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Abstract

Background: Entrapment of sickled red blood cells in the microvasculature leads to sudden painful vaso-occlusive crises
(VOCs) in sickle cell disease (SCD). This is potentially triggered by autonomic nervous system–mediated vasoconstriction in
the microvasculature. Indeed, vasoconstriction biomarkers derived from a single night of laboratory-based fingertip
photoplethysmography (PPG) recording were predictive of a higher frequency of future VOC in SCD. Noninvasive, remote, and
longitudinal monitoring of autonomic vasoreactivity will facilitate the development of predictive biomarkers of imminent VOC.

Objective: This study aimed to assess the feasibility and performance of a wearable wristband device to longitudinally monitor
nocturnal peripheral autonomic vasoreactivity and to cross-validate the vasoconstriction parameters across the “gold-standard”
finger sensor.

Methods: A total of 12 patients with SCD and 6 healthy controls were recruited to wear a wristband device (Biostrap) with a
PPG sensor on a nightly basis. For cross-validation studies, 50% (3/6) controls wore both the wristband and a sleep monitoring
device (AliceNightOne) with a finger PPG sensor. We quantified autonomic vasoreactivity by processing PPG signals and deriving
vasoconstriction parameters—magnitude of vasoconstriction (Mvasoc) and photoplethysmography amplitude coefficient of
variation (PPGampCV). We performed a correlation analysis of the vasoconstriction parameters within each device to investigate
whether Mvasoc and PPGampCV can be used as surrogate markers of vasoconstriction, and then cross-validated the PPGampCV
across the wristband and finger PPG devices.

Results: A total of 131 nocturnal PPG recordings were made with a wristband device (1‐19 nights per participant; patients
with SCD: n=79, 60%; controls: n=52, 40%). A total of 9 nocturnal recordings (3 nights per participant) were made with both
wristband and finger sensor devices. Longitudinal continuous PPG recordings were feasible with the wearable device, with
significant within-night and night-to-night variability in vasoconstriction parameters, suggesting dynamic changes in autonomic
vasoreactivity. Mvasoc and PPGampCV significantly correlated within devices—the maximum overnight correlation was 0.82
(P<.001) for the finger sensor and 0.69 (P<.001) for the wristband sensor, suggesting that PPGampCV can serve as a surrogate
for Mvasoc. Cross-validation analysis of PPGampCV across wristband and fingertip sensors showed statistically significant
correlations on all 9 nights (overnight correlation coefficient ranging from 0.24‐0.7), with some nightly segments of PPGampCV
showing very strong correlation across devices.

Conclusions: Wearable wristband devices are feasible tools for the collection of continuous PPG measurements and
vasoconstriction parameters, which serve as objective markers of autonomic vasoreactivity in users with and without SCD. We
have optimized the methods of quantifying vasoconstriction from wearable device PPG signals, and cross-validated them with
standardized sensors. These findings enable large-scale, real-time monitoring of autonomic vasoreactivity along with pain outcomes
for the development of vasoconstriction parameters as biomarkers imminent VOC in patients with SCD. This biomarker also has
the potential to impact other diseases involving autonomic vascular dysregulation.

(JMIR Hum Factors 2026;13:e75465)   doi:10.2196/75465
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Introduction

Vaso-occlusive crisis (VOC) due to obstruction of microvascular
blood flow by sickled red blood cells is the prime reason for
the morbidity and mortality in sickle cell disease (SCD) [1].
Peripheral vasoconstriction in the microvasculature due to
dysregulated autonomic nervous system (ANS) responses and
the subsequent reduced microvascular blood flow increases red
blood cell transit time in the microvasculature, thus potentiating
VOC [2-7]. Our recent work on the neurovascular physiology
of SCD in humans has established that ANS-mediated decreases
in microvascular blood flow, quantified by a novel
vasoconstriction biomarker, strongly predict future VOC [8].
This novel vasoconstriction index, derived from the amplitude
of finger photoplethysmography (PPG) signals, is a composite
measure of the dynamic changes in peripheral blood flow
occurring over time and is reflective of sympathetic neural inputs
to the microvasculature. A single nocturnal measurement of
this index in patients with SCD showed that a higher magnitude
of vasoconstriction (Mvasoc) was predictive of increased
hospitalizations for VOC in the upcoming years. However,
day-to-day variations in autonomic vasoreactivity and their
implications for imminent VOC risk remain unknown. All our
previous measurements of peripheral vasoreactivity and ANS
activity were performed in a well-controlled laboratory
environment using standard finger PPG sensors to measure
microvascular blood flow. Longitudinal remote monitoring of
vasoconstriction events and ANS activity has a high potential
for predicting and monitoring individualized pain episodes and
is the necessary next step to develop nocturnal vasoconstriction
indices as a predictor of imminent VOC.

Current wearable devices use optical PPG sensors to monitor
heart rate variability and oxygen saturation. However, the raw
PPG signals are often inaccessible before they go through
automatic gain and processing, such that key information from
the amplitude of the raw PPG signal is lost. Moreover, in the
most commonly used commercial wearable devices, the PPG
signal is measured from the wrist [9] or at the base of a finger
[10,11]. These anatomic locations are not as highly perfused as
the fingertip, and the PPG waveforms may be expected to be
morphologically different from the fingertip due to differences
in local vascular physiology and lower signal-to-noise ratios.
On the other hand, wearable device PPG measurements are
likely more reliable based on user compliance and practical
considerations.

In this study, we established the use of PPG signals from a
wrist-worn wearable device for real-time, remote monitoring
of autonomic vasoreactivity and measurement of
vasoconstriction events during sleep. The Biostrap EVO is a
commercially available wrist-worn device (Biostrap LLC) that
uses an optical PPG sensor to record standard continuous
physiological data [12], including heart rate, computed
respiratory activity, oxygen saturation (SpO2), and sleep and
activity patterns [13]. Uniquely, our team was also able to access
the raw PPG waveforms from the device, which is critical to

quantify our key vasoconstriction parameters. The
AliceNightOne (ANO) is a Food and Drug
Administration–approved home sleep testing device
(Koninklijke Philips N.V.), primarily designed to detect sleep
apnea [14]. The 3-sensor device with a nasal cannula, finger
PPG sensor, and chest belt detects nasal airflow pressure, SpO2,
heart rate, respiratory effort, and body positioning. The ANO
uses medical-grade “gold-standard” finger PPG probes to
measure heart rate and oxygenation. The aims of this study were
to

1. Assess the feasibility of wristband wearable devices to
remotely monitor nocturnal peripheral autonomic
vasoreactivity

2. Optimize the measurement of vasoconstriction parameters
from wearable device PPG in patients with SCD and healthy
controls.

3. Cross-validate the vasoconstriction parameters derived from
a wearable wristband sensor (Biostrap) and a
“gold-standard” finger sensor (ANO).

Methods

Ethical Considerations
The study was approved by the Institutional Review Board of
the Children’s Hospital, Los Angeles, and all participants
provided informed consent or assent to participate in the study.
The study was conducted in accordance with the Declaration
of Helsinki and the data was de-identified as per the Health
Insurance Portability and Accountability Act (HIPAA), and
subjects were compensated for their participation.

Study Setup
Patients with SCD and healthy controls underwent autonomic
monitoring with a wristband sensor to measure continuous PPG
during sleep. Recordings were automatically triggered at sleep
onset and paused for 5 minutes every hour to allow syncing of
data wirelessly to a phone-based app. The raw PPG waveforms
were made accessible from a cloud-based server, exported as
.csv files, and selected for analyses based on the quality and
completeness of the overnight recording. Raw signals were first
screened to determine if there were any segments with
significant motion artifacts and were compared alongside
accelerometer data also available from the Biostrap cloud server.

For the cross-validation of vasoconstriction parameters, a subset
of the control participants wore the ANO sleep device with a
finger sensor simultaneously with the Biostrap wristband sensor.
Sleepware G3 (version 3.9.7.0; Respironics Inc) provides the
capability of storing acquisitions from an ANO sleep device on
a cloud-based server and exporting the .edf files (European Data
Format) [15]. We converted data from both wristband and finger
sensors into .Mat files (MATLAB) to compare them
synchronously on 1 platform and derive the physiological
parameters of interest.
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PPG Signal Processing and Derivation of
Vasoconstriction Parameters

Signal Processing
The peak-to-trough amplitude of each pulse in the raw PPG
signal reflects the pulsatile change in arteriolar blood volume,
with a lower amplitude indicating vasoconstriction (Figure 1).
The photoplethysmography amplitude (PPGamp), along with
the pulse duration, was calculated from both wrist and finger
raw PPG signals and divided into consecutive 15-minute
segments (Figure 2A). First, segments with clear signal loss
were visually identified and manually trimmed or eliminated.
Second, outliers were removed by replacing values exceeding
the 98th percentile within each segment with the 98th percentile
value. Finally, the signal was normalized to its 95th percentile.
After linear detrending, the respiratory influence (frequency
>0.15 Hz) was filtered out from both wristband and finger
PPGamp signals (Figure 2B). These processed “clean” PPGamp

signals from each device were used to calculate corresponding
vasoconstriction parameters.

Since each device had its own independent time base, the
corresponding finger and wristband PPGamp signals had to be
aligned in time in order to facilitate comparison of
vasoconstriction parameters across devices. The
cross-correlation function is a standard method in time series
analysis that is used to assess the degree of linear similarity
between 2 signals and has been comprehensively described in
the literature [16]. We used this technique to compare and align
the PPGamp signals from the 2 different devices. The PPGamp
time series from each device was first autocorrelated to ensure
that these signals represent physiological measurements rather
than random noise. Thereafter, corresponding segments of the
finger and wristband PPGamp signals underwent multiple time
shifts over the other to locate the point of maximum positive
cross-correlation within a +30 or –30 second window, thus
synchronizing the PPGamp signals from both devices (Figure
2C).

Figure 1. Photoplethysmography (PPG) amplitude calculated from peak-to-trough of each pulse of raw PPG signal with a decrease in amplitude
signifying vasoconstriction.
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Figure 2. Representative 15-minute PPGamp segments from finger and wristband PPG sensors. (A) Preprocessed signals depicting finger and wristband
PPGamp extracted from raw PPG signals. (B) Processed signals depicting “clean” finger and wristband PPGamp after removal of artifacts and respiratory
influence. (C) Cross-correlation of the finger and wristband PPGamp segments. In this example, the maximal correlation occurs at a lag of −21 seconds.
PPG: photoplethysmography; PPGamp: photoplethysmography amplitude.

Calculation of Vasoconstriction Parameters: Mvasoc
and PPGampCV
We have previously introduced Mvasoc as a unique nocturnal
vasoconstriction biomarker that takes into account the frequency,
magnitude, and duration of autonomic-mediated spontaneous
vasoconstrictions occurring each night [8]. The algorithm was
developed to detect and quantify a vasoconstriction event as a
significant reduction in PPGamp below the preceding 15-second
baseline. Mvasoc is subsequently defined as the ratio of the area
of the drop below baseline in PPGamp and the duration of the
vasoconstriction, normalized by the baseline PPGamp level
(described in detail in the supplement of Chalacheva et al [8]).
Because many vasoconstriction events can occur during the
night, the median Mvasoc value per night is used as a
quantitative index of the user’s nocturnal vasoconstriction

behavior during a given night [8]. However, when the Mvasoc
algorithm is applied to PPGamp signals, the rule-based measure
can be sensitive to time-varying changes in signal-to-noise ratio,
and thus the time locations and amplitude of the detected
vasoconstrictions can vary across PPG devices. To overcome
this limitation, we used a second measure to quantify the
dynamic variability in beat-to-beat PPGamp. More specifically,
the coefficient of variation (CV; CV=SD/mean) of PPGamp
within a sliding time window of 5 minutes was calculated every
30 seconds. In initial studies, this parameter (ie, PPGampCV)
correlated closely and robustly with Mvasoc, while
simultaneously eliminating the need for a rule-based algorithm
to detect “significant vasoconstriction” events. Figure 3 is a
representation of Mvasoc and PPGampCV parameters from a
wristband PPGamp segment.
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Figure 3. The first row represents a PPGamp segment from wristband sensor, and the next 2 rows show corresponding Mvasoc and PPGampCV
parameters derived from the PPGamp. PPGamp: photoplethysmography amplitude; PPGampCV: photoplethysmography amplitude coefficient of
variation; Mvasoc: magnitude of vasoconstriction.

Within-Device Correlation of Mvasoc and PPGampCV
Vasoconstriction Parameters
To rigorously assess whether PPGampCV can be used as a
surrogate for Mvasoc, we performed a correlation analysis of
the 2 parameters as measured by the fingertip sensor in the ANO
device and wrist sensor in the Biostrap device and derived the
following within-device correlation coefficient (rwd) values:

1. Overnight rwd: represents the correlation between
vasoconstriction parameters Mvasoc and PPGampCV for
the whole night

2. Peak rwd: represents the segment with the maximum
correlation of Mvasoc and PPGampCV out of all the
15-minute segments on a given night

Across-Device Cross-Validation of Vasoconstriction
Parameter
To determine if the wrist device gave the same results as the
fingertip sensor, we correlated the PPGampCV parameter from
the wristband and “gold-standard” finger sensors worn at the
same time. The corresponding 15-minute segments from both
devices were only considered for cross-correlation if at least 3
vasoconstriction events were detected within each segment. We
correlated the PPGampCV between the finger and wrist PPGamp
each night and derived the following across-device correlation
coefficient (rad) values:

1. Overnight rad: represents the correlation of PPGampCV
across wrist and finger sensor for all 15-minute segments
per night

2. Peak rad: represents the segment with the maximal
correlation of PPGampCV out of all corresponding
15-minute segments per night.

In all the analyses mentioned earlier, P values of <.05 suggested
that the correlation between signals was statistically significant.

