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OBJECTIVE

Toexaminewhether neighborhood socioeconomic status (SES) is apredictor of non-
drug-related health care costs among Canadian adults with diabetes and, if so,
whether SES disparities in costs are reduced after age 65 years, when universal drug
coverage commences as an insurable benefit.

RESEARCH DESIGN AND METHODS

Administrative health databases were used to examine publicly funded health care
expenditures among 698,113 younger (20–64 years) and older (‡65 years) adults
with diabetes in Ontario from April 2004 toMarch 2014. Generalized linear models
were constructed to examine relative and absolute differences in health care costs
(total and non-drug-related costs) across neighborhood SES quintiles, by age, with
adjustment for differences in age, sex, diabetes duration, and comorbidity.

RESULTS

Unadjusted costs per person-year in the lowest SES quintile (Q1) versus the highest
(Q5) were 39% higher among younger adults ($5,954 vs. $4,270 [Canadian dollars])
butonly9%higheramongolder adults ($10,917vs. $9,993).Adjustednon-drugcosts
(primarily for hospitalizations and physician visits) were $1,569 per person-year
higher among younger adults in Q1 vs. Q5 (modeled relative cost difference: 35.7%
higher) and $139.3 million per year among all individuals in Q1. Scenarios in which
these excess costs per person-year were decreased by ‡10% or matched the rel-
ative difference among seniors suggested a potential for savings in the range
of $26.0–$128.2 million per year among all lower-SES adults under age 65 years
(Q1–Q4).

CONCLUSIONS

SES is a predictor of diabetes-relatedhealth care costs in our setting,more so among
adults under age 65 years, a group that lacks universal drug coverage under
Ontario’s health care system. Non-drug-related health care costs were more than
one-third higher in younger, lower-SES adults, translating to >$1 billion more in
health care expenditures over 10 years.

In 2018, more than 30 million Americans were estimated to have diabetes, with
projections calling for another 30 million by the year 2060 (1). The rise in diabetes
prevalence in recent decades has considerable implications for health system
management and resource allocation in the U.S., Canada, and worldwide (1–4).
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While rates of hospitalizations for car-
diovascular events, end-stage kidney dis-
ease, andother complicationshave fallen
significantly in recent decades (5–10),
hospital care remains the largest con-
tributor to the high costs of diabetes care
(2–4). In the U.S., approximately one in
four health care dollars was spent on
individualswith diabetes in 2017, leading
to an estimated $237 billion in direct
medical costs and an average of $16,752
per person with diabetes each year (3).
However, total costs attributable to di-
abetes, including indirect costs from
disability and premature mortality, are
likely to have been considerably higher.
Low income is a strong risk factor for

adverse diabetes outcomes, including
avoidable hospitalizations, amputation,
end-stage renal disease, cardiovascular
events, and overall mortality (10–15).
Canadian research reported a50%higher
incidence of cardiovascular events among
low-income adults with diabetes living in
Ontario relative to high-income groupsd
but only among those under age 65 years
(11). Differences across income groups
were substantially diminished after age
65 years, the age at which universal
drugcoveragecommencesunder theprov-
ince’s health plan. A similar phenomenon
was observed with respect to mortality,
end-stage renal disease incidence, and
glycemic control (10–12,16). Despite con-
siderable gains in overall survival in recent
decades, the gap in mortality between
richer and poorer people with diabetes
has widened among younger groups, yet
remained stable among those over age
65 years (10). Escalating drug costs may
have compounded existing disparities
(17,18). In the face of high out-of-pocket
costs, low-income groups who lack ade-
quate insurance coverage are more likely
to restrict their use of prescription
medicationsdanact that, in itself, can lead
to poorer health outcomes (19–23).
In Canada, prescription medications

fall outside the scope of the Canada
Health Act, with wide variations in
drug financing across provinces (24). In
Ontario, the Drug Benefit Program pro-
vides universal coverage to individuals
over age 65 years but only provides
coverage for youngerpeoplewho require
government assistance for basic living
expenses (including those with long-
term disabilities) and individuals with
excessive drug costs relative to their
income. The majority of adults with

diabetes who are under age 65 years
must pay out of pocket or receive cov-
erage from third-party insurers, with
varying degrees of copayments and
deductibles.

