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ABSTRACT

The Medical Care Costs of Mood Disorder*s:
A Coarsened Exact Matching Approach

This paper is the first to use the method of coarsened exact matching (CEM) to estimate the
impact of mood disorders on medical care costs in order to address the endogeneity of mood
disorders. Models are estimated using restricted-use, general practice patient records data
from New Zealand for 2009-2012. The CEM model, which exploits a discretization of the data
to identify for each patient with a mood disorder a perfect statistical twin, yields estimates of
the impact of mood disorders on medical costs that are lower than the estimates obtained
from random effects models or conventional matching methods. For example, mood
disorders lead to NZ$366 higher annual medical costs (in 2012 dollars) when perfect
balancing of covariates is achieved, while minimal and conventional balancing yield
estimated costs of over NZ$465 and NZ$400, respectively. The national government
expenditures on managing mood disorders is estimated to be 13.4% of total general practice
funding (NZ$123 Million) based on CEM.
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I Introduction

Mood disorders - depression and anxiety - are the fourth-leading cause of life-years lost due to
disability worldwide, and the primary cause of loss of health in middle- and high-income coun-
tries (Lopez et al., 2006). The 12-month prevalence rates of, for instance, depression in Western
European countries suggest that in any year in time up to 10% of a population suffer from an
episode of depression (Greenberg et al., 2003; Thomas and Morris, 2003; Wells et al., 2006). Preva-
lence rates have grown steadily (Greenberg et al., 2003; Sobocki et al., 2007; Chang et al., 2012;
Goldney et al., 2010).

Most patients suffer from their symptoms at repeated intervals (e.g. Roy and Schurer, 2013;
Rouillon, 2011). During an acute episode, patients have difficulties to concentrate, are overly tired,
lack motivation, and are significantly impaired in mastering daily routines. Such side-effects
have been reported to reduce an individual’s labor supply (e.g. Stewart et al., 2003) and efficiency
while working (e.g. Berndt et al., 1998, 2002). The resulting economic burden of managing mood
disorders for society is likely to be large.

As easy-to-use medication became available, many countries, including New Zealand and
Australia, have opted to treat mood disorders in a primary care setting to integrate patients better
into their communities (Sobocki et al., 2007; Greenberg et al., 2003; Fullerton et al., 2011). New
Zealand’s Ministry of Health recommended to general practitioners in its Evidence-based Best
Practice Guidelines that depression should be treated with both drug regimes and counseling
sessions (New Zealand Guidelines Group, 2008). For New Zealand, no study exists that calculates
the current national government expenditures on managing mood disorders in general practice.

In this study, we fill this gap by using de-identified, patient-record data from general practice



consultations of an adult population provided by Compass Health, a Wellington-based primary
care service provider, over a period of three years. In contrast to many other studies, which we
will review in the next section, we estimate the medical care costs managing these conditions
as a proportion of total national expenditures on general practice. We also depart from the gen-
eral literature by applying coarsened exact matching methods (Ho et al., 2007) to address the
potential endogeneity in the experience of mood disorders. Often mood disorders are the direct
consequence of the experience of pain-intensive chronic illnesses, which also lead to a high level
of health care utilization. Simply summing up all health care costs of individuals diagnosed with
mood disorders will therefore overstate their economic burden. Coarsened exact matching meth-
ods allow us to carefully separate the medical cost of managing mood disorders from the medical
costs caused by co-morbidities.

A crucial advantage of our patient-record data is that we directly observe the clinical diag-
noses of mood disorders, and of any other co-morbidity, each service provided to primary-care
patients and its price. Knowledge of each service provided allows us to accurately count and
calculate each cost component, and therefore to assess the dominant treatment regimes that pa-
tients receive. Further, using a sophisticated word-search algorithm, we are able to derive from
the GPs’ clinical notes for each patient the total days not at work, if a medical certificate was is-
sued, and make statements about the likely cost of lost productivity. Last, the availability of more
than half of the total patient population in the area of study enables us to almost exactly match
all individuals who suffer from mood disorders with a statistical twin based on a large battery of
observable characteristics.

The final purpose of our study is two-fold. On the one hand, we seek to provide a most

realistic estimate of the national government expenditures of managing one of the leading causes



of life-years lost. Such a number is relevant not only to policy-makers as an economic rationale
for advocating higher (or lower) levels of expenditures, but also to treasury representatives to
understand the leading contributors to government expenditures. On the other hand, we seek
to provide an illustration of the usefulness of coarsened exact matching to calculate a realistic
figure of public expenditures when endogeneity of the treatment (in our case mood disorders) is

of concern.

II Economic cost of mood disorders

To best of our knowledge no study exists on the economic cost, in terms of national government
expenditures, of managing mood disorders for New Zealand. Previous studies have assessed this
question from a large-scale perspective for various countries in the OECD (Greenberg et al., 2003;
Thomas and Morris, 2003; Cuijpers et al., 2007; Sobocki et al., 2007; Chang et al., 2012), across
the European Union (Sobocki et al., 2006), and for South Australia (Hawthorne et al., 2003). The
existing studies derive their national estimates of the economic burden of mood disorders through
an accounting exercise in which the various cost components - the direct cost incurred through
health care utilization and the indirect costs that result from lost productivity — are added up. To
put the total costs into perspective, these studies compare the relative contribution of direct and
indirect to the overall costs, and present the total costs as a proportion of GDP.