Results

Longitudinal Monitoring of Vasoconstriction
Parameters With Wristband Device
A total of 12 patients with SCD and 6 control participants
participated in the study. The mean age of the sample was 25
(range 14‐40) years. The mean hemoglobin was 8.6 g/dl (SD
1.9 g/dl) and 14.1 g/dl (SD 1.8 g/dl) for patients with SCD and
controls, respectively. A total of 10 (83%) of the 12 patients
with SCD reported the use of disease-modifying therapy with
hydroxyurea at the time of the study. A total of 131 nocturnal
PPG recordings were made with wristband devices in all
participants. Patients with SCD had a total of 79 (60%) nocturnal
recordings (range 1‐15 nights), and controls had 52 (40%)
nocturnal recordings (range 1‐19 nights). While participants
wore the wristband for a variable number of nights due to device
availability, there were no reported logistical issues with
functioning of the device, and participants reported ease of use.

Longitudinal measurements of Mvasoc and PPGampCV
vasoconstriction parameters showed significant variability within
each night and from night to night. A representative participant’s
longitudinal data are depicted in Figure 4 and show that there
is a wider range of vasoconstriction activity on nights 10 and
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11, with an increase in the median Mvasoc and PPGampCV
noted on those nights, reflecting increased autonomic vasomotor
activity. On visual inspection, the night-to-night changes in
Mvasoc and PPGampCV appeared to closely track each other,
suggesting a potential correlation between the 2 parameters.

Indeed, the median Mvasoc of each night was closely correlated
with the corresponding median PPGampCV both for patients
with SCD and controls in all the nightly data (patients with

SCD: R2=0.79; controls: R2=0.77; Figure 5).

Figure 4. Longitudinal monitoring of vasoconstriction parameters Mvasoc and PPGampCV in a patient with sickle cell disease from the wristband
device. The box plot shows the median and IQR per night, and the midline shows the median of these parameters across all nights. PPGampCV:
photoplethysmography amplitude coefficient of variation; Mvasoc: magnitude of vasoconstriction.
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Figure 5. Correlation of median Mvasoc with corresponding median PPGampCV for all recorded nights from the wristband device among patients
with SCD and controls. Mvasoc: magnitude of vasoconstriction; PPGampCV: photoplethysmography amplitude coefficient of variation; SCD: sickle
cell disease.

Within-Device Correlation of Vasoconstriction
Parameters (Mvasoc and PPGampCV)
While median Mvasoc and PPGampCV track closely in
longitudinal nightly recordings, we further analyzed the
correlation of these parameters during time segments within
individual nightly recordings. Three control participants wore
both finger and wristband PPG devices for a total of 9 nights,

and each nighttime recording was divided into 15-minute
segments. Table 1 shows the number of vasoconstriction
(Mvasoc) events detected each night from both the finger sensor
and wristband devices. There were a total of 113 viable segments
over 9 nights, with an average of 10 and 11 vasoconstriction
events detected during each segment from the finger and
wristband sensors, respectively.

Table . Number of vasoconstriction events (magnitude of vasoconstriction) detected each night from the finger and wristband sensors.

Wristband, nFinger sensor, n

Participant 1

5634    Night 1 (5 segments)

10490    Night 2 (8 segments)

152140    Night 3 (12 segments)

Participant 2

226186    Night 1 (20 segments)

195175    Night 2 (18 segments)

12071    Night 3 (8 segments)

Participant 3

214206    Night 1 (19 segments)

190200    Night 2 (18 segments)

5740    Night 3 (5 segments)
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Cross-correlation of Mvasoc and corresponding PPGampCV
values were calculated for each segment of these 9 nights.
Overnight rwd correlation and segmental peak rwd correlation
coefficient data for all 9 nights (Table 2) show that Mvasoc was
significantly correlated with PPGampCV each night within both
devices and within almost all segments. The highest overnight

rwd correlation was 0.82 (P<.001) for the finger sensor and 0.69
(P<.001) for the wristband for all nights. The highest peak rwd

correlation was 0.99 (P<.05) in both devices for all nights (113
segments). Figure 6 shows the within-device overnight rwd

correlation between Mvasoc and PPGampCV for a
representative night.

Table . Cross-correlation between magnitude of vasoconstriction (Mvasoc) and photoplethysmography amplitude coefficient of variation (PPGampCV)
using overnight correlation coefficient (overnight rwd) and peak correlation coefficient (peak rwd) within wristband (Biostrap) and finger sensors
(AliceNightOne).

WristbandFinger sensorMvasoc versus PPGampCV correlation

Participant 1

    Night 1 (5 segments)

0.400.82        Overnight rwd
a

0.740.90        Peak rwd
b

    Night 2 (8 segments)

0.470.35        Overnight rwd

0.780.93        Peak rwd

    Night 3 (12 segments)

0.410.51        Overnight rwd

0.800.82        Peak rwd

Participant 2

    Night 1 (20 segments)

0.690.32        Overnight rwd

0.960.91        Peak rwd

    Night 2 (18 segments)

0.480.29        Overnight rwd

0.930.97        Peak rwd

    Night 3 (8 segments)

0.340.47        Overnight rwd

0.920.99        Peak rwd

Participant 3

    Night 1 (19 segments)

0.490.40        Overnight rwd

0.990.80        Peak rwd

    Night 2 (18 segments)

0.510.37        Overnight rwd

0.950.79        Peak rwd

    Night 3 (5 segments)

0.300.33        Overnight rwd

0.50c0.95        Peak rwd

aOvernight rwd: correlation coefficient value of vasoconstriction parameters, Mvasoc and PPGampCV, for the whole night; P<.05.
bPeak rwd: correlation coefficient value of segment with highest correlation out of all 15-minute segments per night; P<.05.
cP>.05.
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Figure 6. Example of overnight correlation (rwd) between vasoconstriction parameters, Mvasoc and PPGampCV, for 1 control 1 night in wristband
(Biostrap) and finger sensor (AliceNightOne). Panel (a wristband; r=0.40; P<.005) and AliceNightOne device in panel (b finger sensor; r=0.82; P<.0001).
The significant correlation between Mvasoc and PPGampCV assured us that PPGampCV can be used as a surrogate marker of the magnitude of
vasoconstriction. Mvasoc: magnitude of vasoconstriction; PPGampCV: photoplethysmography amplitude coefficient of variation.

Across-Device Cross-Validation of Vasoconstriction
Parameters (CV)
Since the PPGampCV serves as a surrogate marker of
vasoconstriction and is overall easier to derive from the PPG
and compare across devices, we chose the PPGampCV to
perform cross-validation of vasoconstriction parameters between

the 2 devices. The highest overnight rad cross-correlation for all
nights was 0.70, and the highest peak rad cross-correlation for
all nights was 0.99. Table 3 shows the PPGampCV overnight
correlation (rad) coefficient and segmental peak (rad) correlation
coefficient data for all 9 nights (123 segments). Figure 7 shows
an example of correlation analysis of PPGampCV across devices
in 1 corresponding 15-minute segment.

Table . Overnight rad correlation and peak rad correlation coefficients of photoplethysmography amplitude coefficient of variation between wristband
(Biostrap) and finger sensor (AliceNightOne).

Peak rad
bOvernight rad

a

Participant 1

0.760.24    Night 1 (5 segments)

0.900.50    Night 2 (8 segments)

0.890.70    Night 3 (12 segments)

Participant 2

0.970.49    Night 1 (20 segments)

0.990.57    Night 2 (18 segments)

0.960.52    Night 3 (8 segments)

Participant 3

0.970.36    Night 1 (23 segments)

0.960.62    Night 2 (24 segments)

0.560.65    Night 3 (5 segments)

aOvernight rad: represents the correlation coefficient value for all 15-minute segments per night; P<.05.
bPeak rad: represents the correlation coefficient value of segment with highest correlation out of all 15-minute segments per night; P<.05.
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Figure 7. Correlation of PPGampCV between the wristband and finger device for a representative 15-minute segment of 1 night. The left panel (A)
shows the corresponding PPGampCV values from both devices over time, and the right panel (B) shows the correlation of PPGampCV values between
the 2 devices (r=0.84; P<.001). PPGampCV: photoplethysmography amplitude coefficient of variation.

Discussion

Principal Findings
The sudden, unpredictable onset of VOC remains the major
cause of morbidity and the leading cause of hospitalizations in
patients with SCD [17]. While some patients experience an aura
or premonition that a VOC is about to occur [18], there are no
objective biomarkers that can predict the risk of an imminent
VOC and thus open up a therapeutic window to abort its
propagation. We have introduced nocturnal vasoconstriction
indices of autonomic peripheral vasoreactivity that have the
potential to be predictive biomarkers of impending VOC crisis.
This study establishes the feasibility of measuring these
biomarkers in a real-world setting with a wearable device, such
that the vasoconstriction biomarker can be validated in larger
populations. To the best of our knowledge, this is the first study
that uses the PPG signal from a wearable-based sensor system
to quantify microvascular blood flow changes accompanying
peripheral vasoconstriction.

We successfully used the Biostrap wearable wristband device
to longitudinally monitor raw PPG signals and derive autonomic
vasoconstriction parameters. Participants reported ease of use,
and no significant barriers were identified in using the device.
There was substantial night-to-night variability in the median
Mvasoc and PPGampCV parameters within participants, which
implies varying levels of sympathetic vasoreactivity. This has
potential implications for tracking pain and imminent VOC risk,
as SCD physiology dictates that vasoconstriction and resultant
decrease in microvascular perfusion increase the likelihood of
vaso-occlusion.

Although Mvasoc is a direct quantification of vasoconstriction
events from the PPGamp signal, we found that this parameter
is more prone to artifacts that can plague wearable device
signals. The PPGampCV is a more robust measure of variability
of the PPGamp amplitude that closely reflects Mvasoc and is
an acceptable surrogate for monitoring vasoconstriction. The
ANO with a fingertip PPG sensor is a widely used Food and
Drug Administration–approved home sleep device that

represents a reduced version of the clinical polysomnography.
The vasoconstrictions measured at the fingertip are generally
stronger than the corresponding events measured at the wrist,
and thus the signal-to-noise ratio of the fingertip signal is higher
than that of the wrist signal. Physiologically, this is to be
expected since the fingers are highly innervated by
alpha-adrenergic fibers and are also highly vascularized along
with large numbers of arteriovenous anastomoses, compared to
the wrist. This results in much faster and stronger
vasoconstrictive responses in the fingers vis-à-vis the wrist.
These differences in perfusion also have the potential to impact
the cross-correlation values of the PPGampCV signals between
the fingertip and the wrist. Using a cutoff of ≥0.5 as an
acceptable correlation coefficient, we still see that there is
mostly moderate to very strong correlation of PPGampCV
between ANO and Biostrap. This shows that the wristband
performs comparably to the “gold-standard” fingertip PPG while
being much more practical to use. The overall correlation of
PPGampCV for each night also remained statistically significant
and acceptable between devices, suggesting that the wristband
device remains a viable and feasible tool to deploy for
longer-term, easy-to-use remote longitudinal monitoring of
autonomic vasoreactivity.

This study is also unique in the sense that most wearable devices
that purport to provide information about autonomic function
focus on heart rate variability and SpO2 changes, but do not
monitor changes in PPG amplitude, indicative of peripheral
vasoconstriction [9]. Our Mvasoc algorithm and PPGampCV
biomarker can be adapted to any wearable device that uses the
PPG signal to measure ANS activity and quantify
vasoconstriction in users with and without SCD. Promising
preliminary data suggest a correlation between the Mvasoc
parameter and the intensity of daily pain in patients with SCD.
In 10 patients with SCD from this same cohort, we successfully
tracked daily pain data using a SMS text message–based red
cap survey, along with wristband recordings. Presence of pain
and intensity of pain were tracked on a scale of 1 to 10. Of the
68 nocturnal wristband recordings with concurrent pain diary
entries, 25 days of pain were reported with a pain intensity

JMIR Hum Factors 2026 | vol. 13 | e75465 | p.11https://humanfactors.jmir.org/2026/1/e75465
(page number not for citation purposes)

Shah et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


ranging from 3 to 8. While the data were not powered toward
the prediction of a VOC crisis given the limited number of
nights of autonomic vasoreactivity monitoring, we found that
a higher vasoconstriction index (Mvasoc) and a greater
parasympathetic withdrawal in the heart rate variability patterns
predicted greater intensity of pain the next day on multivariate
regression analysis [19]. While these data hint at possible
temporal associations between autonomic vasoreactivity patterns
and pain, they need to be validated with longer-term longitudinal
monitoring of vasoconstriction parameters in larger patient
populations with SCD in order to develop it as a predictive tool
for imminent VOC.

In conclusion, our pilot data show that the implementation of
PPG from wearable sensors has a high potential for the
development of an autonomic vasoreactivity biomarker for VOC
in SCD. The portability, cost-effectiveness, and low maintenance
of these wearable sensors can make them suitable for remote
use. Moreover, these vasoconstriction parameters derived from
PPG amplitude can serve as easily accessible and readily
quantifiable biomarkers of tissue perfusion that could be
valuable in other disease states, such as migraine and coronary
artery disease, where vasoreactivity plays a role in disease
pathology.

Limitations
The small sample size of nocturnal recordings, especially with
the ANO device, makes it difficult to generalize the results.
About 20% of the PPG signal from the nightly recordings was
further eliminated due to loss of signal, primarily from the finger
sensor. However, the high number of vasoconstriction events
detected within each night of the available data adequately
powers the correlation analyses and improves the robustness of
the data. Both devices were not synchronized on the same time
scale; therefore, we attempted to perform cross-correlation to
15-minute segments within a +30 or –30 second window. This
technique can result in segment selection errors and lower
correlation values. Future studies with concurrent use of the
wristband device during clinical sleep studies with finger PPG
sensors can be used to validate these results in a larger
population. While we have shared preliminary results on the
relationship between Mvasoc and daily pain intensity, the study
is primarily focused on the ability to detect vasoconstriction
events with wearable devices, and we were unable to derive any
clinical inference on any causal relationship with VOC onset,
the impact of hemoglobin levels, or the use of hydroxyurea on
vasoreactivity.
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Abstract

Background: South Asian communities in Canada face significant disparities in access to health care and experience higher
rates of chronic conditions such as cardiovascular disease, diabetes, and hypertension. Hospital-at-Home services have the potential
to improve access and outcomes, yet little is known about how these services are perceived and experienced by South Asian
patients and caregivers. Understanding both barriers and facilitators is critical for culturally responsive implementation.

