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OBJECTIVE

High-deductible health plans (HDHPs) are increasingly more common but can be
challenging for patients to navigate and may negatively affect care engagement for
chronic conditions such as type 2 diabetes. We sought to understand how higher
out-of-pocket costs affect participation in provider visits, medication adherence, and
routine monitoring by patients with type 2 diabetes with an HDHP.

RESEARCH DESIGN AND METHODS

In a retrospective cohort of 19,379 Kaiser Permanente Northern California
patients with type 2 diabetes (age 18–64 years), 6,801 patients with an HDHP
were compared with those with a no-deductible plan using propensity score
matching. We evaluated the number of telephone and office visits with primary
care, oral diabetic medication adherence, and rates of HbA1c testing, blood pres-
sure monitoring, and retinopathy screening.

RESULTS

Patients with an HDHP had fewer primary care office visits compared with
patients with no deductible (4.25 vs. 4.85 visits per person; P < 0.001), less reti-
nopathy screening (49.9% vs. 53.3%; P < 0.001), and fewer A1c and blood pres-
sure measurements (46.7% vs. 51.4%; P < 0.001 and 93.2% vs. 94.4%; P = 0.004,
respectively) compared with the control group. Medication adherence was not
significantly different between patients with an HDHP and those with no deduct-
ible (57.4% vs. 58.6%; P = 0.234).

CONCLUSIONS

HDHPs seem to be a barrier for patients with type 2 diabetes and reduce care participa-
tion in both visits with out-of-pocket costs and preventive care without out-of-pocket
costs, possibly because of the increased complexity of cost sharing under an HDHP,
potentially leading to decreasedmonitoring of important clinical measurements.

As U.S. health care spending is projected to reach 20% of the gross domestic prod-
uct by 2025 (1), high-deductible health plans (HDHPs) are rising in prevalence. They
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accounted for one in three employer-
sponsored plans as of 2020 (2), and
almost half of privately insured adults
had an HDHP in 2018 (3). HDHPs aim to
control health care spending by encourag-
ing patients to price shop and participate
in their health care decisions (4–6). How-
ever, previous studies have shown
that these plans can lead to uninten-
tional decreases in overall use and
preventive care (7,8). This can have
harmful impacts on vulnerable patients
with chronic conditions (9).

Type 2 diabetes continues to rise in
prevalence, and in 2020, almost one in
10 adults were diagnosed with type 2
diabetes in the U.S. (10). The burden of
disease is disproportionately higher in
those with lower socioeconomic status
(11). Prior evidence has shown that
patients with type 2 diabetes with high-
deductible plans experience increased
out-of-pocket costs and increased rates
of diabetic complications (12). Several
studies have shown that higher out-
of-pocket costs are associated with lower
medication adherence in patients with
chronic conditions, such as type 2 diabe-
tes (13–16). The effect of high-deductible
plans on other aspects of type 2 diabetes
care is less well studied, but overall
adherence to diabetes disease monitor-
ing, such as HbA1c testing, blood pressure
(BP) control, and retinopathy screening,
remains poor throughout the U.S., with
testing rates for biannual HbA1c monitor-
ing as low as 7% in some populations
(17) and for retinopathy screening as low
as 31% (18). Patient participation in rou-
tine diabetes care is a key component of
successful glycemic control (19,20), but
how does an HDHP affect patient partici-
pation in type 2 diabetes?

While previous studies have evaluated
the financial and health impacts of out-
of-pocket costs and routine care in type
2 diabetes, such as medication adher-
ence and complications, participation in
routine medical care by patients with
type 2 diabetes with a high-deductible
plan is not well understood (12,17,20).
For patients with diabetes, regular visits
in their care with providers and adher-
ence to multiple preventative measures
are key to preventing long-term compli-
cations (21). To understand the associa-
tion between HDHPs and patients’ health
care behavior, we compared patients
with an HDHP with those in a plan with-
out any deductible using a propensity

score model. Because there are likely sig-
nificant differences among patients who
choose a high-deductible plan, a propen-
sity score model allows for matching on
known patient factors that may influence
this decision (22,23). We examined
three aspects of patient behavior (i.e.,
use of scheduled visits with primary
care providers, medication adherence,
and routine diabetes monitoring) to
better understand the difference in
health care use and intermediate out-
comes in patients with type 2 diabetes
in an HDHP. We hypothesized that
patients with an HDHP may have lower
rates of primary health care visits, medi-
cation adherence, and routine diabetes
monitoring.