The aim of this study was to examine
whether socioeconomic status (SES) is a
predictorofnon-drug-relatedhealthcare
costs among adults with diabetes within
a publicly funded health care system that
universally covers the costs of hospital,
laboratory, and physician services for all
but within which universal coverage of
medications commences only after age
65 years. Based on prior studies that
demonstrated a greater association be-
tween SES and adverse health outcomes
among younger adults, we tested the
association between SES and non-drug-
related health care expenditures sepa-
rately among younger (20–64 years old)
and older ($65 years old) adults with
diabetes, with the hyopthesis being that
SES disparities would be reduced in pop-
ulations over age 65 years who receive
universal drug coverage as an insurable
benefit.

RESEARCH DESIGN AND METHODS

Study Population
We conducted a population-based, ret-
rospective cohort study using admin-
istrative databases held at ICES, an
independent nonprofit research insti-
tute. These data include anonymous
health records for all permanent resi-
dents living in Ontario, Canada (;14
million) and capture both inpatient and
outpatient services, as well as prescrip-
tion drug claims reimbursed through the
Ontario Drug Benefit program. Individual
records were linked across databases
using unique, encoded identifiers and
analyzed at ICES. This study received
ethics approval from the institutional
review board at Sunnybrook Health Sci-
ences Centre.

The study population included all adults
with diabetes living inOntario on31March
2004 and receiving coverage under the
province’s health care program for a min-
imum of 5 years prior. Individuals were
identified from the Ontario Diabetes Da-
tabase (ODD), which uses a highly sen-
sitive (89%) and specific (98%) algorithm
based on hospitalization and physicians’
services records to identify individuals
with physician-diagnosed diabetes (25).
The ODD excludes individuals with ges-
tational diabetesmellitus but is unable to

discriminate between type 1 and type 2
diabetes.

Variables and Data Sources
The main independent variable in this
study was SES at baseline. Because in-
dividual measures of income were not
available, we used an area-level measure
of SES created fromdata collected for the
Canadian Census. To do so, we assigned
individuals to small geographic units
(disseminationareas [DAs]) that are fairly
homogeneous with respect to social
characteristics and population size
(;500 individuals), based on their loca-
tion of residence at baseline (1 April
2004). A postal code conversion file
(2006 PCCF1) created by Statistics Can-
ada was used to assign income quintiles
to each DA based on the median house-
hold income level reported for that DA at
the timeof the 2006Canadian Census. To
account for differences in the costs of
living (e.g., housing prices) in different
cities, towns, or regions, this algorithm
ranked DAs within a given census met-
ropolitan or agglomeration area (e.g.,
Toronto)orwithin small town/rural areas
according to their median household
income level before dividing DAs into
quintiles. Those in the lowest income
category were classified as quintile (Q) 1
and those in the highest income category
as Q5.

