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Background: This retrospective cohort study aimed to characterize epidemiology, medication use and healthcare
resource utilization (HCRU) of patients diagnosed with severe eosinophilic asthma (SEA) compared to other patients
with asthma in New Zealand. 
Methods: Adult patients with asthma with no concurrent diagnosis of Chronic Obstructive Lung Disease (COPD)
were identified from the HealthStat primary care database and the National Minimum Dataset using asthma diagnosis,
hospital codes and prescriptions. Patients with SEA were identified using a 1-year baseline period (2011) and were
those with: inhaled corticosteroid prescription above medium dose (including high dose) plus controller medication,
≥2 exacerbations, and eosinophils ≥300 cells/µl (or ≥150 in 6 weeks prior to index date); patients were followed for 1
year (2012). 
Results: 160/3,276 (4.9%) asthmatics with available eosinophil counts met SEA criteria. Patients with SEA were more
likely to be Māori, former smokers, have more comorbidities, higher mean BMI and higher neutrophil counts com-
pared with other patients with asthma. In the follow up period, SEA patients had over 4 times as many exacerbations;
incidence of exacerbations of the same frequency was highest in Māori patients. 
Conclusions: Compared with other patients with asthma, SEA patients had over 1.5 times as many respiratory treat-
ment prescriptions and higher all-cause HCRU and total healthcare costs; asthma-related healthcare costs were 3.6
times greater. 
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Introduction
Patients with severe asthma (SA) are a high-risk population

who suffer from continuing symptoms and acute exacerbations.
Those with severe disease have a significant unmet need in terms
of effective treatment, and therapies to target specific severe asth-
ma phenotypes are needed. In some patients, SA is associated with
persistent eosinophilic airway inflammation (severe eosinophilic
asthma; SEA), and disease that remains poorly controlled despite
continuous treatment with high-dose inhaled glucocorticoids
(ICS). In these patients with SEA, high blood eosinophil levels
may be associated with frequent asthma exacerbations, which are
a major clinical concern and create a significant burden on the
patient and the healthcare system [1].

Estimates suggest that patients with SA represent approximate-
ly 5–10% of the total asthma population [2]; however the treatment
of frequent, acute exacerbations contributes to a disproportionately
high level of healthcare resource utilization (HCRU) i.e., ~50% by
this patient group [3,4]. Health-related quality of life is also
severely impaired for SA patients and their caregivers [5-7] and
disease severity is associated with societal costs through loss of
work productivity and absenteeism [8].

Medicated asthma prevalence in New Zealand is high and was
reported at 14.1% for children and 11.1% for adults in 2011–2013
[9]. Moreover, in 2001–2003 the International Study of Asthma
and Allergies in Children noted the prevalence of severe asthma
symptoms in children in New Zealand to be one of the highest in
the world (>7.5%) [10]. Ethnicity-specific differences in disease
have been described in New Zealand, whereby Māori have been
shown to be more symptomatic than non-Polynesians (ethnicities
other than Māori or Pacific Islanders), and asthma symptoms in
Māori increase with age compared with non-Māori [11]. Those of
Māori and Pacific ethnicities are also more likely to be hospitalised
due to asthma and have higher asthma-related mortality rates [9],
and Māori and Pacific children are more likely to experience
severe asthma symptoms [12,13], utilise oral corticosteroid (OCS)
treatment, and have asthma-related hospitalisations [14].

Despite the substantial mortality and morbidity burden associ-
ated with SA there are currently few studies describing the preva-
lence of SA phenotypes, including SEA, in the Asia-
Pacific/Oceania region, and information on HCRU for patients
with SEA is limited in this setting. Moreover, country- and ethnic-
ity-specific evidence comparing clinical characteristics of SEA
with general asthmatics are needed to better characterise patients
with this SA phenotype. The aim of this study was to evaluate
prevalence of patients classified with SEA from the HealthStat pri-
mary care database in New Zealand, describe their characteristics,
exacerbations, treatment patterns, HCRU costs (total and asthma-
related) in relation to non-SEA asthmatics (a patient cohort exclud-
ing those classified with SEA). 

