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Abstract

Despite size and relevance of non-adherence tahhahtments, robust evidence on its effects on
health care utilisation is very limited. We focus mon-adherence to diabetes treatments, a
widespread problem, and employ longitudinal adriaive data from Spain (2004-2010) to identify
and quantify the effects of uncontrolled type 2beigs on health care utilisation. We use a biomarke
(glycated haemoglobin, HbAlc) to detect the preseriaincontrolled diabetes and explore its effects
on both primary and secondary health care. We attiarange of panel count data models, including
negative binomials with random effects, dynamic hadlle specifications to account for unobserved
heterogeneity, previous utilisation and selectidfe find uncontrolled diabetes in around 30% of
patients of both genders. Although women appeasystematically consume more health care
compared to men, their consumption levels do npeapto be influenced by uncontrolled diabetes.
Conversely, among men uncontrolled diabetes inesetiee average number of GP visits per year by
around 4%, specialist visits by 4.4% and greattgeots hospital length of stay.
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1. Introduction

The medical literature consistently finds that a0 to 50% of patients worldwide do not
adhere to medical treatments. This has poterdgigiss consequences for their health and in
terms of increasing costs for the health care sy$éeg. Haynest al, 2002; DiMatteo, 2004;
Sokolet al, 2005; Kripalaniet al, 2007). Non-adherence concerns about 50% of iddals
suffering from chronic health conditions (see darkeviciuset al, 2002, and Osterberg and
Blaschke, 2005) and has been defined by the WH@3)2@s a worldwide problem of
substantial importance. Furthermore, low or nohesence may reduce benefits of health
treatments and distort the assessment of theictafémess (e.g. Vander Stichele, 1991).
Among individuals with diabetes mellitus (DM), theost prevalent chronic disease in nearly
all countries (International Diabetes FederatiddH)l Diabetes Altas, 2014), adherence to
treatment is defined as the extent to which patienmply with the agreed recommendations
on lifestyles and medications from the health gamvider (WHO, 2003; Garcia-Perez al,
2013)*% Among patients with DM non-adherence is especiaymmon, leading to
uncontrolled diabetes (i.e. poor glycaemic contesulting in higher levels of blood sugar or
hyperglycemia) and potentially exposing individuats higher risks of life-threatening
comorbidities such as heart disease and strokeelhsasvvision problems and blindness (Ho
et al, 2006; Mayo Clinic, 2014).

The detrimental effects of non-adherence to diakeatments and the resulting condition of
uncontrolled diabetes are likely to be exacerbdigdthe increasing prevalence of DM.
According to the WHO (2016), we are currently exgreeing a global diabetes epidemic with
DM affecting 422 million adult individuals worldwedin 2014, compared to 108 million in
1980 and projected to be 7th leading cause of daaf2030. In the U.S. alone, the estimated
total costs of diagnosed diabetes increased byiAl&4ive year period, from $174 billion in
2007 to an estimated $245 billion in 2012 (Ameri€aabetes Association, 2013). In the UK
the cost of diabetes to the NHS is over £1.5m am bo10% of the NHS budget for England
and Wales (UK Diabetes Global Health Community,401

A related problem may be caused by the additioealth care utilisation and in turn the extra

costs caused by uncontrolled diabetes. Individwétls uncontrolled diabetes may potentially

* Recommendations on lifestyles often include an@serregimen as well as a low-carbohydrate andfédw-
diet. In early stages of DM, these might be folloviy medications such as oral hypoglycaemic agermddater

on by injectable treatments. For further informatidee recommendations from the International Déxbe
Federation (IDF), the umbrella organisation of 2B@tional diabetes associations from 170 countries,
http://www.idf.org/




use more health care resources resultingxina utilisationand extra costs for the health
system as well as further loss in productivity doevork absence, work limitations, lower
earnings and early mortality (e.g. Mg al, 2001; Bastida and Pagan, 2002; Tunetlal,
2005).

Whereas non-adherence and uncontrolled diabeteswatespread phenomena, robust
evidence on their effects on health care utilisatovery limited. Furthermore, the previous
medical evidence is often based on selected sampiestly from U.S. health insurance
claims, and standard methods such as linear regnesmdels. Selected samples would limit
the generalisability of the results while standdireear models would not account for
potentially relevant issues such as unobserveddgsreity and selection which may affect
the estimates of the effects of non-adherence. Aeraocurate assessment of the health care
consequences of uncontrolled diabetes would helparesing the evidence based for
physicians to better plan treatments and for peai@kers to develop cost-effective
interventions to increase adherence rates and eeexcess utilisation leading to resource

inefficiencies.

