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Abstract
Background: Continuous glucose monitors (CGMs), sensor-augmented pumps (SAPs), and automated insulin delivery (AID)
systems have substantially improved glycemic outcomes for people with type 1 diabetes (T1D). However, these technologies
also generate frequent alarms and alerts that may contribute to emotional burden, alarm fatigue, and maladaptive behavioral
responses. Despite increasing recognition of alarm-related distress, little is known about how alarm burden differs across
contemporary diabetes technologies.
Objective: This study evaluated differences in alarm frequency, emotional burden, and behavioral responses to alarms and
alerts among adults using CGMs alone, SAP therapy, and AID systems.
Methods: We conducted a cross-sectional survey of adults (≥18 years) with T1D receiving care within a large academic
health system between August 2024 and March 2025. Eligible participants completed an online survey assessing demograph-
ics, diabetes technology use, perceptions of alarm frequency and burden, and responses to alarms and alerts. Participants were
categorized as CGM-only, SAP, or AID users. Differences between groups were evaluated using χ2 tests and ANOVA. Ordinal
logistic regression models adjusted for age, gender, and diabetes duration were used to examine associations between diabetes
technology type and alarm-related outcomes.
Results: Among 838 respondents (mean age 46.0, SD 16.6 years; mean diabetes duration 23.0, SD 14.0 years; n=457,
55% women), AID users reported the highest alarm frequency, with 49% (n=252) experiencing alarms several times daily,
compared with 35% (n=28) of SAP users and 32% (n=79) of CGM-only users (P<.001). AID users also reported greater alarm
disruptiveness, annoyance, and unwanted attention than CGM-only users. Overcorrection of glucose levels in response to alerts
was common across all technologies: 44% (n=371) and 50% (n=419) of participants reported sometimes overcorrecting low
and high glucose levels, respectively, while 32% (n=265) and 18% (n=147) reported often or always overcorrecting low and
high glucose levels, respectively. After adjustment, AID users had greater odds of frequent alarms (odds ratio [OR] 1.98, 95%
CI 1.48-2.65), alarm disruptiveness (OR 1.67, 95% CI 1.24-2.25), annoyance (OR 1.65, 95% CI 1.23-2.19), unwanted attention
(OR 1.85, 95% CI 1.38-2.47), ignoring alarms (OR 1.86, 95% CI 1.40-2.47), and overcorrecting low glucose levels (OR 1.61,
95% CI 1.20-2.15) compared with CGM-only users. Perceived effectiveness of alarms did not differ by technology type.
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Conclusions: Although AID systems provide important clinical benefits, they are associated with the greatest alarm and alert
burden. Alarm-driven behaviors, including ignoring alerts and overcorrecting glucose levels, represent previously underrecog-
nized consequences of diabetes technology that may diminish user experience and potentially affect glycemic management.
These findings identify opportunities to improve alert algorithms while highlighting the need for individualized patient
education, clinician engagement in setting appropriate alert thresholds, and routine assessment of alarm burden to optimize
both glycemic outcomes and patient-centered experiences with diabetes technology.
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Introduction
Over the past 2 decades, advances in diabetes technology,
particularly continuous glucose monitors (CGMs), insulin
pumps, and automated insulin delivery (AID) systems, have
transformed diabetes self-management. These innovations
enable real-time glucose tracking, trend visualization, and
algorithm-driven insulin adjustments, leading to improved
glycemic outcomes and enhanced safety for many individuals
with diabetes [1-5]. While diabetes technologies are clinically
beneficial, they can also introduce substantial user burden
[6]. One of the most pervasive sources of frustration stems
from frequent device alarms and alerts. These notifications,
intended to safeguard against hypo- and hyperglycemia,
technical malfunctions, and connectivity issues, can be
intrusive and exhausting.

Alarm and alert distress is increasingly recognized as
an important contributor to the overall burden of diabetes
technology use [6,7]. However, the emotional and behavio-
ral impacts of alarms remain poorly understood. Studies
assessing patient-reported outcomes have tended to use broad
measures, such as the Diabetes Distress Scale, treatment
satisfaction, or quality-of-life assessments, yielding inconsis-
tent insights [6,8,9]. Few have specifically evaluated the
frequency and impact of alarms and alerts, and those that
have are predominantly qualitative [10-12] or limit their focus
to a single technology type [13-16]. As a result, there is a
significant gap in our understanding of how alarm burden
differs across the full continuum of diabetes technologies,
from CGM-only use to CGMs with an insulin pump in
manual mode (sensor-augmented pump therapy; SAP) to
the more advanced AID systems. Understanding how alarm
frequency differs across diabetes technologies and how these
alerts may influence emotional well-being and behavioral
responses is critical for optimizing both device performance
and patient experience and for facilitating shared decision-
making around technology selection. The objective of this
study was to compare the frequency and emotional burden of
and behavioral responses to alarms and alerts among adults
with type 1 diabetes (T1D) using a CGM only, SAP therapy,
or an AID system. We hypothesized that increasing levels
of technology automation would be associated with greater
alarm burden and more frequent maladaptive behavioral
responses.

Methods
Overview
We conducted a cross-sectional survey of adults (≥18 years)
with T1D who used diabetes technology and received care
within a large academic health system between August
2024 and March 2025. Eligible participants were identified
using electronic medical record data and received invita-
tions through their electronic patient portals. The invitation
included an overview of the study and a link to an online
survey administered using the Qualtrics online platform
(Qualtrics LLC).

The survey included items assessing demographic (age,
gender, race, ethnicity, education) and clinical characteris-
tics (diabetes duration), current and prior use of diabetes
technologies (including insulin pumps and CGMs), and
perceptions of alarm and alert frequency, emotional burden,
and response to alarms. Survey items were developed and
refined through review of the existing literature, expert
consensus, and consultation with adults living with T1D to
ensure clarity and relevance. Questions were multiple choice,
and responses were rated on 5-point Likert scales.

Participants were stratified by current level of diabetes
technology use: CGM only, SAP, or AID systems. Partici-
pants who said they used the AID system on their pump every
day or most days (5-7 days per week) were categorized as
AID users; all other respondents with both a pump and a
CGM were categorized as SAP users.

