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IMPORTANCE Among older individuals with type 2 diabetes, those with poor health have
greater risk and derive less benefit from tight glycemic control with insulin.

OBJECTIVE To examine whether insulin treatment is used less frequently and discontinued
more often among older individuals with poor health compared with those in good health.

DESIGN, SETTING, AND PARTICIPANTS This longitudinal cohort study included 21 531 individuals
with type 2 diabetes followed for up to 4 years starting at age 75 years. Electronic health
record data from the Kaiser Permanente Northern California Diabetes Registry was collected
to characterize insulin treatment and glycemic control over time. Data were collected from
January 1, 2009, through December 31, 2017, and analyzed from February 2, 2018, through
June 30, 2019.

EXPOSURES Health status was defined as good (<2 comorbid conditions or 2 comorbidities
but physically active), intermediate (>2 comorbidities or 2 comorbidities and no self-reported
weekly exercise), or poor (having end-stage pulmonary, cardiac, or renal disease; diagnosis of
dementia; or metastatic cancer).

MAIN OUTCOMES AND MEASURES Insulin use prevalence at age 75 years and discontinuation
among insulin users over the next 4 years (or 6 months prior to death if <4 years).

RESULTS Of 21 531 patients, 10 396 (48.3%) were women, and the mean (SD) age was 75 (0)
years. Nearly one-fifth of 75-year-olds (4076 [18.9%]) used insulin. Prevalence and adjusted
risk ratios (aRRs) of insulin use at age 75 years were higher in individuals with poor health
(29.4%; aRR, 2.03; 95% CI, 1.87-2.20; P < .01) and intermediate health (27.5%; aRR, 1.85;
95% CI, 1.74-1.97; P < .01) relative to good health (10.5% [reference]). One-third (1335 of
4076 [32.7%]) of insulin users at age 75 years discontinued insulin within 4 years of cohort
entry (and at least 6 months prior to death). Likelihood of continued insulin use was higher
among individuals in poor health (aRR, 1.47; 95% CI, 1.27-1.67; P < .01) and intermediate
health (aRR, 1.16; 95% CI, 1.05-1.30; P < .01) compared with good health (reference). These
same prevalence and discontinuation patterns were present in the subset with tight glycemic
control (hemoglobin A1c <7.0%).

CONCLUSIONS AND RELEVANCE In older individuals with type 2 diabetes, insulin use was most
prevalent among those in poor health, whereas subsequent insulin discontinuation after age
75 years was most likely in healthier patients. Changes are needed in current practice to
better align with guidelines that recommend reducing treatment intensity as health status
declines.
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I n the United States, type 2 diabetes affects more than 20%
of adults older than 75 years,1 yet there is little evidence to
guide treatment decisions in older patients. Many of the

landmark randomized clinical trials that established glyce-
mic control targets for reducing the risk of microvascular and
macrovascular complications excluded patients older than 75
years.2,3 Subsequent follow-up of trial participants and obser-
vational studies have demonstrated that the benefits con-
ferred by tight glycemic control may not be realized for 5 to 9
years,4,5 a time period that may exceed many older adults’
life expectancies. Moreover, adults older than 75 years are at
the greatest risk of hypoglycemia, particularly when insulin
is used.6,7

Professional societies have published guidelines based on
clinical expertise and interpolation of the existing evidence.
The American Diabetes Association (ADA), American Geri-
atrics Society, and the US Department of Veterans Affairs all
recommend that healthier adults with longer life expectan-
cies be treated to lower glycemic targets, whereas patients with
poor health and shorter life expectancy to higher glycemic
targets.8-10 The American College of Physicians’ newest
guidelines11 do not specify hemoglobin A1c (HbA1c) targets for
adults with limited life expectancy; however, the organiza-
tion recommends that treatment intensity be limited by symp-
toms of hyperglycemia with general goals of reducing burden
of treatment. The unifying theme across these disparate guide-
lines is the recommendation to individualize treatment in older
adults to balance risks and benefits of treatment.

None of these existing guidelines specifically address the
use of insulin in older adults. While insulin may be necessary
to achieve glycemic targets, it is also associated with dra-
matic increases in the risk of hypoglycemia in older adults—
especially for those with multiple comorbidities.12,13 Prior stud-
ies have raised concern for potential insulin overtreatment in
older adults with poor health status and suggest medication
deprescribing may be warranted.14-19 However, these cross-
sectional or short-term (follow-up, <1 year) analyses do not
capture how insulin treatment may change over time.