The main objective of this paper is to identify aquthntify changes in healthcare utilisation
driven by uncontrolled diabetes. We employ seveunesg2004-2010) of a longitudinal and
large administrative dataset of detailed medicabms of adult diabetic patients from the
province of Barcelona, Spain. Our data covers aewahge of individual-level clinically

assessed biomarkers and health variables. We neeasoontrolled diabetes using glycated
haemoglobin (HbAlc) levels. HbAlc is a biomarkeroyiding an accurate average
measurement of glucose (sugar) concentration ancbmsmonly used by physicians to
diagnose and monitor diabetes as well as its levedeverity (e.g. International Expert
Committee, 2009; Lyons and Basu, 2012). We focushereffects of uncontrolled diabetes
on both primary care and secondary care (numbeisa$ to general practitioners, GP, and

specialists) as well as hospital length of stag: faumber of days in hospital).

We exploit the longitudinal nature of the data astimate a succession énel count data
models, including random effects negative binomiats well as dynamic and hurdle
specifications to account for unobserved heteragenprevious utilisation and potential
selection issues. We find that patients with unadietd diabetes appear to increase their
annual use of primary health care by around 4%thadone of specialist visits by around
4.4%. Uncontrolled diabetes appears to greatlynektength of stay (17.4%), conditional on



positive stays. However, these effects appear tanhmly concentrated among men and
differ according to the level of uncontrolled ditd®e A series of robustness checks validate

our main findings.

This paper offer several contributions to the #tare. First, to the best of our knowledge, this
is one of the first papers focusing on the effefteaon-adherence on health care utilisation
within the health economics literature. Secondlg, @@mbine the use of longitudinal data
with biomarkers from a large set of adult diabgbatients to quantify the effects of
uncontrolled diabetes, a prevalent condition, oalthecare utilisation by employing robust
panel data econometric methods. Finally, we go heéwtudies based on US health insurance
enrolees and present evidence based on rich adrativie data from a European country.
More broadly, we advance the literature by merghregmedical literature on non-adherence
and diabetes care with the economics literaturdnemaith care utilisation to produce a new

evidence base for better informed interventions.

The paper proceeds as follows. Section 2 provigeswerview of the previous literature
while sections 3 and 4 describe the data and estlour empirical approach, respectively.

Section 5 presents our main results and sectimméledes and discusses our findings.
2. Background

Wagner et al. (2001) employ US insurance claima dagdult diabetics from a large Health
Maintenance Organization (HMO) in Seattle (stateMdshington) between 1992-1997 to
analyse the association between improved glycaeontrol and health care utilisation and
costs. They employ standard linear and log-linegrassion models and find that sustained
reduction of HbAlc levels is correlated with loweilisation (measured by hospitalisation
rates as well as primary and specialty care visitg) cost savings, although cost reductions
are significant only among patients with the highesseline HbAlc levels (over 10%) and
do not appear to be affected by further baseliradtineare conditions. Gilmesat al. (2005)
combine both claims and survey data of diabetidtadin Minnesota with generalised linear
models (GLM) and find that coronary heart dise&3d[}), hypertension and depression are
stronger predictors of health care costs than ligkeline HbAlc levels. Interestingly,
HbA1c levels below 7.5% were not associated witineased costs. Oglesbyal. (2006) use
similar methods and data from the U.S. Health Gdamaged Care Database between 1998-
2003 and observe that direct medical costs driwetype 2 diabetes were between 16% to
20% lower for individuals with good glycaemic catHbAlc < 7%) Similarly, Menzinet
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al. (2010) focus on a subsample of managed-care diapatients from Massachusetts
covering a 5-year period (2002-2006) and employt lagd GLM models. They notice that
diabetes-related hospitalisations were signifigarttigher among patients with highly
uncontrolled diabetes. Based on two-part modelspital costs per patient were also higher

with increasing uncontrolled diabetes.

Other studies within the economic literature haxan@ned the economic consequences of
diabetes by focusing mainly on its effects on thbolr market. Rizzaet al. (1996)
investigate the labour productivity of a serieslfonic conditions as well as their prescribed
medications. They employ U.S. data from the Nalidmedical Expenditure Survey (NMES)
and find that untreated diabetes is associatedamtaverage of 25 days lost but that diabetes
medications could save an average 16 days of wéakn (1998) investigates trends in
diabetic employment in the U.S. by employing thddéerent sources of data and shows that
diabetic men appear to have decreased (althougihtlg)i their participation between 1976-
1992. These results are extended by Latif (2009)gudata from the Canadian National
Population Health Survey and Zhamg al. (2009) on data drawn from the Australian
National Health Survey. They find that diabetesesp to have a significant negative impact
on female employment and that diabetes reducesiidbrce participation especially among
older male individuals, respectively. Findings frévimor (2010) also indicate that diabetes
appears to be detrimental to a number of labouketarutcomes (e.g. participation, hours of
work, out-of-work-days and earnings). More recenfliva et al. (2014) estimate the effects
of diabetes related complications on quality oé lising UK longitudinal data from the
Prospective Diabetes Study. Their results highlitjet importance of studying changes in

quality of life over time.