A review of this literature (See Table A.1, Online Appendix) shows that the total economic
costs amount to about 1% of GDP in all countries except for South Korea (Chang et al., 2012) and
South Australia (Hawthorne et al., 2003) where they represent 0.48% and 2.1% of GDP, respec-
tively. In most studies, indirect costs are estimated to be higher than direct medical costs. At

the low end are countries from the European Union for which lost productivity makes up 64% of



the total costs (Sobocki et al., 2006), whereas at the high end are South Korea and England with
a share of 95% (Chang et al., 2012; Thomas and Morris, 2003). In most other studies, the costs
due to lost productivity are 2-3 times larger than the costs due to health care utilization (Sobocki
et al., 2006; Greenberg et al., 2003; Cuijpers et al., 2007; Hawthorne et al., 2003).

One reason for the large variation in costs across studies is that the 12-month prevalence
rates of depression, which are used as the basis for extrapolating the sample calculations to a
nationally representative number, differ widely. For instance, in the US the 12-month prevalence
rate is 8.7%, but in South Korea it is only 2.5%. Another reason for the differences in the total cost
of depression is the large degree of variation in which cost components are included. Although
each of the reviewed studies includes both hospital care and prescription drugs, only five out of
the seven studies includes GP consultations.

The studies which have multiple years of data available demonstrate an increase in the eco-
nomic burden of depression over time, but differ in their conclusions why this may be the case.
Greenberg et al. (2003) found that in the US an increase of total costs by 7% between 1990 and
2000 is mainly driven by an increase in the demand for prescription drugs (452%) and out-patient
services (47%). In contrast, Sobocki et al. (2007) explained the 100% increase of the economic bur-
den of depression/anxiety in Sweden that was observed between 1995 and 2007 with an increase
of indirect costs by more than 130%.

None of the reviewed studies net out from the total cost the costs attributed to illnesses that
coincide or cause depression such as the experience of chronic pain (Eaton, 2002; Frassure-Smith
and Lesperence, 1995; Massie, 2004) or other chronic illnesses. In such a scenario, the total costs

attributed to mood disorders are likely to be overestimated.



IIT Data

In this study we use clinical patient-record data obtained from primary care consultations in
New Zealand to calculate the net medical and productivity-related cost of mood disorders. The
data are made available by Compass Health which is a non-profit umbrella organization that
provides quality management support services to general practitioners and collects data for two
major Primary Health Organizations (PHOs) in three districts in the lower North Island: Mid-
Central, Capital & Coast and Wairarapa. PHOs are a network of health care providers within
New Zealand which were formed in the early 2000s as part of the Government’s health reforms.
They are funded by District Health Boards (DHB) to support the provision of essential primary
health care services through general practices to those people who are enrolled with the PHO.
Funding to these providers is based on the number of enrolled patients.

Compass Health manages 101 general practices that represent 88% of almost half a million
patients registered with a primary health-care provider in this area. In exchange for reimburse-
ment, primary health-care providers are contractually obliged to supply Compass Health with
utilization data. Such information include the type and total number of services and referrals
provided, the prices charged for the service, and patient details.

We acquired special permission to extract the clinical data (diagnosis and clinical notes) from
general practices. In total, 50 practices, representing 56.5% of all patients managed by Compass
Health, agreed to participate in this study. Participating practices did not differ in size and location
from non-consenting (22) or non-responding (28) practices.

Compass Health provided us with three years of data (mid 2009 to mid 2012). Patients are

identified over time by a unique national health number which is assigned for life to patients



when first time registering with a health-care provider anywhere in New Zealand. Patients were
included in the final data set if complete information was available in all three years. Apart from
clinical data, the data set contains personal information for each patient, such as date of birth,
gender, ethnicity and location of residence. Knowledge of the location of residence allows us to
match each individual to the smallest geographic unit available, so-called Meshblocks, for which
statistical data is collected by Statistics New Zealand.

Patients were classified as suffering from depression or anxiety if they were diagnosed with
depression or anxiety, and/or were prescribed anti-depressant/anti-anxiety medication in any of
the three years of data available. We excluded all patients who were diagnosed with any another
mental health condition. Diagnosis of depression/anxiety is based on the relevant Read Codes,
the most widely used diagnosis classification system in New Zealand general practice (De Lusig-
nan, 2005). As GPs often refrain from assigning a Read Code to a diagnosis, we complement our
definition with the prescription of antidepressants, in particular selective serotonin re-uptake
inhibitors.! Currently, 10% of New Zealand’s population has been reported to having been pre-
scribed antidepressants since 2006 (Exeter et al., 2009), a number which roughly coincides with
the average 12-month prevalence rate (survey based) of depression and anxiety (Wells et al., 2006).