Studying the longitudinal relationship between health sta-
tus and insulin therapy in a real-world context can help in-
form future interventions, practice guidelines, and policy rec-
ommendations to reduce overtreatment of older adults with
type 2 diabetes. We investigated the prevalence and predic-
tors of insulin use in a large cohort of 75-year-old patients and
assessed insulin discontinuation during the subsequent 4 years.
We tested the hypothesis that adults with poor health would
be more likely to discontinue insulin over a 4-year follow-up
period after age 75 years.

Methods
Study Design and Setting
We conducted a longitudinal cohort study of individuals older
than 75 years with type 2 diabetes who were members of Kai-
ser Permanente Northern California (KPNC), a large inte-
grated health care delivery system that serves 4.2 million mem-
bers. In this care system, members with type 2 diabetes older

than 75 years are primarily managed by their primary care phy-
sicians. Individuals included in the study cohort were in the
KPNC Diabetes Registry, turned 75 years of age between Janu-
ary 1, 2009, and December 31, 2013, and had no gaps 2 months
or longer in health insurance coverage during the period from
their 73rd birthday until their 79th birthday or death. The KPNC
Diabetes Registry uses a validated algorithm that has been
shown to be 99% sensitive and 99% specific in identifying
members with diabetes.20 Individuals with type 1 diabetes were
excluded based on International Classification of Diseases, Ninth
Revision (ICD-9) codes. We evaluated clinical characteristics
of each member in the 2 years prior to cohort entry (ie, ages
73 and 74 years) and assessed outcomes for each member up
to 4 years (through December 31, 2017) following cohort en-
try (ie, ages 75 to 79 years) or until death (Figure 1).

We compared individuals by insulin use at age 75 years
(baseline cohort). In the subset of individuals who used insu-
lin at baseline, we compared individuals who continued in-
sulin vs those who discontinued insulin during the 4-year fol-
low-up period (follow-up cohort). The KPNC Institutional
Review Board approved the study and granted permission for
a waiver of consent for study participants.

Clinical Measures
We collected standard demographic, diagnostic, medication,
hospital use, and test result data directly from the electronic
health record (EHR). Race and ethnicity information were col-
lected by participant self-report and documented in the EHR.
Because KPNC is an integrated health care delivery system with
a single EHR, virtually all clinically relevant data (>98%) were
available within the electronic record. Neighborhood depri-
vation index was computed using the American Community
Survey data.21,22 Baseline HbA1c; body mass index, calcu-
lated as weight in kilograms divided by height in meters
squared; and estimated glomerular filtration rate (eGFR) val-
ues were taken from the most recent results at the time of
cohort entry. We categorized weight using body mass index cat-
egories based on Centers for Disease Control and Prevention
definitions.23 Chronic kidney disease stage was calculated
based on the estimated glomerular filtration rate using a vali-
dated approach.24,25 For the follow-up period, we report the

Key Points
Question Is insulin treatment used less frequently and
discontinued more often among older individuals with poor health
compared with those in good health?

Findings In this cohort study of 21 531 adults, it was demonstrated
that patients in poorer health were most likely to use insulin at age
75 years and that subsequent discontinuation of insulin use over a
4-year follow-up period was more common in healthier patients
even after accounting for level of glycemic control.

Meaning Persistent insulin use among older adults with poor
health is associated with increased risk for hypoglycemia and
limited future health benefit; these results suggest a need to
better align current practice with guidelines that support reducing
treatment intensity as health status declines.
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HbA1c result preceding the last insulin prescription dis-
pensed (ie, the last-measured HbA1c). Because the ADA-
recommended individualized HbA1c targets for different popu-
lations based on health status do not have lower limits, we
specified HbA1c categories of less than 7.0% (53 mmol/mol),
7.0% to 8.4% (53-68 mmol/mol), and 8.5% or greater (69 mmol/
mol) to define 3 mutually exclusive ranges. We defined base-
line use of noninsulin medications as those medications dis-
pensed from an outpatient pharmacy within 6 months of age
75 years. We gathered 2 functional status measures from the
EHR: self-reported prior-week exercise (dichotomized as none
vs any and collected at KPNC in a standardized intake form as
part of routine clinical care), and prescription for a walker.