Age, sex, location of residence, and
vital status were derived from the Reg-
istered Persons Database. Clinical varia-
bles included the number of primary care
visits in the year prior to baseline, du-
ration of diabetes, level of comorbidity,
and history of major cardiovascular dis-
ease (CVD) events or coronary/cerebral
revascularization within the preceding
5 years, based on the relevant diagnosis
and procedure codes from hospital dis-
charge records (Supplementary Table 1).
Because the earliest records in the ODD
were from 1991, diabetes duration was
categorized into the following: #2
years, .2–5 years, .5–10 years, and
.10 years. Comorbidity was assigned to
individuals using the Johns Hopkins Ad-
justed Clinical Groups (ACG) system to
create a manageable number of case-mix
categories (collapsed ambulatory diagnos-
tic groups [CADGs]) based on diagnostic
codes for conditions other than diabetes
listed in hospital records and physicians’
services claims in the 2 years prior to
baseline.
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Outcomes
The cohort was followed for cumulative
non-drug-related health care costs (pri-
maryoutcome) incurredbytheprovince’s
public health care plan between 1
April 2004 and 31 March 2014dor
earlier if they died or moved out of
province. Secondary outcomes included
cumulative total health care costs and
service-specific costs incurred over the
same period of time. Health care costs (in
2014 Canadian dollars) were derived by
summing the costs incurred for each type
of service covered by Ontario’s Ministry
of Health and Long-TermCare (MOHLTC),
namely, hospitalizations, outpatient phy-
sician services, outpatient laboratory and
diagnostic tests, emergency department
visits, prescription drugs, same-day pro-
cedures, home care services, and com-
plex continuing care (a value applied to
patient complexity during hospital ad-
missions), using a validated algorithm
established at ICES (26). The following
databases were used to obtain health
care costs: the Canadian Institute for
Health Information Discharge Abstract
Database, theNational Ambulatory Care
Reporting System, the Ontario Health
Insurance Plan database, the Ontario
Drug Benefit program database, the
Home Care Database, and the Continuing
Care Reporting System. Costs were fur-
ther categorized into drug- and non-
drug-related costs (total 2 drug costs)
and costs per service type.

Statistical Analysis
Descriptive analyses were carried out to
compare total, non-drug-related, and
service-specific health care costs per
person-year among individuals in each
income quintile and age-group. Because
our models examined only direct health
care costs, we also generated Kaplan-
Meier curves to compare age- and sex-
adjusted all-cause survival, according to
income quintile and age-group.
We used a generalized linear model

(GLM) with log link and g distribution to
examine the relation between income
quintile and non-drug-related health
care costs incurred between 1 April
2004 and 31 March 2014, with follow-up
time as an offset. Individuals were cen-
sored at the time of death or loss of
health care coverage, indicating a move
out of province. Based on prespecified
hypotheses, we stratified our analyses by
age-group (20–64 and $65 years) and

adjusted for age, sex, CVD, diabetes
duration, and comorbidity. The choice
of the model was based on findings from
the modified Park test. Pearson correla-
tion test, deviance residuals, and Akaike
information criterion statistics were also
examined to assess the fit of the data
prior to final model selection. The ad-
justed costs per person-year for each
income quintile and age category were
derived from the GLM models through
recycled prediction estimation (27). The
output of these models reported an
observed excess cost per person-year
among lower income quintiles (Q1–
Q4) compared with Q5 for a given
age-group. As a sensitivity analysis, we
repeated our analyses for those aged
20–39, 40–54, and 55–64 years to assess
whether results were consistent across
all ages under 65 years.

From these models, we calculated the
adjusted cost difference among all indi-
viduals in a given quintile in excess of
those in Q5 by multiplying the cost per
person-year3 the number of individuals
in that quintile. We then examined sce-
narios where the non-drug-related costs
per person-years among younger adults
(,age 65 years) were progressively re-
duced by 10–50% and, finally, where the
relative differences in costs per person-
years were considered to be the same as
in those aged $65 years.

RESULTS

Overall, there were 681,026 individuals
in our cohort, 54% of whom were be-
tween the ages of 20 and 64 years (N 5
371,085). Table 1 reports the baseline
characteristics of the study population by
income quintile and age-group. In gen-
eral, adults over age65years hada longer
duration of diabetes, more comorbid-
ities, and higher numbers of hospital-
izations and physician visits compared
with younger adults. Individuals from
the lowest-SES group had greater use of
health services regardless of age. How-
ever, there were few other notable differ-
ences in baseline characteristics according
to SES.