Objective: This study aimed to explore the experiences of South Asian community members with in-person hospital care and
their perceptions, attitudes, and expectations regarding virtual Hospital-at-Home services, with the goal of identifying culturally
tailored strategies to improve access, quality, and satisfaction.

Methods: A qualitative study using semistructured interviews was conducted with 20 South Asian community members in the
Fraser Health region in British Columbia, Canada. Interviews explored experiences with in-person hospital care, perceptions of
a virtual hospital service (also known as Hospital-at-Home), and recommendations for enhancing awareness and accessibility.
Interviews were audio-recorded, transcribed, and analyzed thematically to identify key patterns in perceptions, experiences, and
needs.

Results: Participants described multiple systemic barriers to in-person hospital care, including long wait times, overcrowding,
transportation challenges, and difficulty navigating the health system. Cultural and religious needs, such as gender-concordant
care and culturally appropriate food, were frequently unmet, while language-concordant care and family involvement were critical
to positive experiences. Discrimination and assumptions based on ethnicity or age further shaped perceptions of care. Virtual
hospital services were valued for convenience, comfort, reduced exposure to hospital-acquired infections, and support for family
involvement. However, participants raised concerns about clinical quality, the absence of physical examinations, digital literacy,
privacy, and home-based responsibilities. Acceptance varied by age, immigration status, and familiarity with technology.
Participants emphasized the importance of culturally tailored outreach, leveraging community leaders, ethnic media, and peer
testimonials to increase awareness and trust.

Conclusions: South Asian patients and caregivers recognize both challenges in traditional hospital care and potential benefits
of Hospital-at-Home services. Implementation strategies that address systemic barriers, integrate cultural and linguistic
considerations, and engage trusted community networks are essential to improving equity, access, and satisfaction. Findings
highlight the need for culturally responsive, patient-centered approaches in the design and delivery of virtual health services for
racialized populations.

(JMIR Hum Factors 2026;13:e79675)   doi:10.2196/79675
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Introduction

Background
The South Asian population, which includes individuals with
ethnic roots originating from Bangladesh, Bhutan, India,
Maldives, Nepal, Pakistan, and Sri Lanka, constitutes the largest
visible minority or racialized group in Canada [1]. South Asians
in Canada face a higher prevalence of cardiovascular disease,
diabetes, and hypertension compared to other racialized groups
[2,3]. While research suggests that genetic predisposition is a
partial contributor [4], the observed health disparities likely also
result from social and environmental determinants of health,
such as access to higher education, employment opportunities,
food security, experiences of discrimination, and access to
culturally appropriate health care services [5-7]. It is important
to recognize that South Asian populations in Canada are highly
diverse, encompassing a range of languages, religions,
socioeconomic backgrounds, and migration histories, all of
which influence health experiences and outcomes. Previous
research has shown that South Asians encounter significant
barriers in accessing health care resources for chronic disease
prevention and management [8]. Given the inequities and
disparities faced by South Asian community members within
Canada, innovative care strategies are needed to enhance access
to culturally relevant care and improve health outcomes.

Virtual Health Care
Virtual health care, which uses remote technologies to deliver
health services, has been identified as a key mechanism for
improving access to care [9]. Specifically, virtual
hospitals-at-home (commonly referred to as simply
Hospital-at-Home) provide an alternative to traditional “brick
and mortar” hospital admissions, allowing patients to receive
the care they need from the comfort of their own home [10].
This care model has been increasingly used worldwide,
accelerated by hospital capacity strains during the COVID-19
pandemic [11,12]. While admitted to a Hospital-at-Home,
patients are monitored remotely using digital devices that
transmit data to their multidisciplinary care team [10] and have
daily virtual consultations via telephone or video, supplemented
with home visits when necessary [10].

Research has shown that Hospital-at-Home models are both
feasible and effective across various conditions [13]. Studies
report that patients opt into virtual hospitals at high rates, and
that this approach delivers high-quality care with fewer
complications (eg, shorter hospital stays, lower incidence of
delirium, and reduced rate of falls [14]). Patients and caregivers
frequently express higher satisfaction with home-based care,
citing increased comfort, privacy, and family engagement as
key benefits [13].

Beyond individual benefits, Hospital-at-Home can alleviate
system-wide pressures by reducing wait times, freeing up
hospital bed capacity, and expanding access to care [15]. Despite
these advantages, challenges remain. Some studies have noted
higher readmission risk for patients with complex medical
conditions, as well as increased caregiver burden in home
settings [13]. Additionally, concerns about communication
barriers and the need for structured care coordination highlight

areas where further improvements are needed to ensure equitable
and effective implementation of Hospital-at-Home [13].

Given the potential of virtual hospitals to enhance access to
care, particularly for underserved populations, it is critical to
understand and address the barriers to their adoption and use.
This is especially important for racialized communities, such
as South Asians in Canada, who already experience health
disparities and face unique challenges in accessing virtual health
services [16].

Virtual Health Use in South Asian Communities
While virtual care has the potential to alleviate barriers
experienced by South Asian communities [17] in Canada, and
research suggests positive attitudes toward integrating virtual
services [16], significant barriers still exist for accessing these
services. Studies have shown that age, gender, income,
education, and language are associated with the ability to use
health-related technologies among Panjabi-speaking (also known
as “Punjabi”) South Asian individuals in Canada [18] and that
language preferences, education, age, and sex predict the use
of virtual care among South Asians in Alberta [19]. In both
studies, older adults, women, those with a preference for
non-English communication, and those with lower educational
levels were less likely to engage with virtual care [18,19]. A
recent community-based participatory action research project
in Surrey, British Columbia, Canada further supported these
findings [16]. Through focus groups and photo voice activities,
participants identified concerns about their ability to navigate
new technologies as they age, gendered responsibilities limiting
women’s access to technology, and communication difficulties
due to language barriers, literacy levels, and digital literacy
[16].

Although virtual care is designed to support disease prevention
and self-management, these services are often developed without
equity in mind, are not culturally responsive, and are generally
underused by South Asian populations in Canada [16]. The
divide in access and engagement with virtual care services could
further exacerbate health disparities faced by South Asian
communities [8]. Given the relative novelty of virtual hospitals,
little is known about their acceptance among South Asian
communities. Future virtual care models must address known
barriers to ensure equitable access.

Setting
Health care in British Columbia, Canada, is provided by a
provincial health authority, 5 regional health authorities, and a
First Nations health authority [20]. The Fraser Health Authority
is the largest regional health authority, serving over 2 million
people across 20 diverse and rapidly growing communities [21].
According to the 2021 Census, nearly 1 in 5 Fraser Health
residents identifies as South Asian [22]. Fraser Health
emphasizes understanding how religion, language, and cultural
practices influence health to develop customized programs and
services.

To better support South Asian communities, Fraser Health
established the South Asian Health Institute (SAHI) in 2013,
focusing on research, innovation, and evidence-based care [5].
Fraser Health’s Virtual Health team supports the development
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and implementation of new virtual care pathways across the
region. One such pathway is the virtual hospital service. As
Fraser Health serves 75% of South Asian residents in the
province, it is essential to conduct patient-oriented research, or
research done in direct partnership with patients, to understand
what matters to South Asian communities when developing the
virtual hospital [5].

Research Objectives
This patient-oriented research study aims to engage South Asian
community members through 3 primary objectives:

1. Capture and understand the emotional experiences, as well
as the perceived barriers and facilitators, of members within
South Asian communities in the context of both in-person
and Hospital-at-Home systems.

2. Understand the lived experiences of South Asian community
members in navigating the health care system and identify
gaps in accessing care.

3. Identify opportunities for how Hospital-at-Home services
can be implemented to improve the access and flow of care
among South Asian communities.

Methods

Overview
This qualitative study used semistructured interviews to explore
the experiences, perceptions, and attitudes of South Asian
community members in British Columbia, Canada, toward
in-person hospital care and the emerging Virtual
Hospital-at-Home model. The study was guided by a
patient-oriented research approach, prioritizing the perspectives
of patients and caregivers to inform culturally relevant virtual
care strategies.

This study was guided by a steering group including members
from Progressive Intercultural Community Services (PICS)
Society [23], Fraser Health’s Virtual Health department [24],
Fraser Health’s SAHI [25], and Fraser Health’s Equity,
Diversity, and Inclusion team [26], and academic partners from
the University of British Columbia and King’s College London.

Interviews were guided by a pragmatic epistemology, which
seeks to generate practical findings that can be readily applied
in real-world settings while also tolerating multiple truths [27].
Although all South Asian community members may be exposed
to the same care environments, everyone has unique experiences.

Recruitment
Participants were recruited through convenience sampling using
outreach by the PICS Society and the SAHI, and supplemented
with community outreach efforts including social media, places
of worship, and public libraries. The inclusion criteria were that
participants must (1) identify as South Asian, (2) reside within
the Fraser Health region, and (3) have been a patient in the
hospital in the past year or have been a caregiver to someone
in the hospital in the past year. Recruitment continued until
thematic saturation was reached, when no new concepts emerged
from subsequent interviews.

Data Collection
South Asian community members were interviewed to
understand their lived experiences navigating the virtual health
care system. A topic guide, adapted from previous Virtual Health
patient partner workshops, was revised with feedback from
community members and edited by Fraser Health’s plain
language team for clarity. The guide covered 2 primary domains:
(1) experiences with in-person hospital care, including barriers,
facilitators, and family involvement; and (2) perceptions of, and
attitudes toward, the Virtual Hospital-at-Home model, including
benefits, concerns, and strategies for community engagement.
Interviews began with a screening question to classify
participants as patients, caregivers, or both. A full interview
topic guide is provided in Multimedia Appendix 1.

Thirty- to 60-minute, one-on-one interviews were conducted
via Microsoft Teams, with the PICS Society providing technical
support when needed to ensure participant access to the
platform. To ensure accessibility, interpretation services were
available in Panjabi, Hindi, Urdu, and Pashto. All interviews
were audio-recorded with participant consent, transcribed
verbatim, and translated where required by members of the
research team. Interviews were conducted by EW and MK, who
both had master’s degrees and worked as a “Research Assistant”
and the “Research and Knowledge Translation Lead” for the
Virtual Health department at the time of interviews. All
interviewees had no prior relationships with those conducting
the interviews.

Data Analysis
Thematic analysis guided by the approach of Braun and Clarke
[28] was conducted using NVivo (QSR International). First,
transcripts were read repeatedly for familiarization. An initial
set of open codes was inductively generated to capture salient
features of the data. Codes were iteratively refined and grouped
into higher-order categories. Themes were then developed
through constant comparison across transcripts, paying attention
to both convergent and divergent perspectives. Theme
prevalence was assessed approximately by noting how many
participants raised each theme, though exact tallies were not
feasible given the conversational variability of interviews.
Findings were also interpreted with attention to cultural safety
and equity considerations relevant to South Asian communities
in the Fraser Health region.

Coding was conducted by MK and cross-checked by MM;
discrepancies were resolved by consensus. For multilingual
interviews, translations were reviewed by bilingual team
members to ensure conceptual equivalence. Final themes were
reviewed and refined in consultation with the steering committee
to enhance cultural validity. The steering committee did not
influence the coding of raw data. Thematic saturation was
achieved by the 17th interview; 3 additional interviews
confirmed that no new themes emerged.

Ethical Considerations
This study received approval from the Fraser Health Research
Ethics Board (H23-03144). Interested participants were sent a
consent form, the topic guide, and a video explaining the
Hospital-at-Home to review beforehand. Informed consent for
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participation and interview recording was obtained verbally
prior to the interview. To protect privacy and confidentiality,
all transcripts were anonymized, and identifiers were removed
prior to analysis. Data were stored securely on
password-protected institutional servers. Participants were
compensated with a US $14.86 gift card at the conclusion of
their interview.

Results

Participant Characteristics
Twenty participants were interviewed (n=9 male, n=11 female).
Participants were aged 19‐79 years, most commonly between
60‐69 years (6/20, 30%). Younger adults aged 19‐29 (n=5),
30‐39 (n=4), and 40‐49 (n=4) years were also represented,
along with 1 participant in their 70s. Interviews were conducted
in English (n=15), Panjabi (n=3), Pashto (n=1), and Hindi (n=1).

Most participants were originally from India (14/20, 70%), with
others from Afghanistan (3/20, 15%), and smaller
representations from Iraq (n=1), Pakistan (n=1), and India and
Fiji (n=1). Half had lived in the community for more than 10
years (n=10); the remainder were more recent arrivals (n=4
lived in Canada <1 year, n=5 lived here 1‐3 years). Regarding
immigration status, 9 were Canadian citizens and 11 were
permanent residents.

Self-rated health was generally positive—6 participants (30%)
rated their health as “very good,” 6 (30%) as “good,” and 8
(40%) as “average.” Six participants (30%) reported having a
chronic condition. Participants included caregivers only (7/20,
35%), patients only (6/20, 30%), and both caregivers and
patients (5/20, 25%). Two participants also contributed
professional perspectives, working in newcomer services and
health care.

All participants had access to a smartphone (20/20, 100%),
while 11 (55%) had access to a tablet and 11 (55%) had access
to a laptop. Ten participants (50%) had all 3 devices, while 8
(40%) had only a smartphone. Device use was frequent—14
(70%) used devices daily or multiple times per day, 4 (20%)
used devices regularly but not daily, and 2 (10%) did not
regularly use devices.

Experiences of In-Person Hospital Care

Overview
Participants described a mix of challenges and positive
experiences with in-person hospital care. Six overarching themes
emerged: systemic barriers to accessing care, communication
and language barriers, cultural and religious needs not met,
family and caregiver roles, discrimination and bias, and positive
experiences and gratitude. Experiences varied by age, gender,
immigration status, and length of time in Canada. Older and
more recently arrived participants reported more barriers than
younger or Canadian-born participants.

Systemic Barriers to Accessing Care
Participants frequently reported challenges accessing timely
and appropriate hospital services, including long wait times,
overcrowding, transportation difficulties, and navigation

challenges. These barriers contributed to frustration, fatigue,
and inequitable access.