Our paper builds on the previous medical evidenoel &xploits rich longitudinal
administrative data and biomarkers combined withepaount data models to provide new
evidence on the effects of a widespread conditiorgontrolled diabetes, on health care

utilisation.
3. Data

We employ individual-level longitudinal data drafom administrative records of patients
followed over seven consecutive years (2004-201®) primary care centres and 2 hospitals

in the north-east of Barcelona, in Spain servingartban 104,000 inhabitants. This sample



of users is mostly urban, of lower-middle socioemuit status from a predominantly

industrial area.

This dataset includes a rich set of informationuhmatients’ use of healthcare resources,
including our three main outcomes of interest ineumber of GP visits; specialist care and
hospital length of stay. Analysing utilisation ang determinants is important, especially
when hospitalisation costs are widely reportedhaslargest component of diabetes medical
costs and the number of hospitalizations, re-adorissand hospital length of stay tend to
increase with this conditioh. Our data also encompasses information on clinical
measurements of height and weight (used to builthdividual’s body mass index, BMI);
patient’s chronic and diagnosed health conditiamtesgified according to the ICPC-2); dates
of hospital admission and discharge; type of health professional(s) contacted; and the
main reason for their visit. Moreover, the dataseludes individual level socio-demographic
characteristics such as age, gender, marital statmigration (Spanish or EU national
versus non-EU national) and employment status @ctis retired), place of birth and

residence and health-behaviours (tobacco and dlcskiP

Given the purpose of this study we focus on a subpde of individuals with diagnosed type
2 diabetes mellitus (DM), aged 16+ who had at |lea& contact with the aforementioned
hospitals and primary health care centres betwedanliary 2004 and 31 December 2010.
Individuals transferred or moved to other healthties and patients from other areas were
excluded from our analysis. Diabetic patients waeenly identified through the International
Classification of Primary Care codes (second edititCPC-2) reported by physicians
combined with the information provided by the glgth haemoglobin test (HbA18)This
test is routinely used by physicians and providesesy accurate measure of glucose
concentration up until the previous 8 weeks. Infation from HbAlc levels, allowed the
inclusion among our population of diabetics of #hgmtients who might not have been
reported as diabetics through the ICPC-2 codeshadta mean HbAlc level 6.5% ¢ 48
mmol/mol). Following this criteria, we obtained angple of 53,963 patients with type 2 DM.

5 Mata-Case=t al. (2015) using data from a population-based studgZatalonia report that hospital care,
medications and primary care appear to be the draiars of costs in both type 2 diabetics and niatoetics.

8 The original dataset comprises almost 830,000rehtiens, including the majority of the populatiliving in
the area.

7 The sample may include diabetics with zero utilisain some of these years. These might be patiwhb
had some positive use only in selected years. Wiepdd all individuals with type 1 diabetes.

8 Note that in our sample there might be diabetith mo HbAlc measurement as well as patients veifieated
HbAlc values.



Our main variable of interest is uncontrolled typeDM, that we define using a dummy
variable. Following the medical literature, we amsuthat diabetics are not adhering
adequately to health treatments and hence not &alhtrolling their condition, when their
within year mean HbA1c level is equal or above 7.3Mce there is no universal consensus
within the medical literature about the HbAlc thwasls which identify uncontrolled

diabetes, we also estimate our models using atlsliglwer threshold (7%.

It should be borne in mind that the dataset usdtisstudy comes from a representative set
of health care centres from Spain where health isapgovided through a decentralised (at
regional level) national health system, and prawiss free of charge at the point of delivery

with the exception of pharmaceuticals entailing sam-payment&
4. Empirical approach

We focus on the effects of uncontrolled diabeteshoee main outcomes: the number of GP
and specialist visits and hospital length of st@wen that these are non-negative integer
outcomes and to exploit the panel element of ota,dee estimat@anelcount data models
that account for individual-level unobserved hegereity. More specifically, we present
estimates on the effects of uncontrolled diabeteshe number of GP visits using negative
binomial (NB) models with random effects (RE). Thesa flexible specification that is often
used to model health care utilisation in the ecadosrfiterature as it goes beyond standard
Poisson models allowing for overdispersion togethign unobservables (e.g. Cameron and
Trivedi, 2005; Sarma and Simpson, 2086).