RESEARCH DESIGN AND METHODS

Study Setting
Kaiser Permanente Northern California
(KPNC) is a large integrated health sys-
tem that provides both primary and spe-
cialty care for �4 million members
across northern California. Enrollment in
an HDHP can be through an employer-
sponsored health plan or individual pur-
chase, including through Covered Califor-
nia (the California state health care
exchange under the Affordable Care
Act). An HDHP within KPNC requires a
patient to pay the full cost for most medi-
cal services until the medical deductible is
met. For HDHPs in this setting, inpatient
and emergency visits apply to the deduct-
ible, although we excluded plans with
only inpatient deductibles. Until the
deductible is met, HDHP patients pay
the full cost for services, except for Inter-
nal Revenue Service–defined preventive
visits and procedures. For a no-deduct-
ible plan, the patient pays a copayment
(variable depending on the plan) for the
type of service rendered. Pharmacy
benefits vary by plan, although com-
mon generic medications for chronic
conditions, including diabetes oral medi-
cations and insulin prescriptions, are
priced at consistently low costs for all
health plan members. Pharmacy deducti-
bles do not count toward the total medi-
cal deductible.

Within KPNC, all diabetes health care
services are provided without differentia-
tion of insurance plan. Diabetes care
management is predominantly provided
through primary care physicians and
case managers aided by established

protocols to encourage compliance and
adherence. Regardless of insurance plan,
each patient with type 2 diabetes has a
patient-centered care team with regular
patient outreach for routine monitoring.
A once-per-year routine checkup exami-
nation with the primary care provider is
free. Retinopathy testing, HbA1c testing,
and BP measurement do not require
referral and can be performed without a
scheduled appointment. Within KPNC,
retinopathy screening is free, because it
is performed by digital retinal photogra-
phy. In this setting, telephone visits are
also free of cost sharing and occur as
scheduled visits. At each visit in primary
care, clinicians will review care gaps and
medications, and patients can complete
screening, such as HbA1c testing, BP
measurement, and retinopathy screen-
ing, in the same trip.

Cohort
We identified members at KPNC who
had continuous coverage in the same
type of health plan (HDHP or no deduct-
ible) for 24 months starting anytime
between 1 January 2014 and 1 January
2016 using electronic health records
and other administrative databases. The
first 6 months after study enrollment
were used to define a baseline period,
with the following 18 months as our
study period. The last date of possible
follow-up was 31 December 2017. We
defined patients with type 2 diabetes as
those who had at least one visit coded
with an ICD-10 code of type 2 diabetes
(code E11.xx) during the baseline period
and either a second visit with an ICD-10
code of type 2 diabetes or A1c $6.5%
(47 mmol/mol) to ensure patients in
our cohort met the definition of type 2
diabetes. We also compared our cohort
against our internal diabetes registry. We
used the Internal Revenue Service defini-
tion of a Health Savings Account–eligible
high-deductible plan between 2014 and
2016, with an annual minimum deduct-
ible between $1,205 and $1,300 for sin-
gle coverage and $6,530 and $6,550 for
family coverage and annual maximum
deductible between $2,500 and $2,600
for single and $12,700 and $13,100 for
family (24). Health Savings Account fund-
ing status during the study period was
not available with our study data.

We excluded all members age $65
years because of the lack of deductible
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plans in Medicare as well as those who
were enrolled through Medicaid. Other
exclusion criteria included patients age
<18 years, those pregnant during the
study period, and those enrolled in the
cancer registry during the study period,
because these conditions would require a
different diabetes management approach.
The total study period was 24 months for
each patient (6-month baseline period
and 18-month study period). If a patient
had multiple eligible entries into the
study, we used their first eligible study
period. The comparison group was
extracted using the same exclusion crite-
ria for patients enrolled in a KPNC health
plan with no deductible and then further
selected via propensity score matching
with HDHP group in baseline characteris-
tics (described below in Statistical Analy-
sis) (Fig. 1).