Long Wait Times

Wait times were among the most common challenges mentioned.
Many participants described hours-long waits in emergency
departments, sometimes extending overnight or across multiple
days. As 1 participant shared, “we have waited with a broken
wrist 28 hours” (P10, female, aged 60‐69 years, >10 years in
community). Another recalled, “you have to wait maybe
sometimes 10 hours or more than that and you have a critical
illness” (P20, female, aged 60‐69 years, >10 years in
community). Such prolonged waits were perceived as not only
inconvenient but also unsafe when health concerns were urgent.

Overcrowding and Understaffing

Participants described hospitals as overcrowded and
short-staffed, with patients left in hallways and nurses visibly
stretched thin. One participant reported, “patients are all outside
in the hallways. They don’t even have proper rooms” (P13,
female, aged 60‐69 years, <1 year in community). Another
observed, “sometimes you can see like the nurses are really
tired, and then you see them overwhelmed with the amount of
work” (P11, female, aged 19‐29 years, >10 years in
community). These accounts reflect how structural resource
constraints were felt by both patients and providers.

Transportation Difficulties

Transportation presented another layer of inequity, particularly
for patients without private vehicles. Some relied on long bus
rides with multiple transfers, which became especially
challenging for older adults and those with mobility issues. One
participant explained,

The nearest hospital is like a 45 minute transit ride,
but the bus doesn’t go directly there. So I have to
walk. For me as an able-bodied male, mid-20s, it’s
fine. But...for my grandma who doesn’t drive and
can’t speak much English, it’s very hard. [P1, male,
aged 20‐29 years, >10 years in community]

Another recalled, “I rely on HandyDART, and if that’s not
available then my son would have to take time off work to drive
me” (P17, female, aged 30‐39 years, >10 years in community).
These logistical challenges shaped how and when participants
sought hospital care.

Navigation Challenges for Newcomers

For newcomers to Canada, navigating the health system added
further barriers. Several participants spoke about confusion
around referrals, insurance, and entitlements. One reflected,

I took around a year’s time to understand what was
MSP and how to access it. What is covered under it
and what do I need other insurance for? [P8, female,
aged 30‐39 years, 1‐3 years in community]

Another highlighted misunderstanding about referral pathways:

You have to first go to a family doctor, and then if the
problem is serious then you go to hospital. Many of
the people don’t have that understanding. [P6, male,
aged 40‐49 years, >10 years in community]
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Such experiences suggest that lack of system literacy can delay
or complicate access to hospital care.

Language and Communication
Communication challenges were central to participants’
accounts, particularly for older adults and newcomers with
limited English proficiency, with many describing difficulties
conveying symptoms, understanding instructions, or navigating
interactions without the help of family. While some praised
interpreters or language-concordant providers, gaps in
communication were widely felt and often shaped the overall
hospital experience.

Limited English Proficiency

Participants often highlighted the difficulty of explaining their
health concerns in English. For example, one explained,

If I talk about my grandfather, they don’t know how
to speak in English...if they are taking them alone into
the rooms, they can’t express how they’re feeling or
they can’t tell about their problems. [P5, male, aged
19‐29 years, 1‐3 years in community]

Another noted, “when the other person is not from my
community, the only hurdle I feel is the language” (P9, female,
aged 30‐39 years, 4‐6 years in community). These challenges
not only caused stress but also risked miscommunication in
clinical encounters and increased reliance on family members
acting as interpreters. One participant described, “she had a
family member of hers that spoke on her behalf and
communicated with the doctors” (P4, female, aged 60‐69
years, >10 years in community). Similarly, another shared,
“mom didn’t speak English, so until I got there and started
helping her she didn’t have any good idea as to what was
happening” (P14, male, aged 60‐69 years, >10 years in
community). While this reliance on family interpreters ensured
patients could understand their care, it also created dependence
on family members, sometimes leading to delays or added
burdens. Participants also noticed changes over time, including
greater availability of translators and culturally diverse staff.
As one shared, “now they have translators everywhere, even in
the parking. Greeters in the hospital who speak their language”
(P17, female, aged 30‐39 years, >10 years in community).
Another noted, “everywhere there are translators in hospitals”
(P18, male, aged 70‐79 years, >10 years in community).

Language-Concordant Care

Participants expressed strong appreciation for health care staff
who spoke their language, emphasizing that this reduced stress
and improved trust. As one noted, “we prefer to go to [specific
hospital] just because the nurses and all the other staff member
do speak Panjabi. So it’s easier for my grandparents” (P11,
female, aged 19‐29 years, >10 years in community). Another
explained, “if the person is from South Asian communities and
they are feeling shy or hesitating to say something in front of a
White person, a South Asian doctor or nurse can help” (P5,
male, aged 19‐29 years, 1‐3 years in community). Such
accounts highlight how language-concordant care fosters both
clarity and cultural comfort.

Cultural and Religious Needs Not Met
Participants frequently described hospital environments that
did not align with their cultural or religious values. These
included concerns about gender concordance with providers,
lack of culturally appropriate food, and perceived insensitivity
to religious practices.

Gender-Concordant Care

Gender of providers was an important factor for some
participants, particularly for women from Muslim and Sikh
backgrounds. One explained, “for me as a Muslim lady, I don’t
want anybody to touch me if he’s a man and get naked in front
of him while there is another lady available” (P20, female, aged
60‐69 years, >10 years in community). Another recalled, “she
would have preferred a female nurse, but they had a male” (P1,
male, aged 19‐29 years, >10 years in community). These
accounts underscore how gender concordance shaped comfort
and dignity in care.

Dietary and Religious Respect

Food was another area where participants felt their needs were
not adequately met. Some reported being served meals that
conflicted with their dietary or religious practices. For instance,
1 participant explained, “she was a very strict vegetarian, but
they fed her beef” (P1, male, aged 19‐29 years, >10 years in
community). Others described hospital food as unappealing or
culturally inappropriate:

It’s a challenge because the hospital food is a
challenge for them. They don’t like it, obviously,
because it’s not their cultural food. [P17, female,
aged 30‐39 years, >10 years in community]

Cultural Insensitivity

In some cases, participants felt their cultural or religious
practices were disrespected. One recalled, “she had her religious
books and statues by her bed and they moved to a corner by
garbage, which is offensive to our religious practices” (P1, male,
aged 19‐29 years, >10 years in community). These incidents,
though not universal, left lasting negative impressions and
diminished participants’ sense of respect for care. Participants
recounted instances where staff failed to accommodate dietary
and religious needs, sometimes in ways that were profoundly
disrespectful.

Family and Caregiver Roles
Family members were described as essential to the hospital
experience, serving as translators, advocates, and sources of
emotional support. Yet participants also reported that hospital
policies and circumstances sometimes limited family
involvement, creating both barriers and additional burdens.

Restrictions on Family Presence

Some participants described frustration with restrictions on
family members accompanying patients, even when needed for
support or translation. One participant recalled, “they were not
allowing my family members to come and sit with me” (P2,
male, aged 19‐29 years, <1 year in community). Another
shared, “sometimes the person needs emotional support or they
need someone from the family...but I can’t go with her because
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they don’t have enough space” (P5, male, aged 19‐29 years,
1‐3 years in community). Such restrictions were perceived as
leaving patients vulnerable and isolated.

Emotional and Practical Burden on Families

While family involvement was crucial, it often created strain.
One participant described, “her son would take her, but he would
have to take time off work in order to take her” (P4, female,
aged 60‐69 years, >10 years in community). Another reflected
on balancing childcare with caregiving: “sometimes I have to
be without food for long times...I cannot also go to the cafeteria
with kids” (P9, female, aged 30‐39 years, 4‐6 years in
community). These stories illustrate how the health system’s
reliance on families carries significant costs.

Preference for Family Caregiving

While family involvement can be burdensome, many
participants preferred it over professional care for trust and
cultural reasons. As 1 participant explained, “South Asian
people...are more comfortable with their family member, rather
than a nurse, doing certain tasks” (P17, female, aged 30‐39
years, >10 years in community). This highlights how family
involvement was not only necessary but often desired.

Discrimination and Bias
Although many participants spoke positively of their care, some
described experiences of stereotyping, dismissal, or unequal
treatment.

Stereotyping and Assumptions

A few participants reported feeling judged on the basis of
cultural stereotypes. One explained, “because they’re Indian,
they obviously eat unhealthy and because of that they have high
blood pressure and heart issues...without doing further research”
(P1, male, aged 19‐29 years, >10 years in community). Such
assumptions left participants feeling unseen and unfairly blamed.

Unequal Quality of Care

Others felt that seniors and immigrants received less attentive
or less culturally appropriate care. As one participant described,
“I’ve seen that personally with my grandma, that they don’t
take seniors that seriously” (P11, female, aged 19‐29 years,
>10 years in community). Another reflected, “it’s not very
culturally appropriate...my grandparents’ experience is not the
same” (P1, male, aged 19‐29 years, >10 years in community).
These perceptions shaped trust in the system and influenced
decisions about where and when to seek care.

Positive Experiences and Gratitude
Despite systemic and cultural challenges, participants
consistently recognized skilled, compassionate care. One said,

The staff was very good. They were peacefully talking.
The doctor was very nice. It was very good. [P18,
male, aged 70‐79 years,>10 years in community]

Another reflected, “I have the best experience and I was very
happy” (P3, male, aged 40‐49 years, 1‐3 years in
community). Additionally, trust in providers’ skill was often
expressed as gratitude, even when other barriers were present.
For instance, 1 parent stated, “I’m very grateful to all the doctors

and nurses who provided care to my child” (P12, female, aged
40‐49 years, <1 year in community). Such reflections reveal
the duality of participants’ experiences: systemic and cultural
barriers coexisted with respect for the expertise and dedication
of individual providers.

Perceptions and Expectations of Hospital-at-Home

Overview
Participants shared diverse perspectives on virtual hospital
services, highlighting benefits, limitations, and conditions under
which such care is acceptable. Five major themes
emerged—convenience, comfort, and family support; cultural
and generational differences; quality of care and clinical
limitations; emotional safety, privacy, and trust; and barriers to
access and technology. Participants’ experiences and
expectations reflected both practical considerations, such as
travel and technology, and cultural and interpersonal factors
influencing acceptance. Views often diverged across age,
gender, and immigration status, with younger or Canadian-born
participants more enthusiastic about virtual care and elders or
newcomers expressing hesitation.

Convenience, Comfort, and Family Support

Overview

Participants consistently highlighted the practical and emotional
advantages of receiving care at home. Virtual hospital services
were valued for reducing stress, increasing comfort, and
enabling family involvement, which was seen as supportive
both physically and emotionally. Many participants described
how being in a familiar environment could enhance recovery,
while also reducing exposure to illness compared with hospital
settings.

Avoiding Travel and Wait Times

Many participants appreciated the time-saving and
stress-reducing aspects of virtual care. One noted,

I can be at home and go about my daily things and
just wait for a phone call. I don’t have to actually sit
at all at an actual office anyway. [P6, male, aged
40‐49 years, >10 years in community]

Others highlighted avoidance of transportation challenges and
hospital stress, stating it would allow them “to get help like at
home...I don’t have to stuck in the traffic and get stressed out”
(P10, female, aged 60‐69 years, >10 years in community) and
“virtual hospitals would be more convenient. He won’t have to
worry about transportation waiting. Time to come and go” (P7,
male, aged 60‐69 years, 1‐3 years in community).

Healing at Home

Being at home with family and in a familiar environment was
viewed as beneficial for recovery. Participants described
emotional and physical advantages: “you are around your family,
that motivates you to be more good. I think that’s the biggest
thing that virtual can provide” (P2, male, aged 19‐29 years,
<1 year in community), and “if this virtual hospital help was
available, then definitely he would have felt more better at home
rather than at the hospital...we can read books for him, we can
sit beside him” (P17, female, aged 30‐39 years, >10 years in
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community). Others emphasized comfort and food preferences,
noting,

I feel more comfortable in my space...Benefits I can
be with my family. That’s the best benefit I can eat
the food that I want. [P16, female, aged 30‐39 years,
<1 year in community]

Reduced Exposure to Illness

Participants recognized the safety advantage of avoiding
hospital-acquired infections: “It can help many people...rushing
to the hospitals because of. danger of getting communicable
diseases” (P12, female, aged 40‐49 years, <1 year in
community), and “with the virtual, then there wouldn’t be so
many people waiting for beds. hospitals have a lot of diseases
going around” (P15, female, aged 19‐29 years, >10 years in
community).

Smooth Transitions from Hospital to Home

Several participants highlighted the importance of smooth
transitions from hospital to home, emphasizing clear
communication, rapid response in emergencies, and reliable
monitoring. The availability of equipment and the teach-back
style training were viewed as critical.

...how the South Asian will be educated...equipment
will be there, they’ll teach you how to use it. It’s
important that you use it properly. [P4, female, aged
60‐69 years, >10 years in community]

If something gets worse, who do I call first? That
should be very clear. [P15, female, aged 19‐29
years, >10 years in community]

Home-Based Challenges

Participants noted that home environments can pose challenges
during recovery, such as stairs, inaccessible bathrooms, or
absence of hospital equipment:

My bedroom is upstairs and the bathroom is
downstairs. After surgery, how can I manage the
stairs? [P7, male, aged 60‐69 years, 1‐3 years in
community]

We don’t have special hospital beds at home.
Sometimes you need that equipment to recover
properly. [P12, female, aged 40‐49 years, <1 year
in community]

Routine household responsibilities, such as childcare, also
limited the ability to rest: “I know if I go home, I have to cook
for the other two children and I have to take care of them” (P20,
female, aged 60‐69 years, >10 years in community).
Participants worried that home-based care could shift
responsibilities onto family members, especially women and
elders:

Yes, absolutely, definitely. When I am at the hospital,
I’m just quite confident that I’ve been taken care of
100%. But if I am at home, it will put more pressure
on me [P10, female, aged 60‐69 years, >10 years in
community]

Cultural Norms and Generational Differences

Overview
Cultural norms, family expectations, and generational comfort
with technology strongly influenced participants’ perceptions
of virtual hospital care. While younger participants reported
ease with online platforms, older adults often struggled with
technology and valued in-person monitoring. Cultural beliefs
regarding family roles and appropriate care also shaped attitudes
toward remote health care.