Methods

Study design
This was a retrospective observational cohort study of asthmat-

ic patients enrolled in the HealthStat primary care database, which
contains electronic medical records of patients registered with a
general practice (GP) – over 98% of the New Zealand population.
Since 2005 the HealthStat database has included data for 500,000
patients from 102 randomly selected, geographically representa-
tive GP clinics.15 All data related to consultations, prescriptions,
laboratory results, clinical measurements and diagnostic coding for

each patient in each practice are uploaded into the database on a
weekly basis. Data from the National Minimum Dataset (NMDS;
ICD codes) are linked to primary care data in HealthStat using
patient unique health identifiers (National Health Index [NHI]
codes) to describe utilization of emergency department, outpatient
hospital visits and inpatient hospital admissions. Data from 2011–
2012 were collated for this study.

Study population
Patients were identified using asthma diagnosis and hospital

codes from the HealthStat general practice database (using READ
codes) and the NMDS (using ICD codes). Participants were eligi-
ble for this study if they had any recorded diagnosis of asthma with
no concurrent COPD in their clinical record and had eosinophil
laboratory data. The index date was set as 31 December, 2011, for
patients meeting all the following criteria:

1. ≥1 diagnostic code for asthma (READ codes: H33*, 663V*;
ICD code: J45, in any of up to 15 diagnoses made in a hospital
in the last 3 years) before index date OR ≥2 ICS-containing
prescriptions during the calendar year in 2011 (in case asthma
diagnosis codes recorded during earlier years in the medical
records were not re-recorded for 2011);

2. Age ≥18 on index date;
3. >1 prescription for an ICS-containing product (+/- LABA)

between 1 January and 31 December 2011;
4. Patients must have been enrolled with the practice as a regis-

tered, funded patient for 1 year prior to and following the index
date (followed until 31 December 2012);

5. No recorded diagnosis prior to the index date at any time in the
medical record for chronic obstructive pulmonary disease, cystic
fibrosis, lung cancer, bronchiectasis, or fibrotic lung disease.

A 1-year baseline period prior to and not including the index
date was used to classify patients with SEA using the criteria
below, and a 12-month observation period following the index date
(from 1 January 2012 to 31 December 2012) was used to capture
exacerbation history, treatment, medical and HCRU, and HCRU
costs (Supplementary Figure 1).

SEA patients
Asthma patients with no concomitant COPD diagnosis identi-

fied during the baseline period were considered to have SEA if
they met all following criteria, in alignment with phenotypic char-
acteristics identified and used in previously published literature
[15,16] during the baseline period prior to index date:

1. GINA Step 4 or 5 treatment (Step 4: Medium-/high-dose
ICS/LABA; Step 5: Refer for add-on treatment) [17] with ICS
exposure (prescription record) above medium dose during the
12-month baseline period;

2. A history of ≥2 exacerbations (defined by OCS burst or a GP
visit with an asthma ICD code) during the baseline period;

3. Blood eosinophil count (BEC) ≥300 cells/μl recorded at any
time in the past 12-months or ≥150 cells/μl in the last 6 weeks
prior to the index date (Note: Local experts were consulted on
the maximum window period prior to baseline as reasonable
for patient recruitment and confirmed 6 weeks as appropriate).

All data for the present study other than the eosinophil counts
had been collated for a previous asthma study in the HealthStat
patient population [18]. For the present study, the general practices
included in the HealthStat database were re-contacted to obtain
permission to receive routine laboratory data with complete blood
count test results for all patients. Prior to contacting the general
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practices, approval was obtained from the Health and Disability
Ethics Committee in New Zealand. Eosinophil counts were
extracted from the laboratory tests available in electronic format in
the general practices and downloaded into the HealthStat database. 

Non-SEA patients
Non-SEA patients were classified as asthma patients with no

concomitant COPD diagnosis identified during the baseline period
who did not meet the criteria described above for SEA. This cate-
gory also included only asthma patients with available eosinophil
laboratory data.