Health Status Category Definition
We defined health status corresponding to categories pro-
posed by the ADA as a treatment framework,8 which classi-

fies older adults as having poor, intermediate, or relatively good
health based on medical comorbidities, functional status mea-
sures, and cognitive impairment. A previous study applied this
framework to categorize a sample of older adults from the Na-
tional Health and Nutrition Examination Survey.16 For this in-
vestigation, we adapted a modified version of the ADA health
status categories to a large, real-world patient population using
available data from the EHR (Figure 2).

We defined baseline health status categories at age 75 years
using comorbidities (cardiovascular disease, stroke, diabetic
retinopathy, chronic kidney disease, chronic obstructive pul-
monary disease, and congestive heart failure), functional
status (self-reported prior-week exercise and walker prescrip-
tion), and indicators of end-stage disease (home oxygen use,
metastatic cancer, diagnosis of dementia, or end-stage renal
disease). We created 3 mutually exclusive health status groups
that corresponded to ADA guidelines for individualizing HbA1c

Figure 1. Flowchart of Cohort Formation and Outcome Assessment
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Figure 2. Cohort Health Status Definition Compared With American Diabetes Association (ADA)
Guideline Definition

Cohort Health Status DefinitionStatus ADA Guideline Health Status Definition

0-1 Comorbidities
2 Comorbidities + any reported weekly exercise
(comorbidities include CVD, stroke, retinopathy,

CKD stage II-IV, COPD, and CHF)

2 Comorbidities + reported no weekly exercise
>2 Comorbidities
Use of a walker

Any indicator of end-stage disease, including
home oxygen use, metastatic cancer, and CKD

stage V, including patients on hemodialysis
Dementia

Any end-stage disease, including CHF
stage III-IV, oxygen dependent, CKD with HD,

and metastatic cancer
Moderate to severe cognitive impairment

or ≥2 ADL dependencies

≥2 IADL impairments
>2 Comorbidities

Mild to moderate cognitive impairment

0-2 Comorbidities with intact functional status
(comorbidities include arthritis, cancer, CHF,

depression, COPD, falls, HTN, urinary
incontinence, CKD stage ≥3, MI, and stroke)

Good Health

Intermediate Health

Poor Health

ADL indicates activity of daily living;
CHF, congestive heart failure;
CKD, chronic kidney disease;
COPD, chronic obstructive pulmonary
disease; CVD, cardiovascular disease;
HTN, hypertension; IADL,
instrumental activity of daily living;
MI, myocardial infarction.
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targets in older adults: good health (<2 comorbidities or 2 co-
morbidities with evidence of physical activity), intermediate
health (>2 comorbidities or 2 comorbidities and no self-
reported physical activity in the prior week or use of a walker),
and poor health (any end-stage disease, regardless of number
of comorbidities). In a validation analysis, we found that these
categories aligned well with mortality rates (7.4% for good
health, 21.4% for intermediate health, and 52.4% for poor
health; P < .01) and hospitalization (31.7%, 55.0%, and 69.0%,
respectively; P < .01) during the follow-up period.

Insulin Use and Discontinuation
We assessed insulin use at the time of cohort entry and for each
6-month period during the 4-year follow-up period. Preva-
lent insulin use at age 75 years was defined as having insulin
dispensed from an outpatient pharmacy in both the first half
and the second half of the 74th year of age. Among insulin us-
ers, the duration of insulin use at baseline was defined as the
time between the first insulin prescription and 75th birthday.
For our longitudinal analyses, we investigated insulin discon-
tinuation over 4 years among the subset of 75-year-olds at co-
hort entry who were prevalent insulin users. Individuals were
followed until the end of the cohort period (ie, age 79 years),
insulin discontinuation, or death. Insulin discontinuation was
defined as no insulin dispensed over 6 months. We chose a
6-month gap to allow for a grace period of roughly 3 months
after the 3-month insulin supply ended (>95% of prescrip-
tions were written for 100 days) based on a previously vali-
dated approach for detecting medication discontinuation using
KPNC pharmacy data.26 There is a closed pharmacy system at
KPNC, ensuring that nearly all prescriptions are detected.27

We defined insulin persistence as no gaps greater than 6
months between insulin dispensings during the 4 years of co-
hort follow-up. Individuals who died within 6 months of their
last insulin prescription were classified as insulin persistent,
whereas those who died more than 6 months after their last
insulin dispensing were classified as insulin discontinuers. In a
sensitivity analysis using a 3-month gap in insulin dispensing
instead of 6 months, the relationship between health status
and insulin discontinuation was unchanged. Among insulin-
persistent participants on both short-acting and long-acting in-
sulin at baseline, we defined insulin regimen simplification as
discontinuing short-acting insulin (eg, at least 6 months with
no short-acting insulin dispensed) while maintaining the long-
acting basal regimen.