We constructed a measure for the total costs per patient per year by summing the following

components:

Costiy = GPconi X Pﬁp +Pharmi X Pfth—kPathit X Pfta +Counyy X Pict +AW; x Wage;y,

(1)

'We included codes for all of the twenty approved antidepressants, but the most common are Paroxetine (Aropax)
and Fluoxetine (Prozac). These are also commonly used to treat anxiety (Wells et al., 2006). We consulted two mental
health care practitioners to identify an appropriate definition of depression/anxiety in the New Zealand institutional
context.




where C; represents the total costs expressed in New Zealand dollars (referred to as NZ$) price-
adjusted to the second quarter of 2012, i and t refer to the individual and year, respectively. The
individual cost components are the total number of: (1) General practice consultations GPcon,y,
(2) prescription drugs Pharm,y, (3) pathology tests Path,y, (4) counseling services Coun;y, and
(5) days absent from work AW;;. Each component’s total count is multiplied by its current,
inflation-adjusted price.

Prices to calculate each cost component are obtained from various sources. Prices for GP
consultations (PSP) were extracted from patient co-payment data. The prices for prescription
drugs (P'1") are obtained from Pharmac, the Government’s drug buying agency. We added an
extra $3.00 to each prescription drug that is charged by the pharmacy dispensing the drug. The
price for pathology tests (PL*) was calculated on the basis of a weighted average of prices that we
obtained through telephone interviews from four Wellington-based laboratories (Medlab Central
Limited, SCL Hawke’s Bay Limited, Hawke’s Bay DHB, Aotea Pathology Limited).

The price of counseling services (PS) was derived from data collected in the Primary Solutions
programme run by Compass Health. It is the only subsidized counseling service available to
patients with mental health problems. Access to the program is restricted to patients younger
than 25 years, from economically weak backgrounds, from Maori or Pacific background, and
requires a GP referral. No data are available on privately-financed counseling sessions for which
no GP referral is required.

We measure the cost of absenteeism (AW;¢ x Wage;) as the number of days off work for
which a medical certificate is required multiplied by an individual’s daily labor-market income.
The GP certified days off work are used as a proxy for the actual number of days taken off work in

any year. Under New Zealand law employers are able to ask for proof of sickness or injury at any



time once an employee takes sick leave, but employers are not required to do so. We extracted
the time interval for which the days off work were certified with the help of a natural-language-
processing algorithm to identify the correct number of days. Once we obtained for each patient
the total annual number of days off work, we conducted an extensive manual check to ensure the
computed days off work matched the actual days off work written in the medical certificate.
Aswe do not know a patient’s actual labor-market income, we use as proxy the median income
of the smallest geographic area in which the individual resides (Meshblock).> A daily pay rate is
calculated by dividing the Meshblock’s median income by the total number of working days in a
full year. Our method of estimating income represents a significant improvement over Hawthorne
et al. (2003), which use a state average proxy, or Thomas and Morris (2003) and Cuijpers et al.

(2007), which use national average income data stratified by age and gender.

IV Empirical methods

To estimate the treatment effect of depression and anxiety (D A;) on the total medical and productivity-

related cost C;, we specify the following model:

Cit = a+ BDA; +v'Xit + i + Mty (2)

where 1 refers to patient i observed in time period t = 2010,2011,2012. The constant & mea-
sures the average costs in the sample. DA; is a dummy variable that takes the value of 1 if the
individual belongs to the treatment group (depression/anxiety), and 0 otherwise, and 3 measures

the treatment effect of depression/anxiety. The vector X captures all control variables for which

2This proxy is derived from the 2006 National Census conducted and published by Statistics New Zealand, which
was at the time of the study the most current Census data available.



the sample characteristics differ between treatment and control group. All remaining variations
in costs are captured by individual-specific heterogeneity (1) and time-period-specific shocks
(Mit)- This model is estimated with generalized least squares allowing for random effects. As-
suming conditional independence and correct functional form, 3 estimates the causal effect of
depression/anxiety on total costs.

We complement the regression analysis by employing coarsened exact and conventional match-
ing methods. Matching estimators generally have the advantage that they force the analyst to be
transparent about the effective balance of covariates between treatment and control group. Their
semi-parametric nature also avoids the potential misspecification of the conditional mean of the
outcome of interest, and the arbitrary specification of impact heterogeneity. In small samples
matching estimators may lead to a loss of efficiency (See Imbens, 2004).

Coarsened exact matching estimators, in addition, have the advantage that they do not require
an ex ante fix of the number of matched units. They control for the number of matches by setting
the tuning parameters (Iacus et al., 2011; Ho et al., 2007). The estimator works best in a data
scenario in which all or most covariates are discrete, which is the case in our dataset. In a first step,
we find a perfect statistical twin for as many members in the treatment group as possible based on
the original, categorical data. In a second step, we broaden the category of some control variable
(e.g. age) and then find a perfect match for those observations which could not be matched in
the first step using the coarsened categories. We repeat this exercise of coarsening the data until
we have found a statistical twin for all members in the treatment group. We refer to each step in

which we coarsen the data as matching generation.’