More severe subgroup  
An additional subgroup of scientific interest was defined to

further explore the SEA population amongst asthma patients
with/without concurrent diagnosis of COPD using the following
criteria, which were more stringent than those used to define the
SEA population:

1. A history of ≥4 exacerbations (OCS burst) during the 12-
month baseline period; 

2. Treated with high-dose ICS (equivalent to 1000mcg fluticas-
one propionate per day) and a long acting β-2 agonist
(LABA); 

3. BEC of [19]:
a. >500 cells/μL in the 6 weeks prior to index date, OR
b. >300 cells/μL in the 12-month baseline period

Description of patients (baseline period)
Demographics and clinical characteristics: Age, gender, eth-

nicity, comorbidities, height and weight, smoking history, com-
plete white blood cell count, blood neutrophil count and antibiotic
prescription data were obtained from the HealthStat database for
the baseline period.

Medication usage: Mean prescriptions and proportions of
patients prescribed ≥1 of the following asthma medications over
the 12-month baseline period were described: LAMA (long-acting
muscarinic antagonist), LABA, ICS, ICS+LABA, ICS+LAMA,
triple therapy (LABA/LAMA/ICS), short-acting bronchodilator
(SABD). Based on medical record data, treatments were calculated
as mutually exclusive categories. Antibiotic prescription was
measured to assess presence of active infection at time of BEC.
Other asthma medications not listed above (including leukotriene
receptor antagonist, systematic beta agonist, omalizumab) were
not prescribed in the participating general practices during the
study period. Medication coverage (as percentage of days covered
by prescription for asthma treatment) was determined assuming 90
days of coverage for each prescription.

Asthma control: In this study, asthma control was defined
using the number of exacerbations experienced by a patient during
the 12-month baseline period. Patients experiencing ≥2 exacerba-
tions were considered to have uncontrolled asthma [20].

Outcome definitions (follow up period)
Medication usage: Mean prescriptions and proportions of

patients prescribed ≥1 asthma medications over the 12-month fol-
low up period was described as indicated for the 12-month base-
line period.

Asthma control: Asthma control during the 12-month follow up
period was defined as indicated for the 12-month baseline period.
Exacerbations were defined as having ≥1 of the following over the
12-month follow up period in 2012: 1) GP, outpatient hospital,
emergency department visit, or hospital admission related to an
asthma diagnosis/discharge code; 2) recorded prescription of any
OCS.

HCRU: For the 12-month follow up period during 2012,
patients were assessed for total (all-cause) and asthma-related
healthcare encounters (GP visits), outpatient hospital visits, emer-
gency department visits and hospitalization days, using the supple-
mental healthcare utilisation data from the 2012 NMDS.   

HCRU costs: Using the NMDS, the total and asthma-related
costs associated with GP visits, hospitalizations, emergency
department visits, and outpatient hospital visits were summarized
for SEA patients and non-SEA asthma patients during 2012. 

Statistical analysis
The proportion of patients meeting criteria for SEA during the

baseline period was calculated. Patient demographics, clinical
characteristics, treatment patterns, and HCRU for SEA and non-
SEA patients were summarized with arithmetic mean, standard
deviation (SD) for continuous variables and as number and propor-
tion for categorical variables – this study was descriptive, and no
statistical comparison was made between the identified SEA and
non-SEA patient groups. 

Based on medical record data, treatments were classified as
mutually exclusive categories. The number of days’ supply was
unavailable; it was assumed each medication prescription was of
90-day duration, which is typical for maintenance medications in
New Zealand [21]. 

Asthma-related costs were considered as costs associated with
an asthma primary diagnosis code. Annual cost data were derived
from the NMDS and were obtained by multiplying the cost weight
for each service (a supplied file from the NMDS extraction) by the
base unit cost for the service in 2012. The reported cost (New
Zealand dollars, NZD) is the average amount per person during
2012. 

Missing data were detailed as necessary and no imputation was
conducted. No additional data cleaning was performed on the data
collated and routinely loaded into the HealthStat database. No
sample size or power/precision calculations were performed.