Statistical Methods
In bivariate analyses, we used χ2 tests, t tests, or nonparamet-
ric tests as appropriate. We assessed insulin use by the 3 mu-
tually exclusive health status categories stratified by baseline
HbA1c category. To examine the independent association of
health status with prevalent insulin use at age 75 years, we cre-
ated a multivariate log-binomial regression that adjusted for
demographic variables (including gender, race, and neighbor-
hood deprivation index) and measures of diabetes status (base-
line HbA1c and diabetes duration).

In the longitudinal analysis in the subset of individuals
taking insulin at age 75 years, we examined insulin discon-

tinuation by the 3 mutually exclusive health status categories
with a multivariate log-binomial model. We included the same
baseline variables used in the prevalent insulin use model, with
the exception of updating HbA1c and health status categories
to last measured values prior to censoring (ie, insulin discon-
tinuation, death, or end of the follow-up period) and adding
history of hypoglycemia defined as an inpatient or emer-
gency department encounter with the primary diagnosis of
hypoglycemia. In a sensitivity analysis excluding individuals
with stage 4 or higher chronic kidney disease (who may have
contraindications to alternative therapies such as metfor-
min), the results did not notably change. All analyses were per-
formed using SAS, 9.3 version (SAS Institute, Inc).

Results
Study Cohort
Our final analytic cohort included 21 531 individuals. Mean (SD)
follow-up time was 3.7 (0.9) years. The cohort was demo-
graphically diverse, including 10 396 (48.3%) women. Mean
(SD) diabetes duration was 9.4 (6.0) years (Table 1). At base-
line, 11 041 patients, roughly half of the cohort (51.3%) were
classified as having good health, 8632 (40.1%) as having in-
termediate health, and 1858 (8.6%) as having poor health.

Insulin Use at Age 75 Years
Nearly 1 in 5 patients (4076; 18.9%) used insulin in the year prior
to turning 75 years old, and the mean (SD) duration of insulin
use was 7.9 (5.5) years. Insulin use was associated with ethnicity/
race, longer diabetes duration, higher baseline HbA1c, and the
presence of diabetes-related comorbidities (Table 1). Diag-
nosed dementia prevalence was not statistically significantly
different between insulin users and nonusers. Insulin use was
most common among those with poor health (547; 29.4%) com-
pared with those in the intermediate health (2370; 27.5%) and
good health groups (1159;10.5%) (P < .01). Differences in insu-
lin use by health status persisted after stratifying by HbA1c cat-
egory (Figure 3A), with smaller proportions of patients with good
health prescribed insulin at each of the 3 HbA1c strata. In a mul-
tivariate model, patients with worse overall health status had
increasingly greater likelihood of insulin use: intermediate
health group adjusted risk ratio (aRR), 1.85 (95% CI, 1.74-1.97;
P < .01) and poor health group aRR, 2.03 (95% CI, 1.87-2.20;
P < .01), with good health as the reference (eTable 1 in the
Supplement).

Insulin Use Discontinuation After Age 75 Years
One-third of patients (1335 of 4076 [32.7%]) using insulin at
age 75 years discontinued insulin during the 4-year follow-up
period, and insulin regimens were simplified in only 7.9% (321
of 4076) of patients. The mean (SD) time to discontinuation
was 1.6 (1.2) years. In contrast with insulin use at age 75 years,
prevalent microvascular and macrovascular diabetes-related
complications were not associated with likelihood of insulin
discontinuation after age 75 years. Insulin discontinuation was
significantly more prevalent among patients with a last-
measured HbA1c 7.0% or less (Table 2). Depression was asso-
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ciated with increased insulin discontinuation (288 of 1335
[21.6%] vs 514 of 2741 [18.8%]; P = .03).