We model the number of specialist visits and haspéngth of stay using hurdle (two-part)
models. Previous literature points out that theisiec to contact a physician and the one
concerning the amount of visits may be the restltva distinctive decision-making
processes (e.g. Pohlmeier and Ulrich, 1995; GendthB997; Deb and Trivedi, 2002).
Further, these decisions might depend on both ndevidual and the physician, or more
generally the heath care provider, and the comlefithis process may be exacerbated by
repeated decisions in the presence of longitudiatd. This might also be the case in our data

9 Results obtained using a lower threshold appebe teery similar and are available upon request.

10 During the period considered for this analysisO@@010), in Spain only individuals in employmentuid
face a 40% copayment for prescribed medicines, @gsepensioners would be exempted. Furthermorenpsti
with chronic conditions would have a highly reduoegayment of 10% and civil servants would only B8%b6
of the market price regardless of their employnstatus.

1 we have also estimated our models using Poissedifeations. Results are similar to the ones priesk
here and are available upon request.



when we analyse specialist visits (i.e. the denistosee a specialist vs. the number of visits)
and hospital length of stay (i.e. the decision tkwinto a hospital vs. length of stay) for
patients with type 2 diabetes. Accordingly, we emgpiwo-part or hurdle specifications to
account for these two separate decisions. In osg,dhe first part of the hurdle is a probit
model that distinguishes between users and nors-wgeile the second part estimates the
intensity of use (conditional on positive use) tigh a NB model with RE. This approach is
also motivated by the relatively high frequencyzefos (non-use) for these two outcomes.
All these models exploit variations in utilisatitetween the years 2004-2010 and account
for a number of individual observable characterssti individual-level unobserved
heterogeneity, years and geographical area (lceathh authorities) fixed effects. Our basic

specification is:

Yije = UDijt—1T+Xijt9+Dt+Gj+Ml’+gl’jt (|:1,,N,t=1,,T,j:1,,) (1)

where y;;. is health care utilisation, that is alternativélg number of GP visits, specialist
visits or hospital length of stay of individualin (health authority) argaat timet. UD;;,_ is

our main variable of interest as it defines uncalied diabetes via the biomarker HbAlc.
Following the medical literature, in our basic gfieation we define uncontrolled diabetes in
the presence of within year average values of HbAL&%. This variable is lagged one
period to ease concerns around endogefeiye also estimate alternative specifications
including a series of binary variables definingreasing levels of uncontrolled diabetes, i.e.
7.5%<HbA1c<8.5%; 8.5%HbA1c<9.5; and HbA1x9.5%. We do this to explore the
potential presence of a gradient in health carbsation driven by the severity of an
individual’'s condition. X;;, is a vector that includes socio-demographic irttliai-level
observable variables as well as clinically assebsadth conditions. These include age (age,
age squared and cubic age to capture non-linearetigets); labour market status (being
active in the labour market contrasted againstgaiactive); immigration status (being a
non-EU immigrant versus a Spanish or EU citizea &sseline); marital status (living alone
versus married/with a partner); health-behavioatsophol consumption, smoking status and
objectively measured BMI) and a series of diabetaglated chronic health conditions (e.g.

asthma, chronic obstructive pulmonary disease (OQRI2mentia, psychosis, clinical

12 We have also estimated the full set of our modsiagicontemporaneous values of HbAlc. Main results
appear to be similar and estimates are availale upquest.



depression and cancéf)The time dummie®, account for time trends whilg; identifies
primary health authority areas (defined at geogragbpHevel) fixed effectsu; represents
individual-level time-invariant unobserved hetenogey ande;; is the idiosyncratic error

term.

Conditionally correlated random effects

To allow for correlation between observables ardividual unobserved heterogeneity, we
parameterise the individual effegt as a function of the within individual means oé th
exogenous regressors (see Mundlak, 1978; Chanerl®84; Cameron and Trivedi,

2013)!* This simply translates into including among ougressors the time-average of the

time-varying exogenous (continuous) variables X;e.In our case, this includes the average
over the sample period of the variables defining, &MI and the annual average value of the

biomarker.

Robustness checks

We also provide a series of robustness checksstsaghe validity of our main results. More
specifically, we examine whether and to what extbateffects of poor glycemic control on
utilisation are mediated by the number of patiehtsilth conditions. To purge our estimates
from such influences, we run our models on a saropléhealthy users”, i.e., diabetics
without the following diagnosed conditions: cardigeular disease, cerebrovascular disease,
neuropathy and heart failure. Furthermore, in otdeseparately account for individual-level
unobserved heterogeneity and the effects of prevpmriod {-1) health care utilisation on
current consumption, we also estimate dynamic NBlet®owith RE. This approach extends
the previous conditionally correlated random eBexabdel already augmented by a Mundlak
correction by including among our regressors vahfethe dependent variables lagged one

period, Y;;;_;, as well as initial conditions in the parametdita of the individual effect

(Wooldrige, 2005}> Note that these estimates are performed on a drdapanel sample

13 Note that we exclude diabetes related health ciomdit(i.e. cardiovascular disease, cerebrovasdigaase,
neuropathy and heart failure) from our basic speatibns. This is because we aim at identifying éfffect of
uncontrolled diabetes, together with other unrelatenditions, on utilisation. Further models repdramong
the robustness checks, include the full batteryeafith conditions.