Results 

Patient populations
Among the total HealthStat database population for the 2011

baseline period, eosinophil laboratory measurements were avail-
able for 3,276 of all asthma patients and out of these 160 (4.9%)
patients met the three additional criteria for SEA, i.e. treated with
high dose ICS + LABA, ≥2 exacerbations in the baseline period
and BEC ≥300 cells/μl during the entire 12-month baseline period
or ≥150 cells/μl in the 6 weeks prior to the index date (Figure 1). 

Demographics, clinical characteristics and asthma control
Patients were more likely to be female in both groups.

Compared with non-SEA patients, SEA patients were older, more
likely to be Māori, and more likely to have smoked. Greater pro-
portions of SEA patients than non-SEA patients had comorbidities,
a higher BMI, and greater neutrophil counts (Table 1). Out of the
3,276 asthma patients with eosinophil data, 70 (2.1%) experienced
≥4 exacerbations in the 12-month baseline period (Supplementary
Table 1); when examined by ethnicity, incidence of exacerbations
of the same frequency were highest for Māori patients (46/174,
26.4%; Supplementary Figure 2A). 

In the total study population, 4.8% of patients who also
belonged to the more severe subgroup received high-dose
ICS+LABA in the 12-month baseline period, and of the different
ethnicities, more Māori patients were receiving this treatment
(41/156, 26.3%; Supplementary Figure 2A). The more severe sub-
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group comprised of patients with BEC of >300 cells/µl in the 12-
month baseline period or BEC of >500 cells/µl in the 6 weeks prior
to index date; patients with the lower eosinophil count and longer
validity window for eosinophils made up 1.9% of the total popula-
tion. This number dropped to 0.1% when the higher threshold was
applied. When examined by ethnicity, Māori patients constituted
the highest percentage of patients for both BECs (Supplementary
Figure 2B).

In the 12-month follow up period, 56.2% of SEA patients had
uncontrolled asthma compared with 11.2% of non-SEA patients;
the mean number of exacerbations for SEA patients was four times

as many as the non-SEA group and around a third experienced ≥4
exacerbations compared with 3.1% of non-SEA patients (Table 2).  

Treatment patterns
For SEA patients, percentage of days covered by prescriptions

for asthma medications was over twice that for non-SEA patients
(45.2% vs 20.6%, respectively); SEA patients received greater
mean numbers of prescriptions for the majority of the assessed res-
piratory medications including 4.8 times as many for OCS, over
twice as many for combined ICS + LABA and single LAMA
(Table 3). In the 12-month follow up period, the number of non-

Figure 1. Patient flow diagram. *n=1,619 with eosinophil count of ≥300 in the last year and n=429 with eosinophil count of ≥150 in
last 6 weeks. BEC, blood eosinophil count; ICS, inhaled corticosteroids; SEA, severe eosinophilic asthma.
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SEA patients not receiving treatment was approximately six times
greater than SEA patients (16.2% vs 2.5%, respectively), and fewer
SEA patients than non-SEA patients were receiving ICS alone.
Proportions of patients receiving no treatment in the follow up
period was greater for both non-SEA and SEA patients than the
baseline period (Table 3, Supplementary Table 2).

Healthcare resource utilisation and costs
Patients classified with SEA utilized up to 1.5-fold more

healthcare resources than non-SEA patients in the 12-month follow up
period – this was for all services assessed, but principally for pri-

mary care (GP visits: 20.7±14.1 vs 13.0±10.3, respectively; Table
4). Compared with those hospitalized non-SEA asthma patients,
hospitalized SEA patients incurred over three times higher mean
annual costs for asthma-related HCRU (282.7 NZD vs 78.1 NZD,
respectively), and higher mean costs for total HCRU (Figure 2
A,B).

Disease and treatment evolution 
Asthma control in this study, as defined by exacerbation num-

ber, remained stable over time in the non-SEA patient group (con-
trolled asthma: 87.7% in the baseline period and 88.8% in the 

Table 2. Asthma control and exacerbations in the 12-month follow up period.