Outcome Variables
We examined three types of outcomes,
including visits with provider, medication
adherence, and routine diabetes moni-
toring adherence. We evaluated patient
use of visits with providers through the
number of office encounters and tele-
phone encounters with primary care
physicians (any visit with adult internal
medicine or family medicine physician or
midlevel provider). To measure medica-
tion adherence, we defined oral diabetes
medication adherence as having at least
80% of days covered with any oral diabe-
tes medication (allowing for carryovers
from previous refills) over the 18-month
period. Insulin adherence was excluded
from the outcome measurement and
included as a covariate instead. Routine
diabetes monitoring was measured by
A1c testing, retinopathy screening, and
BP measurement. A1c testing was mea-
sured by having at least three HbA1c
measurements within an 18-month
period, each spaced at least 30 days
apart. We defined adherence to diabetic
retinopathy screening as at least one
dilated eye photo with reading within
the 18 months. These are part of routine
type 2 diabetes management as recom-
mended by the American Diabetes Asso-
ciation, with one HbA1c measurement
every 6 months and diabetic retinopathy
screening every 2 years (21). We also
included BP measurement adherence by
having at least one systolic BP (SBP) read-
ing during the 18-month study period.

We also considered whether patients
met glycemic control and blood pressure
control in the following 18 months with
the value of the last HbA1c reading and
last measured SBP.

Covariates
In our observational study, we identified
a list of potential confounders that may
affect both plan type selection and out-
come, including patient demographics,
insurance characteristics, and baseline
clinical measures.

Baseline patient characteristics included
sex, age, race, neighborhood socioeco-
nomic status (SES), and English language
proficiency. One key influential factor in
choosing a health insurance plan and
paying out-of-pocket costs was the socio-
economic status of the individual. We
used neighborhood SES as a proxy

measure, because individual-level SES
was not available. Low SES neighbor-
hoods were defined as $20% of the res-
idents having household incomes below
the federal poverty level or $25% of the
residents age >25 years having a high
school education or less in the census
block group, based on the 2010 U.S. cen-
sus (25). Language proficiency may influ-
ence participation in medical treatment
and be a barrier in navigating insurance
plans as well as medical care (26).

Insurance characteristics included
whether the health plan was purchased
through an employer or individually pur-
chased. Employer-sponsored purchases
typically constrain health insurance
options. Direct insurance purchase still
accounted for 16% of U.S. insurance
coverage (27). We also included a vari-
able indicating whether the patient

KPNC pa�ents with T2D diagnosis during a face-to-face encounter (includes both outpa�ent and inpa�ent) 
and an addi�onal HbA1c test ≥6.5% (≥48 mmol/mol) or a separate visit with T2D diagnosis within 6 months.

n = 599,034

Exclude n = 480,058

� Medicaid or Medicare coverage between 
2014 and 2017

� No con�nuous coverage (different plan 
type between two years)

� Age <18 or >64 years between 2014 and 
                2016 (enrollment period)

Cohort per each calendar year (excluding duplicate entry)

2014 = 37,948

2015 = 19,726

2016 = 15,665

n = 73,339

Exclude n = 5,584

� Registered in Cancer Registry 
any�me during 2014-2017

� Pregnancy related diagnosis (ICD-10 
O00-O9A) during 2014-2017

Prematch HDHP Group

n = 8,184

Prematch no-deduc�ble Group

n = 59,571

Postmatch HDHP Group

n = 6,801

Postmatch no-deduc�ble Group

n = 12,578

n = 1,381 individually 
purchased plans were not 
matched due to outlying 

propensity score 

n = 46,993 not matched in the 
propensity score match

Figure 1—Flowchart of cohort selection and propensity score matching to final cohort of HDHP
and no-deductible groups.
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was new to KPNC, because there may
be differences in medical care partici-
pation in a new medical system.