Generational Divide in Comfort with Technology

Participants highlighted that younger generations were more
comfortable with technology, while older adults often struggled.
One reflected,

For me, growing up in this generation, I’m not shy
for technology, but for example, my grandparents,
it’s very a new world to them. So for them there is
more of that disconnect. [P1, male, aged 19‐29
years, >10 years in community]

Similarly, a participant noted, “if I imagine my grandmother
using this service, she might be overwhelmed with the tablet
thing...she would just be like, I just wanna meet people in real”
(P16, female, aged 30‐39 years, <1 year in community).

Cultural Norms and Expectations of Care

Some participants described South Asian cultural preferences
for in-hospital monitoring, emphasizing family support and
safety:

I believe for the South Asian people this will not work
very well...I would say at the hospital, I feel the care
is around me 24 hours...So I think at the hospital we
can get the maximum care. [P20, female, aged 60‐69
years, >10 years in community]

Others stressed the importance of culturally sensitive
approaches, including language support: “I think having that
community-centered culturally sensitive approach to healthcare
is really important because this generic advice doesn’t help the
community” (P1, male, aged 19‐29 years, >10 years in
community).

Absence of Support Persons at Home and Immigrant Social
Networks

Some participants identified the absence of support persons at
home as a barrier to virtual care. As immigrants, many noted
that they no longer have the robust support systems they relied
on in their native countries. While they can manage their daily
lives, participants expressed doubts about their ability to
maintain the same level of self-care when unwell, particularly
those living alone or with family members who work full time.

It’s very hard because you don’t have much people
around you...You don’t have a community...You don’t
have neighbors as we use to have uh back in in Asia
or South East Asia, there’s a lot of people around
you...But here, because we are immigrant, it’s very
limited people that we know and it’s not the bond
even it’s not that because of the type of living here as
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we all work or just us to take care of the family...So
our relationship is very limited. [P20, female, aged
60‐69 years, >10 years in community]

Quality of Care and Clinical Limitations

Overview
While participants acknowledged the convenience of virtual
care, many expressed concerns about clinical quality. The
inability to conduct physical examinations and the perception
that remote care could be “lesser” than in-person attention were
recurring issues. Participants suggested virtual care might be
suitable for routine or minor issues, but not for serious medical
concerns.

Value of Physical Examination

Many participants expressed concern that virtual care could not
substitute for hands-on assessment:

In my view...the Virtual Hospital will not be very
effective if the patient is not present in front of the
doctor...virtual care will be only communication. [P3,
male, aged 40‐49 years, 1‐3 years in community]

My knee problem...I wasn’t sure how I could show
my knees over the phone? [P13, female, aged 60‐69
years, <1 year in community]

Perceptions of “Lesser Care”

Some participants worried that virtual hospital services could
be perceived as inferior, noting, “I just feel like if it’s online
like people would think like, oh, you’re not taking me seriously”
(P11, female, aged 19‐29 years, >10 years in community) and
“they wouldn’t fully be supportive...they would think ohh I
would receive better care at a hospital rather than me taking my
medications on my own” (P15, female, aged 19‐29 years, >10
years in community). Participants suggested virtual care is
appropriate for routine or minor concerns, while serious
conditions require in-person attention:

If it’s a small thing, then Virtual Hospital is better.
But if it’s like a big issue, then she would prefer
in-person care. [P4, female, aged 60‐69 years, >10
years in community]

Emotional Safety, Privacy, and Trust

Overview
Emotional well-being, privacy, and trust emerged as key
considerations. Participants emphasized the importance of
empathy and interpersonal connection, while also noting
concerns about privacy at home and the potential for fraud or
security issues.

Need for Interpersonal Connection

Participants emphasized empathy and human touch, even via
remote communication:

Having that interpersonal touch as much as you
can...sometimes having that personal touch makes
them feel better. But through a phone, you don’t really
get that personal touch, so still making sure whoever

is on the line is caring and kind. [P1, male, aged
19‐29 years, >10 years in community]

Concerns About Privacy at Home

Some expressed difficulties discussing sensitive issues at home:

If I want to tell you something, but I don’t want to tell
other people at home it could be a concern. So it’s
better to go to Doctor [in person]. [P10, female, aged
60‐69 years, >10 years in community]

Trust in Fraser Health’s Professionalism

Participants generally assumed privacy and security were
managed by a reputable provider: “I would also assume because
Fraser Health is a reputed professional organization, they would
have already taken all of these requisite steps to make sure their
privacy is covered” (P6, male, aged 40‐49 years, >10 years
in community), and “I feel like Fraser Health has really good
system for privacy” (P11, female, aged 19‐29 years, >10 years
in community).

Apprehension About Fraud or Scams

Some participants noted the risk of unknown numbers or digital
communication: “Only thing is sometimes when you get a call
from an unknown number, it seems like it might be a fraud”
(P7, male, aged 60‐69 years, 1‐3 years in community).

Barriers to Access and Technology
Despite interest in virtual care, participants noted practical
barriers related to technology and digital literacy. These
challenges were particularly salient for older adults and recent
immigrants.

Digital Literacy Challenges

Older adults may lack experience with technology: “Maybe
having like info sessions at temples. helping teach the elders
about how it works” (P1, male, aged 19‐29 years, >10 years
in community), and “if I imagine my grandmother using this
service, she might be overwhelmed with the tablet thing” (P16,
female, aged 30‐39 years, <1 year in community).

Access to Equipment

Not all households have necessary devices: “Not just like
assuming like they have a laptop on them...my mom’s mom has
never touched a computer in her life” (P1, male, aged 19‐29
years, >10 years in community).

Suggestions for Building Awareness of Virtual
Hospitals at Home
Participants consistently highlighted the importance of proactive
outreach and awareness-building, noting that many newcomers
and elders were unaware of existing programs. Outreach
strategies were rooted in community-based trust networks,
emphasizing cultural familiarity, word of mouth, and visible
engagement in South Asian gathering spaces.

Leveraging Trusted Spaces and Leaders
Participants recommended outreach through temples, gurdwaras,
and mosques, where health authority representatives could host
training or information sessions. They stressed that engagement
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would be more effective if facilitated by respected community
leaders.

...meeting with the community leaders and they can
like bring it to the community. I know at one of my
temples...they have community members teaching
them...maybe having someone from Fraser Health
going in and doing a training session. [P6, male, aged
40‐49 years, >10 years in community]

Testimonials and Peer Influence
Most participants expressed hesitation about being the first to
try the new program, preferring to hear positive testimonials
from others before committing. They also mentioned that even
a few negative reviews could deter their interest in the program.
This reflects the strong sense of mutual trust and reliance on
community members, which participants valued just as much
as official information provided by the health authority. Hearing
positive testimonials from peers was seen as essential to building
trust and encouraging adoption.

...having like some kind of testimonial or proven proof
that it is already worked before...that would just
remove the stress or the doubt. Once it becomes like
accepted as a normal thing, that would make it easy.
[P7, male, aged 60‐69 years, 1‐3 years in
community]

Community Events and Visible Outreach
To engage South Asian communities, participants recommended
venues such as libraries, community centers, places of worship,
and networking events where community members regularly
gather. Additionally, cultural and religious events, such as the
annual Vaisakhi Day Parade held in Surrey, were identified as
valuable outreach opportunities. Participants suggested setting
up information booths equipped with printed materials, visual
media, and representatives from the health authority to
disseminate information about virtual care in the languages
spoken by the community. They noted that organizations
providing employment or settlement support (such as PICS)
already use these channels effectively, demonstrating their
potential for outreach. Furthermore, participants recommended
collaborating with local South Asian–based nonprofit
organizations.

...we have like festivals of the year, you know
Vaisakhi, Culture Fest...maybe having like a Fraser
Health pop up so community members can engage
with it and educate it that way. Trying to get in the
community where you can would be the best. [P6,
male, aged 40‐49 years, >10 years in community]

Ethnic Media and Social Platforms
To reach a broader demographic, participants suggested using
local South Asian newspapers, radio, or TV networks for
individuals to share their lived experiences. This would
particularly target the working population who often listen to
the radio while driving. Additionally, some participants
recommended using social media, a popular platform for news
consumption, to further raise awareness.

I think doing more awareness about this
virtual...talking with the people, providing more
awareness to the people that they should know that
such kind of program is existed. [P7, male, aged
60‐69 years, 1‐3 years in community]

Discussion

Principal Findings
This qualitative study explored the experiences of South Asian
community members in the Fraser Health region with in-person
hospital services, and their perceptions and expectations of
Hospital-at-Home models. Participants described significant
systemic and cultural barriers in traditional hospital settings,
alongside gratitude for providers’ skill and compassion. When
discussing Hospital-at-Home, participants articulated both
enthusiasm for its convenience and comfort and concerns about
quality of care, cultural alignment, and feasibility in their home
environments. Taken together, these findings provide important
insights for health system planners seeking to advance culturally
safe and equitable virtual hospital services.

Summary of Key Findings
Participants’ hospital experiences reflected 6 key themes: (1)
systemic barriers, including long wait times, overcrowding,
transportation, and navigation challenges; (2) communication
and language barriers; (3) unmet cultural and religious needs;
(4) essential but burdensome family and caregiver roles; (5)
experiences of discrimination and bias; and (6) positive
encounters characterized by gratitude and respect. These issues
varied across age, gender, and immigration status, with older
and more recently arrived participants reporting more barriers.

Expectations of Hospital-at-Home revealed 5 major themes: (1)
convenience, comfort, and family support; (2) cultural and
generational differences; (3) quality of care and clinical
limitations; (4) emotional safety, privacy, and trust; and (5)
barriers to access and technology. Across both sets of findings,
participants consistently highlighted the central role of family,
the importance of cultural sensitivity, and the need for accessible
information delivered through trusted community channels.

Participants’mixed experiences with in-person hospitals provide
essential context for understanding perceptions of
Hospital-at-Home. Structural challenges, such as prolonged
emergency department waits and overcrowded wards, reduced
trust in the timeliness and equity of hospital care. For
newcomers, health system literacy gaps compounded these
difficulties, as participants struggled to understand coverage,
referral pathways, and navigation. These frustrations may
increase openness to Hospital-at-Home as an alternative,
particularly if it can reduce wait times and enhance comfort.
However, systemic inequities that disadvantage newcomers and
elders risk being reproduced in virtual formats unless addressed
proactively.

Comparison to Existing Literature
Previous research has extensively documented barriers to virtual
health care access for South Asians. Studies by Zibrik et al [18]
and Makowsky et al [19] highlight disparities in virtual care
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access, while Dahal et al [29] and Hyman et al [16] emphasize
the impact of socioeconomic factors on virtual health
engagement. Notably, few studies have examined
Hospital-at-Home programs within other racial or ethnic
minority communities, limiting opportunities for direct
comparison. This scarcity of literature underscores the novelty
of exploring Hospital-at-Home acceptability specifically among
South Asian populations in Canada and highlights the unique
structural, cultural, and familial considerations identified in this
study.

Findings from this study align with existing literature in
confirming that language barriers, trust in health care providers,
and digital literacy shape perceptions toward adopting virtual
care. Moreover, consistent with Bhalla et al [30],
community-driven strategies, such as the role of family members
in health decision-making and the influence of social networks
such as WhatsApp, play a crucial role in health care engagement
for the South Asian community. These findings were echoed
by participants of this study who noted their attitudes toward
Hospital-at-Home care could be highly influenced by peer
testimonials.

A key distinction of this study is its focus on Hospital-at-Home
models rather than primary care or outpatient virtual services,
which have been the emphasis of much prior research. While
previous research has explored South Asians’ engagement with
digital tools for chronic disease management and primary care,
this study surfaces concerns that are specific to the delivery of
hospital-level care in the home. In particular, it contributes new
insights on the role of the home environment, including the
physical suitability of the space, the availability and involvement
of family caregivers, the complexities of intergenerational living
arrangements, and the burden of household responsibilities
during recovery from acute episodes.

These burdens often fall disproportionately on women,
particularly mothers, reflecting traditional caregiving roles
common in South Asian cultures that persist postimmigration.
Female caregivers frequently manage both direct patient care
and household duties, reinforcing the gendered division of labor
described in previous literature [16]. Recognizing this,
Hospital-at-Home programs should incorporate gender-sensitive
supports, such as education, respite resources, and guidance for
safe patient care, to mitigate additional burdens on women.

Another critical finding relates to the health care system
education to improve virtual care access. Dahal et al [29]
emphasize the role of community organizations in supporting
newcomers through education on health care navigation.
Participants in this study similarly reported limited awareness
of services such as urgent and primary care centers and the 8-1-1
line, resulting in unnecessary reliance on emergency
departments. This highlights that health system literacy is a
foundational barrier: without addressing these basic knowledge
gaps, new service models such as Hospital-at-Home risk
reproducing existing inequities rather than improving access.

Chowdhury et al [31] identified concerns about virtual care
creating distance between patients and providers, a theme also
present in this study. Participants feared that reduced in-person
interactions could diminish care quality and trust. This included

concerns about developing weaker relationships with providers
due to the impersonal nature of virtual interactions, which
participants felt could compromise the depth of care and
empathy received. This concern reinforces the importance of
maintaining strong communication strategies within
Hospital-at-Home models to ensure services remain
patient-centered and do not further alienate those who
experience barriers to care.

While age, gender, and immigration status emerged as individual
factors shaping experiences with Hospital-at-Home, our findings
underscore the importance of viewing these dimensions through
an intersectional lens. For example, older newcomers with
limited English proficiency described significant challenges
with both language and digital literacy, creating compounded
barriers to adoption that were distinct from those faced by
younger, Canadian-born participants who reported greater
comfort with system navigation and technology use. Similarly,
caregiving responsibilities were disproportionately reported by
women in multigenerational households, highlighting how
gendered expectations intersect with cultural norms and family
structures to intensify the caregiving burden. Recent immigrants,
regardless of age, also described limited awareness of
alternatives to the emergency department, illustrating how
immigration status interacts with health system literacy to shape
health care–seeking behaviors. These examples illustrate that
barriers to Hospital-at-Home adoption are not experienced
uniformly across South Asian communities but rather reflect
the cumulative and intersecting effects of multiple social
identities. Recognizing these layered experiences is critical for
designing flexible, equity-oriented models that can adapt to the
diverse needs within South Asian populations.

