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Abstract

Aims

Studies have shown that health service utilization often increat®s years immediately
before death. Estimates of direct medical cost of diabetes mellitusi{Di9rtality year
and the previous ye#s not well understood. This study aimdeport the health resource
use and estimate the direct medical costs arbivigpatientsn the yeaiof mortality and the

year before mortality.

Materials and Methods

We analysed a population-based, retrospective cohort study including all adulBMvith
diagnosign Hong Kong between 2009 and 2013, and death between January 1, 2010 and
December 31, 2013. Annual direct medical costgear of mortality and year before

mortality were determinebly summing costs of health services utilized within the respective
year. The costaere analysedy gender, the presenceadmorbidities, diabetic

complications and primary cause of death.

Results

A total of 10,649 patients met the eligibility criteria for analySis.average, the direct
medical costn the year of death were 1.947 times higher than timobee year before death.
Male and female patients had similar castdhe year before mortality and mortality year.
Patients with any diabetic complications had greater cost® year of mortality and before

mortality than those without.
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Conclusions

This analysis provides new evidence on incorporating additional direct medicahdbsts
mortality year, and refining the structure of total cost estimates fan ussting and cost-

effectiveness analyses of interventionsDdd .
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Manuscript Text

I ntroduction

Dueto the population ageing, environmental and lifestyle changes, the global prevalence
diabetes mellitus (DMin adults was 8.8%» 2015, and has been predictedncreasdo
10.4%in 2040 [1]. The mean healthcare expenditurestmhadult living withDM was
US$1,583n 2014, projectingnannual healthcare expenditure attributabl®M ranging

between US$612-1,099 billion worldwide [2].

Direct medical costs have important implications for the implementation of health care
interventions regarding the prevention of diabetes and diabetes-related complications.
Estimations of the lifetime direct medical costdfl quantifies economic burden and
consequences national healthcare services. A United States national retrospective study
estimated lifetime medical expenditures BVl patients from diagnosts death [3]. Results
from UK Prospective Diabetes Prospective Study [4] reported that patightdiabetes-
related complications incurred more annual direct medical costs than those without. Another
study based on multiple data sourcethe US reported the total numbef deaths
attributableto DM, and estimated the indirect cost daearly mortality [5]. The largest

direct medical cost componenashospital inpatient care, followdwy outpatient care and
allied health care. Premature mortality attribute®M equatedo US$18.5 billionin 2012

[5]. Among 246,000 deaths 2012 attributabléo DM, about 55% and 28% of them had
renal failure and cerebrovascular disease recadte primary causes of death, suggesting
that high direct medical cosé$ mortality year may result from healthcare doidiabetes-

related complications.
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With prevailing number ofo-existing morbidities or complications over the survival years,
thereby leadingo morbidity compression and drastic rinehealthcare resource use [6], the
direct medical costs the yeaof death was thouglib be greater than those costghe

survival years. Metime-to-death variable playanimportant rolen cost models for chronic
diseases [7]. Although accasspopulation-based database on healthcare utilization enables
usto examine direct medical costs and their determinants, there have been no published
studies that report direct medical castshe year of death and compare them with costs

the survival years.

This study aimedo report the health resource utilization and estimate the direct medical
costs among patients wibM in the yeaiof mortality and the year before mortalitye
examined the influencef the primary causes of death and the presence of diabetes-related
complications on the direct medical costs, allowing for better projections of medical

expenditures attributabte DM patients.

Materials and Methods

Study design and patient sampling

The population-based, retrospective cohort datéhose patients who had visited primary
care general outpatient-clinics Hong Kong Hospital Authority between August 1, 2008 and

December 31, 2013, were extracted from Hospital Authority administrative database.
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Inclusion criterieof patients were 1) aged 18 and over; and 2) documented diagnD$ik of
(definedby the ICPC-2 codes T89/T90) on or before January 1, 2009. A cohort of 161,469

DM patients was selected based on aforementioned inclusion ciiteaasess the cost of
mortality year and the year before mortality, only patients who died between Jan 1, 2010 and
December 31, 2013 were included. A total of 10,68 patients dying between January 1,

2010 and December 31, 2013 were incluthethal data analysis of the mortality year cost
estimation (Supplemental Figure 1). While the data inclusion period started from August
2008, patients who died between January 1, 2010 and 1 August 2010 were not utilized for the

data analysis of the year before mortality cost estimation.

The International Statistical Classification of Diseases and Related Health Problems, 10th
Revision (ICD-10) diagnosis cedwere usedo identify the primary cause of death, whereas
the diabetes-related complications were identifigthe International Statistical

Classification of Diseases and Related Health Problems, 9th Revision, Clinical Modification
(ICD-9-CM) and the International Classification of Primary Care, Version 2 (ICPC-2) codes

aslistedin Supplementary table 1 and Supplementary table 2.