Baseline clinical measures included
the patient’s total number of prescrip-
tion medications, as a proxy measure of
overall health complexity, whether the
patient was on insulin, and diabetes
control status based on the last A1c
measured during the 6-month baseline
period.

Statistical Analysis
To reduce the selection bias in patients
self-selecting their plan type, we used a
propensity score–matching method to
select a no-deductible comparison group
matched to HDHP enrollees (28). The
propensity score model estimated the
likelihood of a patient selecting a high-
deductible plan based on measurable
variables as defined in the covariate sec-
tion above. By matching patients on
their propensity score, we sought to
reduce the influence of confounding bias
in a patient’s decision in selecting a high-
deductible plan versus no-deductible
plan. We used a logistic regression
model with HDHP as a dependent vari-
able and all the potential confounders
described above as independent varia-
bles to calculate the propensity score.
Then we used greedy matching (1:2
ratio) with exact match for race/ethnic-
ity, new member status, and insurance
type to obtain the propensity score–
matched cohort. The 1:2 ratio was cho-
sen after comparing common support
between different values of m in 1:m
matching and found that the 1:2 ratio pro-
vided the best overlap. Finally, we com-
pared the outcome measures between
the two matched patient groups. Propor-
tions were calculated and compared using
the x2 test for categorical variables;
means were calculated and compared
using the t test for continuous variables.
We considered significance with a two-
tailed P value of <0.05. All analyses were
conducted using SAS 9.4 (SAS Institute,
Inc., Cary, NC).

Because we excluded patients who
were not matched in baseline character-
istics from both HDHP and no-deductible
groups in the propensity score–matched
cohort, we conducted a sensitivity analy-
sis among the same original cohort of
patients with type 2 diabetes before pro-
pensity score matching. We used a

logistic regression model for binary out-
comes (e.g, A1c measurement, retinopa-
thy screening) and negative binomial
regression model for counts (office and
telephone visits) adjusted for the poten-
tial confounders that we included in the
propensity score calculation. We then cal-
culated covariate-adjusted mean or per-
cen-tage by applying the coefficients
from models to all study participants as if
they all had an HDHP plan and as if they
all had a no-deductible plan, respectively.

RESULTS

Cohort Characteristics
We identified 118,976 KPNC members
who had a diagnosis of type 2 diabetes
during the initial 6-month baseline period
between 1 January 2014 and 30 June
2016. After applying our exclusion criteria
and validating the diagnosis of type 2
diabetes, 8,184 (12%) had an HDHP and
59,571 (88%) had a no-deductible plan.
The propensity-matched cohort consisted
of 6,801 patients in the HDHP group and
12,578 patients in the no-deductible
(copayments only) comparison group
(Fig. 1).

Prior to matching, the HDHP group
had a higher percentage of Hispanic
and Asian patients, and the no-deduct-
ible group was more likely to be Black.
HDHPs were more likely to be individu-
ally purchased, and patients were more
likely to live in a lower SES neighbor-
hood. The average number of prescrip-
tion medications and the proportion of
patients taking insulin were higher
among the patients with no deductible.
Approximately 29% of patients in the
HDHP group did not have any prescrip-
tions for oral diabetic medications, com-
pared with 31% in the no-deductible
group (Supplementary Table 1). After
propensity score matching, baseline
characteristics matched closely between
the two study groups, as shown in Table
1. Of note, most patients with an individ-
ually purchased HDHP were unable to
be matched to the no-deductible group
in our propensity score–matched cohort.

Use Measures
We compared the two matched groups
in the three areas of interest: use of visits
with primary care providers, medication
adherence, and routine diabetes monitor-
ing adherence (Fig. 2). On average, during
the 18-month follow-up period, the HDHP

group had 4.25 office visits per patient,
compared with 4.84 office visits in the
no-deductible group (P < 0.001). The
average number of telephone visits was
comparable at 2.51 per patient in the
HDHP group and 2.57 per patient in the
no-deductible group (P = 0.359). Patients
in the HDHP group had statistically sig-
nificantly fewer office visits with any
provider in the primary care setting,
although there was no statistically sig-
nificant difference in telephone visits,
which were free of out-of-pocket costs
regardless of plan type.