Figure 1 reports unadjusted health
care costs per person-year by age cate-
gory and income quintile. Overall, the
total health care costs in our sample were
$4.3 billion per year. Across all age-
groups, there was an inverse association
between SES and health care expendi-
tures (Fig. 1). While total costs increased

sharply with age, the relative difference
between Q1 and Q5 was substantially
higher among adults 20–64 years of age
($6,128 vs. $4,371 [140.2%]) compared
with those aged $65 years ($11,640 vs.
$10,480 [111.1%]). Among younger
groups, this pattern persisted for both
drug- and non-drug-related health care
costs (Supplementary Figs. 1 and 2).
More than half of all costs were related
to hospitalizations, including inpatient
services, emergency department visits,
same day surgery, home care, and com-
plex continuing care. As demonstrated in
Supplementary Fig. 3, age- and sex-
adjusted survival rates were diminished
among lower-income groups. This was
particularly so among adults under age
65 years, where the lowest income quin-
tile demonstrated a more marked decline
in survival after $3 years of follow-up
relative to other income groups.

After adjustment for baseline age, sex,
diabetes duration, prior CVD, and comor-
bidities and censoring for death on follow-
up, non-drug-related health care costs
remained significantly higher among adults
in Q1 relative to Q5, ranging from 41.3%
higher among those aged 20–39 years to
28.6% higher among those aged 55–64
years (P , 0.001 for all comparisons)
(Fig. 2). Although relative differences in
non-drug-related health care costs were
inversely associated with age, excess costs
in Q1 versus Q5 were lower than expected
inolder adults, ranging from12.0% in those
aged 65–74 years to 6.5% among those
aged $75 years (Fig. 2).

Amongall adults aged20–64years, the
modeled-adjusted non-drug-related costs
were $1,569 (95% CI 1,563–1,575) more
per person-year in Q1 relative to Q5
(difference: 131.8%) (Table 2) or
$139.3 million per year in total. Among
adults aged $65 years, the relative dif-
ference in non-drug-related costs in Q1
versus Q5 was substantially lower (dif-
ference 110.9%) than that observed in
younger age-groups, although absolute
differences were similar given the sub-
stantially higher costs of care in seniors.

Models whereby the relative SES gra-
dient in younger adults (,65 years) was
considered to be same as that observed
in older adults ($65 years) suggested an
estimated reduction in non-drug-related
costs of $688 per person-year and $78.4
million per year overall among all youn-
ger adults in Q1 (Fig. 3). Scenarios
whereby the adjusted non-drug-related
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costs per person-year were reduced by
10–50% were associated with an esti-
mated decrease of $26.0–$130.2 million
per year among all adults ,65 years of
age in Q1–Q4.

CONCLUSIONS

Fromour analysis, health care costs were
up to 41% greater for low-SES Ontarians
withdiabetes comparedwith those in the
highest-SES group, with a stepwise in-
crease in health care costs with decreas-
ing neighborhood income. However, the
incremental costs incurred by lower-SES
groupswere relativelydiminishedamong
seniors, who receive universal drug cov-
erage as an insurable benefit, compared
with those under age 65 years, who rely
largely on private insurance or pay out of
pocket for medications.
Other studies from the same health

care setting yielded similar findings with
respect to the relationship between SES
andadversediabetes outcomes, including
CVD, end-stage renal disease, andall-cause
mortality, with more marked associations
observed in those under age 65 years
(10–12). Taken together, these findings
highlight a potential role for prescription
drug coverage to help curb adverse
health outcomes and excess costs as-
sociated with low SES. In the last two
decades, premature morbidity and mortality

from diabetes have fallen tremendously,
due in large part to growing evidence on
the effectiveness of glucose-, blood
pressure–, and cholesterol-lowering ther-
apies to reduce diabetes complications
and their adoption into practice (5–10,28,29).
However, in our setting, reductions in
mortality appear to be lagging in low-
income populations with diabetes, spe-
cifically, those under age 65 (10). This
group is less likely to have private

insurance coverage for prescription
drugs as a means of filling the gap in
public insurance and therefore are more
prone to restrict medications because of
high drug costs (19). In contrast, the use
of evidence-based therapies in our set-
ting is high among seniors with diabetes
irrespective of SES (29).

