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IMPORTANCE Previous studies have found that the risk of severe hypoglycemia does not
differ between long-acting insulin analogs and neutral protamine Hagedorn (NPH) insulin in
patients with type 2 diabetes. However, these studies did not focus on patients 65 years or
older, who are at an increased risk for hypoglycemia, or did not include patients with
concomitant prandial insulin use.

OBJECTIVE To examine the risk of emergency department (ED) visits or hospitalizations for
hypoglycemia among older community-residing patients with type 2 diabetes who initiated
long-acting insulin or NPH insulin in real-world settings.

DESIGN, SETTING, AND PARTICIPANTS This retrospective, new-user cohort study assessed
Medicare beneficiaries 65 years or older who initiated insulin glargine (n = 407 018), insulin
detemir (n = 141 588), or NPH insulin (n = 26 402) from January 1, 2007, to July 31, 2019.

EXPOSURES Insulin glargine, insulin detemir, and NPH insulin.

MAIN OUTCOMES AND MEASURES The primary outcome was time to first ED visit or
hospitalization for hypoglycemia, defined using a modified validated algorithm. Propensity
score–weighted Cox proportional hazards regression was used to estimate hazard ratios
(HRs) and 95% CIs. The risk of recurring hypoglycemia events was estimated using the
Andersen-Gill model. Post hoc analyses were conducted investigating possible effect
modification by age.

RESULTS Of the 575 008 patients initiating use of insulin (mean [SD] age 74.9 [6.7] years;
53% female), 407 018 used glargine, 141 588 used detemir, and 26 402 used NPH insulin. The
study included 7347 ED visits or hospitalizations for hypoglycemia (5194 for glargine, 1693 for
detemir, and 460 for NPH insulin, with a median follow-up across the 3 cohorts of 0.37 years
(interquartile range, 0.20-0.76 years). Initiation of glargine and detemir use was associated
with a reduced risk of hypoglycemia compared with NPH insulin use (HR for glargine vs NPH
insulin, 0.71; 95% CI, 0.63-0.80; HR, detemir vs NPH insulin, 0.72; 95% CI, 0.63-0.82). The
HRs were similar for the recurrent event analysis. The protective association of long-acting
insulin analogs varied by age and was not seen with concomitant prandial insulin use.

CONCLUSIONS AND RELEVANCE In this cohort study, initiation of long-acting analogs was
associated with a lower risk of ED visits or hospitalizations for hypoglycemia compared with
NPH insulin in older patients with type 2 diabetes in Medicare. However, this association was
not seen with concomitant prandial insulin use.
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L ong-acting insulin analogs, insulin glargine and insulin
detemir, are structurally altered human insulins that
mimic the pharmacokinetic properties of endogenous

insulin more closely than neutral protamine Hagedorn (NPH)
insulin and are increasingly used in the management of type
2 diabetes. A recent report1 estimating Medicare Part D spend-
ing on insulin in 2017 found that long-acting insulin analogs
accounted for 50% of total dispensed insulin (27 513 of 53 102
million units) and almost 62% of insulin analog use was in-
sulin glargine. The price of long-acting insulin analogs has
increased substantially,2 and in 2017 alone Medicare was es-
timated to have spent $7 billion on long-acting insulin ana-
logs, of which glargine accounted for $4.7 billion. Higher costs
for these insulin analogs may limit patient access.1

Despite suggested theoretical benefits of long-acting ana-
logs, such as lower risk of hypoglycemia (especially nocturnal)
because of the longer duration of action and the less pro-
nounced insulin peak, a Cochrane review of randomized clini-
cal trials (RCTs)3 that compared long-acting insulin analogs
with NPH insulin reported no statistically significant dif-
ference for severe hypoglycemia rates in any of the RCTs4-9 or
in a meta-analysis of RCT results.3 Similar findings were
reported by Lipska et al10 in an observational study that
examined rates of emergency department (ED) visits or hospi-
tal admissions for hypoglycemia and changes in levels of
glycemic control after initiating use of long-acting insulin
analogs compared with NPH insulin among patients with type
2 diabetes in Kaiser Permanente of Northern California
(KPNC).10 They reported that initiation of long-acting insulin
analog use compared with NPH insulin was not associated
with reduced risk of ED visits or hospital admissions for hypo-
glycemia or with improved glycemic control and suggested
that “use of basal insulin analogs in usual practice settings
may not be associated with clinical advantages for these
outcomes.”10(pE1) However, another meta-analysis of RCTs11

reported a lower risk of severe hypoglycemia among long-
acting analog users compared with NPH insulin users across 7
studies. The study by Lipska et al10 was limited in that NPH
insulin was used preferentially within KPNC; therefore, 23 561
NPH insulin users but only 1928 long-acting insulin analog
users were included in the study. In addition, this study10 did
not examine concomitant use of prandial insulin, which is
common in real-world settings. The mean age of patients in
previous RCTs4,5,8,9 and the study by Lipska et al10 ranged
from 55 to 60 years, indicating that these studies were likely
underpowered to detect or could not test the impact of older
age on their findings. People older than 65 years may be at
increased risk for hypoglycemia, and the consequences may
be more severe.12,13 In addition, severe hypoglycemia was
patient reported in the previous RCTs, whereas in the study
by Lipska et al10 it was based on health care utilization data.
Given the limitations of the previous observational study10

and the need for real-world evidence on the safety of long-
acting insulin analogs compared with NPH insulin in older
patients, we used Medicare data to assess the risk of ED visits
or hospitalizations for hypoglycemia among older patients
with type 2 diabetes who initiated glargine or detemir com-
pared with NPH insulin in real-world settings.