All analyses were conducted in SAS (version 9.4; SAS
Institute Inc). All tests were 2-sided with an α criterion of .05.
Demographic characteristics of the sample were compared by
diabetes technology use, and appropriate bivariate tests were
conducted (χ2 and ANOVA). We used χ2 tests to compare the
prevalence of each of 9 questions about alarms and alerts by
diabetes technology use. Differences in mean scores for alarm
and alert questions were also compared by diabetes technol-
ogy use and tested using ANOVA (Table S1). Ordinal logistic
regression models were used to evaluate differences in alarm
and alert scores by diabetes technology use, adjusting for
age, diabetes duration, and gender (as these characteristics
differed by technology use). For negatively framed outcomes,
odds ratios (ORs) greater than 1.0 indicate increased odds
of worse alarm and alert burden (eg, greater alert frequency,
increased experience of alarm disruptiveness). For positively
framed outcomes (alarm effectiveness and safety features),
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ORs greater than 1.0 indicate a greater endorsement of
those attributes. The reporting of this cross-sectional study
follows STROBE (Strengthening the Reporting of Observa-
tional Studies in Epidemiology) guidelines.
Ethical Considerations
This study was reviewed and approved by the Univer-
sity of California, Los Angeles Institutional Review Board
(FWA00004642) on March 4, 2024 (UCLA IRB-23‐1484).
All participants provided informed consent prior to partici-
pation. A waiver of signed informed consent was granted
in accordance with the Code of Federal Regulations [17].
Participants reviewed an institutional review board–approved
study information statement prior to initiating the survey and
provided electronic consent by selecting “yes” to participate.
Participants who selected “no” were exited from the survey
and no data were collected from them.

Results
We invited 5650 adults with T1D to participate in the survey
between 2024 and 2025, and a total of 1026 (18%) respon-
ded. Of these, we excluded 67 participants who did not have
T1D or were younger than 18 years of age, and we fur-
ther excluded 14 duplicate records. Among the 945 remain-
ing eligible participants, we excluded those who provided
incomplete answers to the CGM and pump questions (n=42),
reported no diabetes technology use (n=38), or provided
incomplete answers to the alarm and alert questions (n=18).
Due to the small number of insulin pump–only users (n=9),
these participants were also excluded from the analysis. The
final analytic sample comprised 838 eligible participants
(Figure 1).
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Figure 1. Flowchart of participants included in the final analytic sample. CGM: continuous glucose monitor.

The characteristics of the participants are reported in Table
1. Overall, participants’ mean age was 45.76 (SD 16.91)
years, and mean diabetes duration was 22.84 (SD 13.96)
years. Mean age differed significantly across groups; AID
users were younger (mean age 43.86, SD 16.03 years) than
SAP users (mean age 50.13, SD 18.95 years) and CGM-only

users (mean age 48.36, SD 17.47 years; P<.001). CGM-only
and AID users had shorter mean diabetes durations of 20.11
(SD 15.01) years and 23.59 (SD 13.20) years, respectively,
compared with SAP users (mean 26.39, SD 14.20 years;
P<.001). Men were more likely to be CGM-only users
(n=125, 51%; P<.001). There were no significant differences
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in type of technology used by race and ethnicity or educa-
tional attainment. Mean duration of CGM use was 5.10 (SD
4.20) years among CGM-only users and longer among SAP
(mean duration 8.14, SD 5.58 years) and AID users (mean

duration 7.99, SD 4.78 years; P<.001). Mean duration of
insulin pump use did not differ significantly between SAP
and AID users (12.42, SD 8.71 vs 12.52, SD 8.46 years;
P=.92).

Table 1. Characteristics of participants.

Variables All (n=838)
CGMa only
(n=244)

CGM and pump—
manual mode (SAPb;
n=79)

CGM and pump—
automated mode (AIDc;
n=515) P value

Age (years), mean (SD) 45.76 (16.91) 48.36 (17.47) 50.13 (18.95) 43.86 (16.03) <.001
Age by subgroup (years), n (%) <.001
  18‐29 164 (20) 46 (19) 16 (20) 102 (20)
  30‐39 206 (25) 39 (16) 15 (19) 152 (29)
  40‐49 135 (16) 44 (18) 10 (13) 81 (16)
  50‐59 120 (14) 37 (15) 10 (13) 73 (14)
  60‐69 126 (15) 45 (18) 13 (16) 68 (13)
  ≥70 87 (10) 33 (14) 15 (19) 39 (8)
  Diabetes duration (years), mean (SD) 22.84 (13.96) 20.11 (15.01) 26.39 (14.20) 23.59 (13.20) <.001
Diabetes duration by subgroup (years), n (%) <.001
  0‐5 89 (11) 47 (19) 4 (5) 38 (7)
  6‐10 98 (12) 41 (17) 6 (8) 51 (10)
  11‐15 110 (13) 22 (9) 10 (13) 78 (15)
  16‐20 117 (14) 33 (14) 14 (18) 70 (14)
  21‐25 108 (13) 25 (10) 8 (10) 75 (15)
  26‐30 78 (9) 18 (7) 11 (13) 49 (9)
  ≥31 238 (28) 58 (24) 26 (33) 154 (30)
Gender, n (%)       <.001
  Women 457 (55) 108 (44) 42 (53) 307 (60)
  Men 339 (40) 125 (51) 32 (41) 182 (35)
  Other/missing 42 (5) 11 (5) 5 (6) 26 (5)
Race and ethnicity, n (%)       .61
  Hispanic 108 (13) 32 (13) 5 (6) 71 (14)
  Non-White, non-Hispanic 99 (12) 31 (13) 12 (15) 56 (11)
  White, non-Hispanic 586 (70) 168 (69) 57 (73) 361 (70)
  Missing 45 (5) 13 (5) 5 (6) 27 (5)
Education, n (%)       
  High school diploma or GEDd or less 27 (3) 13 (5) 2 (3) 12 (2) .35
  Some college (no degree) 120 (14) 39 (16) 11 (14) 70 (14)
  Associate’s degree 55 (7) 19 (8) 5 (6) 31 (6)
  Bachelor’s degree 340 (41) 104 (42) 28 (35) 208 (40)
  Master’s degree 183 (22) 43 (18) 22 (28) 118 (23)
  PhD, MD, or other advanced degree 79 (9) 17 (7) 7 (9) 55 (11)
  Prefer not to say/missing 34 (4) 9 (4) 4 (5) 21 (4)
Duration of CGM use (years), mean (SD) 7.16 (4.88) 5.10 (4.20) 8.14 (5.58) 7.99 (4.78) <.001
Duration of CGM use by subgroup (years), n (%) <.001
  0‐5 367 (44) 158 (65) 29 (37) 180 (35)
  6‐10 335 (40) 68 (28) 35 (44) 232 (45)
  ≥11 136 (16) 18 (7) 15 (19) 103 (20)
Duration of pump usee (years), mean (SD) 12.51(8.49) —f 12.42 (8.71) 12.52 (8.46) .92
Duration of pump use by subgroup (years), n (%) .92
  0‐5 167 (28)   — 23 (29) 144 (28)
  6‐10 114 (19)   — 18 (23) 96 (19)
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Variables All (n=838)
CGMa only
(n=244)