Insulin discontinuation during the follow-up period was
greatest among patients with good health (306 of 787
[38.9%]), followed by intermediate health (778 of 2380
[32.7%]), and poor health (251 of 909 [27.6%]) (P < .01).
By contrast, insulin regimen simplification was most com-
mon among those with poor health (99 of 909 [10.9%] vs
185 of 2380 [7.8%] for intermediate health and 37 of 787
[4.7%] for good health; P<.01). In a multivariate model, like-

lihood of continued insulin use was higher among individu-
als in poor health (aRR, 1.47; 95% CI, 1.27-1.67; P < .01) and
intermediate health (aRR, 1.16; 1.05-1.30; P < .01) compared
with good health (reference). These same prevalence and
discontinuation patterns were present in the subset with
tight glycemic control (HbA1c <7.0%) (Figure 3B). Diabetes
duration less than 10 years, HbA1c less than 7.0%, and use of
long-acting insulin (reference, combination) were indepen-
dently associated with insulin discontinuation (eTable 2 in
the Supplement).

Table 1. Individual Characteristics by Insulin Use at Age 75 Yearsa

Characteristic

No (%)

P ValueTotal (N = 21 531)
Insulin Users
(n = 4076)

Insulin Nonusers
(n = 17 455)

Women 10 396 (48.3) 2022 (49.6) 8374 (48.0) .12

Race

White 10 628 (49.4) 2064 (50.7) 8564 (49.2)

<.01

Latino 3850 (17.9) 829 (20.4) 3021 (17.3)

Asian 3091 (14.4) 403 (9.9) 2688 (15.4)

Black 2035 (9.5) 491 (9.8) 1634 (9.4)

Other 1886 (8.8) 376 (9.2) 1510 (8.7)

Neighborhood Deprivation Index quartileb

Q3 or Q4 (most deprived) 10 051 (47.3) 1963 (48.9) 8088 (47.0) .03

BMI ≥ 30 kg/m2 9453 (44.9) 2316 (57.0) 7137 (41.3) <.01

Diabetes duration, mean (SD), y 9.4 (6.0) 14.5 (5.4) 8.2 (5.5) <.01

Diabetes duration <10 y 11871 (55.1) 858 (21.1) 11 013 (63.1) <.01

HbA1c at age 75 y, mean (SD) 7.0 (1.1) 7.6 (1.3) 6.8 (1.0) <.01

HbA1c strata at age 75 y

<7.0% 12 522 (59.4) 1330 (32.9) 11 192 (65.8)

<.017.0%-8.4% 6855 (32.6) 1957 (48.2) 4898 (28.8)

≥8.5% 1687 (8.0) 766 (18.9) 921 (5.4)

Diabetic retinopathy 4884 (22.7) 2121 (52.0) 2763 (15.8) <.01

Diabetic neuropathy 6811 (31.6) 2196 (53.9) 4615 (26.4) <.01

Chronic kidney disease

Stage 0-2 14 810 (69.4) 2078 (51.1) 12 732 (73.7)

<.01Stage 3a-3b 5712 (26.8) 1612 (39.5) 4100 (23.8)

Stage 4-5 (including ESRD) 826 (3.9) 381 (9.4) 445 (2.5)

Cardiovascular disease 10 714 (49.8) 2662 (65.3) 8052 (46.1) <.01

Stroke 1463 (6.8) 420 (10.3) 1043 (6.0) <.01

Congestive heart failure 3199 (14.9) 1080 (26.5) 2119 (12.1) <.01

COPD 2758 (12.8) 642 (15.8) 2116 (12.1) <.01

Depression 3094 (14.4) 802 (19.7) 2292 (13.1) <.01

Dementia 662 (3.1) 129 (3.2) 533 (3.1) .71

Medication use

Insulin use 4076 (18.9) 4076 (100) 0

<.01
Long acting and short acting 2205 (10.0) 2205 (54.1) 0

Long acting 1702 (7.9) 1702 (41.8) 0

Short acting 169 (0.9) 169 (4.1) 0

Metformin 9619 (44.7) 1413 (34.7) 8206 (47.0) <.01

Sulfonylurea 8499 (34.5) 1487 (36.5) 7012 (40.2) <.01

ACE inhibitors 8831 (41.0) 1776 (43.6) 7055 (40.4) <.01

Statins 17 302 (80.0) 3490 (85.6) 13 812 (79.1) <.01

Functional status

Prescription for a walker 1658 (7.7) 464 (11.1) 1194 (6.8) <.01

Self-reported weekly exercise 9439 (49.9) 1468 (41.9) 7971 (51.1) <.01

Abbreviations: ACE,
angiotensin-converting enzyme;
BMI, body mass index, calculated as
weight in kilograms divided by height
in meters squared; COPD, chronic
obstructive pulmonary disease;
ESRD, end stage renal disease; HbA1c,
hemoglobin A1c.
a Numbers are column percentages

except where noted to be means
(SD). Column percentages add up to
less than 100% for some variables
owing to missing data (<2%).