14 For a more recent discussion on the use of theittomally correlated (CCR) random effects modelplegal

to count data models, including negative binomiablals, see Cameron and Trivedi (2013). Note thetesihe
random effect in negative binomial models appl@she distribution of the dispersion parameterthis case,
this Mundlak-type correction would only concern tlagiance of the model

> That is, we also include among our regressorsair(itvave 1) values of our dependent variable Y}.g,.



where patients are observed during seven consecygiars (2004-2010) to allow accounting

for initial conditions and values of the lagged elegent variables.
5. Results

Descriptive statistics

The prevalence of DM in the full dataset of 104,@@Qients (including diabetic and non-
diabetic patients) increased from 6.4% in 2004.89®in 2010. As expected, the prevalence
is substantially higher for those aged 65+ (21.172004 versus 25.3% in 2010). These
figures appear similar to those at national lemeBpain for diagnosed diabetes during the
same years (Soriguet al, 2012; Vinagre and Conget, 2013). Our sub-sarmopbiagnosed
type 2 diabetic patients defined using both phgsisi disease classification codes and blood
tests reduces to 53,936 observations over theg20064-2010.

Table 1 reports descriptive statistics for both ghb-sample of all diabetics and the one that
only includes patients with uncontrolled diabetdbA1c>=7.5%). Both samples of diabetic
patients are broken down by gender. Within thedathple of diabetics, the mean numbers of
GP visits per year are 11.27 (men) and 13.68 (wQnvemle these reduce to 3.43 (men) and
3.66 (women) in case of specialist visits and @Bén) and 0.65 (women) for hospital length
of stay. We also note that this sub-sample includamly older individuals with a mean age
of 65.4 years. The mean HbAlc value in the sang4, which is very close to the estimate
mean figure for the whole region, Catalonia (7.15%)portantly, and consistently with
evidence reported in other developed countries,dataset shows that a significant number
of diabetic patients are not controlling adequatidlgir condition despite the well-known
potentially life-threatening health consequencessed by the diabetes-related complications:
uncontrolled diabetes (HbAlc levets 7.5%) is as high as 30.53% (men) and 27.59%
(women). For these patients health care consumgtppears to be substantially higher,
especially their primary care use: GP visits inseeéo 16.32 (men) and 20.18 (women),
specialist visits to 4.68 (men) and 5.15 (womemjlevhospital length of stay grows only
marginally to 0.63 (men) and 0.77 (women). Overdigbetic women with and without
uncontrolled diabetes appear to systematically wmesmore health care if compared to men
and patients of both genders with uncontrolled elieb present average HbAlc levels of
around 8.7%. Men with poor glycemic control araylsiily younger and more likely to be
immigrants; living alone; consume alcohol and taoasmoke; and have a higher BMI than
diabetic men who better control their conditions@| men with uncontrolled diabetes present
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higher percentages of depression, heart diseaskdyatipidaemia (high values of lipids in
blood such as cholesterol). Women who do not corilequately their blood sugar levels
appear to be somewhat older; more likely to beidetthe labour market; and also show
increased percentages of alcohol and tobacco cgigumand a higher BMI. This category
of women also presents a higher incidence of defmeshypertension, dyslipidaemia, heart

diseases and cardiovascular diseases.

Our three main outcome variables appear to be yigght skewed distributed with a long
tail indicating a very large consumption of res@srby a small fraction of diabetic patietts.
Another relevant feature of the dataset is thetemce of 18% of zero GP visits during the
years 2004-2010, and this increases to 38% (spciasits) and 90% (hospital length of
stay). As previously mentioned, the presence ofrdispersion in the data concerning
utilisation justifies the use of NB models. Yezexro mass problem in the data is judged to be
of concern only in case of specialist visits angpi@l length of stay, which explains our

decision to examine such outcomes through a hagjjeoach.’

Main results

In order to quantify the effects of uncontrolledlagetes (UD) on health care utilisation, we
estimate a series of (static) NB2 models with ramdeffects (RE) that exploit the
longitudinal nature of the data and account for bseoved heterogeneity. Al models
employ conditionally correlated RE and are augnekite a Mundlak specification which
includes the within mean of the continuous regnessdll models also include lagged values
of the biomarker (HbA1c) defining UD to ease consearound endogeneity and control for
the full set of covariates. Since the medical ditere appears to find higher percentages of
poor control and non-adherence among males andrthyshave an impact on subsequent
health care utilisation, we present separate estsriay gender on an unbalanced panel. All

tables report average marginal effects.