Implications for Hospital-at-Home Implementation
Despite substantial evidence demonstrating the effectiveness
of Hospital-at-Home programs in improving patient outcomes
and reducing health care costs, significant knowledge gaps
remain regarding how to scale these services across diverse
populations [32]. This study addresses this gap by exploring
the adoption barriers and enablers of Hospital-at-Home services
among South Asian communities in the Fraser Health region,
offering insights for culturally tailored implementation
strategies.

Increasing awareness of Hospital-at-Home services in ways that
resonate with South Asian communities is essential to enhance
willingness to participate. Findings from this study indicate that
South Asian communities prefer learning about
Hospital-at-Home through trusted channels such as community
organizations, cultural events, and peer testimonials.
Additionally, benefits such as increased privacy at home,
proximity to family members, and greater control over aligning
care with cultural and religious practices were identified as
factors that enhance the appeal of Hospital-at-Home services
for South Asian patients.

From a systems perspective, raising awareness about how
Hospital-at-Home fits within the broader health care system is
equally important. Educating patients and caregivers about the
structure of health care services and how Hospital-at-Home
complements traditional hospital care can build trust, increase

JMIR Hum Factors 2026 | vol. 13 | e79675 | p.24https://humanfactors.jmir.org/2026/1/e79675
(page number not for citation purposes)

Wong et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


understanding of its role in acute care delivery, and foster
confidence in available escalation pathways. This system-level
approach can help patients see Hospital-at-Home as an integral
part of a coordinated healthcare continuum rather than as a
stand-alone service.

Addressing individual barriers is also critical for sustainable
and equitable adoption. Limited digital literacy skills among
South Asian populations can be mitigated through multilingual
education and training strategies that accommodate diverse
learning styles. Designing user-friendly digital interfaces for
Hospital-at-Home services is also critical to ensure accessibility.
Furthermore, the study highlights the importance of explicitly
considering family members and caregivers in Hospital-at-Home
implementation. This includes developing caregiver-focused
training materials, addressing family dynamics in care planning,
and regularly evaluating caregiver experiences.

This study further emphasizes that preferences and attitudes
toward Hospital-at-Home services are not uniform across South
Asian communities, nor do they universally apply to all patient
needs. For instance, while some participants appreciated the
comfort and cultural familiarity of home-based care, others
voiced significant concerns around privacy, data security, and
the adequacy of clinical care delivered virtually. These diverging
views underscore the need for flexible, patient-centered models
that allow for individual choice.

Housing environments emerged as an important contextual
factor influencing the feasibility of Hospital-at-Home care.
Participants described challenges such as stairs, limited space
for medical equipment, and crowded or multigenerational
households, all of which could constrain the safety and
acceptability of receiving acute care at home. These findings
point to the need to consider how physical living environments
intersect with the delivery of virtual hospital models. While a
detailed policy analysis is beyond the scope of this study, it is
important to acknowledge that housing affordability and
adequacy are pressing issues in Canada, particularly in urban
centers such as Surrey. Future research should explore how
these broader structural determinants, including housing
conditions, shape equitable access to home-based care models
and whether supportive housing or community infrastructure
can mitigate such barriers.

To ensure equitable and effective implementation, the design
of Hospital-at-Home programs must incorporate sufficient
resources to continuously engage diverse patient, provider, and
community voices. This ongoing feedback process is critical
for adapting services to reflect the cultural nuances, varied
needs, and evolving preferences of South Asian populations,
enabling the development of culturally informed strategies that
foster sustained adoption and trust in Hospital-at-Home services.
This study’s qualitative findings informed a subsequent
Experience-Based Co-Design initiative, which actively engaged
South Asian community members in the cocreation of culturally
responsive solutions to the challenges identified. Specific
outcomes of this process included the development of culturally
adapted training materials, multilingual communication tools,
and revised care workflows to strengthen trust and clarity in
care delivery. By linking this foundational research with

participatory design methods, the broader project not only
addressed knowledge gaps but also demonstrated a model for
translational research, showing how community-engaged
approaches can directly inform the design of culturally safe
virtual care innovations.

Policy and System-Level Considerations
The findings from this study highlight the need for
equity-focused policies and system-level interventions to
enhance virtual care accessibility for South Asian communities
in Fraser Health and beyond. A central implication is that health
system literacy must be addressed as a prerequisite to virtual
adoption; simply introducing Hospital-at-Home services without
parallel education on how and when to use them may not
improve access. South Asian patients may face barriers due to
limited English proficiency and a lack of access to culturally
competent care [33]. Policies should mandate the integration
of multilingual virtual health services, including real-time
interpretation and culturally responsive health communication
strategies. This aligns with Fraser Health’s ongoing efforts to
improve accessibility through initiatives such as the SAHI.

Another critical policy recommendation is the standardization
of digital literacy support within virtual care services. The
findings of this study identified the problematic impact of
technological barriers, particularly among older adults and
individuals unfamiliar with digital tools. Policies should ensure
that virtual care platforms are user-friendly and that
comprehensive digital literacy training programs are offered as
part of virtual hospital enrollment. This could include
step-by-step tutorials, one-on-one technical assistance, and
hybrid learning options that combine online and in-person
training [34]. In addition, although only a minority of
participants mentioned it, data privacy and security remain
essential considerations in the design of virtual hospital services.
Policies should ensure that multilingual and culturally tailored
digital platforms also meet high standards of technological
ethics, including secure data management and patient
confidentiality, to build and maintain trust among diverse
communities.

System-level reforms should focus on streamlining care
pathways for virtual hospital patients. Participants expressed
concerns about delays in care escalation and emergency response
times. To address this, policies should define clear transition
protocols between virtual and in-person hospital care, ensuring
that patients requiring higher levels of medical attention can be
seamlessly transferred. Emergency response times can be
optimized through virtual triage systems to ensure virtual
hospital patients receive timely interventions when needed [35]
.

An additional consideration is the inclusion of family caregivers
in virtual health planning. Individuals in South Asian households
rely on family members and loved ones for health care
navigation and support. Virtual care policies should recognize
and integrate the role of caregivers, facilitating access to
training, resources, and decision-making tools to support patient
care effectively.
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Finally, data-driven policy improvements are essential for
ensuring that virtual care models address the specific needs of
South Asian communities. These findings of this study highlight
the importance of ongoing patient engagement and feedback
mechanisms. There is a clear need to implement structured
monitoring and evaluation frameworks that assess adoption,
patient experiences, health outcomes, and engagement levels
in virtual care programs. These insights should inform policy
refinements to ensure equitable and effective virtual health
services.

Strengths and Limitations
This study provides novel insights into Hospital-at-Home
acceptability among South Asian communities in Canada, a
population underrepresented in Hospital-at-Home research.
Semistructured interviews in multiple languages enabled diverse
perspectives across gender, age, and immigration status.
Importantly, the study included voices of marginalized
groups—such as elders, recent immigrants, and family
caregivers—who are often excluded from virtual health research.

While this study provides valuable insights into the experiences
of South Asian communities with virtual health care, several
limitations should be noted. Recruitment challenges limited
geographic diversity, with most participants residing in Surrey.
As access to health services and digital infrastructure varies
across municipalities, future studies should aim for broader
regional representation to capture a wider range of experiences.

Another limitation is the reliance on referrals from PICS, which
may have introduced selection bias. Participants recruited
through PICS are likely to have stronger community connections
and greater awareness of health resources, leading to a sample
more engaged with the health care system than the broader
South Asian population. This may result in an
underrepresentation of those facing greater systemic and
socioeconomic barriers. Nonetheless, the inclusion of

participants with limited English proficiency, lower digital
literacy, and newcomer status partially mitigates this concern
by ensuring that marginalized perspectives were represented.

The reliance on online interviews is another limitation. While
virtual interviews increased accessibility for some, they may
have excluded participants uncomfortable with digital
technologies or lacking reliable internet access, potentially
missing the perspectives of those most affected by digital
exclusion. Future research should incorporate alternative data
collection methods, such as in-person or telephone interviews,
to ensure more inclusive participation.

Despite these limitations, this study offers valuable insights into
the structural and cultural barriers influencing virtual health
adoption among South Asian communities. Future research
should use diverse recruitment strategies and mixed methods
approaches to enhance sample representativeness and ensure
that equity-driven virtual care models are more inclusive of
underserved populations.

Conclusion
This study highlights the complex and context-specific factors
that influence South Asian communities’ engagement with
Hospital-at-Home and virtual care services. Barriers such as
limited digital literacy, language challenges, caregiver burden,
and lack of awareness about health care alternatives must be
addressed through culturally and linguistically responsive
strategies. At the same time, key facilitators such as trust in
health care providers, the comfort of home-based care, and
alignment with cultural and familial values offer important
starting points for building more inclusive models of care.
Ensuring the equitable implementation of Hospital-at-Home
services will require sustained investment in community-specific
education, caregiver inclusion, and ongoing feedback
mechanisms that reflect the diversity within South Asian
populations.
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Abstract

Background: The emergence of artificial intelligence (AI) is driving digital transformation and reshaping medical education
in China. Numerous medical schools and institutions are actively implementing AI tools for case-based learning, literature analysis,
and lecture support. This expanding application is accelerating the adoption of localized AI platforms, which are poised to become
integral components in the coming years.

Objective: The primary aim of this study was to investigate the current use of AI tools among medical students, including usage
frequency, commonly used platforms, and purposes of use. The second aim was to explore students’ needs and expectations
toward AI-powered medical education platforms by collecting and assessing student feedback, and to identify practical requirements
across disciplines and academic stages to inform more effective platform design.

Methods: Based on the task-technology fit model and 5 hypotheses, an anonymous online questionnaire was conducted to
assess AI usage in learning, gather student feedback on AI-powered medical education platforms, and evaluate expected
functionalities. The survey was conducted from March 1 to May 31, 2025, using a convenience sampling method to recruit medical
students from various disciplines across Shanghai, China. The sample size was determined at 422, accounting for a 10% rate of
invalid responses. The questionnaire was developed and distributed online via Wenjuanxing and promoted through WeChat
groups and in-person interviews. Data analysis was conducted employing IBM SPSS Statistics (v 27.0).

Results: A total of 428 valid questionnaires were collected. The average frequency of AI-assisted learning among medical
students was 5.06 (SD 2.05) times per week. Over 90% (388/428) of the students used more than 2 AI tools in their daily tasks.
Students from different disciplines, educational stages, and academic systems demonstrated different usage patterns and expectations
for AI-powered medical education platforms.

Conclusions: AI technology is widely accepted by medical students and is extensively applied across various aspects of medical
education. Significant differences are observed in usage patterns across disciplines, educational stages, and academic systems.
Understanding the actual needs of students is crucial for the construction of AI-powered medical education platforms.

(JMIR Hum Factors 2026;13:e81652)   doi:10.2196/81652

KEYWORDS

AI chatbots; artificial intelligence; cross-sectional study; medical education; medical schools; medical students; technology
acceptance

Introduction

The rapid development of artificial intelligence (AI) has
profoundly accelerated the digital transformation of medical
education worldwide. AI demonstrates significant potential
across multiple domains of medical education, including
case-based teaching, literature analysis, and lecture support
[1,2].

Globally, previous studies have documented the successful
integration of large language models (LLMs) and conversational
agents in medical education, significantly enhancing teaching
effectiveness [3,4]. Gilson et al [5] reported that ChatGPT and
other LLMs have been deployed to simulate clinical reasoning
sessions, automate feedback on student essays, and generate
customized practice questions, demonstrating measurable gains
in diagnostic accuracy and pedagogical efficiency.
Simultaneously, students’mastery of both theoretical knowledge
and practical skills has markedly improved, resulting in better
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learning outcomes and clinical performance. These advances
address existing challenges in medical education and open up
promising pathways for its future development [6,7].

In China, supportive national policies and rapid technological
advances have jointly facilitated the localized application of AI
in medical education [8]. The national “AI Plus” Implementation
Guidelines outline the strategic direction for the deep integration
of AI technologies with public welfare services [9]. Meanwhile,
Shanghai’s pioneering Medical Artificial Intelligence Work
Plan specifically proposes establishing an “intelligent medical
education and training” platform, emphasizing the development
of smart training environments using generative AI technologies
[10]. This provides clear policy support and practical guidance
for higher education institutions to develop localized
AI−powered medical education platforms [11,12].

With the widespread adoption of AI, students’ learning methods,
habits, and institutional teaching models have been rapidly
reshaped. However, systematic data on medical students’current
AI usage patterns and their practical needs across different
educational stages and disciplines remain limited. A deeper
understanding of these aspects is crucial for effectively guiding
the development and optimization of future AI−powered medical
education platforms. Therefore, this study aimed to collect
medical students’ current use of AI and their practical needs
across different educational stages and academic disciplines.
We also explored effective strategies for developing AI-powered
medical education platforms, with the goal of providing
recommendations to guide the development and optimization
of future AI−powered medical education platforms.

Methods

Participants and Procedures
This study employed a convenience sampling method to conduct
a cross-sectional survey among medical students from various
medical universities in Shanghai, China, with data collected
from March 1 to May 31, 2025.

The inclusion criteria were (1) current enrollment in a medical
program and (2) provision of informed consent to participate.
The exclusion criteria were (1) nonmedical students, (2) students
not currently enrolled in any program, (3) students attending
medical schools outside Shanghai, and (4) students who declined
participation.

Theoretical Framework and Hypotheses
This study is based on the task-technology fit (TTF) model. Its
core proposition is that technology’s effectiveness is determined
not by its attributes or user attitudes alone but by the fit between
technological functionalities and user task requirements.

Based on the TTF framework and a review of relevant literature
[13,14], this study proposes 5 hypotheses. These hypotheses
aim to examine differences in usage status, functional needs,
and expectations regarding AI-powered medical education
platforms among medical students across different disciplines,
educational stages, and program types while identifying factors
with a significant influence.

• H1: Perceived task-technology fit has a significant positive
impact on platform satisfaction.

• H2: Disciplinary background moderates the relationship
between TTF and platform satisfaction.

• H3: Program type (full-time vs part-time) moderates the
relationship between TTF and platform satisfaction.

• H4: Educational stage moderates the relationship between
TTF and platform satisfaction.