Estimation of annual direct medical costs

This cost analysis adopted the same approealprevious study [8]. Frequency of

healthcare service utilization within Hospital Authorityeafchpatientat the mortality year

and the years before mortality were retrieved from the Hospital Authority administrative
database. Cost items included general outpatient visits, specialist outpatient visits, emergency

visits, and length of hospital staygeneral ward, intensive care unit, and high dependency
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unit. The unit cost of each type of healthcare service was based on the price list for non-
eligible persons, published 2013 Government Gazette and Hospital Authority Ordinance
[9]. Annual direct medical costs were calculateddachpatientasfollows: annual direct

medical costs = number of unit of each healthcare service item x unit cost of respective

healthcare service item.

Patient covariates

The covariates of thBM patients included gender, group of death age, ethnicity, type of
diabetes, the presenceaafmorbidities, the presence of diabgtelated complications, and

the primary cause of death.

Death age was categorized into four groups: <65 years, 65-74 years, 75-84 yedfs and
years. The ethnicity was divided ift€@hinese” and“non-Chinese”. Type of diabetes as
identifiedby ICPC-2 codeST89” for insulin dependent diabetes (Type | diabetes)‘and’

for non-insulin dependent diabetes (Typdiabetes). The level ab-morbidities was
measuredby the Charlson Comorbidity Index (CCI) [10]. The Charlson comorbidities for
DM with and without chronic complications were excluded from the CCI calculatiavoid
double-counting. Existence of eaotrmorbidity was scored and a final score was calculated

by summing all the points. The CCIl was categorized into four groups: 0, 1,>3and

Association between annual direct medical cost and the presences of nine diabetic

complications (acute myocardial infarction, @tischemic heart disease, congestive heart
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failure, stroke, peripheral vascular disease, diabetic retinopathy, diabetic nephropathy, end-
stage renal disease, and diabetic foot ulcer) were tested. Other diabetes-related complications
(amputation, lowelimb ulcer, blindness, diabetic neuropathy and sight-threatening diabetic

retinopathy) with low observation counts (<2%) were not controlled for regression analysis.

Because of the limited number of patieimtsome groups for primary causes of death, a total
of seven groups including infectious and parasitic diseases, neoplasms, diseases of the
circulatory system, diseases of the respiratory system, diseases of the digestive system,

diseases of the genitourinary system, and others were divided.

Statistical analysis

Annual direct medical costs, their 95% confidence intervals and the proportion of the cost of
hospitalization of patients withM at 48-60 months before mortality, 3 months before
mortality, 24-36 months before mortality, 12-24 months before mortality, and the mortality

year were calculated.

Furthermore, healthcare resource use and annual direct medicalttbstgear of mortality
and the year before mortality (12-24 months before mortality) were andlysbd
covariates, whichra gender, age group, the presenceamorbidities, the presence of
diabetic complications (heart disease, stroke, diabetic nephropattigpetic retinopathy),

and primary cause of death.
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Generalized linear models widlmidentity-link function and log-link function with gamma
distribution were usetb explore the associations of the annual direct medical costs. Both the
log-link function and identify-link functiom the generalized linear model were used for
estimations of direct medical cosits Jine with previous costing studg]. Coefficients,

multipliers (exponential value of coefficient) and their corresponding 95% confidence
intervals for each covariate were report@dcomparing the goodnesdé-it of generalized

linear models witlanidentify-link and log-function, the mean absolute error (MAE) and the
root-mean-square error (RMSE) of ts@chmodel were be calculated. A smaller MAE and

RMSE indicate a better model fit.

All statistical analyses were performed using STATA version 13.0 (StataCorp LP, College
Station, TX, USA). Allsignificance tests were two-tailed and P values < 0.05 were taken

indicate statisticadignificance.