Canada is currently the only country
in the Organisation for Economic Co-
operation and Development (OECD)

Table 1—Baseline characteristics of cohort by income quintile

Age 20–64 years Age $65 years

Q1

(lowest) Q2 Q3 Q4

Q5

(highest)

Q1

(lowest) Q2 Q3 Q4

Q5

(highest)

Sample size 88,766 80,751 73,333 68,386 59,849 73,101 69,761 60,117 56,122 50,840

Age 50.5 6 9.8 51.06 9.7 51.06 9.8 51.26 9.7 51.7 6 9.6 74.9 6 6.9 74.76 6.7 74.66 6.8 74.66 6.7 74.8 6 6.9

Female (%) 49.2 46.6 45.5 44.6 42.9 55.6 51.9 50.1 48.4 46.8

History of previous CVD* (%) 4.9 4.9 4.8 4.8 4.7 10.9 10.8 10.9 10.9 10.6

Diabetes duration (%)

#2 years 21.3 22.0 21.9 22.3 22.6 13.4 14.2 14.0 14.5 14.5

.2–5 years 25.6 26.2 26.7 26.5 26.5 19.6 20.1 20.2 20.4 20.3

.5–10 years 29.9 29.2 29.3 28.9 28.6 29.5 29.6 29.9 29.7 30.4

.10 years 23.2 22.6 22.5 22.4 22.3 37.5 36.2 35.9 35.4 34.8

No. of primary care visits

in prior year 7.6 6 7.7 7.4 6 7.7 7.1 6 7.4 7.0 6 7.5 6.7 6 7.5 10.0 6 9.8 9.6 6 9.6 9.5 6 9.2 9.5 6 9.2 9.1 6 9.0

Comorbid chronic

conditions**

Unstable (%) 36.6 35.5 35.0 34.6 34.5 64.2 63.8 63.9 64.3 64.5

Stable (%) 64.0 64.2 63.8 63.2 62.4 81.0 81.2 81.1 81.2 80.2

No. of hospitalizations/py

during follow-up 0.27 6 1.7 0.246 1.6 0.22 6 0.9 0.21 6 1.9 0.21 6 2.1 0.74 6 4.3 0.72 6 4.8 0.70 6 4.7 0.69 6 3.96 0.66 6 4.1

LOS/py during follow-up 2.6 6 11.4 2.2 6 10.9 1.9 6 9.6 1.8 6 9.8 1.7 6 9.9 8.1 6 22.6 7.5 6 22.3 7.3 6 22.1 7.1 6 22.4 6.9 6 21.3

Data are means 6 SD unless otherwise indicated. LOS, length of stay; py, person-year. *History of major CVD events or coronary/cerebral
revascularization within the preceding 5 years, based on diagnosis and procedure codes from hospital discharge records. **From John Hopkins CADGs
for unstable (CADG5) and stable (CADG6) chronic medical conditions.

Figure 1—Unadjusted total health care costs per person-year between 2004 and 2014 among
people with diabetes, by age category and neighborhood income quintile.
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withapublicly fundedhealth care system
that does not does include prescription
drug coverage for citizens of all ages (30).
Moreover, Canada spends more on
medications per capita than comparable
OECD countries with universal health
care. While there are compelling argu-
ments in support of implementing a
national pharmacare strategy in Canada,
doing sowould likely require a shift in the
allocation of health care dollars from
other non-drug sectors to provincial
drug plans. However, this may not be

as costly as previously thought. Morgan
et al. (31) estimated that expansion of
Canada’s Medicare system to include
medications could result in increased
government drug spending of only $1
billion annually, while decreasing private
spending through private drug plans and
out-of-pocket costs by $8.2 billion each
year, for a net reduction of $7.3 billion
annually. These estimates rely on reduc-
tions in generic and brand-name drug
costs through bulk purchasing, negotia-
tion of drug prices, and product selection

but would place Canadian drug spending
closer to or on par with other OECD
countries, with the exception of the U.S.

