5) 1,288 (25.2)
Total Indian 3,054 (5.2) 1,766 (57.8) 807 (26.4) 959 (31.4)
Total Chinese 4211(7.2) 1,448 (34.4) 456 (10.8) 992 (23.6)
Total MELAA/Others 3,593 (6.2) 1,551 (43.2) 617 (17.2) 934 (26)
Sole European 39,164 (67.1) 15,888 (40.6) 6,003 (15.3) 9,885 (25.2)
Total 37,498)
Female 19,969 (533) | 12,476 (62.5) | 5,370 (26.9) 7,106 (35.6)
Male 17,525(46.7) | 10,792 (61.6) | 5,773 (32.9) 5,019 (28.6)
:ZES\?:;))B Qllleast | 1) c63(30.8) | 6,642 (57.4) 2,553 (22.1) 4,089 (35.4)
NZDep2013 Q2 8,857 (23.6) 5,288 (59.7) 2,316 (26.1) 2,972 (33.6)
NZDep2013 Q3 6,707 (17.9) 4,178 (62.3) 2,043 (30.5) 2,135 (31.8)
NZDep2013 Q4 5,419 (14.5) 3,604 (66.5) 1,991 (36.7) 1,613 (29.8)
65-74 years

:Z;?\?:E)B Q5 (most | 955 (13.2) 3,559 (71.9) 2,241 (45.3) 1,318 (26.6)
Total Mori 1,587 (4.2) 1,210 (76.2) 789 (49.7) 421 (26.5)
Total Pacific 2,501 (6.7) 1,857 (74.3) 1,235 (49.4) 622 (24.9)
Total Indian 1,546 (4.1) 1,145 (74.1) 662 (42.8) 483 (31.2)
Total Chinese 2,236 (6.0) 1,146 (51.3) 427 (19.1) 719 (32.2)
Total MELAA/Others 1,320 (3.5) 821 (62.2) 388 (29.4) 433(32.8)
Sole European 28,471 (75.9) 17,265 (60.6) 7,777 (27.3) 9,488 (33.3)
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Appendix Table 1 (continued): Prevalence of multimorbidity by 10-year age groups from age 18 onwards, based on
M3 index conditions identified from combined hospitalisation and general practice records.

Number of patients with multimorbidity
(=2 M3 index categories)*

et :;s::::l and Hospital data Only GP data

(row %) (row %) (row %)
Total 16,684
Female 9,428 (56.5) 7,406 (78.6) 4,202 (44.6) 3,204 (34)
Male 7,253 (43.5) 5,634 (77.7) 3,712 (51.2) 1,922 (26.5)
Z‘ZES\';:;))B Qileast | c197.7) 3,509 (76) 1,846 (40.0) 1,663 (36)
NZDep2013 Q2 3,931 (23.6) 3,002 (76.4) 1,767 (45.0) 1,235 (31.4)
NZDep2013 Q3 3,051 (18.3) 2,400 (78.7) 1,498 (49.1) 902 (29.6)
NZDep2013 Q4 2,697 (16.2) 2,157 (80) 1,408 (52.2) 749 (27.8)

75-84 years
2552533)13 Q5(most |, 366 (14.3) 1,974 (82.7) 1,397 (58.5) 577 (24.2)
Total Mori 523 (3.1) 445 (85.1) 328 (62.7) 117 (22.4)
Total Pacific 863 (5.2) 745 (86.3) 528 (61.2) 217 (25.1)
Total Indian 504 (3.0) 410 (81.3) 272 (54.0) 138 (27.4)
Total Chinese 1,038 (6.2) 683 (65.8) 373 (35.9) 310 (29.9)
Total MELAA/Others 474 (2.8) 344 (72.6) 211 (44.5) 133 (28.1)
Sole European 13,248 (79.4) 10,397 (78.5) 6,203 (46.8) 4,194 (31.7)
Total 5,804
Female 3,814 (65.7) 3,396 (89) 2,523 (66.2) 873 (22.9)
Male 1,990 (34.3) 1,785 (89.7) 1,429 (71.8) 356 (17.9)
:ZES\?:;))B Qllleast | o 6 (26.3) 1,360 (89.1) 976 (64.0) 384 (25.2)
NZDep2013 Q2 1,595 (27.5) 1,417 (88.8) 1,094 (68.6) 323(20.3)
NZDep2013 Q3 950 (16.4) 857(90.2) 653 (68.7) 204 (21.5)
NZDep2013 Q4 935 (16.1) 811(86.7) 645 (69.0) 166 (17.8)
>85 years