• H5: The frequency of AI usage has a significant positive
impact on platform satisfaction.

Instrument Pretesting and Validation
Guided by these 5 hypotheses, we designed a concise online
questionnaire. Prior to the formal survey, a pilot test was
conducted through in-person interviews with 23 postgraduate
clinical medicine students from the same institution to evaluate
content validity, item clarity, and internal consistency reliability.
The expected platform functions scale (Cronbach α=0.825,
items with zero variance were excluded) and the most frequently
used AI platforms scale (Cronbach α=0.858, items with zero
variance were excluded) showed high internal consistency.

Questionnaire Design
Based on the feedback from the pilot study, we made appropriate
revisions to certain items and their phrasing in the questionnaire.
Our questionnaire covered 3 sections with 13 items (see the
questionnaire in Multimedia Appendix 1): the first section is
general information, including age, gender, major, school,
educational stage, and academic program type; the second
section is the current use of AI tools, including the frequency
of use (average per week), preferred platforms, and usage
purposes (eg, theoretical learning, literature assistance, among
others); and the third section is current status and expectations
for AI-powered medical education platforms (whether the
institution has developed an AI-powered medical education
platform, satisfaction with the platform, and expected functions
of the future platform) [13].

To ensure data completeness, all questionnaire items were set
as mandatory, and participants were required to complete all
the questions before submission. The survey platform would
automatically record device type and completion time.

Ethical Considerations
This study received an ethics exemption (EX-2025‐017) from
the Medical Ethics Committee of Renji Hospital, Shanghai Jiao
Tong University School of Medicine, as it utilizes anonymized
data, operates under standard informed consent protocols, and
involves no sensitive biological materials or procedures.

We obtained informed consent from all student participants
before the survey, providing full details about the study’s
purpose, procedures, and privacy protections. No compensation
was provided, as the study involved minimal burden and no
anticipated harm. All the data were strictly protected to ensure
confidentiality and prevent any risk of information leakage. To
this end, access was restricted to authorized research team
members, and the data were used solely for analysis and
reporting within this study.
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Sample Size
To ensure adequate statistical power and precision for the
intended analyses, we used a standard sample size calculation
formula [15]. Assuming a 95% CI, a margin of error of 0.05,
and an expected population proportion of 0.5, the minimum
required sample size was calculated to be 384. Drawing on
previous studies [16,17] and to improve the generalizability of
the results, we further accounted for a 10% invalid questionnaire
rate, resulting in a final target sample size of 422.

n=Z²⋅P⋅(1−P)E² (95% CI, Z=1.96, E=0.05, P=.50)

Finite population correction was not applied due to the use of
convenience sampling and structural heterogeneity across
institutions, which precluded the definition of a single unified
sampling frame.

Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics
(version 27.0). Descriptive statistics were computed using
appropriate measures for each variable type: continuous
variables were summarized with means and SDs, while
categorical variables were presented as frequencies and
percentages.

For group comparisons involving categorical variables,
chi-square tests were employed. Multiple response analyses
were conducted using multiple response sets combined with
chi-square tests, with Bonferroni correction applied to account
for multiple comparisons. For ordinal data or continuous
variables violating normality assumptions, non-parametric tests
(Mann-Whitney U for 2-group comparisons and Kruskal-Wallis
H for multigroup comparisons) were utilized, with post hoc
analyses performed where appropriate.

ANOVA was used for comparing continuous variables across
multiple groups, while MANOVA was employed for analyses

involving multiple continuous dependent variables.
Multivariable analyses included linear regression for continuous
outcomes and logistic regression for binary outcomes.

All statistical tests used a 2-tailed significance threshold of
P<.05, with appropriate corrections for multiple testing
implemented where necessary [18].

Results

Participants’ Characteristics
A total of 440 questionnaires were collected. After excluding
12 responses from nonmedical students, students at institutions
outside Shanghai, and nonenrolled individuals, 428 valid
questionnaires were retained, yielding an effective response rate
of 97.3%. The questionnaires were returned with complete and
valid responses, thus containing no missing data.

Participants were drawn from 7 medical schools in Shanghai,
with 188 (43.92%) male participants and 240 (56.07%) female
participants, and a median age of 22 (IQR 20.07-24.62) years.
Among them, 223 (52.10%) were undergraduate students, 174
(40.65%) were master’s students, and 31 (7.24%) were doctoral
students. The sample covered 8 major disciplines: clinical
medicine, basic medicine, rehabilitation therapy, nursing, public
health and epidemiology, pharmacy, traditional Chinese
medicine, and medical engineering.

Frequency of AI Use Among Medical Students
Most respondents reported regular use of AI tools in academic
work and daily tasks, with a mean usage frequency of 5.06 (SD
2.05) times per week. The mean (SD) frequency among
undergraduates, master’s students, and doctoral students was
5.09 (1.97), 4.99 (2.11), and 5.19 (2.27) times per week,
respectively, with no significant differences based on
educational stage or gender (Table 1).
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Table . Current usage of artificial intelligence (AI) in medical students’ learning

Total

(n=428),
n (%)

P valueaCramer VChi-
square
(df)

GenderP valueaCramer VChi-
square
(df)

Educational stageVariables

Female

(n=240),
n (%)

Male

(n=188),
n (%)

Doctoral
students

(n=31), n
(%)

Master’s
students

(n=174),
n (%)

Under-
graduate
students

(n=223),
n (%)

.100.126.29 (3).240.107.97 (6)Average weekly use of AI for learning

40 (9.35)24 (10)16 (8.51)4 (12.90)21
(12.07)

15 (6.73)    ≤1

98
(22.90)

62
(25.83)

36
(19.15)

6 (19.35)34
(19.54)

58
(26.01)

    2‐3

100
(23.36)

60
(25.00)

40
(21.28)

4 (12.90)44
(25.29)

52
(23.32)

    4‐6

190
(44.39)

94
(39.17)

96
(51.06)

17
(54.84)

75
(43.10)

98
(43.95)

    ≥7

AI platform used by medical students

404
(94.39)

.540.030.38 (1)228
(95.00)

176
(93.62)

.430.061.67 (2)28
(90.32)

163
(93.68)

213
(95.52)

    DeepSeek

250
(58.41)

.010.126.41 (1)153
(63.75)

97
(51.60)

.090.114.74 (2)13
(41.94)

99
(56.90)

138
(61.88)

    Doubao

248
(57.94)

.030.104.66 (1)150
(62.50)

98
(52.13)

.100.104.57 (2)13
(41.94)

108
(62.07)

127
(56.95)

    Kimi

280
(65.42)

.150.072.06 (1)150
(62.50)

130
(69.15)

.080.115.08 (2)21
(67.74)

103
(59.20)

156
(69.96)

    ChatG-
PT

42 (9.81).640.020.23 (1)25
(10.42)

17 (9.04).050.125.88 (2)0 (0)14 (8.05)28
(12.56)

    Chat-
GLM

36 (8.41).030.114.71 (1)14 (5.83)22
(11.70)

.130.104.03 (2)3 (9.68)9 (5.17)24
(10.76)

    Claude

42 (9.81).0050.147.84 (1)15 (6.25)27
(14.36)

.030.137.02 (2)0 (0)13 (7.47)29
(13.00)

    Gemi-
ni

34 (7.94).700.020.15 (1)18 (7.50)16 (8.51).260.082.70 (2)1 (3.23)11 (6.32)22 (9.87)    Otherb

.800.103.86 (7).240.1417.36
(14)

Number of AI platforms used by medical
students

106
(24.77)

60
(25.00)

46
(24.47)

8 (25.81)45
(25.86)

53
(23.77)

    2

388
(90.65)

222
(92.50)

166
(88.30)

25
(80.65)

153
(87.93)

210
(94.17)

    ≥2

282
(65.89)

162
(67.50)

120
(63.83)

17
(54.83)

108
(62.07)

157
(70.40)

    ≥3

aChi-square test and Bonferroni correction were applied for multiple comparisons (α=.00625).
bAI platforms, including Qwen Chat, ERNIE Bot, Tencent Yuanbao, Poe, and Grok, were grouped together for analysis due to their relatively small
sample sizes.

AI Platforms Used by Medical Students
In terms of AI platform selection, most medical students favor
mainstream tools such as DeepSeek (n=404, 94.39%), Doubao
(n=250, 58.41%), and ChatGPT (n=280, 65.42%) for their daily
study and work. Survey results further indicated that the current
use of multiple AI platforms has become a common practice
among medical students, with over 90% (388/428) of the

students reporting the use of 2 or more platforms, and over 60%
(282/428) of the students reported using 3 or more platforms
(Table 1).

Gender-based differences were observed in the adoption of
specific AI platforms, with selected variations reaching
statistical significance (χ²1=7.84; P=.005). Nonetheless, the
overall variety of the platforms utilized remained consistent
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across genders, as evidenced by a comparable number of the
tools used (χ²7=3.86; P=.80).

AI Usage Patterns by Academic Program Type and
Educational Stage
The application of AI in medical education spans multiple areas,
including theoretical learning, question analysis, literature
translation, and scientific research. Based on the literature
review and preliminary survey feedback, our questionnaire

categorized the application areas into 5 domains: “theoretical
learning,” “exam question analysis,” “information retrieval,”
“literature interpretation,” and “research design and data
analysis.”

Regarding educational stage, undergraduate students primarily
used AI for exam preparation, while graduate students focused
more on research tasks such as study design and data analysis
(Figure 1).

Figure 1. Usage of artificial intelligence (AI) tools in learning among medical students from different educational stages.

When grouped by academic program type, part-time students
demonstrated stronger needs for AI support in practical research
and exam question analysis. This preference pattern appears

related to their need to balance studies with work commitments,
requiring efficient learning solutions that yield immediate
academic and professional applicability (Figure 2).
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Figure 2. Usage of artificial intelligence (AI) tools in learning among medical students from different academic program types (full-time vs part-time).

AI Usage Patterns by Disciplines
Medical students from different academic disciplines exhibited
distinct priorities in their application of AI-powered learning
(Table 2). Initial analysis using a multiple response test revealed

a significant overall difference in AI usage patterns across
disciplines (χ²30=53.62; P=.005), prompting subsequent pairwise
comparisons between disciplines with a Bonferroni-adjusted
alpha of 0.01.
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Table . Comparative analysis of artificial intelligence (AI) function usage across different medical disciplines.

P valuebCramer VChi-square
(df)

Medical en-
gineering

(n=23), n
(%)

Traditional
Chinese
medicine

(n=22), n
(%)

Public
health and
epidemiolo-
gy and

pharmacya

(n=11), n
(%)

Basic
medicine

(n=31), n
(%)

Rehabilita-
tion thera-
py

(n=31), n
(%)

Nursing

(n=65), n
(%)

Clinical
medicine

(n=245), n
(%)

Domain

.860.082.58 (6)18

(78.26)

16

(72.73)

8

(72.73)

26

(83.87)

24

(77.42)

50

(76.92)

201 (82.04)Theoretical
learning

.0050.2118.49 (6)5

(21.74)

7

(31.82)

4

(36.36)

14

(45.16)

12

(38.71)

37

(56.92)

139

(56.73)

Exam ques-
tion analy-
sis

.030.1813.89 (6)18

(78.26)

15

(68.18)

8

(72.73)

28

(90.32)

19

(61.29)

56

(86.15)

202

(82.45)

Informa-
tion re-
trieval

.070.1711.80 (6)19

(82.61)

12

(54.55)

10

(90.91)

26

(83.87)

22

(70.97)

55

(84.62)

184

(75.10)

Literature
interpreta-
tion

.320.137.02 (6)13

(56.52)

15

(68.18)

9

(81.82)

23

(74.19)

17

(54.84)

35

(53.85)

144

(58.78)

Research
design and

data analy-
sis

aDisciplines including public health and epidemiology and pharmacy were grouped together for analysis due to their relatively small sample sizes.
bChi-squared test and Bonferroni correction were applied for multiple comparisons (α=.01).

Across all disciplines, the usage demand for theoretical learning
was similarly high, with no statistically significant differences
identified.

Regarding exam question analysis, students in clinical medicine
demonstrated significantly higher usage demand than those in
medical engineering (χ²1=10.36; P=.001).

In terms of information retrieval, students from rehabilitation
therapy demonstrated significantly lower usage demand
compared to students in clinical medicine (χ²1=7.72; P=.005),
nursing (χ²1=7.59; P=.006), and basic medicine (χ²1=7.12;
P=.008).

For literature interpretation, traditional Chinese medicine
students demonstrated a significantly lower level of usage
demand relative to students in nursing (χ²1=8.40; P=.004).

Across disciplines, usage demand for research design and data
analysis was moderate, peaking non-significantly among public
health and epidemiology and pharmacy students.

Correlates of Satisfaction With the Institutional AI
Platform
With the rapid development of AI, many universities have
launched localized AI platforms. Our survey investigated the
availability of institution-specific AI−powered medical
education platforms among medical students. Furthermore, we
assessed student satisfaction with these platforms.

Approximately one-fifth (86/428) of the respondents reported
that their institutions had developed such platforms. Satisfaction
scores among these users exhibited significant variation. The
average satisfaction score among the 86 users was 72.23 (SD
21.84), distributed as 40 (46.51%) satisfied, 28 (32.56%) neutral,
and 18 (20.93%) dissatisfied.

Nonparametric tests revealed a significant difference in
satisfaction levels by gender (U=686.50; z=−2.06; P=.04). No
significant associations were found with academic program
type, educational stage, or discipline. A subsequent multivariable
regression that included these variables and usage frequency
identified no significant predictors. To assess the model’s
reliability, collinearity diagnostics were performed, and they
revealed no substantial multicollinearity (Table 3).
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Table . Medical students’ satisfaction with the artificial intelligence (AI)−powered medical education platforms at their institutions.