Methods

Study Cohort
Medicare beneficiaries 65 years or older and enrolled in
Medicare fee-for-service Parts A, B, and D were eligible for
study inclusion if they initiated a study insulin (glargine,
detemir, or NPH insulin) between January 1, 2007, and July
31, 2019. Beneficiaries were also required to have continuous
enrollment in Medicare, a type 2 diabetes diagnosis, and no
prescriptions for a study insulin or a prandial insulin in the
365 days before the date of the qualifying prescription (index
date). Patients were excluded if they were in a skilled nursing
facility or nursing home, received their index prescription
from a long-term care pharmacy, or were receiving hospice
care on the index date. Kidney transplant recipients, patients
undergoing dialysis in the year before index date, and anyone
who entered Medicare for reasons other than age were also
excluded (eFigure 1 in the Supplement). This study was clas-
sified as public health surveillance by the US Food and Drug
Administration and was exempted from review by the agen-
cy’s institutional review board in accordance with the up-
dated Common Rule. In addition, patient consent was not re-
quired for this study because it was observational and used
deidentified health care claims data. This study followed the
Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) reporting guideline.

Exposure
The primary exposure definition was new use14 of any formu-
lation of glargine, detemir, or NPH insulin alone (eTable 1 in
the Supplement); NPH insulin combination products with pran-
dial insulin were excluded from the primary analysis. Pa-
tients were considered exposed to a study insulin from their
index date (first insulin dispensing based on Part D dispens-
ing claims) until a censoring or outcome event occurred.

Outcomes
Emergency department visits and hospitalizations for hypo-
glycemia were identified using International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), and
International Statistical Classification of Diseases, Tenth Revi-
sion, Clinical Modification (ICD-10-CM), diagnosis codes. We

Key Points
Question Do long-acting insulin analogs reduce the risk of
emergency department visits or hospitalization for hypoglycemia
compared with neutral protamine Hagedorn (NPH) insulin in older
patients with type 2 diabetes?

Findings In this cohort study of 575 008 patients 65 years or
older initiating use of insulin, long-acting insulin analogs were
associated with a lower risk of emergency department visits or
hospitalizations for hypoglycemia compared with NPH insulin. This
finding was not seen with concomitant use of prandial insulin.

Meaning Long-acting insulin analogs may reduce the risk of
severe hypoglycemia compared with NPH insulin in older patients.
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used a modified version of the algorithm developed by Ginde
et al,15 which was validated for use in claims data based on In-
ternational Classification of Diseases, Ninth Revision (ICD-9)
coding. For hypoglycemic events identified after the October
1, 2015, International Classification of Diseases, Tenth Revi-
sion (ICD-10) transition date, we used the General Equiva-
lence Mappings to map ICD-9-CM codes from the algorithm of
Ginde et al15 to ICD-10-CM codes. The algorithm was modi-
fied to include inpatient and outpatient ED claims with hypo-
glycemia in the primary position only, similar to the algo-
rithm used by Lipska et al10 (eFigure 2 and eTable 2 in the
Supplement).

Follow-up
An as-treated approach to follow-up time was applied in our
primary analyses. Follow-up time started on the first day af-
ter the index date and continued until the earliest of the fol-
lowing: switch to another study insulin, initiation of prandial
insulin use, death, disenrollment from Medicare Parts A, B, or
D or enrollment in Medicare Part C, end of study (July 31, 2019),
treatment cessation (defined as no observed refill within 45
days of the last day of the previous refill’s supply), a hypogly-
cemia outcome, or an invalid prescription (ie, prescriptions
with implausible dose values) (eTable 3 in the Supplement).

Covariates
Demographic characteristics, preexisting medical condi-
tions, medication use, an adapted Diabetes Complications Se-
verity Index,16 and health care utilization (including inpa-
tient, outpatient, ED, and physician visits; number of glycated
hemoglobin tests; and physician specialty) were identified in
the 12-month baseline period before cohort entry. Time-
varying concomitant use of noninsulin antidiabetic drugs, in-
cluding sulfonylureas, metformin, incretins (dipeptidyl pep-
tidase-4 inhibitors and glucagon-like peptide 1 agonists), and
other antidiabetic drugs (thiazolidinediones and other) were
also evaluated during follow-up.

Statistical Analysis
Logistic regression was used to estimate the probability of re-
ceiving glargine vs NPH insulin and detemir vs NPH insulin con-
ditional on baseline covariates (ie, propensity score) and to cal-
culate inverse probability of treatment weights (IPTWs) for each
comparison (glargine vs NPH insulin and detemir vs NPH insu-
lin). Because the target population for this study was the
glargine-detemir cohort for each comparison, IPTWs for aver-
age treatment effects among treated patients, considering
glargine-detemir as the reference treatment, were applied. Dis-
tributions of propensity scores and IPTWs were inspected for
outliers. Weight truncation at the 99th percentile was con-
ducted to account for extreme weights in the NPH insulin co-
hort. Covariate balance between weighted cohorts was as-
sessed using standardized mean differences, with a value of 0.1
or less indicating a negligible difference between groups.17

All analyses were based on IPTW-adjusted cohorts to ac-
count for potential confounding at baseline and additionally ad-
justed for time-varying concomitant use of noninsulin antidia-
betic drugs, including sulfonylureas, metformin, incretins