:Z;?\?:E)B Q5(most | 29 (13.7) 736 (92.2) 584 (73.2) 152 (19)
Total Mori 64 (1.1) 59 (92.2) 51(79.7) 8(12.5)
Total Pacific 179 (3.1) 164 (91.6) 133(74.3) 31(17.3)
Total Indian 64 (1.1) 56 (87.5) 45 (70.3) 11(17.2)
Total Chinese 132 (2.3) 105 (79.5) 74 (56.1) 31(23.5)
Total MELAA/Others 78(1.3) 62 (79.5) 50 (64.1) 12 (15.4)
Sole European 5,250 (90.5) 4,705 (89.6) 3,581 (68.2) 1,124 (21.4)
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Appendix Table 1 (continued): Prevalence of multimorbidity by 10-year age groups from age 18 onwards, based on
M3 index conditions identified from combined hospitalisation and general practice records.

Number of patients with multimorbidity

(=2 M3 index categories)*

ok ::sdp:::l and Hospital data Only GP data
(row %) (row %) (row %)
Total 374,071
Median age (IQI), year | 46 (33-58) 58 (46-69) 61 (48-73) 56 (44-66)
Female 205,539 (54.9) | 64,254(31.3) | 27,745(13.5) | 36,509 (17.8)
Male 168,432 (45.0) | 51,066 (30.3) | 25,122 (14.9) | 25,944 (15.4)
:ZES\E’:;)B Qllleast | 100218(26.8) | 28736 (28.7) 10,659 (10.6) 18,077 (18)
NZDep2013 Q2 85,341(22.8) | 25129(29.4) | 10,739 (12.6) | 14,390 (16.9)
NZDep2013 Q3 68,100 (18.2) | 20,737(30.5) | 9,500 (14.0) 11,237 (16.5)
All age groups | NZDep2013 Q4 59,357(15.9) | 19,405(32.7) | 9,836 (16.6) 9,569 (16.1)
:ZES\E’:;)B Q5(most | o1 154 (16.3) 21,341 (35) 12,145 (19.9) 9,196 (15.1)
Total Maori 31,480 (8.4) 10,415(33.1) | 5,781 (18.4) 4,634 (14.7)
Total Pacific 41,150 (11.0) | 13,100 (31.8) | 7,504 (18.2) 5,596 (13.6)
Total Indian 22,901 (6.1) 6,687 (29.2) 2,991 (13.1) 3,696 (16.1)
Total Chinese 25,572 (6.8) 5,346 (20.9) 2,003 (7.8) 3,343 (13.1)
Total MELAA/Others 27,068 (7.2) 6,084 (22.5) 2,397 (8.9) 3,687 (13.6)
Sole European 231,234(61.8) | 75,390(32.6) 33,109(14.3) 42,281(18.3)

GP = general practice; IQI = interquartile interval; NZDep2013 = New Zealand Index of Deprivation 2013; MELAA = Middle Eastern,
Latin American and African.
“Hospital data” includes multimorbidity conditions identified from hospital records (NMDS). “GP data” refers to multimorbidity
defined exclusively from conditions found in GP records, meaning they were not recorded as having multimorbidity based on
hospital data alone. For example, if a patient has three M3 index conditions with two documented in both hospital and in GP

data, that person is counted in the “hospital data” column but not the “GP data” column.

Among the 374,071 patients, 100 were recorded with gender classified as “Other” or “Unknown”; 1,557 had no stated ethnicity
(e.g., do not know, refused to answer, response unidentifiable); and one patient had an unspecified NZDep2013 quintile.

New Zealand Medical Journal
Te ara tika o te hauora hapori

2026 Sep 25;139(1642).ISSN 1175-8716

https://www.nzmj.org.nz/

©PMA



ARTICLE 59

Appendix Table 2: Summary percentage of multimorbidity uniquely identified in GP records across age groups
(denominator is all people in each strata*).