Findings from our study are highly
relevant to the current discourse on
health care reform in the U.S. Americans
face a growing barrier to accessing pre-
scription medications due to rising drug
prices. The list price of insulins nearly
tripled between 2002 and 2013, with
further rises in the years since, despite
more modest increases in net manufac-
turers’ pricing (17,18). This phenomenon
is due to complex changes in drug pricing
resulting in rebates and discounts that
are passed on to intermediary stake-
holders in the insulin supply chain but
not to patients at the point of sale (18).
As a direct result, out-of-pocket costs for
insulin have risen considerably among
the uninsured, those with cost-sharing
health plans with high co-payments and
deductibles, and those affected by the
Medicare Part D coverage gap known as
the “donut hole.”While its full impact is
not yet known, there is evidence that
rising medication costs and loss of in-
surance coverage may have had detri-
mental effects on medication adherence
and diabetes-related health outcomes
(32–36). Prior to 2010, there were sub-
stantial declines in rates of hospital ad-
mission for hyperglycemia, amputation,
and CVD among young and middle-aged
Americanswithdiabetes; however, these
rates have since plateaued or risen
(32–34). Over this same period, there
was a parallel increase in the number of
emergency department visits and days

Figure 2—Adjusted differences in non-drug-related health care costs per person-year between
adults with diabetes in the lowest versus highest neighborhood income quintile, by age-group.
Differences in cost were derived from GLMs using a recycled prediction method to enable the
retransformation of the log link function while adjusting for age, sex, CVD, diabetes duration, and
comorbidity.

Table 2—Unadjusted and adjusted differences in mean non-drug costs across income quintiles, by age-group, in Canadian
dollars

Age 20–64 years Age $65 years

Q1
(lowest) Q2 Q3 Q4

Q5
(highest)

Q1
(lowest) Q2 Q3 Q4

Q5
(highest)

Sample size 88,766 80,751 73,333 68,386 59,849 73,101 69,761 60,117 56,122 50,840

Modeled costs*
Adjusted mean cost/py 5,138 4,546 4,343 4,103 3,898 12,894 12,474 12,161 11,804 11,515
Total adjusted mean cost/quintile/year

(millions) 544.0 421.5 354.9 312.4 261.6 850.9 772.7 649.2 593.8 532.8

Modeled cost differences**
Adjusted cost difference/py in

excess of Q5 1,569 808 526 254 Ref 1,650 1,137 767 344 Ref
% increase in adjusted cost/py

relative to Q5 31.8% 14.3% 9.9% 5.0% Ref 10.9% 7.7% 5.3% 2.5% Ref
Total adjusted cost/quintile/py in

excess of Q5 (millions) 139.3 65.3 38.6 17.4 Ref 120.6 79.3 46.1 19.3 Ref

P, 0.0001 for costs comparisons across quintiles. py, person-year; Ref, reference. *Derived fromGLMs adjusted for age, sex, CVD, diabetes duration,
and comorbidity. **Adjusted cost differences were derived from GLMs using a recycled prediction method to enable the retransformation of the log
link function while adjusting for covariates.
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spent in hospital among low-income
groups with diabetes whose health in-
surance switched from a low- to high-
deductible plan (35). In contrast, natural
experiments resulting in increased in-
surance coverage have had opposite
effects. For example, the expansion of
Medicare (Part D) in 2006 to include
medication coverage was associated
with reductions in out-of-pocket spend-
ing,medication nonadherence, non-drug
expenditures, and overall mortality
among Medicare beneficiaries who
had limited drug coverage prior to en-
rollment (37,38). Furthermore, evidence
from a randomized controlled trial that
enrolled beneficiaries of a large commer-
cial insurer in the U.S. suggested that
provisionofdrugcoveragecould improve
outcomes following acute myocardial
infarction, without increasing non-
drug-related health care spending (39).
Findings from our study and others are
even more relevant today given the
current situation many Americans are
facing. The COVID-19 pandemic has
led to a sharp rise in unemployment
rates, with resultant loss of employer-
sponsored health insurance, leaving in-
creasing numbers of people with and
people without diabetes uninsured (40).
This has created further barriers for pa-
tients to access prescription drugs, as well
as ongoing diabetes care, and inevitably
will contribute to increases in avoidable

and costly hospital admissions, emergency
department visits, and other diabetes-
related adverse events.