(dipeptidyl peptidase-4 inhibitors and glucagon-like peptide 1
agonists), and other antidiabetic drugs (thiazolidinediones and
other) during follow-up. Weighted Cox proportional hazards re-
gression with robust SEs was used to estimate hazard ratios (HRs)
and 95% CIs for time to first ED visit or hospitalization for hy-
poglycemia among glargine users compared with users of NPH
insulin and separately for detemir users compared with NPH in-
sulin. Secondary analyses used the Andersen-Gill model, an ex-
tended Cox proportional hazards regression model,18 to exam-
ine the association between use of long-acting insulins and
recurrent hypoglycemia events, additionally adjusting for num-
ber of prior events. For recurrent events to be counted as sepa-
rate outcomes, we required at least 1 day between the end of prior
outcome and start of the next outcome.

Several prespecified sensitivity analyses were under-
taken that modified the primary analysis by (1) increasing the
gap allowance between successive insulin prescriptions from
45 to 90 days; (2) restricting the analysis to the ICD-9 coding
era (January 2007 to September 2015); (3) combining long-
acting insulin analog users (glargine and detemir) into 1 co-
hort; (4) using the original algorithm of Ginde et al,15 which in-
cludes hypoglycemia recorded in any position; and (5) not
truncating IPTW at the 99th percentile.

We also conducted prespecified exploratory analyses to
evaluate the risk of hypoglycemia among concomitant pran-
dial insulin users, defined as initiation of prandial insulin use
on index date or at any time during follow-up. For these analy-
ses, the primary analysis study population was expanded to
include patients in the NPH insulin cohort who initiated an
NPH insulin combination with prandial insulin. The primary
analysis was repeated in this expanded cohort with the fol-
lowing modifications: (1) removal of censoring for initiation
of prandial insulin use during follow-up, (2) an additional
adjustment for time-varying concomitant prandial insulin
use in the weighted model, and (3) inclusion of interaction
terms for concurrent prandial insulin use for each of the
study drugs.

Post hoc analyses were conducted to investigate possible
effect modification by age given that the findings varied from
the previous study by Lipska et al,10 which involved a younger
population. We first examined effect modification by age cat-
egory (65-74, 75-84, and ≥85 years) and then used a penal-
ized spline19 to explore effect modification in a continuous age
scale. Post hoc analyses also investigated the effect of socio-
economic status and year of insulin initiation. Analyses were
performed using SAS statistical software, version 9.4 (SAS In-
stitute Inc) and R software, version 3.4.3 (R Foundation for Sta-
tistical Computing). A 2-sided P < .05 was considered statis-
tically significant.

Results
Of the 575 008 patients initiating use of insulin (mean [SD]
age 74.9 [6.7] years; 53% female), 407 018 used glargine,
141 588 used detemir, and 26 402 used NPH insulin. Glargine
initiators contributed 299 098 person-years of follow-up,
detemir initiators contributed 101 426 person-years of follow-
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up, and NPH insulin initiators contributed 14 994 person-
years of follow-up.

Before IPTW adjustment, no substantial differences were
found in demographic or clinical characteristics between the
glargine and detemir cohorts. However, when the NPH insu-
lin cohort was compared with each long-acting analog co-
hort, slight differences were noted, including a higher propor-
tion of NPH insulin users who were Black (13% for NPH insulin
vs 9% for analogs), fewer physician visits and glycated hemo-
globin tests before the index date in NPH insulin users than
analog users, and a smaller proportion of NPH insulin users who
used oral diabetes medications and statins compared with ana-
log users (Table 1). After IPTW adjustment, cohorts for each
analysis were closely balanced for all baseline covariates
(eTable 4 in the Supplement).

A total of 7347 ED visits or hospitalizations for hypogly-
cemia occurred during the study period: 5194 for glargine, 1693
for detemir, and 460 for NPH insulin, with a median fol-
low-up across the 3 cohorts of 0.37 years (interquartile range
[IQR], 0.20-0.76 years). The main reason for censoring in each
exposure cohort was treatment discontinuation (responsible
for the censoring of approximately 25% in each cohort within
3 months and approximately 60% within a year [eTable 3 in
the Supplement]). For the glargine and NPH insulin compari-
son, the weighted incidence rates for ED visits or hospitaliza-
tions for hypoglycemia per 1000 person-years were 17.37 (95%
CI, 16.89-17.84) for glargine and 26.64 (95% CI, 26.01-27.3) for
NPH insulin. For the detemir and NPH insulin comparison, the
incidence rates were 16.69 (95% CI, 15.92-17.51) for detemir and
25.04 (95% CI, 24.01-26.11) for NPH insulin (Table 2).

Compared with patients who initiated NPH insulin, those
taking glargine and detemir had a reduced risk of ED visits or
hospitalizations for hypoglycemia; the adjusted HRs were 0.71
(95% CI, 0.63-0.80; P < .001) for glargine and 0.72 (95% CI,
0.63-0.82; P < .001) for detemir (Table 2; eFigures 3 and 4 in
the Supplement).