Age group (years)

18-24 25-34 35-44 45-54 55-64 65-74 75-84 285
Gender
Female 6.6 8.4 11.8 18.0 27.5 35.6 34.0 22.9
Male 6.2 7.1 10.4 16.1 23.1 28.6 26.5 17.9
NZDep2013
Q1 (least deprived) 7.2 8.1 10.7 15.7 25.3 354 36.0 25.2
Q2 6.6 7.5 10.8 16.5 25.1 33.6 314 20.3
Q3 6.3 8.1 111 17.4 25.9 31.8 29.6 21.5
Q4 6.4 8.0 12.0 18.4 25.3 29.8 27.8 17.8
Q5 (most deprived) 5.4 7.6 12.2 19.5 25.5 26.6 24.2 19.0
Ethnicity
Total Maori 6.9 9.4 13.3 19.7 24.0 26.5 22.4 12.5
Total Pacific 4.8 6.8 11.3 19.0 253 24.9 25.1 17.3
Total Indian 5.3 6.2 13.2 22.9 314 31.2 27.4 17.2
Total Chinese 3.4 3.4 6.3 13.5 23.6 32.2 29.9 23.5
Total MELAA/Others 4.9 6.0 9.0 18.1 26.0 32.8 28.1 15.4
Sole European 7.5 9.3 11.5 16.5 25.2 33.3 31.7 214

GP = general practice; NZDep2013 = New Zealand Index of Deprivation 2013; MELAA = Middle Eastern, Latin American and African.
*For example, there were 22,298 females aged 18-24 years, of whom 1,462 (6.6%) had multimorbidity identified from GP data alone.
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Appendix Table 3: Cohen’s kappa statistic for assessing concordance between hospital records and GP electronic

records across 61 long-term conditions.

M3 index condition Kappa score Kappa interpretation
AIDS 0.683 Substantial
Myocardial infarction 0.576 Moderate
Lymphomas and leukaemias 0.559 Moderate
Cardiac disease, other 0.551 Moderate
Cerebrovascular disease 0.545 Moderate
Pulmonary circulation disorder 0.501 Moderate
Breast cancer 0.466 Moderate
Cardiac arrhythmia 0.448 Moderate
Mental retardation 0.436 Moderate
Epilepsy 0.426 Moderate
Colorectal cancer 0.423 Moderate
Congestive heart failure 0.421 Moderate
Prostate cancer 0.412 Moderate
Hepatitis, chronic viral 0.392 Fair
Cardiac valve 0.387 Fair
Dementia 0.386 Fair
Aortic and other aneurysms 0.366 Fair
Gynaecological cancers 0.345 Fair
Peripheral vascular 0.344 Fair
Upper gastrointestinal cancer 0.335 Fair
Chronic renal 0.323 Fair
Pancreatitis 0.321 Fair
Connective tissue 0.320 Fair
Intestinal disorder 0.299 Fair
Immune system disorder 0.298 Fair

Lung cancer 0.288 Fair
Tuberculosis 0.280 Fair
Angina 0.278 Fair
Major psychiatric disorder 0.271 Fair
Other cancers 0.258 Fair
Malignant melanoma 0.241 Fair
Muscular peripheral nerve disease 0.229 Fair
Other neurological disorders 0.228 Fair
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Appendix Table 3 (continued): Cohen’s kappa statistic for assessing concordance between hospital records and GP
electronic records across 61 long-term conditions.

M3 index condition Kappa score Kappa interpretation
Diabetes complicated 0.224 Fair
Obesity 0.219 Fair
Alcohol abuse 0.218 Fair
Endocrine disorder 0.213 Fair
Sleep disorder 0.210 Fair
Drug abuse 0.186 Slight
Chronic pulmonary 0.183 Slight
Hypertension, uncomplicated 0.176 Slight
Paralysis 0.169 Slight
Gl ulcer, upper Gl 0.161 Slight
Diabetes uncomplicated 0.157 Slight
Liver disease moderate or severe 0.157 Slight
Eye problem long term 0.154 Slight
Anaemia deficiency 0.123 Slight
Bowel disease inflammatory 0.111 Slight
Urinary tract problem chronic 0.110 Slight
Inner ear disorder 0.102 Slight
Coagulopathy and other blood 0.094 Slight
Infection, chronic NOS 0.093 Slight
Anxiety and behavioural disorder 0.085 Slight
Metastatic cancer 0.077 Slight
Metabolic disorder 0.074 Slight
Joint spinal disorder 0.070 Slight
Osteoporosis, uncomplicated 0.046 Slight
Venous insufficiency 0.041 Slight
Mental and behavioural disorder 0.027 Slight
Malnutrition nutritional 0.027 Slight
Bone disorders 0.021 Slight

GP = general practice; Gl = gastrointestinal; NOS = not otherwise specified.
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