3We programmed the search algorithm for the exact statistical twin for each matching generation in Structured
Query Language (SQL), which is a special-purpose programming language designed for managing data held in a
relational database management system. It is straightforward to use STATA’s psmacth2 or R-Project to conduct the
CEM procedure.



The following variables are chosen for the exact-matching algorithm: (1) A discrete mea-
sure of age, (2) Gender (0,1), (3) Ethnicity (21 categories based on Statistics New Zealand clas-
sification),* (4) Economic deprivation of the neighborhood in which the individual lives (five
categories),” and (5) nine major chronic health conditions diagnosed on the basis of Read code
data (cancer, diabetes, arthritis, respiratory diseases, cardiovascular diseases, degenerative neu-
rological diseases, renal diseases, gastric and intestinal diseases, and lipoid metabolism diseases).
Gender, age, and ethnicity are variables that are unaffected by the treatment; economic depriva-
tion of the neighborhood is a fixed characteristic of the area in which the individual resides; little
evidence exists in the literature that depression/anxiety causes any of the nine listed chronic
diseases, although evidence exists on the effect of chronic illnesses on the onset of depression
(Eaton, 2002; Frassure-Smith and Lesperence, 1995; Massie, 2004).

If we cannot find an exact match based on the above criteria (which we will refer to as gener-
ation 1), we alter the matching algorithm.® For 66% of all cases (generation 1), we found a perfect
match. When relaxing the continuous measure of age into a five-year interval (generation 2), we
exactly matched another 13% of the sample. When reducing the 21 categories of ethnicity to nine
broader categories (see level 1 defined by Statistics New Zealand), we were able to exactly match
another 3.4% of the sample successfully (generation 3). For the remaining 17.6% (generation 4 and

5), we coarsened the data more dramatically (ten-year age intervals, number of co-morbidities in-

“See for definitionshttp: //www.stats.govt.nz/methods/classifications-and-standards/
classification-related-stats-standards/ethnicity.aspx

>The deprivation score is based on the deprivation index created by Statistics New Zealand, http://www.
stats.govt.nz/browse_for_stats/people_and_communities/Geographic-areas/
urban-rural-profile/explanatory-notes.aspx#moh, which is commonly presented as five
quintiles ranging from 1-5, where 5 is the most deprived and 1 the least deprived neighborhood.

For some cases in generation 1, we found up to nine perfect matches. In this case we chose a random selection
procedure to select one single match. For three individuals we could not find any match and these were omitted
from this study.

10



stead of distinct categories, and removing ethnicity from the algorithm). Table A.2 in the Online
Appendix shows that the mean values of all observable characteristics are balanced between the
treatment and control group even when pooling all five matching generations.

In the case of matching generation 1, 2 and 3 the change in the tuning parameter is mini-
mal, which could be tolerated as small measurement error (See Iacus et al., 2011, p. 348). For
these three generations, we calculate the average treatment effect on the treated (ATT,) in any
particular year (t) as the average difference in total cost between patients diagnosed with, or
treated for, depression/anxiety and their statistical twin. Standard errors are calculated using the
delta method. The treatment effect is interpreted as the average excess cost of depression/anxiety
incurred in the primary care sector and due to lost productivity. When using the sample that in-
cludes all five matching generations, we use a regression approach in which we control for the
variables that were coarsened into broader categories.’”

For comparison, we also construct the ATTs using kernel density and nearest-neighbour
matching estimators (For an overview Imbens, 2004). The nearest- neighbour estimator is con-
structed with one match per observation (without replacement), and we choose the match with
the shortest distance between treatment-group and control-group unit. In the case of the kernel-
density estimator, we construct a weighted average of the outcomes of all non-treated units where
the weight given to each non-treated unit depends on the closeness to the treated unit. Only units
with common support are matched, which is the same assumption made in the coarsened exact

matching estimator.®

"We alert that there is no statistically significant difference in ATTs when additionally controlling for the covari-
ates in the full sample relative to calculating the raw mean difference. Alternatively, one can use standard matching
estimators on the pruned data as employed in Jones et al. (2011). We attempted both regression and matching ap-
proaches on the pruned data and obtained almost identical results (available upon request).

8We use the the ado program "psmatch2" written by Edwin Leuven and Barbara Sianesi.
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Finally, we use the above estimates to calculate the total cost of depression and anxiety to
New Zealand’s economy (CDA, see Eq. (3)). We obtain the cost ratio between treated and con-
trol group (based on the most conservative figure obtained from matching generation 1) and a
nationally representative prevalence rate of depression and anxiety:

PD(RCDA_])
PD x REPA + (1 —PP x 1)

DA = ( ) %G, 3)

where PP is the probability of depression/anxiety in the population, R“P# is the ratio of the
cost of depression/anxiety over the cost of the statistical twins, and C is the total expenditure
on GP services in New Zealand for the reference period. We derive the population prevalence
rate of depression and anxiety PP by adjusting the prevalence rate obtained from our sample of
lower North Island patients with population weights. These population weights are derived from

Statistics New Zealand Census data (2006) on age, gender, and ethnicity.