The first two columns of Table 2 show the estimatesur variable of interest, the lagged

value of the biomarker detecting UD, on the nunmiife&P visits for men and women. We

18 For instance, the variance of GP visits is alm@stimes greater than its mean. The same applisgecialist
visits (8 times) and hospital stays (21 times).
17 Once we condition on positive counts, the averagaber of specialist visits is 5.76 per year arelaherage

length of stay is 5.9 days per year.

18 Specifically, we estimate the variant of the NBdabin which the conditional variance function isaglratic
in the mean, called negative binomial 2 (NB2). Saeneron and Trivedi (1998).
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find that for men the effect of UD on the use ofnpary care is positive and highly
statistically significant with a quantitative efteaf around 0.48 GP visits. This represents an
increase of almost 4% of the annual GP visits ohrdaven by poor glycemic control.
Although the effect of UD on GP visits for womers@lappear to be positive, it is not

statistically significant.

In columns (3) and (4) we report the effects of DD specialist visits using the hurdle RE
NB2 model. Again, estimates appear to differ bydgenas the quantitative effects are
positive and statistically significant, pointingsards an increase in the number of specialist
visits, only for diabetic men. We find that theesff of having HbA1e7.5% in the previous
period leads an increase of specialist visits 8b{at 5% significance level) conditional to
positive visits. This corresponds to a percentagesase around 4.4 in the number of annual
specialist visits. Finally, the last two columnsiaible 2 present the effects of UD on hospital
length of stay using the same hurdle approach. & hesdels present a reduced number of
observations as a consequence of a larger numizaras in the data. Interestingly, we find
again a gender pattern since UD is solely assatiatth a raise in the number of days in
hospital among male patients. Specifically, theultssindicate that one-year lagged
uncontrolled DM leads to a statistically signifitaimcrease of 0.78 additional days in
hospital, conditional to positive stays. This cepends to an increase of around 17.4% in the

annual length of stay.

Since reduced glycemic control increases the risttiabetes complications and this may in
turn influence health care use, Table 3 examinésnpial non-linearities in the effects of UD
by defining increasing levels of this condition:wo(7.5%<HbA1c<8.5%); moderate
(8.5%<HbA1c<9.5) and high (HbA1c>=9.5%) UD. Our estimatbsw that the raise in GP
visits among diabetic men appear to be mainly camated among those with low and
moderate levels of UD with increases of arounddhd 0.7 GP visits respectively. Among
men, we also find statistically significant effecffsliow and high UD on specialist visits with
the largest impact observed for diabetic with tlerpst control (high UD). Our estimates
show that having low and high UD in the previouaryiead to annual increases of 0.26 and
0.46 specialist visits respectively, conditionalpisitive visits. These correspond to average
increases of roughly 4.5% and 8%. Men also presgasitive, large and highly statistically
significant effect of low UD and only a weekly sifycant effect (although also large) of high
UD on hospital length of stay. The effect of low WD utilisation implies an additional 1.1

day in hospital, representing a mean annual ineréaghe length of stay, conditional on
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hospital admission, of around 25%. It should beeddhat for women, none of the effects

related to UD appear to be statistically significan

Table 4 presents estimates from RE NB2 as welluadldén RE NB2 for a sub-sample of
healthy-users. In this case, we have excluded foomanalysis individuals with diabetes
complications as these may increase the level afttheare consumption and potentially
confound our effects of interest. These estimatesilsl help us identifying the effects of UD
on health care consumption purged from relatedtinealre complications. Estimates appear
to substantially confirm the ones presented in @dhl Among men, we find statistically
significant effects of UD on both GP and specialigtits. These effects appear to be
guantitatively larger if compared to the resultdanted from the more general sample of
diabetics in Table 2. This may imply that for memgreases in health care consumption
might be mainly driven by UD and not necessarsyrélated complications. We also find a
weakly significant effect of UD on hospital length stay, conditional on admission. As for
the previous models in Tables 2 and 3, we do ntgctleany effects for women that are

statistically different from zero.

Table 5 includes results from dynamic RE NB2 anddleumodels on a balanced sample.
These models were implemented with the specifip@sg of separately accounting for both
individual unobserved heterogeneity and the dynaroichealth care consumption together
with the influence of UD. Statistically significamersistence of health care consumption
appears to be present for both genders and for ®Bttand specialist visits. However, this
does not appear to play a major role among therrdatants of hospital length of stay for
men and also present a negative effect on consamgpdr women. This is expected and
might be related to the different nature and freqyeof health consumption identified by the
three outcomes considered: hospital admissionnsieh rarer event if compared to GP and
specialist visits. Interestingly, in this case walfstatistically significant effects of UD on GP
visits among women and only on specialist visito©agst men, although only significant at
10%1° In any case, we should be cautious in the inteapom of the effects of past heath
care consumption on current use because these mgglaiso partly driven by previous
(further back in time) levels of UD. In any case/em the substantial drop in the number of
observations when using a balanced sample, we éhmailcautious in comparing these

estimates with our main results.