Items                                                                    Non-SEA (n=3116)                                 SEA (n=160)                                   Total (n=3276)

History of exacerbations, n (%)
      None                                                                                              2,127 (68.3)                                                          37 (23.1)                                                          2,164 (66.1)
      1–2                                                                                                   665 (21.3)                                                            56 (35.0)                                                           721 (22.0)
      3                                                                                                          74 (2.4)                                                              19 (11.9)                                                             93 (2.9)
      ≥4                                                                                                       95 (3.1)                                                              46 (28.8)                                                            141 (4.3)
      Missing                                                                                             155 (5.0)                                                               2 (1.3)                                                              157 (4.8)
Patients with controlled asthma*                                                  2,767 (88.8)                                                          70 (43.8)                                                          2,837 (86.6)
Patients with uncontrolled asthma*                                               349 (11.2)                                                            90 (56.2)                                                           439 (13.4)
No. of exacerbations mean±SD                                                         0.6±1.3                                                                2.4±2.2                                                               0.6±1.4
No. of GP visits, mean±SD                                                                13.0±10.3                                                            20.7±14.1                                                           13.3±10.7

SEA, severe eosinophilic asthma; *patients experiencing ≥2 exacerbations in the follow up period were considered to have uncontrolled asthma; patients with <2 exacerbations were considered to have
controlled asthma; SD, standard deviation; GP, general practice. 

Table 1. Baseline demographics and clinical characteristics.

Patient characteristics                               Non-SEA (n=3,116)                                   SEA  (n=160)                                      Total (n=3,276)

Gender, n (%)
       Male                                                                                      982 (31.5)                                                                 53 (33.1)                                                              1,035 (31.6)
       Female                                                                                2,134 (68.5)                                                              107 (66.9)                                                             2,241 (68.4)
Age, years, mean±SD                                                                52.6±17.8                                                                 57.8±16.0                                                                52.8±17.8
Age groups (years), n (%)                                                                
       18-<30                                                                                  356 (11.4)                                                                  8 (5.00)                                                                 364 (11.1)
       30-<50                                                                                 1,042 (33.4)                                                               43 (26.9)                                                              1,085 (33.1)
       50-<70                                                                                 1,110 (35.6)                                                               69 (43.1)                                                              1,179 (36.0)
       ≥ 70                                                                                       608 (19.5)                                                                 40 (25.0)                                                                648 (19.8)
Ethnicity, n (%) 
       Other*                                                                                2,274 (73.0)                                                              104 (65.0)                                                             2,378 (72.6)
       Mori                                                                                       658 (21.2)                                                                 50 (41.3)                                                                708 (21.6)
       Pacific                                                                                     93 (3.0)                                                                     3 (1.9)                                                                    96 (2.9)
       Asian                                                                                       91 (2.9)                                                                     3 (1.9)                                                                    94 (2.9)
Smoking status, n (%)
       Ex-smokers                                                                         817 (26.2)                                                                 52 (32.5)                                                                869 (26.5)
       Non-smokers                                                                     1,450 (46.5)                                                               69 (43.1)                                                              1,519 (46.4)
       Smokers                                                                               784 (25.2)                                                                 38 (23.8)                                                                822 (25.1)
       Missing/unknown                                                                 65 (2.1)                                                                     1 (0.6)                                                                    66 (2.0)
Comorbidity, n (%)
       Ischemic heart disease                                                     259 (8.3)                                                                  16 (10.0)                                                                 275 (8.4)
       Diabetes                                                                               436 (14.0)                                                                 36 (22.5)                                                                472 (14.4)
       Heart failure                                                                        114 (3.7)                                                                    8 (5.0)                                                                   122 (3.7)
       Stroke                                                                                     98 (3.2)                                                                     8 (5.0)                                                                   106 (3.2)
       Any mental health                                                              807 (25.9)                                                                 43 (26.9)                                                                850 (26.0)
       Mean BMI (kg/m2)                                                                   31.1                                                                           33.4                                                                          31.2
       Mean white cell count (109/l)                                                7.6                                                                             8.6                                                                            7.6
       Mean neutrophil count (109/l)                                               4.6                                                                             5.0                                                                            4.6