V Results

Our estimation sample consists of 111,575 out of 247,447 eligible patients. We excluded patients
who are less than 18 years of age (> 50% of sample), who do not have complete data over three
years (2%), and who suffered from alcoholism or a psychotic illness (3%). In total, the sample
includes 26,889 individuals who are diagnosed to suffer from either depression or anxiety or
both. The three-year prevalence rate of depression/anxiety in this clinical sample is therefore 24%,
which lies within the life-time prevalence rates of depression (16%) and anxiety (25%) reported in
Wells et al. (2006) (Summary statistics are accessible in Table A.3 in the Online Appendix).

Almost 80% of the sample are European and 10% are Maori or Pacific Islanders. Less individ-

12



uals are below the age of 30 (16.3%) than there are above 64 years (20%), but this is mainly due
to our focus on the adult population. More than 17% carry a Community Services Card, which
is means tested and gives the patient access to subsidized GP services and prescriptions. Almost
70% of the patients live in Capital and Coast, 22% in Mid-Central, and 8% in Wairarapa, which is
representative of the population. The most common chronic illnesses after mood disorders are
respiratory (12.4%), lipoid (9.6%), and cancer (8.2%) disease.

We first discuss the average treatment effect of mood disorders obtained from a random effects
model, and compare the average additional costs of depression and anxiety to the average costs
of other chronic illnesses. Main estimation results are presented in Table 1. In Model (1) in which
we include no further control variables (except for year fixed effects), the average cost of mood
disorders per year-per patient is NZ$465 with standard error (SE) 4.6. When controlling for the
basic set of control variables except for health conditions, reduces this average cost by 7% to
NZ$434 (SE 4.7) (Model (2)). When including measures for the major other health conditions
(Model (3)), the average cost of mood disorders is reduced by 14% to NZ$372 (SE 4.9).°

The included variables in Model (3) explain 18% of the variation in the medical costs per
patient. The average cost of mood disorders are large both in absolute and relative terms. Patients
who were identified with depression or anxiety cost per year $372 more than patients without
mood disorders, ceteris paribus. This is the third highest cost among all other major illnesses
considered. Only patients with diabetes ($549) or cardiovascular disease ($395) incur higher costs,
and these differences are statistically significant at the 5% level or better.

We now compare the treatment effect of mood disorders with the treatment effects obtained

from the various matching methods. Table 2 summarizes the average treatment effect on the

?Full estimation results of Model (3) are reported in Table A.4 in the Online Appendix.
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Table 1: Estimated effects of mood disorders on medical and productivity-
related costs

Model (1) Model (2) Model (3)

Depression-Anxiety 465.6™™"  433.9"*  371.5"
(4.6) (4.7) (4.9)
Year fixed effects 4 4 v
Basic controls v 4
Health Conditions v

Health conditions

Cancer (0,1) 113.9***
(7.8)

Diabetes (0,1) 548.7***
(8.9)

Lipoid metabolism disease (0,1) 124.8™**
(7.4)

Degenerative disease (0,1) 212.8"**
(13.6)

Cardiovascular disease (0,1) 394,77
(7.8)

Respiratory disease (0,1) 259.4™**
(6.3)

Arthritis (0,1) 183.8™**
(9.1)

Gastric and intestinal disease (0,1) 2247
(15.9)

Renal disease (0,1) 281.8™**
(14.9)

NT 334.603 334.603 334.603

N 111.575 111.575 111.575

R-sq overall 0.03 0.11 0.175

*p<0.1," p<0.05 " p < 0.01. Standard errors in parentheses.

Note: Each model is estimated with generalised least squares (random
effects model). Standand errors are reported in parentheses. The de-
pendent variable is “Total medical and productivity-related costs’ de-
nominated in 2012 NZ$. Basic control variables included in Models
(2) and (3) are: age groups, sex, ethnicity groups, location, socioeco-
nomic deprivation, median income of area where living, whether the
patient is a health care card owner.

14



treated (ATT) obtained from coarsened exact matching for the five different matching generations
and from standard matching estimators. The most conservative estimate of NZ$366 (SE 6.26) is
obtained from the exact matching algorithm (generation 1). The more generous our matching
criteria, the greater is the average treatment effect. Using the full sample of 26,889 matched
treatment and control patients, the ATT is NZ$413 (SE 5.3). The ATTs differ statistically between
matching generations 1 and 4/5, but they do not differ statistically between matching generations
1 and 2/3. Both kernel density and nearest neighbor matching estimators yield ATTs of NZ$403
[SE 4.9] and NZ$391 (SE 5.7), respectively, and these latter estimates are different in both statistical

and economic terms from the most conservative ATT obtained from matching generation 1.