CGM and pump—
manual mode (SAPb;
n=79)

CGM and pump—
automated mode (AIDc;
n=515) P value

  11‐15 108 (18)   — 9 (11) 99 (19)
  16‐20 90 (15)   — 15 (19) 75 (14)
  ≥21 115 (20)   — 14 (18) 101 (20)

aCGM: continuous glucose monitor.
bSAP: sensor-augmented pump.
cAID: automated insulin delivery.
dGED: General Education Development.
eParticipants who use any type of pump, n=594.
fNot applicable.

The frequency of alarms and alerts differed significantly
across technology groups (P<.001; Table 2). AID users
reported the highest frequency, with 49% (n=252) experienc-
ing alarms or alerts several times per day, compared with
35% (n=28) of SAP users and 32% (n=79) of CGM-only
users. The psychological impact of these alarms was also
greatest among insulin pump users: 32% (n=165) of AID
and 30% (n=24) of SAP users reported that alarms and
alerts were often or always disruptive compared with 21%

(n=50) of CGM-only users (P=.009). Similarly, 41% (n=207)
of AID users and 37% (n=29) of SAP users found alarms
and alerts often or always annoying versus 28% (n=70) of
CGM-only users. Alarms and alerts were also more likely
to draw unwanted attention among pump users, with 21%
(n=111) of AID and 24% (n=19) of SAP users reporting this
often or always compared with 14% (n=34) of CGM-only
users.

Table 2. Differences in alarm and alert (AA) frequency, burden, and responses by diabetes technology.

Variables  All (n=838), n (%)
CGMa only
(n=244), n (%)

CGM and pump—manual
mode (SAPb; n=79), n (%)

CGM and pump—automated
mode (AIDc; n=515), n (%) P value

AA frequency     <.001
  Several times a day 359 (43) 79 (32) 28 (35) 252 (49)
  About once a day 246 (29) 67 (28) 21 (27) 158 (31)
  Every few days 156 (19) 65 (27) 18 (23) 73 (14)
  About once a week 49 (6) 18 (7) 3 (4) 28 (5)
  Never 28 (3) 15 (6) 9 (11) 4 (1)
AA disruptiveness     .009
  Never 36 (4) 16 (7) 6 (8) 14 (3)
  Rarely 163 (19) 56 (23) 18 (23) 89 (17)
  Sometimes 400 (48) 122 (49) 31 (39) 247 (48)
  Often 208 (25) 44 (18) 21 (26) 143 (28)
  Always 31 (4) 6 (3) 3 (4) 22 (4)
AA unwanted attention     <.001
  Never 97 (12) 47 (19) 10 (13) 40 (8)
  Rarely 247 (29) 78 (32) 26 (33) 143 (28)
  Sometimes 330 (39) 85 (35) 24 (30) 221 (43)
  Often 134 (16) 27 (11) 17 (21) 90 (17)
  Always 30 (4) 7 (3) 2 (3) 21 (4)
AA annoyance     <.001
  Never 60 (7) 28 (12) 10 (13) 22 (4)
  Rarely 152 (18) 52 (21) 12 (15) 88 (17)
  Sometimes 320 (38) 94 (39) 28 (35) 198 (38)
  Often 219 (26) 57 (23) 21 (27) 141 (28)
  Always 87 (11) 13 (5) 8 (10) 66 (13)
AA effectiveness     .27
  Never 14 (2) 7 (3) 1 (1) 6 (1)
  Rarely 79 (9) 22 (9) 7 (9) 50 (10)
  Sometimes 257 (31) 84 (34) 25 (32) 148 (29)
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Variables  All (n=838), n (%)
CGMa only
(n=244), n (%)

CGM and pump—manual
mode (SAPb; n=79), n (%)

CGM and pump—automated
mode (AIDc; n=515), n (%) P value

  Often 316 (38) 77 (32) 34 (43) 205 (40)
  Always 172 (20) 54 (22) 12 (15) 106 (20)
AA safety feature     .03
  Never 11 (1) 5 (2) 1 (1) 5 (1)
  Rarely 57 (7) 17 (7) 10 (13) 30 (6)
  Sometimes 176 (21) 36 (15) 13 (16) 127 (25)
  Often 255 (30) 76 (31) 22 (28) 157 (30)
  Always 339 (41) 110 (45) 33 (42) 196 (38)
Overcorrecting highs     .21
  Never 38 (4) 14 (6) 7 (9) 17 (3)
  Rarely 234 (28) 58 (24) 21 (26) 155 (30)
  Sometimes 419 (50) 123 (50) 41 (52) 255 (50)
  Often 140 (17) 47 (19) 10 (13) 83 (16)
  Always 7 (1) 2 (1) 0 (0) 5 (1)
Overcorrecting lows     .03
  Never 34 (4) 12 (5) 7 (9) 15 (3)
  Rarely 168 (20) 62 (26) 16 (20) 90 (17)
  Sometimes 371 (44) 106 (43) 30 (38) 235 (46)
  Often 216 (26) 54 (22) 20 (25) 142 (28)
  Always 49 (6) 10 (4) 6 (8) 33 (6)
Ignoring AA     <.001
  Never 111 (13) 40 (17) 18 (23) 53 (10)
  Rarely 229 (27) 86 (35) 14 (18) 129 (25)
  Sometimes 240 (29) 69 (28) 25 (32) 146 (28)
  Often 218 (26) 42 (17) 17 (21) 159 (31)
  Always 40 (5) 7 (3) 5 (6) 28 (6)

aCGM: continuous glucose monitor.
bSAP: sensor-augmented pump.
cAID: automated insulin delivery.