b Neighborhood Deprivation Index is
defined using data from the US
Census Bureau’s American
Community Survey from 2006
through 2010 with 5-year estimates
divided into quartiles.
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Discussion

Existing guidelines recommend individualizing glycemic tar-
gets based on health status but do not make specific recom-
mendations about insulin use. We studied the prevalence of
insulin use and discontinuation among a cohort of 75-year-
olds with type 2 diabetes to test the hypothesis that older adults
with poor health would be less likely to use insulin and be more
likely to discontinue insulin over time. We found that nearly 1
in 5 individuals were receiving insulin therapy at age 75 years.
Insulin use was most prevalent among those in poor health,
whereas subsequent insulin discontinuation after age 75 years
was most likely in healthier patients, even after accounting for
level of glycemic control.

The results of this study suggest that neither prevalent in-
sulin use nor subsequent insulin discontinuation among older
patients is closely aligned with current recommendations to
incorporate health status (in conjunction with life expec-
tancy and patient preferences) when making treatment deci-
sions. These patterns remained evident even when account-
ing for level of glycemic control. For example, we would expect
to find less insulin discontinuation among relatively healthy
patients with poor glycemic control (HbA1c ≥8.5%) relative to
less healthy patients because these healthier patients are more
likely to realize long-term clinical benefit with the tighter con-
trol that would be expected from continuing insulin therapy.
However, Figure 3B demonstrates that discontinuation fol-
lows the opposite pattern: patients with poor health are least
likely to discontinue insulin.

Also shown in Figure 3B is the higher prevalence of insu-
lin discontinuation among patients with good health and tight
glycemic control (HbA1c <7.0%) relative to patients in inter-
mediate or poor health. Here, the clinical question relates to
insulin discontinuation, sometimes described as deprescrib-
ing in the recent literature.28-30 Deprescribing potentially harm-
ful medicines, such as insulin, when the risks outweigh the ben-
efits represents a novel and potentially robust strategy for

reducing adverse events and improving quality of individual-
ized care in older patients. The observed pattern of insulin dis-
continuation in the present study runs contrary to what we
would expect to find based on ADA and other guideline rec-
ommendations that suggest relaxed glycemic control in adults
with poor health status.

Clinicians have reported barriers to deprescribing related
to the lack of evidence to guide decisions, lack of time for in-
formed shared decision-making conversations, and concerns
that patients may feel like their care is being diminished.31-33

Recent nationally weighted survey data of Medicare benefi-
ciaries, in contrast, indicate that two-thirds of older patients
wanted to reduce the total number of medicines they were tak-
ing, and most (92%) would be willing to stop a medicine if rec-
ommended by their provider.34 Although this survey was not
specific to insulin, the results indicate that the opportunity for
safe deprescribing exists. Given the well-documented and se-
vere clinical consequences of iatrogenic hypoglycemia in older
patients on insulin, the results of the present study suggest that
efforts to define and implement insulin deprescribing guide-
lines in high-risk patients will likely be applicable to a sub-
stantial proportion of older patients with tight glycemic con-
trol despite poor health status and limited life expectancy.

Existing medication deprescribing guidelines provide
frameworks for prescribers to contemplate deintensification
but do not necessarily provide practical recommendations to
implement this process into everyday practice. A recent
review of medication deintensification tools noted that only
4 of 15 published guidelines were medication specific, 1 of 15
pertained to antihyperglycemic medicines, and none had
high or moderate quality evidence supporting them.35 To
date a small, single-arm trial of 65 patients testing the effi-
cacy of an insulin deintensification algorithm has been
performed,36 and more trials are needed to provide clinicians
with practical tools and protocols to reduce the use of high-
risk, low-benefit medications.