In the analysis that included concomitant prandial insu-
lin as a time-varying covariate, the HR for hypoglycemia com-
paring glargine vs NPH insulin was 0.99 (95% CI, 0.90-1.09;
P = .85) during time taking concomitant prandial insulin and
0.78 (95% CI, 0.67-0.87; P < .001) during time not taking
concomitant prandial insulin (P = .001 for the interaction be-
tween study drug and concomitant prandial insulin use). For
detemir vs NPH insulin, the corresponding risk estimates were
0.96 (95% CI, 0.86-1.08; P = .53) during time taking concomi-
tant prandial insulin and 0.78 (95% CI, 0.68-0.89; P < .001) dur-
ing time not taking concomitant prandial insulin (P = .02 for
the interaction between study drug and concomitant pran-
dial insulin use) (Table 3). These findings indicate that the as-
sociation between each long-acting insulin analog (vs NPH in-
sulin) and severe hypoglycemia during periods of receiving and
not receiving treatment with prandial insulin was signifi-
cantly different (effect modification).

There was also evidence that the association of hypogly-
cemia with glargine and detemir may vary by age. In a post hoc
analysis, exploring effect modification in a continuous age
scale, results from penalized spline models illustrated in
Figure 1 and Figure 2 suggested that the observed protective

association of long-acting analogs compared with NPH insu-
lin was stronger at 69 to 87 years of age than at other ages.

The analysis allowing for recurrent hypoglycemia events
found similar results for glargine (HR, 0.70; 95% CI, 0.63-
0.79; P < .001) and detemir (HR, 0.74; 95% CI, 0.65-0.84;
P < .001). In addition, this analysis identified that the risk of
recurrent ED visits or hospitalizations for hypoglycemia across
all comparisons increased with the number of prior events
(eTable 5 and eFigure 4 in the Supplement). Prespecified sen-
sitivity analyses had similar patterns and trends of associa-
tions as those for the primary analysis (eFigure 4 and eTable 6
in the Supplement).

In a post hoc subgroup analysis by low-income subsidy, a
proxy for low-income status, the HR for the glargine vs NPH
insulin comparison was 0.67 (95% CI, 0.56-0.80) for benefi-
ciaries who received the subsidy, whereas in those who did not
receive the subsidy it was 0.73 (95% CI, 0.62-0.85), and the cor-
responding estimates for the detemir vs NPH insulin compari-
son were 0.76 (95% CI, 0.60-0.95) for beneficiaries who re-
ceived the subsidy vs 0.71 (95% CI, 0.60-0.85) for those who
did not (P > .40 for interaction) (eTable 7 in the Supplement).
Including year of initiation of insulin use in the model did not
substantially change the estimates from the primary analysis
(glargine vs NPH insulin: HR, 0.73; 95% CI, 0.65-0.83; de-
temir vs NPH insulin: HR, 0.77; 95% CI, 0.67-0.90).

Discussion
In this new-user, active comparator cohort study, which in-
cluded more than 575 000 insulin users, initiation of glargine
and detemir use was associated with a nearly 30% lower risk
of ED visits or hospitalizations for hypoglycemia compared with
initiation of NPH insulin use, which translated to 9.3 fewer hy-
poglycemia events with glargine and 8.4 fewer with detemir per
1000 patient-years of treatment. In terms of number needed to
harm,20 one would need to treat 154 patients with glargine or
167 with detemir rather than with NPH insulin for a year to pre-
vent 1 excess case of severe hypoglycemia. However, this pro-
tective association was no longer seen when insulin analogs were
used concomitantly with prandial insulin.

These results contrast with findings of a recent observa-
tional study3 examining the same question in KPNC. Lipska
et al10 reported no difference in risk of ED visits or hospital ad-
missions for hypoglycemia among long-acting analog users
compared with NPH insulin users. The mean age of partici-
pants in that study10 was 60 years compared with 75 years in
the current study, suggesting that age may have contributed
to the disparity in study results. In post hoc analyses, we ob-
served potential effect modification by age. It appeared that
in those 65 to 68 years of age, the use of glargine or detemir
compared with NPH insulin may not be associated with ED vis-
its or hospitalizations for hypoglycemia. These findings aligned
more closely with those from the study by Lipska et al,10

whereas in middle to old age (69-87 years of age), use of long-
acting analogs was associated with a reduced risk of hypogly-
cemia compared with NPH insulin. Differences in the popu-
lations between the 2 studies included age, race/ethnicity, and
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Table 1. Baseline Demographic and Clinical Characteristics of Glargine, Detemir, and Neutral Protamine Hagedorn (NPH) Insulin Users
Before Inverse Probability of Treatment Weighting