Responses to alarms and alerts differed across technology
groups. Over one-third of AID users (n=258, 37%) reported
often or always ignoring alarms compared with 27% (n=22)
of SAP users and 20% (n=49) of CGM-only users (P<.001).
Approximately one-third of both AID (n=175, 34%) and SAP
(n=26, 33%) users reported often or always overcorrecting
low glucose levels by dosing too little insulin or treating
low blood glucose with food instead of adjusting insulin in
response to alerts compared with 26% (n=64) of CGM-only
users (P=.03). In contrast, overcorrection of high glucose
levels often or always by dosing too much insulin in response
to alerts was reported more frequently among CGM-only
users (n=49, 20%) than among AID (n=88, 17%) and SAP
users (n=10, 13%).

Despite these differences in behavioral responses to
alarms, most participants found alarms and alerts to be
effective, with 60% (n=311) of AID, 58% (n=46) of SAP,
and 54% (n=131) of CGM-only users reporting that alarms

and alerts were often or always helpful (P=.27). However,
CGM-only users were more likely to view alarms and alerts
as an important safety feature (76%) compared with SAP
(70%) and AID users (68%; P=.03).

In adjusted models (Table 3), AID users reported a higher
frequency of alarms and alerts compared with CGM-only
users (OR 1.98, 95% CI 1.48‐2.65), as well as greater
perceived disruptiveness (OR 1.67, 95% CI 1.24‐2.25),
annoyance (OR 1.65, 95% CI 1.23‐2.19), and unwanted
attention (OR 1.85, 95% CI 1.38‐2.47). There were no
significant differences in perceived effectiveness (OR 0.80,
95% CI 0.60‐1.07) or in viewing alarms and alerts as an
important safety feature (OR 1.31, 95% CI 0.98‐1.76). AID
users were also more likely to ignore alarms (OR 1.86,
95% CI 1.40‐2.47) and overcorrect low glucose levels (OR
1.61, 95% CI 1.20‐2.15). No differences were observed in
overcorrection of high glucose levels (OR 0.85, 95% CI
0.63‐1.15).
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Table 3. Adjusted associations between diabetes technology type and alarm and alert (AA) frequency, burden, and responses.

Variables

AA
frequency,
ORa (95%
CI)

AA
disruptiveness,
OR (95% CI)

AA
unwanted
attention,
OR (95%
CI)

AA
annoyance,
OR (95%
CI)

AA
effectiveness,
OR (95% CI)

AA safety
feature,
OR (95%
CI)

Overcorrecting
highs,
OR (95% CI)

Overcorrecting
lows,
OR (95% CI)

Ignoring AAs,
OR (95% CI)

Device/tech
use

      

  SAPb vs
CGMc

1.03 (0.65‐
1.64)

1.27 (0.79‐2.05) 1.65 (1.03‐
2.64)

1.35 (0.85‐
2.15)

0.97
(0.61-1.55)

1.37
(0.86-2.20)

0.69 (0.42-1.11) 1.24 (0.78-1.99) 1.45
(0.91-2.29)

  AIDd vs
CGM

1.98 (1.48‐
2.65)

1.67 (1.24‐2.25) 1.85 (1.38‐
2.47)

1.65
(1.23-2.19)

0.80
(0.60-1.07)

1.31
(0.98-1.76)

0.85 (0.63-1.15) 1.61 (1.20-2.15) 1.86
(1.40-2.47)

Age 0.98 (0.97‐
0.99)

0.99 (0.99‐1.00) 0.99 (0.98‐
1.00)

0.98
(0.97-0.99)

0.99
(0.98-0.99)

0.98
(0.98-0.99)

0.99 (0.98-1.00) 1.00 (0.99-1.01) 0.97
(0.96-0.98)

Diabetes
duration

1.01 (1.00‐
1.02)

0.99 (0.99‐1.00) 0.99 (0.98‐
1.00)

1.00
(0.99-1.01)

1.02
(1.01-1.03)

1.00
(0.99-1.01)

1.01 (1.00-1.02) 0.99 (0.98-1.00) 1.00
(0.99-1.01)

Gender       
  Men vs

women
0.92 (0.71‐
1.20)

0.69 (0.53‐0.90) 0.69 (0.53‐
0.89)

0.67
(0.52-0.87)

1.13
(0.87-1.46)

1.50
(1.16-1.96)

1.35 (1.03-1.77) 1.06 (0.81-1.38) 1.08
(0.84-1.40)

  Other vs
women

1.08 (0.60‐
1.95)

1.17 (0.65‐2.10) 0.74 (0.42‐
1.33)

1.44
(0.81-2.56)

0.66
(0.37-1.18)

0.88
(0.49-1.59)

1.29 (0.71-2.34) 1.34 (0.75-2.39) 1.29
(0.73-2.29)

aOR: odds ratio.
bSAP: sensor-augmented pump.
cCGM: continuous glucose monitor.
dAID: automated insulin delivery.

In adjusted models comparing SAP to CGM-only users, SAP
users reported greater feelings of unwanted attention (OR
1.65, 95% CI 1.03‐2.64) but did not differ significantly
in alarm frequency, disruptiveness, annoyance, perceived
effectiveness, safety perception, or responses to alarms
(ignoring or overcorrecting).

Alarm responses varied by demographic characteristics.
Although there were no gender differences in reported alarm
frequency (OR 0.92, 95% CI 0.71‐1.20), men were less
likely than women to perceive alarms as disruptive (OR 0.69,
95% CI 0.53‐0.90) or to report that alarms drew unwanted
attention (OR 0.69, 95% CI 0.53‐0.89). Men were more
likely to view alarms as an important safety feature (OR
1.50, 95% CI 1.16‐1.96) and were more likely to overcorrect
high glucose levels in response to alerts (OR 1.35, 95% CI
1.03‐1.77).