In contrast with insulin discontinuation, we found that
insulin regimen simplification (eg, from long-acting and

Figure 3. Insulin Use at Baseline and Insulin Use Discontinuation After Age 75 Years by Health Status and Hemoglobin A1c Category

0

60

50

Pa
tie

nt
s P

re
sc

rib
ed

 In
su

lin
 a

t 7
5 

y,
 %

40

30

10

20

HbA1c <7.0% HbA1c 7.0%-8.4% HbA1c ≥8.5%

Insulin use at age 75 years by health status and HbA1c categoryA

Good health

Intermediate health

Poor health

0

60

50

Pa
tie

nt
s W

ho
 D

is
co

nt
in

ue
d 

Tr
ea

tm
en

t,
 %

40

30

10

20

HbA1c <7.0% HbA1c 7.0%-8.4% HbA1c ≥8.5%

Insulin discontinuation after age 75 years by health status and HBA1c categoryB

A, Bars are grouped into sets of 3 based on hemoglobin A1C (HbA1c) level measured at baseline. B, Bars are grouped into sets of 3 based on HbA1c level measured
prior to most recent insulin dispensing. Health status was measured prior to censorship (ie, end of cohort, discontinuation, or death).

Research Original Investigation Use and Discontinuation of Insulin Treatment Among Adults Aged 75 to 79 Years With Type 2 Diabetes

1638 JAMA Internal Medicine December 2019 Volume 179, Number 12 (Reprinted) jamainternalmedicine.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ Hubnet by Edward Stehlik on 12/22/2019



short-acting insulin use to long-acting alone) was relatively
uncommon (prevalence, 7.9%) but was more frequent in
patients with poor health. This finding underscores the
clinical utility of insulin regimen simplification to reduce
hypoglycemia risk in certain situations when clinicians or
patients are less willing to discontinue insulin. For example,
patients with long-standing diabetes may become insulin-
dependent owing to progressive beta-cell dysfunction.37

Indeed, we found that characteristics indicative of reduced
beta-cell function, such as longer diabetes duration and use
of both long-acting and short-acting insulin, predicted insu-
lin persistence. Patients with renal insufficiency may have
contraindications to noninsulin medications, and their
HbA1c may be artificially low, which makes clinical decisions
about insulin use more challenging. In these situations,
insulin regimen simplification may allow clinicians to pri-

Table 2. Individual Characteristics by Insulin Use Discontinuation After Age 75 Yearsa

Characteristic

No (%)

P Value
Total
(N = 4076)

Insulin Persistent
(n = 2741)

Insulin Discontinued
(n = 1335)

Women 2022 (49.6) 1320 (48.2) 702 (52.6) <.01

Race

White 2064 (50.6) 1453 (53.0) 611 (45.8)

<.01

Latino 829 (20.3) 538 (19.6) 291 (21.8)

Asian 403 (9.9) 269 (9.8) 134 (10.0)

Black 401 (9.8) 248 (9.1) 153 (11.5)

Other 376 (9.2) 231 (8.4) 145 (10.9)

Neighborhood Deprivation Index quartileb

Q3 or Q4 (most deprived) 1963 (48.9) 1298 (47.9) 665 (50.8) .09

BMI ≥30 kg/m2 2316 (57.0) 1596 (58.4) 720 (54.3) .09

Diabetes duration, mean (SD), y 14.5 (5.4) 14.8 (5.3) 14.1 (5.6) <.01

Diabetes duration <10 y 858 (21.1) 534 (19.5) 324 (24.3) <.01

Insulin duration <10 y 2665 (65.4) 1736 (63.3) 929 (69.6) <.01

Last measured HbA1c %, mean (SD) 7.7 (1.4) 7.8 (1.3) 7.5 (1.4) <.01

Last-measured HbA1c strata

<7.0% 1249 (30.6) 729 (26.6) 520 (38.9)

<.017.0%-8.4% 1904 (46.7) 1358 (49.5) 546 (40.9)

≥8.5% 923 (22.6) 654 (23.9) 269 (20.2)

Diabetic retinopathy 2121 (52.0) 1436 (52.4) 685 (51.3) .52

Diabetic neuropathy 2196 (53.9) 1483 (54.1) 713 (53.4) .68

Chronic kidney disease

Stage 0-2 2078 (51.0) 1378 (50.3) 700 (52.6)