Characteristic

No. (%) of users Standardized mean difference

Glargine Detemir NPH insulin
Glargine vs
detemir Glargine vs NPH Detemir vs NPH

Base population total 407 018 (100) 141 588 (100) 26 402 (100) NA NA NA

Age, mean (SD), y 75.00 (6.76) 74.72 (6.65) 75.11 (6.84) 0.04 0.02 0.06

Age categorical, y

65-74 218 367 (54) 78 402 (55) 13 936 (53) 0.03 0.02 0.05

75-84 145 613 (36) 49 494 (35) 9595 (36) 0.02 0.01 0.03

>85 43 038 (11) 13 692 (10) 2871 (11) 0.03 0.01 0.04

Race/ethnicity

White 324 641 (80) 112 528 (79) 19 833 (75) 0.01 0.11 0.10

Black 38 547 (9) 13 291 (9) 3395 (13) 0.00 0.11 0.11

Other 43 830 (11) 15 769 (11) 3174 (12) 0.01 0.04 0.03

Sex

Male 190 240 (47) 65 675 (46) 11 898 (45) 0.01 0.03 0.03

Female 216 778 (53) 75 913 (54) 14 504 (55) 0.01 0.03 0.03

Low-income status

Yes 126 173 (31) 43 770 (31) 8815 (33) 0.00 0.05 0.05

No 280 845 (69) 97 818 (69) 17 587 (67) 0.00 0.05 0.05

Zip code–level annual income, $

<30 000 68 260 (17) 26 653 (19) 5320 (20) 0.05 0.09 0.03

30 000-60 000 267 954 (66) 92 342 (65) 17 054 (65) 0.01 0.03 0.01

>60 000 55 478 (14) 17 192 (12) 2965 (11) 0.04 0.07 0.03

Unknown 15 326 (4) 5401 (4) 1063 (4) 0.00 0.01 0.01

Metropolitan statistical area

Nonrural 302 571 (74) 102 537 (72) 19 376 (73) 0.04 0.02 0.02

Rural 104 447 (26) 39 051 (28) 7026 (27) 0.04 0.02 0.02

Area Deprivation Index score

Missing 15 323 (4) 5449 (4) 1152 (4) 0.00 0.03 0.03

0-19 65 940 (16) 19 877 (14) 3863 (15) 0.06 0.04 0.02

20-39 85 255 (21) 28 027 (20) 5171 (20) 0.03 0.03 0.01

40-59 87 795 (22) 30 595 (22) 5572 (21) 0.00 0.01 0.01

60-79 83 774 (21) 31 129 (22) 5493 (21) 0.03 0.01 0.03

80-100 68 931 (17) 26 511 (19) 5151 (20) 0.05 0.07 0.02

No. of IP visits

0 255 489 (63) 91 781 (65) 15 923 (60) 0.04 0.05 0.09

1 85 608 (21) 28 093 (20) 5450 (21) 0.03 0.01 0.02

2 36 119 (9) 11 937 (8) 2570 (10) 0.02 0.03 0.05

≥3 29 802 (7) 9777 (7) 2459 (9) 0.02 0.07 0.09

No. of OP/ED visits

0 274 892 (68) 96 295 (68) 17 824 (68) 0.01 0.00 0.01

1 82 488 (20) 28 429 (20) 5244 (20) 0.00 0.01 0.01

2 28 588 (7) 9747 (7) 1938 (7) 0.01 0.01 0.02

≥3 21 050 (5) 7117 (5) 1396 (5) 0.01 0.01 0.01

No. of physician visitsa

0 17 506 (4) 4277 (3) 2225 (8) 0.07 0.17 0.23

1-4 57 216 (14) 17 174 (12) 4383 (17) 0.06 0.07 0.13

5-10 101 467 (25) 35 346 (25) 6324 (24) 0.00 0.02 0.02

11-20 122 618 (30) 44 911 (32) 7182 (27) 0.03 0.06 0.10

21-30 58 705 (14) 21 752 (15) 3333 (13) 0.03 0.05 0.08

(continued)
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Table 1. Baseline Demographic and Clinical Characteristics of Glargine, Detemir, and Neutral Protamine Hagedorn (NPH) Insulin Users
Before Inverse Probability of Treatment Weighting (continued)