Discussion
In this cross-sectional study of adults with T1D using
the spectrum of contemporary diabetes technologies, we
compared alarm frequency, emotional burden, and behavioral
responses across CGM-only, SAP, and AID system users.
We found that AID users experienced the greatest alarm
burden, reporting more frequent and disruptive alarms and
greater maladaptive behavioral responses to alarms than users
of less automated technologies. These findings highlight an
important trade-off between the clinical benefits of automa-
tion and the psychosocial burden associated with increasing
device complexity.

Several factors likely contribute to the greater alarm
burden observed among AID users. The combination of

insulin pump and CGM use may increase alarm burden
because each device can generate alerts through separate
safety and monitoring mechanisms. Common causes of
insulin pump alerts include obstruction of insulin flow,
infusion set or site problems, and device or reservoir issues
[11,18]. Additionally, a CGM may issue alerts due to true
glycemic excursions, but such alerts can also result from
sensor inaccuracies, compression lows (eg, due to sleep
position), loss of connectivity, or device malfunction [19,20].

The heightened alarm burden among AID users likely
reflects both the integrated nature of these systems and
their continuous feedback mechanisms. AID systems include
several unique alarms and alerts tied to their control
algorithms and safety features, including alerts when the
algorithm cannot safely determine insulin delivery, mode
transition alarms when switching between automated and
manual operation, and notifications for automated correction
boluses. AID systems also issue predictive safety alarms for
impending hypo- or hyperglycemia and alerts for potential
system failures or overrides. In addition, many contemporary
insulin pumps include integrated speakers and can generate
audible glucose-level alerts based on connected CGM data,
while the same glucose event may simultaneously trigger
alerts on a smartphone, dedicated receiver, or smartwatch.
Consequently, users may receive multiple alerts for a single
glucose excursion, each requiring individual acknowledgment
or dismissal, further amplifying alarm burden. While these
alerts are critical for safety and algorithm performance, the
sheer frequency may contribute to alarm fatigue and reduced
responsiveness over time. Our finding that AID users were
more likely to ignore alarms underscores this concern and
parallels alarm fatigue phenomena reported in other health
care settings, such as bedside monitoring [21-23].
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Our findings also suggest that frequent alarms and alerts
may lead to maladaptive behavioral responses, including
overcorrection in response to both low and high glu-
cose–level alerts. Across our cohort of 838 respondents, 44%
(n=371) and 50% (n=419) of participants reported sometimes
overcorrecting for low and high glucose levels, respectively,
and 32% (n=265) and 18% (n=147) reported often or always
overcorrecting for low and high glucose levels, respectively,
in response to alerts. This represents a novel phenomenon that
has not been well characterized in prior diabetes technology
research. These behaviors may reflect heightened vigilance
or anxiety triggered by frequent alerts, prompting users to
respond preemptively or excessively to perceived glucose
excursions. While glycemic alarms are intended to promote
safety, repeated overcorrection may paradoxically increase
glucose variability and contribute to a “roller-coaster” pattern
of glycemia, with rapid swings from high to low or vice
versa. Further investigation is warranted to quantify how
often overcorrection precipitates such fluctuations and to
understand its downstream impact on key glycemic outcomes,
including hemoglobin A1c level, time in range, and hypogly-
cemia risk, particularly among users of AID systems.

Psychological and behavioral responses to alarms varied
by gender. Women reported higher levels of disruptive-
ness and unwanted attention, consistent with prior research
showing that female [10,24-27] users may experience greater
diabetes-related burden and social visibility concerns. Men
were more likely to view alarms as a safety feature and more
likely to overcorrect highs, which may reflect differences in
risk perception and response behaviors by gender [28,29].
These patterns highlight the need for tailored education and
support that address demographic and psychosocial differen-
ces in alarm experiences.

Our study adds to the growing literature emphasizing the
importance of user-centered outcomes in diabetes technol-
ogy evaluation. While glycemic metrics remain the gold
standard for assessing device efficacy, psychosocial factors,
including alarm fatigue, distress, and technology satisfaction,
strongly influence sustained device use and quality of life.
Our findings suggest that alarm burden should be considered
alongside glycemic outcomes when selecting, initiating, and
optimizing diabetes technologies. Although AID and SAP
users experienced greater alarm-related distress, perceived
effectiveness and safety of alarms were similar across device
types, suggesting that users recognize the clinical value
of alerts despite their inconvenience. This coexistence of
perceived utility and burden highlights a central design
challenge: reducing unnecessary alerts while preserving
safety-critical notifications. Clinicians should routinely assess
alarm-related distress during diabetes visits and work with
patients to personalize alarm settings, optimize notification

thresholds, and address maladaptive responses such as alarm
avoidance and overcorrection. These findings also underscore
the importance of ongoing patient education to help individ-
uals understand the purpose of alerts, develop appropriate
responses, and safely manage frequent notifications with-
out disengaging from their devices. Patients experiencing
frequent alarms may benefit from periodic reassessment
of alert settings and additional clinical support to ensure
that alarms remain both meaningful and actionable. Like-
wise, manufacturers should continue to refine algorithms,
personalize notification thresholds, and apply user-centered
design principles to develop alert systems that are responsive,
flexible, and minimally intrusive.

The limitations of this study include its cross-sectional
design, which precludes causal inference. Participants were
drawn from a single academic health system, which may limit
generalizability. Self-reported measures may also be subject
to recall or response bias. Additionally, we used a study-
specific survey rather than a standardized, validated patient-
reported outcome measure. While we assessed perceived
burden and behavioral responses, we did not directly measure
alarm frequency or glycemic data using device downloads.
We also did not evaluate differences in alarm burden across
individual CGM or insulin pump systems; however, device-
specific features, including differences in alert modalities,
may influence users’ experiences and should be examined in
future studies.

This study also has several strengths, including its large
sample, literature-informed survey instrument, and inclu-
sion of users across the full spectrum of contemporary
diabetes technologies. To our knowledge, this is the first
study to quantitatively compare alarm frequency, burden,
and behavioral responses across these technologies. Future
studies incorporating objective device data and longitudinal
follow-up will be important to determine how alarm burden
influences glycemic outcomes and long-term technology
engagement.