The percentage of patients who were
adherent to their oral diabetes medica-
tions was not statistically significantly dif-
ferent in either group among patients
who had at least one oral diabetic medi-
cation prescription. The adherence rate
during the 18-month follow-up period
was 57.4% in the HDHP group and 58.6%
in the no-deductible group (P = 0.234).

The HDHP group was less likely to
have retinopathy screening, A1c measure-
ment, or BP measurement. Retinopathy
screening was lower in the HDHP group,
with 49.9% of the HDHP patients com-
pleting retinopathy screening in the 18-
month follow-up period, whereas 53.3%
of the no-deductible group completed
retinopathy screening (P < 0.001). Adher-
ence to at least three HbA1c tests during
the follow-up period of 18 months was
46.7% in the HDHP group compared with
51.4% in the no-deductible group (P <

0.001). During the study period of 18
months, 4.9% of patients in HDHP group
and 3.8% of patients in the no-deductible
group did not have any HbA1c measure-
ments. For BP measurement, 6.8% in the
HDHP group did not have any outpatient
BP readings in the 18 months, whereas in
the no-deductible group, 5.6% of patients
did not have any outpatient BP readings
(P = 0.004).

Intermediate Clinical Outcomes
Among those with at least one mea-
surement during the follow-up period,
HbA1c control (HbA1c value #7.0% [53
mmol/mol]) and BP control (SBP <140
mmHg) were not statistically different
between the two groups (Table 2).

The results from the sensitivity analysis
among all participants before propensity
score matching, with adjustment for cova-
riates, were comparable to those from

1196 HDHP and Care Engagement in Type 2 Diabetes Diabetes Care Volume 45, May 2022

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/45/5/1193/678537/dc211885.pdf by guest on 19 M
ay 2023

https://doi.org/10.2337/figshare.19196546


our propensity score–matched cohort
(Supplementary Table 2).

CONCLUSIONS

Among patients with type 2 diabetes in
an integrated delivery system with strong
population management support, we
found that patients enrolled in an HDHP

had lower rates of use of provider visits
and diabetes monitoring. While those
who had testing seemed to have similar
rates of control, the lower frequency of
monitoring may have led to a delay in
identifying patients who were not in con-
trol and delay in treatment intensification.

In the study setting, KPNC has a
strong population management strategy

to reduce barriers to diabetes moni-
toring in HbA1c testing, retinopathy
screening, and BP measurement regard-
less of insurance plan type. While the
findings of similar rates of control
between the two groups suggest similar
health outcomes, the different rate of
screening is concerning for delay in
identifying patients who are not at goal.
A previous study within KPNC highlighted
significant complexity in navigating HDHP
designs (8). Patients with a high-deduct-
ible plan may reduce care use more as a
result of concerns of cost and perception
of good health when the last reading was
at goal, despite automated and personal
reminders to continue to monitor. This
could explain the difference in rates of
use and monitoring adherence while
medication adherence remained the
same. While nonpreventive office visits
involved cost sharing, and telephone vis-
its did not have out-of-pocket expenses,
we found lower rates of office visits
among the HDHP group and similar rates
of telephone visits across both plan
types. However, diabetic retinopathy
screening in the study setting was free
of cost, but this screening was lower in
the HDHP group. HbA1c testing had out-
of-pocket costs, and BP screening was
free in the study setting and could be
captured as part of routine office visits
or as free drop-in nurse BP checks; how-
ever, both measurement rates were
lower in the HDHP group. Provider guid-
ance and reminders through office visits
and telephone visits help to center the
patient to the treatment plan and allow
patients to gain further insight and pro-
mote adherence (29,30). However, if
patients do not engage with their pro-
viders in office visits because of concerns
about cost, this becomes a missed
opportunity to promote the importance
of monitoring adherence, because the
on-site office visit allows for BP checks,
A1c testing, and retinopathy screening at
the same visit (31).