Characteristic

No. (%) of users Standardized mean difference

Glargine Detemir NPH insulin
Glargine vs
detemir Glargine vs NPH Detemir vs NPH

≥31 49 506 (12) 18 128 (13) 2955 (11) 0.02 0.03 0.05

No. of glycated hemoglobin
tests

0 36 798 (9) 11 850 (8) 4214 (16) 0.02 0.21 0.23

1 66 303 (16) 22 166 (16) 4774 (18) 0.02 0.05 0.06

2-3 201 273 (49) 70 921 (50) 11 760 (45) 0.01 0.10 0.11

4-5 90 720 (22) 32 361 (23) 4975 (19) 0.01 0.09 0.10

≥6 11 924 (3) 4290 (3) 679 (3) 0.01 0.02 0.03

Physician specialtya

Endocrinology 43 696 (11) 14 747 (10) 3570 (14) 0.01 0.09 0.10

Primary care 240 379 (59) 87 982 (62) 12 871 (49) 0.06 0.21 0.27

Other 122 943 (30) 38 859 (27) 9961 (38) 0.06 0.16 0.22

Other diabetes medications

Metformin 263 194 (65) 93 095 (66) 13 532 (51) 0.02 0.27 0.30

Sulfonylureas 269 206 (66) 93 664 (66) 13 806 (52) 0.00 0.28 0.28

Thiazolidinediones 79 231 (19) 26 167 (18) 4202 (16) 0.03 0.09 0.07

DPP-4 120 166 (30) 47 431 (33) 3417 (13) 0.09 0.41 0.50

GLP-1 receptor agonist 31 686 (8) 13 154 (9) 1254 (5) 0.05 0.13 0.18

Other antidiabetic drugs 38 557 (9) 13 428 (9) 1455 (6) 0.00 0.15 0.15

No antidiabetic drug 45 160 (11) 14 140 (10) 7316 (28) 0.04 0.43 0.47

Other medications

ACE inhibitors and ARBs 295 620 (73) 103 035 (73) 18 422 (70) 0.00 0.06 0.07

Antiarrhythmics 20 077 (5) 6961 (5) 1238 (5) 0.00 0.01 0.01

Anticoagulants, oral 60 079 (15) 19 762 (14) 3499 (13) 0.02 0.04 0.02

Antiplatelets 69 693 (17) 24 590 (17) 4391 (17) 0.01 0.01 0.02

β-Blockers 221 524 (54) 76 437 (54) 13 574 (51) 0.01 0.06 0.05

Calcium channel blockers 154 515 (38) 54 145 (38) 9993 (38) 0.01 0.00 0.01

Digoxin 26 603 (7) 8780 (6) 1560 (6) 0.01 0.03 0.01

Diuretics

Loop 131 010 (32) 44 328 (31) 8721 (33) 0.02 0.02 0.04

Potassium 39 516 (10) 13 494 (10) 2535 (10) 0.01 0.00 0.00

Thiazides 142 886 (35) 50 287 (36) 8694 (33) 0.01 0.05 0.05

Fibrates 38 987 (10) 14 977 (11) 2050 (8) 0.03 0.06 0.10

Nitrates 34 065 (8) 11 361 (8) 2465 (9) 0.01 0.03 0.05

Statins 291 861 (72) 102 197 (72) 17 438 (66) 0.01 0.12 0.13

Medical conditions

Atrial fibrillation 80 256 (20) 26 726 (19) 4895 (19) 0.02 0.03 0.01

COPD 83 476 (21) 28 957 (20) 5617 (21) 0.00 0.02 0.02

Chronic kidney disease stage

1 3000 (1) 1105 (1) 168 (1) 0.00 0.01 0.02

2 10 026 (2) 3819 (3) 590 (2) 0.01 0.02 0.03

3 64 961 (16) 23 408 (17) 3583 (14) 0.02 0.07 0.08

4 13 555 (3) 4578 (3) 846 (3) 0.01 0.01 0.00

5 1062 (0) 318 (0) 103 (0) 0.01 0.02 0.03

ESRD 1886 (0) 596 (0) 185 (1) 0.01 0.03 0.04

Unspecified stage 22 570 (6) 7408 (5) 1553 (6) 0.01 0.01 0.03

Unspecified kidney failure 9822 (2) 3147 (2) 680 (3) 0.01 0.01 0.02

(continued)
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type of insurance. The KPNC population was substantially
younger, likely had health insurance based on employment,
and had a lower proportion of White people than the Medi-
care population in the current study. It is possible that adher-
ence to insulin therapy may be better in younger, actively
employed individuals, which might explain the longer fol-
low-up in the study by Lipska et al.10 In addition, the practice
of medicine within KPNC, with system-wide, evidence-
based practice guidelines and physician performance moni-
toring, may contribute to improved patient adherence com-
pared with the more heterogeneous guidelines and monitoring
seen in the fee-for-service environment. However, despite a
shorter median follow-up, we still had large cohorts of glargine
and detemir users with follow-up beyond 1 year, indicating that
our estimates of hypoglycemia risk during longer periods are

still well powered. Differences in race/ethnicity between KPNC
and Medicare reflect the race/ethnicity distribution in North-
ern California compared with the racial/ethnic distribution of
older people in the entire US.

A study by Luo et al21 compared severe hypoglycemia rates
before and after a managed care organization’s intervention en-
couragingMedicarebeneficiaries(meanage,72.5years)withtype
2 diabetes to switch from a long-acting analog to human insu-
lin. They found that switching was not associated with changes
in rates of serious hypoglycemia. However, as with the study by
Lipska et al,10 the findings from a managed care organization of-
ten cannot be generalized to other health care settings with less
intensive practitioner support for chronic disease manage-
ment. Indeed, the intervention in that study10 included sup-
port from pharmacists, nurse practitioners, physician assis-

Table 1. Baseline Demographic and Clinical Characteristics of Glargine, Detemir, and Neutral Protamine Hagedorn (NPH) Insulin Users
Before Inverse Probability of Treatment Weighting (continued)