Table 2: Excess costs of depression and anxiety (Average treatment effect
of the treated, ATT

N  ATT(in$) SE  p-val®

Coarsened exact matching

Matching generation 1~ 17747 365.6 6.26

Matching generation 1-2 21275 371.8 5.83 0.210
Matching generation 1-3 22201 371.7 5.70 0.200
Matching generation 1-4 26723 411.7 5.34 0.000
Matching generation 1-5 26889 413.1 5.34 0.001
Standard matching estimators

Kernel density matching 26813 403.1 4.86 0.001
Nearest neighbor matching6812 391.9 5.64 0.001

Note: Standard errors are calculated with the delta method. ¢ p-value
refers to z-statistic on the hypothesis that ATT in this row is statisti-
cally the same as ATT of matching generation 1.
We continue our subsequent analysis of the excess counts and costs by expenditure compo-
nent on the basis of matching generation 1, because it yields the most conservative estimates.

However, the results from all five generations, in conjunction with the standard matching esti-

mates can be used to put bounds around the likely cost estimate. The upper panel of Table 3 re-
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ports the excess annual count of services by expenditure group. Patients with depression/anxiety,
on average, visit a GP four more times per year, obtain five more prescriptions and 2.3 more re-
ferrals for pathology tests. They have 0.5 more episodes of days off work that require a medical
certificate and spend less than a tenth of a day not working than comparable patients without
depression/anxiety. All differences are statistically significant at the 1% level.

The lower panel of Table 3 reports the differences in excess cost of depression/anxiety by
expenditure category. By far, the largest component in the total excess burden are prescription
drugs (NZ$192), but patients with depression/anxiety also incur NZ$70 more in consultation fees,
and NZ$16 more in pathology tests. Lost productivity costs are low, with a difference of NZ$65
per year. Also, the excess cost of counseling sessions is minimal at NZ$15. The latter is not
surprising because only a very small group of disadvantaged individuals gets access to these
subsidized counseling sessions, and the total number is limited to six sessions per year.

Also reported in Table 3 are the cost and count ratios (column 3) and their standard errors
(column 4) that indicate by how much larger were the expenditures of patients with depres-
sion/anxiety per year relative to the control group. The cost for consultations are 1.5 times
greater for depression/anxiety patients than for their statistical twins, whereas prescription cost
and lost productivity cost are 1.8 times higher. In total, the annual costs of patients with depres-
sion/anxiety are 1.7 times greater than for patients who are identical to the depression/anxiety
group in all other relevant characteristics. All ratios are statistically significant different from 1.

Based on the above estimates, we calculated the net direct cost of managing depression and
anxiety as a share of national general practice expenditures and as percentage of national GDP.
The cost ratio (excluding lost productivity) is 1.71 whereas the population-weighted prevalence
rate of depression is 0.217. For the relevant time period (2012), Crown expenditures on general
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Table 3: Excess count and costs of depression and anxiety and ratios, by
expenditure

ATT SE¢ Ratio SE

Excess counts

Consultation 4.36 0.047 1.514 0.007
Prescriptions 5.23 0.057 1.789 0.012
Pathology Tests 2.28 0.053 1.412 0.009
Subsidized counseling sessions ~ 0.12 0.005  21.012 2.593
Times off Work 0.44 0.032 1.855 0.082
Days off Work 0.09 0.004 1.712 0.012
Excess costs

Consultations 77.0 1.067 1.51 0.007
Prescriptions 192.4 2.760 1.79 0.012
Pathology Tests 16.5 0.403 1.41 0.009
Subsidized counseling sessions 14.8 0.540  21.01 2.593
Lost productivity 65.0 4.999 1.85 0.082
Total cost 365.6 6.261 1.71 0.012

Note: “ Standard errors of Average Treatment Effect on the Treated
(ATT) are calculated with delta method. ® The standard errors of the
cost and count ratios are bootstrapped with 1000 replications.

practice funding were $855 million (New Zealand Treasury, 2012), while the Accident Compen-
sation Corporation (ACC) spent a total of $64.5 million on General Practice services (GPs, Nurses
and Nurse Practitioners under Cost of treatment regulations and Rural GP and PRIME contracts),
both expressed in 2012 NZ$. In total, the combined national expenditures on GP services were
$920 million."

Using equation (3), the net direct costs of managing depression and anxiety are $123 million
[95% CI $114.7-$131.4]. This indicates that the government spent on all patients suffering from
depression/anxiety between $115 and $131 million, which makes up between 12.5-14.2% of all GP
expenditures. Given nominal GDP in New Zealand in 2012 of $200 billion, New Zealand’s GPs

provided treatments and services to manage depression/anxiety of at least 0.057-0.066 % of GDP.

O All figures are adjusted for inflation to be able to express the expenditures in 2012 NZ$.

17



VI Conclusion

This is the first study to estimate the direct and indirect cost of managing mood disorders, de-
pression and anxiety, in the New Zealand primary health care system. Using coarsened exact
matching estimators, we estimate a conservative lower-bound estimate of the net cost of man-
aging depression and anxiety in general practice as 13.4% of total primary care expenditures, or
NZ$366 per patient per year when including lost productivity. More than 82% of these additional
costs are incurred by direct, i.e. medical expenditure, while the remaining 18% are incurred by
lost productivity. Almost two-thirds of the medical expenditures are driven by prescription drugs,
26% by consultation fees, and 5% by pathology tests. Less than 5% of the total medical costs are
incurred through subsidized counseling services, which appears to stand at odds with the large
contribution of prescription drugs. Total costs for patients with depression or anxiety are 1.7
times greater than the costs observed for patients that are not suffering from the condition. In
combination with our calculation of a three-year prevalence rate of depression/anxiety of 21 per-
cent, this excess cost ratio implies a GP-managed economic burden of mood disorders of at least
0.06% of GDP.