Results

Patient characteristics

A total of 10,649 patients with documented diagnosiBMfat least one year before

mortality were identified. The mean death afi¢he patients was 79.4 (with S.D. 10.6) and
the distribution of the gender was nearly fifty-fifty (with male 49.36% and female 50.64%).
96.69% of the patients were Chinese and nearly all of the patients were non-insulin

dependent diabetes (99988 Nearly two-third of the patients (6246 suffered fromat least
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one of diabetic complications and the most common primary cause of death was Neoplasms

(28.42%) (Supplementary table 3

Costsin the mortality year and years before mortality

Annual direct medical costs, their 95% confidence intervals and the proportion of the cost of
hospitalization of patients withM in the mortality year and the years before mortaliey
presentedn Figure 1. The closer the mortality year, the higher the annual direct medical

costs and the proportions of the hospitalization cost over the annual direct medical cost were.
The average medical castthe year of mortality doubled from US$11,807.0 (73.7% for
hospitalization costip US$22,987.5 (78.4% for hospitalization castjhe year of mortality

(Figure 1. Given the costs 48-60 months before mortality, 36-48 months before mortality
and 24-36 months before mortality are roughly similar while the co4i3-24 months

before mortality and the mortality year are much higher, the detailed results are only

presented for the year before mortality (12-24 months before death) and the year of mortality.

Utilization of healthcare services

Frequenciesf healthcare services attendancedachpatientin the year before mortality
andin the yeawof mortality were measured, respectively. The mean number of general
outpatient clinic and specialist outpatient clinic vigitshe year before mortality were
greater than that ah the mortality year (5.8mes and 4.7 times vs 2.4 times and 3.9 times,
respectively). However, mean number of nighfthospital stayat general wardh the

mortality year was much greater than timathe year before mortality (27.7 nights vs 13.8
nightg. Mean number of nights of hospital s&yntensive care unit and critical care unit

the mortality year were also greater than thdhe year before mortality (0.4 nights and 0.1
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nights vs 0.1 nights and 0 nights respectively) (Tahl&ihce unit costs of hospital stay at
general ward, intensive care unit and high dependency unitamMesest four times of that of
general outpatient clinic and specialist outpatient clinic visit [9], the annual direct medical

costin the mortality year was higher than tivathe year before mortality.

Comparison of the annual direct medical cost by time and existence of covariates

Table 2 shows the influence of th&tients’ covariates on the annual direct medical cost.

The female patients had a similar medical cost compared with the male patieetyear
before mortality (US$11,980.6 vs US$11,628.8; p=0.440)rmatite mortality year
(US$22,825.4 vs US$23,153.8; p=0.543). The medical costs were almostidahble

mortality year comparetb the year before for both male and female (Table 2).

Analysedby age group, the group with the highest énghe year before mortality was

patients aged 85 or above (US$12,172.1) and the group with the highest cost for the mortality
year patients aged 65-74 (US$24,459.9). The medical icoslisage groups were nearly

doublein the mortality year (1.94 times for aged below 65; 2.27 times for aged 65-74; 1.97

times for aged 75-84; 716 times for aged 85 or above) (Table 2).

By ethnicity, higher medical costs were recorded for Chinese paitidnish year before
mortality andin the mortality year (US$11,992.6 and US$23,216.6 for Chinese patients;

US$6,394.0 and US$16,304.5 for non-Chinese patients, respectively). Thia tosts
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mortality yearn two groups were doubled compatedhe costsn the year before mortality

(1.94 times for Chinese; 2.54nes for non-Chinese) (Table 2).

For type of diabetes, patients with non-insulin dependent diabetes had significantly higher
medical costén the mortality year than the year before mortality (US$22,988.8 vs
US$11,819.2; p<0.001), but insignificantly higher costs for patients with insulin dependent

diabetesn both years (US$23,789 vs US$14,525.9; p=0.1236) (Table 2).

Analysedby the levels oto-morbidities, the higher the CCI score, the higher medicalicost
the mortality year. The medical castthe mortality year was increased 1.5 times compared
to the year before mortality, regardlegshe CCI scores (1.96 times for score 0; 1.61 times

for score 1; 2.17 times for score 2; 1.84 times for score 3 or above) (Table 2).

Patients withat least one of the dialetrelated complications had higher costs than those
without bothin the year of mortality (US$24,585.6 vs US$20,358.5) and the year before
mortality (US$13,509.0 vs US$9,00Y..The medical cost® the mortality year were two
times of the costm the year before mortality @2 times for patients with any diabetic

complications; 2.26 times for patients without diabetic complication) (Table 2).

The most costly primary cause of deathhe year before mortality was diseases of the
genitourinary system (US$16,696.4), whereas the most costly primary cause of death for the

mortality year was certain infectious and parasitic diseases (US$32,989.0). The ratio of the
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costsin the mortality yeato the costsn the year before mortality varied from 1.#33.35

times (Table 2).