Previous studies have shown that
patients with type 2 diabetes with a
high-deductible plan tend to delay their
care, although there has not been a con-
sistent difference in clinical outcomes
such as emergency department or hos-
pital visits (12,32). While differences
between our study groups did not reach
significance in measured A1c control or
BP control, there were significant differ-
ences in both A1c and BP measurement

Table 1—Baseline patient characteristics

HDHP No deductible P

N of patients 6,801 12,578

Age, years 0.803

18 to <45 20.39 19.86
45 to <50 15.54 15.69
50 to <55 23.07 22.97
55 to <60 25.44 26.25
60 to <65 15.56 15.24

Sex 0.773

Male 60.09 60.34
Female 39.91 39.66

Neighborhood SES* 0.260

Nonlow 67.18 68.42
Low 30.10 29.10
Unknown 2.72 2.48

Race (self-reported) 1.000

White 36.98 36.98
Black 4.82 4.82
Hispanic 30.80 30.80
Asian 25.39 25.39
Other 2.00 2.00

New member† 1.000

No 97.50 97.50
Yes 2.50 2.50

Insurance type 1.000

Employer sponsored 85.06 85.06
Individually purchased 14.94 14.94

English as primary language (self-reported) 0.663

No 20.61 20.31
Yes 79.39 79.69

Baseline insulin prescription 0.774

No 81.56 81.37
Yes 18.44 18.63

Baseline A1c‡ 0.329

No measure 5.60 5.05
<7 30.05 30.91
7 to <8 26.91 26.25
81 37.44 37.79

Baseline medication prescriptions 0.901

<5 72.68 72.58
$5 27.32 27.42

Data are % unless otherwise indicated. Table depicts baseline properties of propensity
score–matched cohort. Matched with greedy matching at 1:2 ratio and exact match of race,
member status, and insurance type, weighted by match weight. *SES calculated based on
zip code, with low SES defined as $20% of the residents having household incomes below
the federal poverty level or $25% of the residents age >25 years having a high school edu-
cation or less in the census block group, based on the 2010 U.S. census. †New member
defined by no prior KPNC insurance plan before the start of the 2-year observation period.
‡Baseline A1c as last HbA1c obtained during 6-month baseline period.
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rates. Patients in an HDHP had fewer
HbA1c and BP measurements, although
only HbA1c had cost sharing; BP could be
checked free outside of a visit. Several
studies within KPNC have shown that
the population management programs
for diabetes and hypertension are effec-
tive, and patients who engage in the
programs have similar results despite
insurance differences (30,33). However,
if a patient chooses to delay care
because of concerns about high out-of-
pocket costs, this can limit the monitor-
ing of clinical markers and result in both

groups seeming to have similar short-
term clinical outcomes.

Previous studies have noted that only
one in four patients talk to their providers
about cost under an HDHP plan, and only
10% of patients in an HDHP understand
the cost-sharing design between preven-
tive and nonpreventive tests and proce-
dures (8,34). A previous study within the
same KPNC population showed that 34%
of patients with an HDHP were more
likely to report avoiding office visits
because of concerns about cost (35).
Even in an integrated health care system

such as KPNC, multiple efforts are made
to reduce the barriers of out-of-pocket
costs for patients with type 2 diabetes,
such as medical assistant BP screenings,
population manager telephone calls, and
health education classes, but given the
potential complexity of cost sharing in
HDHPs and the sensitivity of patients in
these plans to out-of-pocket costs, our
study shows that barriers still exist in
high-deductible plans that limit participa-
tion in treatment plans for patients with
type 2 diabetes.

There are several limitations to our
study. Our study took place in an inte-
grated health care setting, which may
be different from other practices in the
U.S. Within KPNC, care protocols have
been developed for the multifaceted
care of diabetes using an integrated
approach between primary care, case
managers, and specialty groups. These
may not be generalizable to other care
systems, although they may be of inter-
est to other systems. Also, our study
does not represent some individually
insured patients who were not able to
be adequately propensity score matched
because of the lack of common support
in their propensity scores. While there
was no significant difference in outcomes
between the patients with employer-
sponsored and individually purchased
plans, the individually insured patients
may have been from a different demo-
graphic, such as self-employed or unem-
ployed patients or those whose employer
does not offer health coverage (36).
Because we were unable to further