Two important conclusions can be drawn from our analysis: (1) similar to trends in the US
(Pratt et al., 2011), Australia (Stephenson et al., 2013), and the UK (Spence, 2013), New Zealand’s
general practitioners tend to manage depression and anxiety mainly with antidepressant med-
ication, and may even oversubscribe them (Exeter et al., 2009). Publicly subsidized counseling
sessions are only available to a small group of individuals from disadvantaged backgrounds de-
spite the Ministry of Health’s guidelines to use both drug regimes and counseling sessions (New

Zealand Guidelines Group, 2008); (2) the high cost of lost productivity due to depression/anxiety
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documented in previous studies for other countries may be entirely driven by informal days taken
off work, which makes it difficult to accurately measure and monitor the indirect burden of mood
disorders.

Our estimates are smaller than estimates of the economic burden of mood disorders in the
international literature because we net out the costs incurred through illnesses, age, and socioe-
conomic disadvantage that correlate strongly with mental health problems. One could argue
however that the nature of our data makes it likely to underreport the prevalence of depression
and anxiety, which will then lead to a smaller nationally-representative cost calculation. For in-
stance, Cuijpers et al. (2004) found that those suffering minor depression were eight times less
likely to utilize a health-care service than their severely depressed counterparts, while less than
50% of individuals with depression seek care (Wittchen et al., 2001; Kessler et al., 2003; Groom
et al., 2003). Nevertheless, our three-year prevalence rate is in line with the 12-month prevalence
rates reported in New Zealand’s Mental Health Survey (Wells et al.,, 2006) and in the Dunedin
Cohort Study (16.7%) for the same age group (Moffitt et al., 2010).

An important limitation of our study is the omission of costs incurred by in-patient service
utilization. There is good reason to suggest that this omission will not invalidate our cost cal-
culations. Similar to Australia, in New Zealand mood disorders are predominantly managed by
primary care organizations due to a health-care-reform process that started in the mid-1990s. The
National Mental Health Strategy was launched in 1994 by the New Zealand Government with the
aim to (1) ’decrease the prevalence of mental illness and mental health problems within the com-
munity’, and (2) ’to increase the health status of and reduce the impact of mental disorders on
consumers, their families, care-givers and the general community’ (Ministry of Health, 1994).

Subsequent publications and the establishment of the Mental Health Commission in 1996 helped
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to raise awareness about the high prevalence of mental health problems in the population and the
need to include family and the community in its management (Mental Health Commission, 2012).
The Ministry of Health’s Evidence-based Best Practice Guideline for the treatment of depression
explicitly recommended to refer only the most severe cases of mental health problems, those in
imminent danger, to secondary care (New Zealand Guidelines Group, 2008).

In contrast to New Zealand, the economic burden of mood disorders in Australia is widely
cited to be a staggering A$12.6 billion with six million work days lost per year (e.g. Manicavasagar,
2012). These estimates are referred back to numbers published on the Beyond Blue webpage, a
non-governmental organization that seeks to raise awareness about mood disorders. However,
to the best of our knowledge we were unable to identify a report that describes the method that
resulted in such a large cost calculation. It would be worthwhile replicating our analysis to derive
a lower bound of the costs of managing mood disorders in Australia. Lower-bound estimates of
these costs are useful for the Australian Treasury and Ministry of Health to monitor and forecast

the expenditure burden of a major chronic illness.
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Table A.3: Descriptive statistics for eligible sample