Association between the annual direct medical costpatehss’ covariates

Table 3 and Table 4 show the estimated coefficients of the effect of covariates on direct
medical costs of patients wilbM using the generalized models with identify link and log

link, respectively.

a) Fitting a generalized linear model using the identity link with gamma distribution

From table 3, the base case annual average medical cost was US$6,0@5year before
mortality (85-year-old or elder male patient without any diabetic complications died with

other primary cause of death). FemaM patients were expectéd cost US$531.5 more

than maleDM patients. The patients aged below 65 paid US$1,990.5 more while the patients
aged65-74 paid US$340.4 less compatethose aged 85 or above. Moreover, nearly all the
presence of diabetes-related complications increased the direct medicaM gsttients

with diabetic foot were expected cost US$9,055.0 more than the patients who do not.
Patients with diabetic retinopathy would cost US$577.5 less than the patients who do not but
the difference was not statistically significant. The patients that dietbdliseases of the
genitourinary system and diseases of the respiratgtgm would cost US$3,574.9 and

US$5,097.1 more than patients with other primary cause of death respectively.

In the year of mortality, the base case annual average inpatient cost was US$8,283.1. The

average medical cost of female patients was US$767.1 higher than that of male pdents.
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patients aged 65-74 and aged 75-84 paid US$1,329.1 and US$1,143.2 more than the patients
aged 85 or above respectively. The presefi@ny of the diabetes-related complications
increased the direct medical cost (ranging betveeencrease of US$512.3 for the presence

of acute myocardial infarction arahincreaseof US$13,479.0 for the presence of diabetic

foot). The patients that died dtgecertain infectious and parasitic diseases and neoplasms
would cost 15$18,218.2 and US$15,792.1 more than patients with other primary aduses

death respectively.

b) Fitting a generalized linear model using the log link with gamma distribution

Table 4 presents the base case annual average medical cost was USB6tA&Y@ar

before mortality (85-year-old or elder male patient without any diabetic complications died
with other primary cause of death). FemaM patients had a higher cost than male patients
with a multiplier 1.037. Compared with the patients aged 85 or above, all the patiettisr
age groups had higher costs (with multipliers 1.357, 1.060 and 1.060 for patients aged 65
below, 65-74 and 75-84 respectively). The most costly diabetic complication and the most
costly primary cause of death were di@béot ulcer (with a multiplier 1.766) and diseases

of the respiratory system (with multiplier 1.54iespectively.

At the yeaiof mortality, the base case annual average medical cost was US$9,891.8. The cost
of the female patients was higher than that of male patients (with a multipliej. P@génts

below 85 years old would cost more than the patients aged 85 or above (with multipliers
1.131, 1.164 and 1.099 for patients aged 65 or below, 65-74 and 75-84 respectively). All the
presence of diabetic complications would have a positive relationship on the medical cost,

where the most costly diabetic complication was diabetic foot ulcer (with a multiplier).1.660
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The most costly primary cause of destkertain infectious and parasitic diseases (with a

multiplier 2.369.

c) Goodness-ofit of models

Both the MAE and RMSE of the generalized linear model using the identity link with gamma
distribution are smaller than the generalized linear model using the log link with gamma
distribution (The year before mortaltyMAE: 13,171.4 vs 13,266.8, RMSE: 222.9 vs 260.1;
The mortality year MAE: 17,737.8 vs 17,877.9, RMSE: 223.8 vs 261.4). Therefore, the
generalized linear model using the identity link with gamma distribution was preferred over

that using the log-link with gamma distribution.

Discussions

To quantify burden oDM to healthcare provider, healthcare resource use and annual direct
medical costs were estimated using routine administrative databasey developed

countries suclasUS [3, 11], United Kingdom [4, 12], Denmark [13], Australia [14], Sweden
[15], and Singapore [16]. Nevertheless, aforementioned studies primarily assessed the impact
of diabetes-related complications on healthcare coste wie present study utilized the
patient-level data within hospital administrative database, and reported the robust estimates
of annual direct medical cosasmortality year and years before the mortality. Importantly,
annual direct medical coststhe mortality year (US$22,987.5) were almost double of those

in the year before mortality (US$11,80);.6choingto the notiorfthe high cost oflying”

[17] that the annual healthcare costs of tHDkkepatientsn their last year of life were
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greater than those &M patients who survived. High coststhe mortality year were

possibly dugo the occurrencef diabetes-related complications. Evidence from diabetes
models (e.g. UKPDS 82[18]) demonstrated thit patients had higher probability of death

in the first year of complication event. Healthcare costs of patients having complication event
(s) occurredn the first year were significantly greater than those of those without
complication event occurred. Our costing analysis provided evidence on incorporating
additional amounts into direct medical cost estimaiticthe mortality year, especially when

a complication event occurs. Furthermore, the proportion of hospitalization cost increased
with the decreasm life expectancyrom 73.7%in the year before mortality 78.4%in the

year of mortality, indicating the switaf healthcare service utilization from primary care

settingto hospital-based setting for those who had shorter life expectancy.