9 We also run the same dynamic specifications onrdralanced sample and we found similar effecthdse
reported in Table 2. These findings are also abklapon request.
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6. Conclusions and discussion

Very little is known on the effects of non-adhererto health treatments on health care
utilisation, especially among individuals with chio conditions and diabetes. Previous
evidence is mixed, often based on limited data staddard linear models as well as self-
reported information that may be plagued by repgrbias. Other literature focused on the
effects on labour supply and aspects of qualitifefwhile the consequences on health care
utilisation of non-adherence and uncontrolled diebéave not been examined. In this paper,
we employ detailed longitudinal data on a largeytaoon of adult diabetic patients and use
a clinically assessed biomarker to detect the paesef uncontrolled diabetes and in turn its
influence on GP visits, specialist visits and htapiength of stay. We focus on these
outcomes as they appear to account for the laogesponents of medical costs associated to

diabetes complications.

We estimate a range of panel count data modelkidimg negative binomials with random

effects, dynamic and hurdle specifications to antdor unobserved heterogeneity, previous
utilisation and selection. The inadequate contfotiabetes, the most widespread chronic
condition in all developed countries, and the asialyf its multiple determinants is a key

priority for health care professionals and policgkers.

Our analysis confirms that a large fraction of @b patients (30%) appears to have a poor
control of their condition and this leads to anesschealthcare utilisation, especially among
men. We find that among men, uncontrolled diabatggears to increase the number of GP
visits by around 4% and the volume of specialisits, also by about 4.4%, after accounting
for a wide set of controls and other clinically essed conditions. Our findings also indicate
that uncontrolled diabetes leads to an increasgamfnd 17.4% in the annual hospital length
of stay for men, conditional on positive stays.slimay imply that, although hospitalisation is
a relatively rare event for diabetic patients, urtoalled diabetes greatly increases its length,
therefore imposing additional costs to the heajstesn. Although women with diagnosed
diabetes appear to consistently consume more healte if compared to men, their
consumption do not appear to be driven by uncdettaiabetes.

Interestingly, our analysis appears to show hetregus effects among men. For instance,
we find that the increase in GP visits among diah®en is concentrated among those with
low (7.5%<HbA1c<8.5%) and moderate (8.5¥bA1c<9.5) levels of uncontrolled diabetes.

Yet, the annual increase in specialist visits, domthal to a positive number of visits, concern
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patients having low and high (HbA1c>=9.5%) levelsmadequate control. Finally, we find
that increase in the length of stay (around 25%ears to be concentrated among patients
with low levels of uncontrolled diabetes. We bediethese latter findings might be
particularly informative as they identify specificoups of diabetics that should be targeted
and prioritised in order to use health resourceeerafficiently and provide better treatments.

Our robustness checks appear to validate our nradmgs.

Overall, this study combines the use of robust pawmnometric methods with rich
administrative data to estimate for the first tithe effects of non-adherence on health care
utilisation by focusing on diabetes, one of the muwsdespread chronic conditions
worldwide. Our results suggest that improving ghpae control would not just be beneficial

to patients’ wellbeing but would also substantiaéiguce extra health care utilisation.
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Table 1: Descriptive statistics: Years 2004-2010

Entire sample of Diabetics

Diabetics with HbAle 7.5%

Men N Women N Men N Women N
GP Visits 11.27 26964 13.68 26972 16.32 4432 20.18 4096
Specialist visits 3.43 26964 3.66 26972 468 4432 5.15 4096
Hospital stays 0.56 26964 0.65 26972 0.63 4432 0.77 4096
HbAlc level 7.08 14515 7.00 14848 8.69 4432 8.68 4096
Uncontrolled DM" 30.53 14515 27.59 14848 - 4432 - 4096
Age 64.47 26964 66.42 26972 63.54 4432 67.66 4096
Immigrant 2.31 26964 3.12 26972 2.73 4432 2.37 4096
Active 32.87 26860 25.39 26789 34.46 4422 18.45 4075
Living alone 88.57 26964 83.15 26972 90.55 4432 83.76 4096
Alcohol 5.11 26964 0.56 26972 5,80 4432 0.71 4096
Tobacco 28.39 26964 8.14 26972 33.73 4432 8.64 4096
BMI 29.13 25165 30.81 24576  29.31 4352 31.73 4017
Asthma 1.86 26964 6.05 26972 1.65 4432 6.81 4096
CPOD 9.81 26964 2.68 26972 9.05 4432 254 4096
Dementia 2.00 26964 3.56 26972 1.65 4432 291 4096
Psychosis 1.11 26964 1.10 26972 1.08 4432 0.66 4096
Depression 9.55 26964 23.12 26972 10.24 4432 28.32 4096
Neoplasia 852 26964 7.00 26972 575 4432 6.91 4096
Hypertension 50.72 26964 60.91 26972 49.99 4432 68.04 4096
Dyslipidemia 47.47 26964 47.45 26972 50.10 4432 57.84 4096
Heart Diseases 16.27 26964 8.57 26972 17.89 4432 9.38 4096
Cerebrovasc D. 576 26964 1.81 26972 6.34 4432 3.03 4096
Heart failure 1291 26964 12.54 26972 11.17 4432 12.06 4096
Neuro 0.92 26964 1.27 26972 0.81 4432 1.20 4096