95% CI for unstan-
dardized coeffi-
cients (B)

VIFaP valueStandardized coeffi-
cient

Unstandardized coefficientPredictor

βSEB

44.22 to 99.72—<.001—b13.9371.97Constant

Academic program type (reference: part-time)

−22.55 to 16.191.20.74−0.049.72−3.18    Full-time

Gender (reference:
female)

−1.68 to 18.721.11.100.205.128.52    Male

−3.06 to 2.281.08.77−0.031.34−0.39    Frequency

Discipline (refer-
ence: clinical
medicine)

−8.05 to 19.241.14.420.106.855.59    Nursing

−31.55 to 23.261.08.76−0.0413.76−4.14    Rehabilitation
therapy

−15.07 to 14.351.11.96−0.017.38−0.36    Basic medicine

−14.64 to 35.711.20.410.1012.6410.54    Public health and
epidemiology and
pharmacy

−55.96 to 43.611.22.81−0.0324.99−6.18    Medical engineer-
ing

Educational stage
(reference: under-
graduate student)

−14.32 to 9.461.33.69−0.055.97−2.43    Master’s student

−12.99 to 30.181.29.430.1010.838.59    Doctoral student

aVIF: variance inflation factor.
bNot applicable.

The lack of significant predictors for satisfaction should be
interpreted with caution. This result may reflect the inherently
subjective and multifaceted nature of satisfaction, which can
be influenced by factors beyond the scope of this study. Future
research employing longitudinal or mixed methods designs is
needed to unravel the complex drivers of user satisfaction.

Correlates of Expected Functions for the Institutional
AI Platform
The majority (342/428) of the students reported that their
institutions had not yet launched an AI platform specifically
centered on medical education. To investigate the needs of this
group, this survey further explored their practical needs and
expectations for upcoming platforms.

Drawing on the current practical applications of AI technology
and feedback from medical students, along with a review of
relevant literature, our questionnaire categorized the expected
functions of AI-powered medical education platforms into 8
aspects: literature translation and interpretation, exam question
analysis, clinical trial assistance, basic laboratory support,
knowledge mapping, virtual simulation platforms, frontier
knowledge navigation, and intelligent emotional support.

Nonparametric testing revealed significant subgroup differences
in the demand for specific platform functions. Guided by these
initial findings, we advanced the analysis using binary logistic
regression within a more rigorous multivariable framework.
For comparing the relative effects of multiple predictors, the
results are presented as odds ratios (Exp(B)) and visualized in
the accompanying heatmap (Figure 3).

JMIR Hum Factors 2026 | vol. 13 | e81652 | p.36https://humanfactors.jmir.org/2026/1/e81652
(page number not for citation purposes)

Shi et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 3. Expected functions for artificial intelligence (AI) medical education platforms across student subgroups.

Regarding gender, the regression analysis revealed a consistent
pattern: no statistically significant associations were found
between gender and any of the anticipated platform functions.

Analysis of academic program type (full-time vs part-time)
revealed no significant differences in functional expectations.
However, full-time students demonstrated a numerically stronger
preference for frontier knowledge navigation (B=0.93;
Exp(B)=2.54; P=.14), while they were less inclined toward
Virtual Simulation Platforms (B=−0.90; Exp(B)=0.41; P=.08).

Regarding the educational stage, doctoral students demonstrated
a significantly stronger preference for AI-assisted clinical trial
support (B=1.32; Exp(B)=3.76; P=.01) and basic laboratory
assistance (B=1.75; Exp(B)=5.73; P=.001) compared to
undergraduates, while master’s students showed significantly
higher demand for frontier knowledge navigation (B=0.95;
Exp(B)=2.58; P=.02).

Across different academic disciplines, medical students showed
varying expectations for the functions of upcoming AI-powered

medical education platforms. Students in clinical medicine
demonstrated a significantly stronger demand for clinical trial
assistance (B=−1.09; Exp(B)=0.34; P=.008) and Basic
Laboratory Support (B=−1.05; Exp(B)=0.35; P=.005) compared
to those in nursing. Conversely, nursing students were inclined
toward personalized guidance on theoretical exam preparation,
though this tendency did not reach statistical significance
(B=0.51; Exp(B)=1.66; P=.08). Notably, students in clinical
medicine demonstrated a significantly higher demand for clinical
trial assistance compared to students in other disciplines. This
difference reached statistical significance when compared
specifically with students in basic medicine (B=−1.58;
Exp(B)=0.21; P=.01) and those in public health and
epidemiology and pharmacy (B=−2.54; Exp(B)=0.08; P=.02).

Test of the TTF Hypotheses
Based on the results of our prior data analysis and guided by
the 5 research hypotheses derived from the TTF theory, we
employed appropriate statistical methods to test these hypotheses
(Table 4).
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Table . Hypothesis testing results of the task-technology fit (TTF) model.

SupportedP valueEffect sizebStatisticaPath relationshipHypothesis

No.36Adjusted R²=0.006F(5, 80)=1.11TTF (current use) →
satisfaction

H1

Yes.01Partial η²=0.02F(36, 2526)=1.60Discipline → TTF
(current use)

H2

No.13Partial η²=0.06F(42, 840)=1.25Discipline → TTF (ex-
pected function)

Yes.003Partial η²=0.05F(6, 421)=3.32Academic program
type → TTF (current
use)

H3

No.29Partial η²=0.06F(7, 140)=1.22Academic program
type → TTF (expected
function)

Yes<.001Partial η²=0.09F(12, 842)=6.51Educational stage →
TTF (current use)

H4

No.10Partial η²=0.07F(14, 280)=1.53Educational stage →
TTF (expected func-
tion)

No.7795% CI for B=−3.06 to
2.28

B=−0.39Frequency → satisfac-
tion

H5

aAnalytical methods were hypothesis-specific: ANOVA for a single outcome variable (H1); multivariate ANOVA for multiple outcome variables
(H2-H4); linear regression with unstandardized coefficients for predictive modeling (H5).
bEffect size measures were selected and reported in accordance with the conventions for the specific statistical procedures applied.

The analytical approach was tailored to the characteristics of
the variables under examination. For H1, ANOVA was used,
which indicated no significant association between current AI
usage patterns and satisfaction. For H2, H3, and H4, MANOVA
was applied: the results showed that discipline, academic
program type, and educational stage each had a significant
influence on TTF (current use); however, none of these factors
demonstrated a significant effect on TTF (expected function).
For H5, linear regression analysis found no significant
relationship between frequency and satisfaction.

Discussion

While previous studies have described broad trends in AI
adoption among medical students, this study identifies the
specific drivers of heterogeneity within a defined cohort from
Shanghai. Through a granular subgroup analysis, we
demonstrate how disciplinary background, educational stage,
and program type significantly shape distinct patterns in usage
frequency, functional preferences, and perceived value.

Popularity of AI Technology Among Medical Students
The rapid advancement of AI technology is demonstrating the
potential to reshape traditional paradigms in medical education.
For medical students, the integration of digital and intelligent
technologies has significantly enhanced instructional quality
and learning outcomes. With ongoing technological
advancement, AI is now widely adopted and has become an
essential part of students’ academic work [19].

The survey revealed that medical students now engage with AI
tools on a frequent basis, reflecting a notable shift in usage
patterns compared to earlier adoption phases [20,21]. This

suggests that, with ongoing technological advancement and the
growing accessibility of AI, students are increasingly adopting
this new technology and using it more in their learning.

In terms of LLM selection, most students preferred mainstream
models, encompassing both domestic platforms such as
DeepSeek and Doubao and international ones like ChatGPT.
The choice appears to have been influenced by factors such as
accessibility and performance. While mainstream LLMs meet
most students’academic requirements, many still select specific
models based on personal preferences and practical needs. This
reflects a growing trend toward individualized AI tool usage.

Regarding mainstream LLM selection, international findings
show that ChatGPT is widely popular globally [22,23]; however,
its adoption among the surveyed medical students in Shanghai
remains lower compared to DeepSeek. This observed usage
pattern aligns with DeepSeek’s established localization strategy
and regulatory compliance within the Chinese environment.
China’s regulatory policies require GenAI services to complete
local filing and security assessments [24]. ChatGPT, lacking
such compliance, is inaccessible through conventional channels.
Furthermore, China’s exclusion from OpenAI’s supported
countries creates additional access barriers [25]. In contrast,
DeepSeek operates in full compliance with these requirements,
ensuring seamless accessibility for Chinese users and thus
gaining a competitive edge in the local AI market.

The analysis of AI tool preferences revealed distinct
gender−based patterns. Despite using a similar number of AI
platforms, with mainstream tools being central for both groups,
male students demonstrated greater enthusiasm for emerging
options, whereas female students adopted a more cautious
approach. These observed differences align with previous
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findings on gendered perceptions of AI technology [26-28].
Notably, this variation further underscores the importance of
developing flexible, multiplatform strategies to accommodate
diverse user preferences in medical education.

The integration of AI technology has become a defining feature
of contemporary medical education. Our findings reveal a clear
consensus among students across all academic backgrounds on
adopting a multiplatform approach. Regardless of educational
stage or discipline, medical students are actively leveraging
diverse AI tools, flexibly selecting platforms according to
specific learning scenarios and practical needs [29].

Group Differences in AI Tool Usage for Academic
Purposes
Medical knowledge covers a broad spectrum and involves
extensive interdisciplinary integration. Although various medical
specialties are inherently connected, they differ significantly in
teaching method, clinical practice, and scientific research. These
distinctions are also reflected in the application of AI.

From an educational stage perspective, undergraduate students
tended to emphasize AI-assisted analysis of theoretical exam
questions more than master’s and doctoral students, who placed
greater focus on AI’s role in supporting practical research. This
difference reflects the distinct teaching priorities at each
educational stage: undergraduate students face a heavy burden
of theoretical courses and professional qualification exams, so
their learning focus tends to be on theoretical exam question
analysis and knowledge mapping. In contrast, graduate students,
facing less exam pressure, focus more on research-related tasks
and thus place greater emphasis on AI as a tool for practical
research support [30-32].

From the perspective of academic program type (full-time vs
part-time), part-time students had broader and more
comprehensive needs for AI-assisted learning compared to
full-time students. Their demand for AI in scientific research
and test analysis was more pronounced. This stems directly
from the dual pressures faced by part-time medical students,
who balance both academic studies and daily work. In dealing
with research and exams, they tend to be more reliant on AI for
assistance and guidance to alleviate the burden of learning [33].

From a disciplinary perspective, different majors have a
significant impact on the direction of AI-assisted learning [34].
The data showed that students majoring in clinical medicine
and nursing were more focused on AI-assisted exam question
analysis [35], while traditional Chinese medicine students had
a notably lower demand for literature translation and
interpretation. Students in basic medicine, public health and
epidemiology, and pharmacy were more concerned with AI’s
role in supporting research work. These differences directly
reflect the distinct curricular focus, professional requirements,
and learning objectives characterizing each discipline [7,20,36].

Student-Centered Design of Platform Functions
At present, the application of AI in medical education is still in
an exploratory stage. Major computer and internet companies,
both domestically and internationally, have launched AI models
with diverse functionalities. In parallel, universities and research

institutions have adopted various strategies to expand the
potential of this emerging field. For example, the AI application
platform at Tongji University integrates multiple large models
such as DeepSeek, OpenAI, and Tongyi Qianwen, offering a
wide range of AI tools. Faculty and students can select these
tools based on their professional and academic requirements
[37]. Similarly, Shanghai Jiao Tong University has launched
the “Jiao Xiao Zhi” agent management platform, integrating
LLMs including DeepSeek for localized AI deployment. The
platform enables faculty and students to create customized AI
assistants, streamlining teaching and research tasks through its
secure campus−based infrastructure [38].

This survey focused on medical students’ satisfaction with and
expectations for AI-powered medical education platforms. While
overall satisfaction was relatively high, a significant minority
(approximately one-quarter) expressed dissatisfaction, with
notable variations across academic stages and disciplines.

To address these divergent needs, we propose a tiered design
framework for future platforms:

For undergraduate students: Platforms should prioritize
structured learning support. This includes AI-powered tools for
adaptive test preparation aligned with standardized exams,
interactive virtual patient cases for foundational clinical
exposure, and personalized review systems that target individual
knowledge gaps.

For postgraduate students (master’s or PhD): The focus should
shift to research and specialized skill development. Key features
should encompass advanced literature interpretation aids, data
analysis modules for processing experimental or clinical data,
and AI assistants for research design and grant writing, catering
to their deep engagement in academic research.

Discipline-specific customization: Further refinement should
distinguish between clinical and basic medicine disciplines.
Clinically oriented tracks would benefit from advanced
diagnostic simulators and patient management tools, while basic
medicine tracks require robust support for experimental design,
genomic data analysis, and scientific visualization.

By moving beyond a one-size-fits-all model to adopt such a
stratified and discipline-aware approach, AI platforms can
achieve deeper integration into medical education, ultimately
enhancing both student satisfaction and educational outcomes
[9,39].

Limitations
Due to constraints in personnel and resources, this study
employed a convenience sampling method among medical
students in Shanghai. This nonprobability sampling approach
may have introduced selection bias, such as an
overrepresentation of students already enthusiastic about AI,
and limits the generalizability of the findings beyond similar
urban, well-resourced contexts.

Moreover, this study relied on self-reported measures for key
metrics—including AI usage frequency and satisfaction—for
which formal psychometric validation was not conducted. This
approach increased susceptibility to recall and social desirability
biases across all these measures. Furthermore, as subjective
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constructs, they were vulnerable to varying personal
interpretations and benchmarks. This was particularly relevant
for abstract constructs like satisfaction. Consequently, these
subjective data may not fully capture the nuanced realities of
actual user behavior.

Future research could therefore prioritize multicenter,
large-sample designs that utilize standardized instruments. Such
approaches would provide more robust and generalizable
evidence to effectively guide the development of AI-powered
medical education platforms.

Conclusions
This study conducted a cross-sectional survey across major
medical institutions in Shanghai, China, collecting and analyzing

the current use and practical needs of AI among medical students
from different educational stages, academic program types, and
disciplines. Our findings clearly indicate that AI is widely
applied in medical education and has become a common tool
for student learning. Students from different disciplines,
educational stages, genders, and academic program types show
significant differences in their functional demands for
AI-assisted learning.

Furthermore, our study investigated the current status of
AI-powered medical education platforms and explored students’
expectations for such platforms. It is evident that the rapid
integration of AI in medical education holds great promise, and
our findings provide evidence-based support to guide the future
development of AI-powered medical education platforms.
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