Characteristic

No. (%) of users Standardized mean difference

Glargine Detemir NPH insulin
Glargine vs
detemir Glargine vs NPH Detemir vs NPH

Kidney sclerosis 456 (0) 154 (0) 33 (0) 0.00 0.00 0.00

None 279 680 (69) 97 055 (69) 18 661 (71) 0.00 0.04 0.05

Coronary revascularization 67 657 (17) 22 980 (16) 4208 (16) 0.01 0.02 0.01

Dementia 28 390 (7) 9509 (7) 1666 (6) 0.01 0.03 0.02

Heart failure 104 161 (26) 34 038 (24) 7056 (27) 0.04 0.03 0.06

Hospitalized myocardial
infarction 21 233 (5) 6722 (5) 1455 (6) 0.02 0.01 0.03

Hospitalized stroke 34 226 (8) 11 531 (8) 2353 (9) 0.01 0.02 0.03

Hypercholesterolemia 201 288 (49) 72 001 (51) 12 098 (46) 0.03 0.07 0.10

Hypertension 378 959 (93) 132 865 (94) 24 095 (91) 0.03 0.07 0.10

Liver disease 23 614 (6) 8441 (6) 1395 (5) 0.01 0.02 0.03

Malignant tumor 108 562 (27) 37 634 (27) 6982 (26) 0.00 0.01 0.00

Obesity 98 237 (24) 34 788 (25) 5815 (22) 0.01 0.05 0.06

Prior hypoglycemia 4140 (1) 1311 (1) 386 (1) 0.01 0.04 0.05

Smoking 78 957 (19) 27 926 (20) 4655 (18) 0.01 0.05 0.05

Transient ischemic attack 19 081 (5) 6726 (5) 1224 (5) 0.00 0.00 0.01

Diabetes systemic
complications

Diabetic ketoacidosis 6304 (2) 2152 (2) 419 (2) 0.00 0.00 0.01

Nephropathy 158 742 (39) 55 230 (39) 9856 (37) 0.00 0.03 0.03

Neuropathy 129 831 (32) 45 635 (32) 8511 (32) 0.01 0.01 0.00

Peripheral arterial disease 125 712 (31) 43 651 (31) 8294 (31) 0.00 0.01 0.01

Prior amputation 4902 (1) 1647 (1) 421 (2) 0.00 0.03 0.04

Retinopathy 86 712 (21) 29 922 (21) 6255 (24) 0.00 0.06 0.06

Adapted Diabetes Complications
Severity Index score
(categorical)

0 66 792 (16) 23 622 (17) 4460 (17) 0.01 0.01 0.01

1-2 124 402 (31) 43 782 (31) 7926 (30) 0.01 0.01 0.02

3-4 110 884 (27) 38 132 (27) 7101 (27) 0.01 0.01 0.00

≥5 104 940
(26) 36 052 (25) 6915 (26) 0.01 0.01 0.02

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor
blocker; COPD, chronic obstructive pulmonary disease; DPP-4, dipeptidyl
peptidase-4 inhibitors; ED, emergency department; ESRD, end-stage renal
disease; GLP-1, glucagon-like peptide 1; IP, inpatient; NA, not applicable;
OP, outpatient.

a The primary care specialty included 3 specialties (internal medicine, family
practice, and general practice), whereas the other specialty included all other
prescribing specialties, except for endocrinology.
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tants, and physicians with experience in chronic disease
management, which may have included counseling about hy-
poglycemia not offered to participants in the current study.

A Cochrane review of RCTs3 to assess the effects of long-
term treatment with long-acting insulin analogs compared with
NPH insulin in patients with type 2 diabetes also reported no
difference in severe hypoglycemia among users. The sum-
mary odds ratios from the meta-analysis were 0.70 (95% CI,
0.40-1.23) for glargine vs NPH insulin based on 4 RCTs4,5,8,9

and 0.50 (95% CI, 0.18-1.38) for detemir vs NPH insulin based
on 2 RCTs.6,7 However, the meta-analytic summary esti-
mates and the individual risk estimates from the RCTs trended
in the same direction as the overall estimate in the current
study, toward a protective association for long-acting ana-
logs, despite lacking statistical significance. Of note, the RCTs
had small sample sizes (ranging from 476 to 756 study par-

ticipants) and limited numbers of recorded outcome events,
and the mean age of participants was also lower than in the
current study.

Table 2. Incidence Rates and Hazard Ratios for ED Visits or Hospitalizations for Hypoglycemia Among New Users of Glargine
and Detemir Compared With Neutral Protamine Hagedorn (NPH) Insulin

Agent
No. of
patients

Follow-up time,
median (IQR), y

Total
No. of
person-
years

No. of
events

Unweighted Weighted incidence
rates per 1000
person-years

Adjusted hazard
ratio (95% CI)a

Incidence rates per
1000 person-years

Hazard ratio
(95% CI)

Glargine vs NPH insulin

Glargine 407 018 0.37 (0.20-0.73) 299 098 5194 17.37 (16.89-17.84) 0.61 (0.55-0.67) 17.37 (16.89-17.84) 0.71 (0.63-0.80)

NPH insulin 26 402 0.27 (0.2-0.55) 14 994 460 30.68 (27.88-33.48) 1 [Reference] 26.64 (26.01-27.30) 1 [Reference]

Detemir vs NPH insulin

Detemir 141 588 0.37 (0.20-0.76) 101 426 1693 16.69 (15.92-17.51) 0.58 (0.52-0.64) 16.69 (15.92-17.51) 0.72 (0.63-0.82)

NPH insulin 26 402 0.27 (0.20-0.55) 14 994 460 30.68 (27.88-33.48) 1 [Reference] 25.04 (24.01-26.11) 1 [Reference]

Abbreviations: ED, emergency department; IQR, interquartile range.
a Adjusted for inverse probability of treatment weights and time-varying

concomitant use of noninsulin antidiabetic drugs, including sulfonylureas,

metformin, incretins (dipeptidyl peptidase 4 inhibitors and glucagon-like
peptide 1 agonists), and other antidiabetic drugs (thiazolidinediones and
others).

Table 3. Hazard Ratios for ED Visits or Hospitalizations for Hypoglycemia
Among New Users of Glargine and Detemir Compared With Neutral
Protamine Hagedorn (NPH) Insulin According to Prandial Use
During Follow-up

Concomitant prandial insulin use during
follow-up Hazard ratio (95% CI)

Insulin glargine vs NPH insulin (expanded cohort)

Time using prandial insulin

Glargine 0.99 (0.90-1.09)

NPH insulin 1 [Reference]

Time not using prandial insulin

Glargine 0.78 (0.69-0.87)

NPH insulin 1 [Reference]

P value for interaction (glargine × time using
prandial insulin during follow-up) .001

Insulin detemir vs NPH insulin (expanded cohort)

Time using prandial insulin

Detemir 0.96 (0.86-1.08)

NPH insulin 1 [Reference]

Time not using prandial insulin

Detemir 0.78 (0.68-0.89)

NPH insulin 1 [Reference]

P value for interaction (detemir × time using
prandial insulin during follow-up) .02

Abbreviation: ED, emergency department.