* Uncontrolled DM is defined for HbAlc valuesr.5%.
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Table 2: The effects of uncontrolled diabetes on léh care utilisation

Hurdle Models

1) (2) €)) (4) ©)) (6)
Men Women Men Women Men Women
GP visits GP visits Specialist Specialist Hosp. Stays Hosp. Stays
uUD (t-1) 0.483 0.241 0.249 0.155 0.777 0.111

(0.192)  (0.230) (0.119) (0.127)  (0.316) (0.369)

N 11763 12147 9235 9924 1394 1574

UD (t-1) stands for uncontrolled type 2 diabetesnasasured by HbAlc>=7.5% lagged one period. Table
displays average marginal effects (AME) for std®E NB2 model augmented by a Mundlak specification
(unbalanced sample). All models control for the $elt of covariates. Standard errors in parenthéses 0.10,

" p<0.05" p<0.01.

Table 3: The effects of uncontrolled diabetes on ladth care utilisation - HbAlc levels

Hurdle Models

(1) (2) (3) (4) (5) (6)
Men Women Men Women Men Women
GP GP visits Specialist Specialist Hosp. Hosp.
visits Stays Stays
UD1[7.5, <8.5%] (t-1) 0.412" 0.310 0.261 0.122 1.099 0.058

(0.210) (0.248)  (0.130)  (0.137)  (0.353) (0.401)

UD2[8.5,<9.5%] (t1) 0.669"  0.343 0.125 0.245 -0.014 0.393
(0.303) (0.360)  (0.187)  (0.195)  (0.468) (0.524)

UD3 [>=9.5%] (t-1) 0.582  -0.504  0.459  0.206 1.027 -0.335
(0.384)  (0.449) (0.232)  (0.244)  (0.553) (0.680)

N 11763 12147 9235 9924 1394 1574

UD1,2,3 (t-1) stands for the uncontrolled type abdites defined within the corresponding HbAlc irgker
lagged one period. All models present average malgiffects (AME) for static RE NB2 models augmeinby

a Mundlak specification (unbalanced panel). All rigdcontrol for the full set of covariates. Stamdarrors in

parentheses.p < 0.10,” p<0.05,” p<0.01
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Table 4: The effects of uncontrolled diabetes on léh care utilisation — healthy users

Hurdle Models

(1) 2) 3) (4) () (6)
Men Women Men Women Men Women
GP visits GP visits Specialist Specialist Hosp. Stays Hosp. Stays
uUD (t-1) 0.560° 0.097 0.286 0.216 0.718 0.066
(0.219) (0.248) (0.139) (0.141) (0.368) (0.423)
N 8179 9466 6180 7633 832 1125

UD (t-1) stands for uncontrolled type 2 diabetesnasasured by HbAlc>=7.5% lagged one period. Table
displays average marginal effects (AME) for st&®E NB2 model augmented by a Mundlak specification
(unbalanced sample). All models control for the $elt of covariates. Standard errors in parenthéses 0.10,

" p<0.05" p<0.01.

Table 5: The effects of uncontrolled diabetes on laéh care utilisation — dynamic
models

Hurdle Models

(1) (2) (3) (4) (5) (6)
Men Women Men Women Men Women
GP visits  GP visits Specialist Specialist Hosp. Stays Hosp. Stays
uD (t-1) 0.431 0.87T 0.380 0.001 -0.131 -0.523
(0.292) (0.310) (0.198) (0.183) (0.478) (0.495)
GP visits (t-1) 0.186 0.106™ - - - -

(0.0137)  (0.0106)

Spec. visits () - - 0.118"  0.131" - -
(0.013  (0.012)
Hosp. stays (t-1) - - - 0.056 -0.069

N 3738 4704 3122 4094 468 602

UD (t-1) stands for uncontrolled type 2 diabetesnassured by HbAlc>=7.5% lagged one period; GRs\si
1) stands for the number of GP visits lagged onm@g@gSpec. visits (t-1) for number of specialigits lagged
one period; Hosp. Stays (t-1) for the length offitas stays lagged one period. Table displays ayeraarginal
effects (AME) for dynamic RE NB2 model augmented ihitial conditions and a Mundlak specification
(balanced sample). All models control for the &l of covariates. Standard errors in parenthéges.0.10,”

p <0.05" p<0.01.
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