In conclusion, as diabetes technologies become increas-
ingly automated, optimizing the user experience must
become a priority alongside improving glycemic outcomes.
Addressing alarm-related distress and its psychological and
behavioral consequences is essential to ensure that advan-
ces in automation translate into meaningful improvements
in quality of life, sustained technology engagement, and
clinical outcomes. A user-centered approach to device design,
individualized patient education, and proactive clinical
management, including routine review of alarm settings and
patient responses to alerts, will be critical to realizing the full
potential of diabetes technologies.

Acknowledgments
While preparing this work, the authors used ChatGPT for the purpose of proofreading, refining written text to improve clarity,
and ensuring concise language. Following the use of this tool, the authors formally reviewed the content for its accuracy and
edited it as necessary. The authors take full responsibility for all of the content of this publication.

JMIR DIABETES Everett et al

https://diabetes.jmir.org/2026/1/e97122 JMIR Diabetes 2026 | vol. 11 | e97122 | p. 9
(page number not for citation purposes)

https://diabetes.jmir.org/2026/1/e97122


Funding
EE received support from the National Institutes of Health (NIH)/National Institute of Diabetes and Digestive and Kidney
Diseases (NIDDK) (K23DK132482 and L40DK129996) and the Harold Amos Medical Faculty Development Program. TM
also received support from the NIH/NIDDK (R01DK124503 and R01DK127733), Centers for Disease Control and Prevention
(U18 DP006708), University of California, Los Angeles, University of California Office of the President, and Department
of Veterans Affairs (CSP#2002 and CSP NODES0017). LEW received support from the American Diabetes Association
(7-23-ICTST2DY-11), National Institute of Mental Health (R01MH131597), and NIDDK (R01DK144220). This research
was supported by the David Geffen School of Medicine's Justice, Equity, Diversity and Inclusion Junior Faculty Academic
Mentoring Council Program Seed Funding.
Data Availability
The datasets generated or analyzed during this study are not publicly available due to institutional policies and the inclusion of
potentially identifiable participant information but are available from the corresponding author on reasonable request.
Authors’ Contributions
LEW and EE contributed to study conceptualization, methodology, and funding acquisition. LEW performed the formal
analysis and validation. EE drafted the original manuscript. BEB managed project administration. BB contributed to methodol-
ogy and project administration. ES contributed to project administration, visualization, and manuscript review and editing. TM
provided supervision and contributed to manuscript review and editing. KL contributed to methodology and manuscript review
and editing. All authors reviewed and approved the final manuscript.
Conflicts of Interest
None declared.
References
1. Teo E, Hassan N, Tam W, Koh S. Effectiveness of continuous glucose monitoring in maintaining glycaemic control

among people with type 1 diabetes mellitus: a systematic review of randomised controlled trials and meta-analysis.
Diabetologia. Apr 2022;65(4):604-619. [doi: 10.1007/s00125-021-05648-4] [Medline: 35141761]

2. Yeh HC, Brown TT, Maruthur N, et al. Comparative effectiveness and safety of methods of insulin delivery and glucose
monitoring for diabetes mellitus: a systematic review and meta-analysis. Ann Intern Med. Sep 4, 2012;157(5):336-347.
[doi: 10.7326/0003-4819-157-5-201209040-00508] [Medline: 22777524]

3. Di Molfetta S, Di Gioia L, Caruso I, et al. Efficacy and safety of different hybrid closed loop systems for automated
insulin delivery in people with type 1 diabetes: a systematic review and network meta-analysis. Diabetes Metab Res Rev.
Sep 2024;40(6):e3842. [doi: 10.1002/dmrr.3842] [Medline: 39298688]

4. Yang Q, Zeng B, Hao J, Yang Q, Sun F. Real-world glycaemic outcomes of automated insulin delivery in type 1
diabetes: a meta-analysis. Diabetes Obes Metab. Sep 2024;26(9):3753-3763. [doi: 10.1111/dom.15718] [Medline:
38888056]

5. Pöhlmann J, Smith-Palmer J, Serné EH, et al. A systematic literature review and meta-analysis of real-world evidence on
commercially available automated insulin delivery systems in people with type 1 diabetes. Diabetes Obes Metab. Oct 8,
2025;28 Suppl 1(Suppl 1):13-34. [doi: 10.1111/dom.70161] [Medline: 41058520]

6. Barnard-Kelly K, Gonder-Frederick L, Weissberg-Benchell J, Wisk LE. Psychosocial aspects of diabetes technologies:
commentary on the current status of the evidence and suggestions for future directions. J Diabetes Sci Technol. Jan
2025;19(1):27-33. [doi: 10.1177/19322968241276550] [Medline: 39431295]

7. Polonsky WH. Psychosocial aspects of diabetes technology: adult perspective. Endocrinol Metab Clin North Am. Mar
2020;49(1):143-155. [doi: 10.1016/j.ecl.2019.10.003] [Medline: 31980114]

8. Roos T, Hermanns N, Groß C, Kulzer B, Haak T, Ehrmann D. Effect of automated insulin delivery systems on person-
reported outcomes in people with diabetes: a systematic review and meta-analysis. EClinicalMedicine. Oct
2024;76:102852. [doi: 10.1016/j.eclinm.2024.102852] [Medline: 39364272]

9. Gao M, Saravanan S, Munyombwe T, et al. Effects of modern glucose monitoring and insulin delivery technologies on
patient-reported outcomes and experiences in individuals with type 1 diabetes: a systematic review and meta-analysis.
Diabetes Care. Dec 1, 2025;48(12):2160-2180. [doi: 10.2337/dc25-1178] [Medline: 41166569]

10. McKechnie V, Avari P, Eng PC, et al. The experiences of high-risk young adults with type 1 diabetes transitioning to
real-time continuous glucose monitoring—a thematic analysis. PLoS ONE. 2025;20(5):e0320702. [doi: 10.1371/journal.
pone.0320702] [Medline: 40315203]

11. Estock JL, Codario RA, Zupa MF, Keddem S, Rodriguez KL. Insulin pump alarms during adverse events: a qualitative
descriptive study. J Diabetes Sci Technol. May 2025;19(3):739-748. [doi: 10.1177/19322968231209999] [Medline:
37905930]