Figure 1. Hazard Ratios of Hypoglycemia Risk by Age for Glargine
vs Neutral Protamine Hagedorn (NPH) Insulin Users
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Figure 2. Hazard Ratios of Hypoglycemia Risk by Age for Detemir
vs Neutral Protamine Hagedorn (NPH) Insulin Users
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Other studies11,22 have also found results similar to ours.
Another meta-analysis of RCTs11 reported a lower risk of se-
vere hypoglycemia across 7 studies among long-acting ana-
log users compared with NPH insulin (glargine: HR, 0.80; 95%
CI, 0.67 to 0.96; detemir: HR, 0.74; 95% CI, 0.58-0.96). How-
ever, a high level of heterogeneity among studies that re-
ported hypoglycemia outcomes was noted, which may have
been related to differences in patient characteristics or treat-
ment strategies. A network meta-analysis22 of 41 studies re-
ported a summary risk ratio for documented symptomatic
hypoglycemia in glargine vs NPH insulin users of 0.65 (95%
CI, 0.27-1.49).22

In real-world clinical practice, basal insulin and prandial
insulin are frequently used together in the management of type
2 diabetes. In the current study, up to 29% of basal insulin us-
ers had concomitant use of prandial insulin during follow-up
and were censored in the primary analysis. When time-
varying use of concomitant prandial insulin was accounted for
in exploratory analyses, the protective association conferred
by use of long-acting analogs compared with NPH insulin seen
in the primary analysis was not observed. This is an impor-
tant finding and suggests that the advantages of long-acting
analogs on hypoglycemia, observed in the main analysis, at
least in certain age groups may not be seen if the patient ini-
tiates concomitant prandial insulin. The inclusion of prandial
insulin in type 2 diabetes treatment regimens may increase
complexity, especially for older users,23 thereby increasing the
possibility of using too much insulin, which might increase the
likelihood of hypoglycemia to such an extent that the ben-
efits from long-acting analogs compared with NPH insulin are
lost. Further studies are needed to investigate the potential in-
fluence of prandial insulin use. The study by Lipska et al10 did
not include prandial insulin users in their analyses.

Strengths and Limitations
This study has several strengths. First, to our knowledge, it is
the largest study to date to examine the association between
long-acting insulin analog use and ED visits or hospitaliza-
tions for hypoglycemia, and it had substantially more long-
acting insulin analog users compared with a recent study by
Lipska et al10 (548 606 vs 1928 long-acting insulin analog us-
ers). The study by Lipska et al10 was conducted in an inte-
grated delivery health care system setting. These settings tend
to have formularies that restrict the use of long-acting ana-
logs in patients with type 2 diabetes initiating use of insulin.
This means that in the study by Lipska et al,10 those with the
most severe diabetes may have been channeled to receive a pre-
scription for a long-acting analog and may have had a higher
risk of hypoglycemia. This selection bias may result in an NPH
insulin user cohort that has a lower risk of hypoglycemia. The
lack of such restrictions in the choice to initiate analog insu-

lin vs NPH insulin in Medicare is a strength of the current study.
A new-user design14 was applied to avoid missing potential
early effects of drugs and to accurately ascertain baseline con-
founders. The current study was the first study to date, to our
knowledge, that examined the association of long-acting in-
sulin analog vs NPH insulin use on ED visits or hospitaliza-
tions for hypoglycemia by age and with concomitant use of
prandial insulin. The current study used a propensity score
method to balance observed confounders across exposure co-
horts. Because NPH insulin use has declined over calendar
time, bias may have been introduced by not accounting for the
study year in the primary analysis; however, post hoc analy-
ses, including year in the propensity score, found that the
results did not change substantially.

The study has limitations. It was observational and there-
fore may be subject to potential residual confounding by fac-
tors not adjusted for in the analysis, such as unmeasured as-
pects of socioeconomic status, insulin dose, and glycated
hemoglobin levels. Lower socioeconomic status could conceiv-
ably result in channeling to the cheapest insulin (NPH insulin)
and be associated with severe hypoglycemia. However, post hoc
subgroup analyses by low-income subsidy, a proxy measure for
low-income status, found that the results of the primary analy-
sis were not influenced by confounding related to socioeco-
nomic status as measured by low-income subsidy. The study
population was 65 years or older; therefore, the generalizabil-
ity of findings to those outside that age range may be limited.
The Medicare claims data used in this study are ideal for
capturing drug exposure but may be limited in identifying
hypoglycemia. To address this, the study used a modified vali-
dated algorithm15 that has been applied in a previous study10

and a sensitivity analysis was conducted using an unmodified
version of the validated algorithm. Hypoglycemia events that
did not result in an ED visit or hospitalization were not cap-
tured in this study, which may have underestimated the true
incidence of hypoglycemia.24 Although information on diabe-
tes duration or baseline glycated hemoglobin levels (an indica-
tor of baseline glycemic control) was not available, the study
estimated a modified diabetes severity index16 and included it
in the propensity score model to account for any potential con-
founding by diabetes severity.

Conclusions
Initiation of long-acting insulin analog use was associated with
a lower risk of ED visits or hospitalizations for hypoglycemia
compared with NPH insulin in older patients with type 2 dia-
betes in Medicare. However, this protective association may
vary by age and was not seen with use of concomitant pran-
dial insulin.
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