SEA, severe eosinophilic asthma; SD, standard deviation; *New Zealand European, British and Irish, Australian, Middle Eastern, African; BMI, body mass index.
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follow up period) and increased in the SEA patient group (con-
trolled asthma: 0% in the baseline period and 43.8% in the follow
up period). Mean exacerbation number for non-SEA patients
remained stable over time (0.6±1.3 in the baseline period and
0.6±1.3 in the follow up period) and decreased for SEA patients

(3.8±2.2 in the baseline period and 2.4±2.2 in the follow up period;
Table 2, Supplementary Table 1). Percentage of days covered by
prescriptions for asthma medications increased over time for non-
SEA patients with doubled improvement for SEA patients, while
mean numbers of prescriptions increased in the follow up period vs

Table 4. Healthcare resource utilization during the 12-month follow up period.

Items, mean±SD                                          Non-SEA (n=3,116)                                  SEA (n=160)                           Total (n=3,276)

GP visits                                                                                         13.0±10.3                                                              20.7±14.1                                                 13.3±10.7
Emergency department visits                                                     0.4±1.2                                                                  0.5±1.0                                                     0.4±1.2
Outpatient visits                                                                           2.6±11.9                                                                 3.8±7.9                                                    2.7±11.7
Total hospitalized days                                                                 0.9±5.2                                                                  1.3±3.9                                                     1.0±5.1
Asthma-related hospitalized days                                              0.0±0.3                                                                  0.1±0.6                                                    0.0±0.33

SEA, severe eosinophilic asthma; SD, standard deviation; GP, general practice.

Table 3. Respiratory medication usage during the 12-month follow up period.

Items                                                                                                              Non-SEA (n=3,116)           SEA (n=160)              Total (n=3,276)

Percentage of days covered* by prescription for asthma treatment, %                                           37.5                                           90.8                                             -
      No. of prescriptions, mean
      Any oral corticosteroids                                                                                                                          0.5                                             2.4                                            0.6
      Any single LABA                                                                                                                                          0.2                                             0.0                                            0.2
      Any single ICS                                                                                                                                             1.1                                             0.1                                            1.1
      Any single LAMA                                                                                                                                         0.1                                             0.2                                            0.1
      SABD                                                                                                                                                             1.9                                             3.5                                            2.0
      Combined ICS + LABA                                                                                                                             1.3                                             3.6                                            1.5
      Antibiotics                                                                                                                                                   0.2                                             0.6                                            0.3
      Total                                                                                                                                                              5.4                                            10.4                                           5.6
Treatment use, % (mutually exclusive categories)
      None                                                                                                                                                            16.2                                            2.5                                           15.6
      ICS alone                                                                                                                                                    32.7                                            1.3                                           31.2
      ICS/LABA                                                                                                                                                     41.6                                           85.6                                          43.8
      ICS/LAMA                                                                                                                                                     0.2                                               0                                              0.2
      LABA                                                                                                                                                             0.4                                             0.6                                            0.4
      ICS/LABA/LAMA                                                                                                                                          1.7                                             4.4                                            1.8
      LAMA                                                                                                                                                              0                                                0                                               0
      SABD alone                                                                                                                                                 7.1                                             5.6                                            7.1

SEA, severe eosinophilic asthma; *assuming 90 days of coverage for each prescription. ICS, inhaled corticosteroid; LABA, long-acting -agonist; LAMA, long-acting muscarinic antagonist; SABD, short-act-
ing bronchodilator.

Figure 2. Total and asthma-related healthcare resource utilization costs for asthma patients hospitalized during the 12-month follow up
period. A) Total healthcare resource utilization costs. B) Asthma-related healthcare resource utilization costs. NZD, New Zealand dol-
lars; SEA, severe eosinophilic asthma.
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the baseline period for both patient groups. Proportions of patients
receiving no treatment in the follow up period was greater for both
non-SEA and SEA patients than the baseline period (Table 3,
Supplementary Table 2).