JMIR DIABETES Everett et al

https://diabetes.jmir.org/2026/1/e97122 JMIR Diabetes 2026 | vol. 11 | e97122 | p. 10
(page number not for citation purposes)

https://doi.org/10.1007/s00125-021-05648-4
http://www.ncbi.nlm.nih.gov/pubmed/35141761
https://doi.org/10.7326/0003-4819-157-5-201209040-00508
http://www.ncbi.nlm.nih.gov/pubmed/22777524
https://doi.org/10.1002/dmrr.3842
http://www.ncbi.nlm.nih.gov/pubmed/39298688
https://doi.org/10.1111/dom.15718
http://www.ncbi.nlm.nih.gov/pubmed/38888056
https://doi.org/10.1111/dom.70161
http://www.ncbi.nlm.nih.gov/pubmed/41058520
https://doi.org/10.1177/19322968241276550
http://www.ncbi.nlm.nih.gov/pubmed/39431295
https://doi.org/10.1016/j.ecl.2019.10.003
http://www.ncbi.nlm.nih.gov/pubmed/31980114
https://doi.org/10.1016/j.eclinm.2024.102852
http://www.ncbi.nlm.nih.gov/pubmed/39364272
https://doi.org/10.2337/dc25-1178
http://www.ncbi.nlm.nih.gov/pubmed/41166569
https://doi.org/10.1371/journal.pone.0320702
https://doi.org/10.1371/journal.pone.0320702
http://www.ncbi.nlm.nih.gov/pubmed/40315203
https://doi.org/10.1177/19322968231209999
http://www.ncbi.nlm.nih.gov/pubmed/37905930
https://diabetes.jmir.org/2026/1/e97122


12. Miller E, Midyett LK. Just because you can, doesn’t mean you should...now. A practical approach to counseling persons
with diabetes on use of optional CGM alarms. Diabetes Technol Ther. Sep 2021;23(S3):S66-S71. [doi: 10.1089/dia.
2021.0192] [Medline: 34546081]

13. Grando MA, Bayuk M, Karway G, et al. Patient perception and satisfaction with insulin pump system: pilot user
experience survey. J Diabetes Sci Technol. Nov 2019;13(6):1142-1148. [doi: 10.1177/1932296819843146] [Medline:
31055947]

14. Wu Z, Alexandre-Heymann L, Lebbar M, et al. Despite lower haemoglobin A1c with second-generation automated
insulin delivery systems, mental burden remains high for all adults with type 1 diabetes: A BETTER registry analysis.
Diabetes Obes Metab. Feb 2026;28(2):1150-1159. [doi: 10.1111/dom.70299] [Medline: 41250885]

15. González-Vidal T, Rivas-Otero D, Agüeria-Cabal P, Ramos-Ruiz G, Delgado E, Menéndez-Torre E. Continuous glucose
monitoring alarms in adults with type 1 diabetes: user characteristics and the impact of hypoglycemia and hyperglycemia
alarm thresholds on glycemic control. Diabetes Technol Ther. May 2024;26(5):313-323. [doi: 10.1089/dia.2023.0460]
[Medline: 38156962]

16. Cobry EC, Vigers T, Berget C, et al. Frequency and causes of nocturnal alarms in youth and young adults with type 1
diabetes using a first-generation hybrid closed-loop system. Diabetes Spectr. 2024;37(2):118-123. [doi: 10.2337/ds23-
0003] [Medline: 38756430]

17. Documentation of informed consent. 42 CFR §447.502. eCFR. URL: https://www.ecfr.gov/current/title-45/subtitle-A/
subchapter-A/part-46/subpart-A/section-46.117 [Accessed 2026-07-16]

18. Estock JL, Codario RA, Keddem S, Zupa MF, Rodriguez KL, DiNardo MM. Insulin pump-associated adverse events: a
qualitative descriptive study of clinical consequences and potential root causes. Diabetes Technol Ther. May
2023;25(5):343-355. [doi: 10.1089/dia.2022.0498] [Medline: 36724310]

19. Sherr JL, Heinemann L, Fleming GA, et al. Automated insulin delivery: benefits, challenges, and recommendations. A
consensus report of the joint diabetes technology working group of the European Association for the Study of Diabetes
and the American Diabetes Association. Diabetes Care. Dec 1, 2022;45(12):3058-3074. [doi: 10.2337/dci22-0018]
[Medline: 36202061]

20. Pleus S, Eichenlaub M, Waldenmaier D, Freckmann G. A critical discussion of alert evaluations in the context of
continuous glucose monitoring system performance. J Diabetes Sci Technol. Jul 2024;18(4):847-856. [doi: 10.1177/
19322968241236504] [Medline: 38477308]

21. Lewandowska K, Weisbrot M, Cieloszyk A, Mędrzycka-Dąbrowska W, Krupa S, Ozga D. Impact of alarm fatigue on the
work of nurses in an intensive care environment—a systematic review. Int J Environ Res Public Health. Nov 13,
2020;17(22):1-14. [doi: 10.3390/ijerph17228409] [Medline: 33202907]

22. Hravnak M, Pellathy T, Chen L, et al. A call to alarms: current state and future directions in the battle against alarm
fatigue. J Electrocardiol. 2018;51(6S):S44-S48. [doi: 10.1016/j.jelectrocard.2018.07.024] [Medline: 30077422]

23. Ruskin KJ, Hueske-Kraus D. Alarm fatigue: impacts on patient safety. Curr Opin Anaesthesiol. Dec
2015;28(6):685-690. [doi: 10.1097/ACO.0000000000000260] [Medline: 26539788]

24. Tanenbaum ML, Hanes SJ, Miller KM, Naranjo D, Bensen R, Hood KK. Diabetes device use in adults with type 1
diabetes: barriers to uptake and potential intervention targets. Diabetes Care. Feb 2017;40(2):181-187. [doi: 10.2337/
dc16-1536] [Medline: 27899489]

25. Messer LH, Tanenbaum ML, Cook PF, et al. Cost, hassle, and on-body experience: barriers to diabetes device use in
adolescents and potential intervention targets. Diabetes Technol Ther. Oct 2020;22(10):760-767. [doi: 10.1089/dia.2019.
0509] [Medline: 32163719]