4.25

2.51

46.65%

93.22%

49.92% 57.40%

4.84

2.57

51.44%
94.42%

53.32% 58.61%

0

1

2

3

4

5

6

Office visit (mean) Phone visit
(mean)

HbA1c tes�ng
adherence (%)

BP Monitoring
Adherence (%)

Re�nopathy
screening (%)

Oral Med
adherence (%)

HDHP No Deduc�ble

Figure 2—Participation in visits with providers, routine diabetes monitoring adherence, and
medication adherence between propensity score–matched HDHP and no-deductible groups.
Significant differences are noted between office visits (P < 0.001), HbA1c testing adherence
(P< 0.001), BP monitoring adherence (P = 0.004), and retinopathy screening (P< 0.001). No
significant difference was noted between telephone visits (P = 0.359) and oral medication
adherence (P = 0.234). Office visits and telephone visits were measured as average visits per
patient over 18 months.

Table 2—Comparisons of HbA1c and SBP control between propensity score–matched HDHP and no-deductible groups
among those with at least one measurement in 18 months

HDHP No deductible P

N of patients 6,801 12,578

HbA1c outcome

At least 1 HbA1c test in 18 months* 6,465 (95.1) 12,095 (96.2) 0.002
At least 3 HbA1c tests within 18 months 3,173 (46.7) 6,459 (51.4) <0.001
1 or 2 HbA1c tests within 18 months 3,292 (48.4) 5,636 (44.8) <0.001
No HbA1c test within 18 months 336 (4.9) 483 (3.8) <0.001
Met HbA1c control (in those who were tested)† 3,197 (47.0) 6,000 (47.7) 0.546

BP measurement

At least 1 BP measurement in 18 months 6,340 (93.2) 11,873 (94.4) 0.007
No BP measurement during 18 months 461 (6.8) 700 (5.6)
Last SBP <140 mmHg during 18 months‡ 6,088 (89.5) 11,305 (89.9) 0.496

Data are n (%). *P value calculated by comparing cohort with at least 1 HbA1c in 18 months vs. cohort with no HbA1c test within 18 months.
†A1c control as measured from last HbA1c value during the study period. Meeting HbA1c control defined as HbA1c value #7.0% (53 mmol/
mol). ‡SBP #135 mmHg is recommended by the American Diabetes Association guidelines. We used <140 mmHg to account for measure-
ment errors.
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characterize or study this group, this may
pose a limitation to our study. Further
study is recommended to evaluate the
difference in cost sensitivity between
these individual plan purchasers. Another
limitation in our methods is that we
did not specifically examine medication
adherence with insulin. Individuals with
insulin-dependent diabetes require more
complex management, and we could not
capture medication adherence for insulin.
We included this as a variable in our pro-
pensity score to account for the lack of
insulin adherence information. Also, we
were unable to report on actual out-of-
pocket costs incurred between the two
groups and could not account for season-
ality with regard to high-deductible plans
and actual costs accrued by the patients.
Because most patients were enrolled in
the study during the January to June 6-
month baseline period in 2014, bias may
exist in that the control group would
have been more familiar with the medical
plan compared with the high-deductible
group. Lastly, because this is an observa-
tional study, even though we included a
wide range of covariates in our analysis,
we were unable to account for unmeas-
ured factors that influence patient behav-
ior, such as future medical needs and the
patient’s perception of diabetes control.
In conclusion, in patients with type 2

diabetes, high-deductible plans can be a
deterring factor in participating in dia-
betes care, including through lower
rates of provider visits and lower rates
of diabetes-related monitoring. HDHPs
can have cost-free exemptions for some
health care services, but this can be
confusing for patients, and in our study,
we identified decreased use of preven-
tive services that were free. Because of
the complexities of a high-deductible
plan, patients in such a plan may have
fewer points of clinical contact as a
result of overall reduction of care, and
this could lead to unintended bias and
fewer points of intervention. With the
rise in popularity of HDHPs and recent
changes in the regulation of these plans,
the complexities of the cost of care
should be systematically addressed for
patients with chronic medical conditions
such as type 2 diabetes.
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