Discussion
The aim of this retrospective cohort study was to characterize

the epidemiology, clinical characteristics, HCRU, and costs for
patients classified with SEA in New Zealand, as data describing
the SEA phenotype of SA are especially lacking in Asia
Pacific/Oceania. 

We found greater proportions of patients classified with SEA
had a history of smoking, comorbidities, and on average were
older  than non-SEA patients (58 vs 53 years). That the SEA patient
group was older reflects findings from a UK study [20], and con-
trasts with a study in Taiwan in which the mean age of SEA and
general asthma groups were similar [21]. In this New Zealand
study, a greater proportion of patients with SEA had a higher BMI
compared with non-SEA patients. This aligns with study results
from the UK where more patients with severe uncontrolled
eosinophilic asthma were obese compared with all asthma patients
[20]. The prevalence of patients classified with SEA among all
asthma only patients (i.e., no concurrent COPD diagnosis) identi-
fied from the HealthStat database in New Zealand in this study was
4.9% (defined using the criteria in our study of: GINA Step 4 or 5
treatment17 with an ICS exposure above medium dose during the
baseline period; ≥2 exacerbations during the baseline period; and
BEC ≥300 cells/μl recorded at any time in the past 12-months or
≥150 cells/μl in the 6 weeks prior to the index date). This is similar
to previous estimates reported in other countries [22-24], and the
same as that recently identified from a similar study in Taiwan
[21]. Asthma prevalence in children and adults in New Zealand has
been shown to be greater in the Māori population compared with
non-Māori [25]. Other literature also indicates a higher asthma
prevalence and health burden among Māori than non-Māori New
Zealanders [26-29]. Known clinical features associated with
severe exacerbations also include Māori ethnicity [30]. We found
that both non-SEA and SEA patient groups consisted of greater
proportions of Māori patients than Pacific and Asian patients, in
support of a disproportionate prevalence of asthma and SEA in this
population. Importantly, our real-world study is the first indicating
a higher prevalence of SEA in the Māori population. 

The underlying cause of the disproportionate prevalence of
asthma and SEA in the Māori population remains unknown,
although may be due to genetic and/or environmental differences
or risk factors, for example higher proportions of Māori live in
areas scored as more highly deprived [31], which is important
because asthma severity has been shown to be linked to factors
associated with poverty [32]. Additionally, there is a known socio-
economic gradient in asthma hospitalizations in New Zealand,
with the most socioeconomically deprived areas having higher
asthma hospitalization rates, and accordingly Māori have higher
hospitalization rates than other ethnicities in New Zealand [9,25]
Despite this, however, Māori patients with asthma are less likely to
receive ICS prescriptions [30]. Therefore, these more deprived
patients may be under-treated, which may lead to worse disease
outcomes in this population.

Subgroup results
In this study a subgroup of SEA patients was also analyzed for

representation by ethnicity. This subgroup was defined by more
stringent criteria to identify those patients in the total study popu-

lation with the greatest exacerbation history, who were receiving
high-dose ICS+LABA, and had the highest BECs. Of the ethnici-
ties analyzed in this study, Māori patients experienced exacerba-
tions more frequently than Pacific and Asian patients. This indi-
cates these Māori patients with high BECs have poorly controlled
disease and a high disease burden despite receiving high-dose ICS
treatment and therefore have a high unmet need for more effective
therapy.

Disease and treatment evolution
Of note, we found that asthma control in non-SEA classified

patients remained stable between the baseline and follow up peri-
ods, whereas control increased in the SEA patient group.
Additionally, more patients in both SEA and non-SEA groups
received no treatment in the follow up compared with the baseline
period. Together these data could indicate: a change in these
patients’ asthma condition over time such that medication was no
longer required; stabilization of asthma severity over a longer term
leading to improved control; receipt of medications from commu-
nity pharmacies that were not included in the HealthStat database;
a change in prescription of asthma medication, or utilization of
advice for disease control, led to better symptom relief; or poten-
tially could reflect a reduction in primary care visits – i.e. in com-
pliance, in which case medications may still have been required
but not prescribed and therefore the data would be absent from the
HealthStat database. The number of GP visits for both populations
decreased in the follow up vs the baseline period, however as there
was also an increase in proportion of patients who were classified
as having controlled asthma it is more probable that patients expe-
rienced a change in their condition or better symptom control due
to changes in medication prescription. 