26. Lorenzen JT, Madsen KP, Cleal B, et al. Associations between use of diabetes technology and diabetes distress: a Danish
cross-sectional survey of adults with type 1 diabetes. BMJ Open. Mar 25, 2024;14(3):e080053. [doi: 10.1136/bmjopen-
2023-080053] [Medline: 38531585]

27. Smith MB, Albanese-O’Neill A, Macieira TGR, et al. Human factors associated with continuous glucose monitor use in
patients with diabetes: a systematic review. Diabetes Technol Ther. Oct 2019;21(10):589-601. [doi: 10.1089/dia.2019.
0136] [Medline: 31335196]

28. Mauvais-Jarvis F, Bairey Merz N, Barnes PJ, et al. Sex and gender: modifiers of health, disease, and medicine. Lancet.
Aug 2020;396(10250):565-582. [doi: 10.1016/S0140-6736(20)31561-0] [Medline: 32828189]

29. Gustafson PE. Gender differences in risk perception: theoretical and methodological perspectives. Risk Anal. Dec
1998;18(6):805-811. [doi: 10.1023/b:rian.0000005926.03250.c0] [Medline: 9972583]

Abbreviations
AID: automated insulin delivery
CGM: continuous glucose monitor
OR: odds ratio

JMIR DIABETES Everett et al

https://diabetes.jmir.org/2026/1/e97122 JMIR Diabetes 2026 | vol. 11 | e97122 | p. 11
(page number not for citation purposes)

https://doi.org/10.1089/dia.2021.0192
https://doi.org/10.1089/dia.2021.0192
http://www.ncbi.nlm.nih.gov/pubmed/34546081
https://doi.org/10.1177/1932296819843146
http://www.ncbi.nlm.nih.gov/pubmed/31055947
https://doi.org/10.1111/dom.70299
http://www.ncbi.nlm.nih.gov/pubmed/41250885
https://doi.org/10.1089/dia.2023.0460
http://www.ncbi.nlm.nih.gov/pubmed/38156962
https://doi.org/10.2337/ds23-0003
https://doi.org/10.2337/ds23-0003
http://www.ncbi.nlm.nih.gov/pubmed/38756430
https://www.ecfr.gov/current/title-45/subtitle-A/subchapter-A/part-46/subpart-A/section-46.117
https://www.ecfr.gov/current/title-45/subtitle-A/subchapter-A/part-46/subpart-A/section-46.117
https://doi.org/10.1089/dia.2022.0498
http://www.ncbi.nlm.nih.gov/pubmed/36724310
https://doi.org/10.2337/dci22-0018
http://www.ncbi.nlm.nih.gov/pubmed/36202061
https://doi.org/10.1177/19322968241236504
https://doi.org/10.1177/19322968241236504
http://www.ncbi.nlm.nih.gov/pubmed/38477308
https://doi.org/10.3390/ijerph17228409
http://www.ncbi.nlm.nih.gov/pubmed/33202907
https://doi.org/10.1016/j.jelectrocard.2018.07.024
http://www.ncbi.nlm.nih.gov/pubmed/30077422
https://doi.org/10.1097/ACO.0000000000000260
http://www.ncbi.nlm.nih.gov/pubmed/26539788
https://doi.org/10.2337/dc16-1536
https://doi.org/10.2337/dc16-1536
http://www.ncbi.nlm.nih.gov/pubmed/27899489
https://doi.org/10.1089/dia.2019.0509
https://doi.org/10.1089/dia.2019.0509
http://www.ncbi.nlm.nih.gov/pubmed/32163719
https://doi.org/10.1136/bmjopen-2023-080053
https://doi.org/10.1136/bmjopen-2023-080053
http://www.ncbi.nlm.nih.gov/pubmed/38531585
https://doi.org/10.1089/dia.2019.0136
https://doi.org/10.1089/dia.2019.0136
http://www.ncbi.nlm.nih.gov/pubmed/31335196
https://doi.org/10.1016/S0140-6736(20)31561-0
http://www.ncbi.nlm.nih.gov/pubmed/32828189
https://doi.org/10.1023/b:rian.0000005926.03250.c0
http://www.ncbi.nlm.nih.gov/pubmed/9972583
https://diabetes.jmir.org/2026/1/e97122


SAP: sensor-augmented pump
STROBE: Strengthening the Reporting of Observational Studies in Epidemiology
T1D: type 1 diabetes

Edited by Ivan Steenstra; peer-reviewed by Andrew Welch, Jennifer Layne; submitted 03.Apr.2026; final revised version
received 02.Jul.2026; accepted 03.Jul.2026; published 13.Aug.2026

Please cite as:
Everett E, Shaw E, Escobar Barrios B, Brumley B, Lane K, Moin T, Wisk LE
The Emotional Burden and Behavioral Impacts of Alarms and Alerts Across the Spectrum of Diabetes Technology Use: a
Cross-Sectional Study
JMIR Diabetes 2026;11:e97122
URL: https://diabetes.jmir.org/2026/1/e97122
doi: 10.2196/97122

© Estelle Everett, Erin Shaw, Bryan Escobar Barrios, Beatrice Brumley, Kyrstin Lane, Tannaz Moin, Lauren E Wisk.
Originally published in JMIR Diabetes (https://diabetes.jmir.org), 13.Aug.2026. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Diabetes, is
properly cited. The complete bibliographic information, a link to the original publication on https://diabetes.jmir.org/, as well
as this copyright and license information must be included.

JMIR DIABETES Everett et al

https://diabetes.jmir.org/2026/1/e97122 JMIR Diabetes 2026 | vol. 11 | e97122 | p. 12
(page number not for citation purposes)

https://diabetes.jmir.org/2026/1/e97122
https://doi.org/10.2196/97122
https://diabetes.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://diabetes.jmir.org/
https://diabetes.jmir.org/2026/1/e97122

	The Emotional Burden and Behavioral Impacts of Alarms and Alerts Across the Spectrum of Diabetes Technology Use: a Cross-Sectional Study
	Introduction
	Methods
	Overview
	Ethical Considerations

	Results
	Discussion