The present study investigated the association between annual direct medical cost and the
patient characteristics. Based on regression results, substantial impaemsabidities,
diabetes-related complications and primary cause of death on annual direct pustical

were observed. Patients with presence of the diabetic ulcer foot had the highest incremental
annual direct medical costs, with US$13,479.0 more than those who did not (in generalized
linear model with identity link of gamma distribution) or 1.660 times more than those who
did not (in generalized linear model with log link of gamma distribution). The costs
associated with diabetic ulcer fantthe event and subsequent years were not denveost

of the costing analyses|[3, 4, 12, 13, 16], whereas diabetic ulcer foot was part of the broad
category suclasperipheral circulatory complications[1f] one Swedish study. Howevers
demonstrateth current study, the diabetic foot ulcer was one of the most expensive diabetes-
related complicationsn line with previous retrospective cohort studies[8, 11, 14]. Besides,

among typesf primary death caus®M patients who died because of certain infectious and
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parasitic diseases had the highest incremental annual direct medicai tostsiortality
year (US$18,218)20f those, more than 80% patients (88)lied dueto that category

were classifie@ssepsis.

In light of healthcare resource usepublic sectorDM patientsn thar mortality year had

less utilization of outpatient visits and allied health professional visits thanithtteeyear
before mortality. Reciprocally, patieritethe mortality year utilized more emergency visits
and hospitalizatiom term of general wards and intensive care unit than thabe year
before mortality. Towards the mortality yeBiyl patients relied on secondary care delivered
by hospitals rather than primary care mainly delivdrgdutpatient clinics.In additionto

age and composition of multi-morbidity, thime-to-death was determinants of healthcare
utilization and diectmedical costén DM patients, supportdaly previous study [7]. Hence,
healthcare utilization pattern presentedurrent study would help policy-makdmsadvocate
the healthcare service planning and allocation accotdilig expectancy antime-to-death

information ofDM patients.

Another implication of our findings was significant increas¢he healthcare cosits

mortality yearin comparisoro thosein the year before mortality. Differencesaccrued

health costs between the two years provided a strong argument for the refinement of the cost
structurein costing and cost-effectiveness analysis of health interventiomsVior

Conventionally, cost-effectiveness modelling assumed that the Hong Kong healthcare costs
in DM patients were the same over time horizon, and do not account for the differenices

healthcare costs between the mortality and non-mortality years [19-22]. Therefore, evidence

Pagel7 of 24



from this study supports the adjustment on direct medical cote mortality year and year

before mortalityin future cost-effectiveness analyses.

Limitations

Several limitations and assumptions must be acknowledged. Firstly, unit costs of healthcare
service item were obtained from published documatittong Kong Government Gazette,
whereby no temporal adjustment or inflation was taken into consideration. Each patient was
assumedo have the same unit cost of healthcare service asanpackaged price inclusive

of consultation, investigations, prescribed medications, radiology, and other examinations
during the clinic visit or hospital stay. Actual resource use for each healthcare service item,
term of human resource, equipment, consumables, and overhead, were asteibd

sameAs such, the annual direct medical castthe death year and years before death might
be biased, and valid for Hong Kodv patients and for thigme period when ur costs of
healthcare service are still current. Secondly, current analysis estimated public healthcare
utilization and corresponding annual direct medical cost attributaBI® patients, adopting
government-based public healthcare provider perspective. Resourneusate sector and
indirect costs based upon productivity les&ere not taken into consideration. Finally, the
cause of the healthcare resourceigs®important issue for consideration. Especially for
elderlyDM patients, a proportion of healthcare resource use and costs might be utwelated
DM or diabetes-related complications However, our retrospective cohort data are not possible
to differentiate the cause of the healthcare resources uses, and not posiEtdemine

whether the healthcare resources uses aréodurenary cause of death or diabetic

complications.
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Conclusions

The annual direct medical costs¥ patientsn the mortality year were almost two times
greater than thoda the year before mortality. Healthcare castboth the mortality year and
the year before mortality were influendeglthe presencef diabetes-related complications
and primary cause of death. This analysis provides new evidence on incorpamating
additional direct medical cost the mortality year, and refining the structure of total cost

estimates for use costing and cost-effectiveness analyses of health interventioDsAfor
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Figure Legend

Figure 1: Average annual direct medical costs of patients with diabetes mellitus and
proportion of the cost of hospitalizatiab48-60 months before mortality, 36-48 months
before mortality, 24-36 months before mortality, 12-24 months before mortality, and the

mortality year. Error bars indicated their 95% confidence intervals.
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