Healthcare resource utilization
During the follow up period, although SEA patients had

approximately twice as many respiratory treatment prescriptions
than non-SEA patients - as could be expected for patients with
more severe asthma - the percentage of days of medication cover-
age for SEA patients was high (>90%). The most common treat-
ment for SEA patients in the follow up period other than
ICS/LABA and SABD was OCS, in contrast to treatments such as
Theophylline, leukotriene receptor antagonists and fixed combina-
tions of SABA+short-acting muscarinic antagonists (SAMA)
reported for patients classified with SEA in Taiwan [21].

Healthcare utilization was higher for patients classified with
SEA than non-SEA patients in the follow up period: SEA patients
incurred higher mean total costs, and 3.6 times higher asthma-
related mean annual costs, compared with non-SEA asthma
patients. Relative to other studies, the difference in asthma-related
costs for patients classified with SEA compared with non-SEA
patients in New Zealand was greater than that in Taiwan [21], and
more similar to that in the UK (cost ratio of 3.9 [95% CI 3.7 to
4.1]) [20]. 

Limitations
This study had several limitations. Firstly, there may have been

differences in demographic and clinical characteristics between
participants with or without follow up visits after the index date,
which may have affected the analysis of medication usage and
exacerbation frequency in the follow up period. For example,
patients without the full year of follow up may have had less severe
asthma and therefore less need for medical care. Additionally,
patients that were not continuously enrolled with a practice may
have been more economically disadvantaged and had more severe
asthma. Primary care diagnosis and prescribing data were derived
from the HealthStat database from patients who were registered
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with a primary care provider at the start and end of the study.
Therefore, those patients without the full year of follow up data
may have been lost to the database if, for example, they were tran-
sient, i.e. they registered with a different practice during the study.
These patients would have been underrepresented in the study pop-
ulation. Secondly, results from this study may have been underes-
timated in several ways. Exacerbations and health burden of SEA
patients may have been underestimated in this study as a more
restrictive definition for exacerbations was used at baseline (base-
line: OCS burst or GP visit with an asthma ICD code). In the fol-
low up period however, the definition was expanded to include
OCS burst, GP, outpatient hospital and emergency department visit
or hospital admission related to an asthma diagnosis/discharge
code, and recorded OCS prescription. The definition of asthma
control also usually encompasses lung function and symptoms cri-
teria, therefore asthma control may have been underestimated in
our study, as only exacerbations were used in our definition.
Thirdly, the definition for SEA in this study included an ICS daily
dose during the baseline period that was higher than the cut off for
medium dose, in-line with GINA recommendation in defining
patients with severe asthma [17]. Depending on the number of
puffs per day and considering the possibility of non-compliance,
the dose may not have met the threshold for high dose. However,
most patients were expected to meet the high ICS dose threshold.
Fourthly, serological tests conducted in the hospital may not have
been reported back to primary care physicians and were missed in
our analysis. Fifthly, HealthStat only captures diagnosed diseases
in the primary care setting. Patients who were symptomatic for
COPD, but had not yet received a COPD diagnosis (potentially
milder patients) may have been included in this study. Another lim-
itation is the descriptive nature of the study, whereby no statistical
testing for differences between the identified SEA and non-SEA
patient groups was conducted.

Conclusions
Asthma patients classified with SEA in New Zealand, approx-

imately 40% of whom were Māori, had greater healthcare utiliza-
tion, medication usage, total and asthma-related costs compared
with non-SEA patients. Māori patients were also more highly rep-
resented in a subgroup of SEA patients classified by more stringent
exacerbation and treatment criteria than other ethnicities, indicat-
ing more severe disease and a high unmet treatment need in these
patients. Our data are expected to be highly generalizable to the
New Zealand population given the representation of ~10% of the
population in the HealthStat database. 
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