Obs. Mean SD Min Max
Depressed and anxiety 334603 0.240 0.427 0 1
Male 334603 0.441 0.496 0 1
European Ethnicity 334603 0.798 0.402 0 1
Maori Ethnicity 334603 0.074 0.261 0 1
Pacific Peoples Ethnicity 334603 0.027 0.162 0 1
Asian Ethnicity 334603 0.073 0.260 0 1
Middle Eastern Latin Ethnicity 334603 0.025 0.155 0 1
Age 18-19 334603 0.015 0.123 0 1
Age 20-24 334603 0.081 0.273 0 1
Age 25-29 334603 0.067 0.250 0 1
Age 30-34 334603 0.069 0.254 0 1
Age 35-39 334603 0.087 0.281 0 1
Age 40-44 334603 0.101 0.301 0 1
Age 45-49 334603 0.107 0.309 0 1
Age 50-54 334603 0.102 0.302 0 1
Age 55-59 334603 0.087 0.282 0 1
Age 60-64 334603 0.079 0.270 0 1
Age 65-69 334603 0.064 0.245 0 1
Age 70-74 334603 0.052 0.222 0 1
Age 75-79 334603 0.037 0.189 0 1
Age 80-85 334603 0.028 0.166 0 1
Age 85-89 334603 0.017 0.129 0 1
Age 90+ 334603 0.008 0.089 0 1
High-user health care card 334603 0.006 0.076 0 1
Community Services Card 334603 0.173 0.378 0 1
Region: Capital and Coast 334603 0.695 0.460 0 1
Region: Wairarapa 334603 0.083 0.277 0 1
Region: Mid-Central 334603 0.222 0.415 0 1
Cancer 334603 0.082 0.275 0 1
Diabetes 334603 0.063 0.242 0 1
Lipoid problems 334603 0.096 0.294 0 1
Degenerative disease 334603 0.024 0.153 0 1
Cardiovascular disease 334603 0.097 0.296 0 1
Respiratory disease 334603 0.124 0.330 0 1
Arthritis 334603 0.059 0.235 0 1
Gastric and intestinal disease 334603 0.017 0.130 0 1
Renal disease 334603 0.021 0.142 0 1
Year 2010 334603 0.333 0.471 0 1
Year 2011 334603 0.333 0.471 0 1
Year 2012 334603 0.333 0.471 0 1
Median income in stat area 334603 150.103 45.720 11.68 371
Average cost 334603 630.953 1017.988 0 88345
Transaction count 334603 9.087 9.457 0 428
Days off work per episode 334603 0.555 4.708 0 362
Number of episodes off work per year 334603 0.127 0.523 0 21
Number of subsidized counseling sessions 334603 0.033 0.517 0 27
Number of scripts 334603 9.440 13.541 0 266
Transaction costs 334603 166.833 192.323 0 10578
Off-work cost 334603 78.480 697.190 0 86585
Laboratory cost 334603 6.909 11.021 0 615
Counseling cost 334603 4.024 61.576 0 2711
Laboratory costs 334603 52.173 80.668 0 3496
Total script costs 334603 329.444 555.595 0 25886
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Table A.4: Full estimation results of Model (3): Determinants of total
medical and productivity-related costs

Coef SE t-stat p-value

Depression-Anxiety 371.523 4.943 75.160 0.000
Male (0,1) -112.273 4.237 —26.500 0.000
Maori (Base: European) 19.242 8.119 2.370 0.018
Pacific Peoples 34.651 12.951 2.680 0.007
Asian —65.855 8.121 -8.110 0.000
Middle Eastern Latin -52.992 13.337 -3.970 0.000
Ethnicity unknown =71.215 32.838 -2.170 0.030
Deprivation: 80th percentile (Base: Richest) 1.822 5.978 0.300 0.761
60th -5.685 6.078 —-0.940 0.350
40th -13.419 6.675 -2.010 0.044
Poorest —23.249 8.165 -2.850 0.004
Deprivation Quintile unknown —24.085 9.273 -2.600 0.009
Age 15-19 (Base 45-49) -57.967 17.879 -3.240 0.001
Age 20-24 —41.675 9.680 -4.310 0.000
Age 25-29 -46.859 10.206 -4.590 0.000
Age 30-34 -35.095 10.090 -3.480 0.001
Age 35-39 —28.269 9.447 -2.990 0.003
Age 40-44 —26.749 9.056 -2.950 0.003
Age 50-54 48.280 9.048 5.340 0.000
Age 55-59 105.323 9.468 11.120 0.000
Age 60-64 165.921 9.783 16.960 0.000
Age 65-69 230.801 10.506 21.970 0.000
Age 70-74 264.446 11.441 23.110 0.000
Age 75-79 305.027 13.101 23.280 0.000
Age 80-85 407.172 14.630 27.830 0.000
Age 85-89 432.816 17.926 24.140 0.000
Age 90+ 429.510 24.604 17.460 0.000
High-user service card (0,1) 1009.332 27.377 36.870 0.000
Community services card (0,1) 107.830 6.108 17.650 0.000
DHB Wairarapa (Base: Capital Coast) -28.490 7.750 -3.680 0.000
DHB Mid-Central 37.298 5.294 7.040 0.000
Cancer (0,1) 113.880 7.753 14.690 0.000
Diabetes 548.729 8.893 61.700 0.000
Lipoid metabolism disease 124.841 7.400 16.870 0.000
Degenerative disease 212.755 13.581 15.670 0.000
Cardiovascular disease 394.677 7.768 50.810 0.000
Respiratory disease 259.360 6.297 41.190 0.000
Arthritis 183.788 9.120 20.150 0.000
Gastric and intestinal disease 224.649 15.859 14.170 0.000
Renal disease 281.759 14.888 18.930 0.000
Year 2011 (Base year 2010) -14.021 3.210 -4.370 0.000
Year 2012 23.745 3.210 7.400 0.000
Constant 341.979 7.748 44.140 0.000
NT 334603

N 111575

R-sq: within 0.001

R-sq between 0.277

R-sq overall 0.175

Note: The model is estimated with generalised least squares (random effects model). The dependent vari-
able is “Total medical and productivity-related costs’ denominated in 2012 NZ$.

30