Strengths of this study include its large,
population-level design, thus reducing
the potential for selection bias and pro-
viding sufficientpower toexaminehealth
care costs within subgroups of the pop-
ulation definedby age and SES. However,
there are limitations to our analysis that
merit discussion. Firstly, we assumed
that providing universal coverage for
essential medications to people with
diabetes who are not currently receiving
these benefits (i.e., younger groups with
diabetes) would reduce the relative gap
in non-drug-related health care costs to
levels commensurate with those of pop-
ulations who do receive universal drug
coverage (i.e., older groups with diabe-
tes). Other factors may contribute to the
relatively wider SES differences in youn-
ger adults (e.g., fewer cost-related bar-
riers to healthy food and exercise
facilities among high-income groups)
or relatively narrower SES differences
in older adults (survival bias leading
lower-SES groups to be relatively health-
ier; old age security payments; less social
support, worse care transitions, and
greater need for home care, regardless
of SES). However, none of these reasons
would cause a sudden shift in the SES
gradient at age 65 years. Secondly, it is
possible that individuals with diabetes

complications suffered a decline in SES
from loss of employment due to disabil-
ity, prior to commencement of this study.
However, while we cannot rule out some
element of reverse causality, a previous
study found the same income gradient
in health outcomes among individuals
with newly diagnosed diabetes as among
those with preexisting diabetes diagno-
ses (11). Thirdly, we did not examine SES
disparities in indirect costs,whichmaybe
far greater due to the increased likeli-
hood of disability and premature death
among lower-incomegroups. Since those
who died no longer incurred health care
costs, the excess mortality observed
among lower-income groups provides
additional insight into the high cost of
low SES. Fourth, SES was based on neigh-
borhood rather than individual income;
however, these tend to be closely cor-
related and neighborhood SES performs
well when individual measures are un-
available (41). Furthermore, we did not
treat SES as a time-varying covariate in
our models. This may have led to some
degree of misclassification, particularly
for young adults who may have been
students or unemployed at the time of
cohort entry. However, this bias would
be expected to favor our null hypothesis,
since the likelihood that wealthier stu-
dents might live in less wealthy neighbor-
hoods seems greater than the possibility
that lower-SESstudentswould live inhigh-
SES areas. Fifth, our diabetes algorithm
wasunable todiscriminatebetween type1
and type 2 diabetes. Although type 1
diabetes comprises a small proportion of
all diabetes cases, its higher prevalence at
younger ages may have contributed to
variations in the association between SES
and health care expenditures in younger
versesoldergroups. Finally,weaccounted
for differences in follow-up time between
individuals by reporting costs per person-
year but did not consider fluctuations in
costs over time.

Creating a health system that is both
efficient and equitable relies on mea-
sures to enhance care and outcomes for
the most vulnerable members of society.
High out-of-pocket costs for prescription
drugs may serve as an important barrier
to accessing care for many individuals
with diabetes. Low-income groups
shoulder a disproportionate burden of
these costs, often spending 3%–4% or
more of household earnings on drugs
and supplies for their management. Our

Figure 3—Adjusted differences in non-drug-related health care costs per year among all adults
with diabetes living in lower-income (Q1–Q4) relative to high-income (Q5) neighborhoods.
Differences in cost were derived from GLMs using a recycled prediction method to enable the
retransformation of the log link function while adjusting for age, sex, CVD, diabetes duration, and
comorbidity. Costs per person were summed for all individuals in a given quintile.
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findings demonstrate that SES is a sig-
nificant predictor of publicly funded
health care costs for adults with diabe-
tes in our setting, and the association
between SES and health care expendi-
tures appears to be stronger among
younger (,65 years) individuals, for
whom drug costs are not universally
covered as an insurable benefit, than
among older ($65 years) individuals, for
whom drug costs are included. Further
research is needed to more fully un-
derstand the health impact and costs
associated with changes in drug policy.
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