.10Stage 3a-3b 1612 (39.6) 1110 (40.6) 502 (37.7)

Stage 4-5 (including ESRD) 381 (9.4) 250 (9.1) 131 (9.8)

Cardiovascular disease 2662 (65.3) 1782 (65.0) 880 (65.9) .57

Stroke 420 (10.3) 269 (9.8) 151 (11.3) .14

Congestive heart failure 1080 (26.5) 740 (27.0) 340 (25.5) .30

COPD 642 (15.8) 454 (16.6) 188 (14.1) .04

Depression 802 (19.7) 514 (18.8) 288 (21.6) .03

Dementia 129 (3.2) 82 (3.0) 47 (3.5) .37

Medication use

Insulin use at age 75 y

<.01
Long acting and short acting 2205 (54.1) 1601 (58.4) 604 (45.2)

Long acting 1702 (41.8) 1046 (38.2) 656 (49.1)

Short acting 169 (4.1) 94 (3.4) 75 (5.6)

Metformin 1358 (33.3) 893 (43.3) 465 (46.1) .14

Sulfonylurea 1487 (36.5) 986 (36.0) 501 (37.5) .33

ACE inhibitors 1776 (43.6) 1185 (43.2) 591 (44.3) .53

Statins 3490 (85.6) 2358 (86.0) 1132 (84.8) .29

Functional status

Prescription for walker 464 (11.4) 303 (11.1) 161 (12.1) .34

Self-reported weekly exercise 1468 (36.0) 990 (41.9) 478 (40.2) .32

Abbreviations:
ACE, angiotensin-converting enzyme;
BMI, body mass index, calculated as
weight in kilograms divided by height
in meters squared; COPD, chronic
obstructive pulmonary disease;
ESRD, end stage renal disease;
HbA1c, hemoglobin A1c.
a Numbers are column percentages

except where noted to be means
(SD). Column percentages add up to
less than 100% for some variables
owing to missing data (<2%).

b Neighborhood Deprivation Index is
defined using data from the US
Census Bureau’s American
Community Survey from 2006
through 2010 with 5-year estimates
divided into quartiles.
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oritize practical aspects of diabetes management while also
reducing risk of iatrogenic hypoglycemia.

Limitations
The results of this study must be interpreted in the context of
the study design. First, the observational design precludes any
definitive inference about causality. However, the cohort had
few exclusion criteria and likely represents the general popu-
lation better than that of a clinical trial. Second, we studied an
insured population in an integrated health system, which may
limit generalizability, but using the KPNC closed pharmacy sys-
tem allowed us to capture near-complete insulin prescribing
information. Third, without being present with patients, we
are unable to evaluate the discussion (or lack thereof) that
informed the decision to continue or discontinue insulin
therapy in this older, higher-risk patient population. Rather,
we provide a population-level perspective of the scope of
insulin use in different older patient subgroups. Further work
is now needed that can inform system-level efforts to guide
safer and more standardized insulin continuation, discon-
tinuation, and simplification frameworks for older patients.
Fourth, because we measured insulin dispensing rather than
insulin ordering, we were unable to determine whether insu-
lin discontinuation was because of the clinician (ie, stopped
prescribing insulin) or patient (ie, stopped picking up pre-
scriptions). This measure has the advantage of capturing true

discontinuation but requires further research to better under-
stand the role of clinician vs patient in the discontinuation
process. Fifth, despite robust pharmacy data, we were unable
to examine insulin dose reductions because doses are not
reliably captured in prescription information in the phar-
macy data. Finally, the health status classification scheme
used EHR data and was susceptible to underrepresentation of
medical comorbidities such as dementia, a condition often
underdiagnosed.38 Nonetheless, this approach was empiri-
cally validated by the strong association of worse health sta-
tus with death and hospitalizations.

Conclusions
As the population with type 2 diabetes continues to age, there
is a growing need for evidence-based treatment strategies re-
lated specifically to the use of insulin for these older patients.
We found that the older adults in poorest health were most
likely to use insulin and that subsequent insulin discontinu-
ation was most common among healthier individuals. The sub-
stantial and persistent insulin use among older adults with a
high risk of hypoglycemia and limited future benefit suggests
that more work is needed to develop systems-based ap-
proaches that support guideline-concordant insulin use in
people older than 75 years.
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