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Abstract

Background: Family members of intensive care units (ICUs) often experience psychological difficulties like anxiety and
depression, which affect family functioning and their ability to support patient recovery. Digital health interventions (DHIs) offer
accessible and timely support; yet, evidence regarding their effectiveness for ICU families demonstrates inconsistent.

Objective: This systematic review and meta-analysis aimed to explore the impact of DHIs on psychological outcomes, quality
of life (QoL), and quality of communication (QOC) among ICU family members.

Methods: A total of 9 databases (CNKI [China Knowledge Resource Integrated Database], Wanfang, V1P [Weipu Database],
SinoMed, Cochrane Library, PubMed, Embase, CINAHL, and Web of Science) were searched for randomized controlled trials
(RCTs) published up to October 11, 2025. Eligible studies evaluated DHIs targeting adult ICU patients’ family members and
reported psychological outcomes, QoL., or QOC; interventions used solely for monitoring or tracking were excluded. Furthermore,
2 reviewers independently screened studies, extracted data, and assessed the risk of bias using the Cochrane Risk of Bias Tool.
Random-effects meta-analyses were performed using the Hartung-K napp-Sidik-Jonkman method. Predictionintervals (Pls) were
calculated to reflect between-study heterogeneity. Subgroup analyseswere performed by patients' primary diagnosis, relationship
with patients, and type of digital health technology. Evidence quality was assessed using the Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE) approach.

Results: Intotal, 17 RCTsinvolving 1864 participants were included. Interrater agreement was high across study selection and
assessment processes (k=0.55-1.00). Most studies were judged to have some concerns about the risk of bias. Meta-analyses
showed no statistically significant pooled effects of DHIs on anxiety (standardized mean difference [SMD] —0.34, 95% CI —0.68
t0 0.00; 95% Pl —1.46 t0 0.79; P=.05), depression (SMD —-0.26, 95% CI —0.52t0 0.01; 95% PI —1.11 to 0.60; P=.06), posttraumatic
stress disorder (SMD —0.21, 95% CI —0.49 to 0.06; 95% Pl —1.03 to 0.60; P=.11), QoL (SMD 0.09, 95% CI —0.10 to 0.28; 95%
Pl —0.41t0 0.60; P=.36), or QOC (SMD 0.14, 95% CI —0.03 to 0.31; 95% PI —0.26 to 0.55; P=.10). Wide PIsindicated substantial
variability in intervention effects across settings. The certainty of evidence ranged from very low to moderate.

Conclusions: This review emphasizes significant uncertainty in estimated effects and provides the first thorough synthesis of
RCT evidence on DHIsfor ICU family members. Theinherently high heterogeneity and low certainty of the underlying evidence
limit the conclusions of this review, despite its methodological rigor and use of PIs. Compared with previousreviews, thisreview
concentrates on the |CU family members and includes more recent research. Future studies should focus on high-risk subgroups,
use mixed methods designs, and develop theory-informed, personalized, and interactive DHIs. DHIs may enable proactive,
customized communication techniques for families of ICU patients, even when there are few formal clinical recommendations.

Trial Registration: PROSPERO CRD420251044704; https.//www.crd.york.ac.uk/PROSPERO/view/CRD420251044704
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Introduction

Patients admitted to the intensive care units (ICUs) frequently
experience varying degrees of organ or system failure, which
can belife-threatening [1]. Their families may endure enormous
burdens and suffer from psychological disorders like anxiety,
depression, and posttraumatic stress disorder (PTSD). The
Society of Critical Care Medicine's 2024 Clinical Practice
Guidelines on Family-Centered Carefor Adult ICUs underscore
the need for delivering patient-centered and family-centered
carein the ICU to uphold clinical excellence [2]. Nonetheless,
various psychological challengesfor family members, including
anxiety, depression, acute stress disorder, PTSD, and
complicated grief, are induced by the uncertainty of disease
trajectories, the complexity of medical decisions, and the urgent
demand for time. Theterm “ postintensive care syndrome family”
(PICS-F) encompasses these mental health disorders [3,4]. In
addition to undermining family functioning and integrity, these
problems may hinder the family’s ability to facilitate the
patient’s recovery in the ICU [5,6].

A retrospective study [6] showed that the prevalence of
psychological disorders related to PICS-F among family
members of ICU patients within 6 months post admission was
15.1%, with spouses, as primary caregivers, exhibiting a
heightened risk of psychological disorders. Furthermore, 1
research indicated that 10% to 69% of family members of ICU
patients experienced moderate to severe psychological distress,
including symptoms of anxiety, depression, and PTSD,
potentially persisting for up to a year [7,8]. Family members
endure not only emotional distress, such as anxiety and
depression, but also are influenced by several biopsychosocial
factors, including sleep deprivation, diminished quality of life
(QoL) and mental health, and insufficient social support. These
factors make it difficult for them to provide adequate family
support to facilitate the patient’s recovery [5]. Common
contributors to PICS-F among family membersinclude female
sex, relatively younger age, younger patient age, lower
educational level, unmarried status, inadequate communication
skills of ICU medical personnel, and the degree of family
participation in decision-making [3,9]. Several strategies, such
as|CU diaries[10], information support, and peer support, have
been implemented to mitigate PICS-F but often focus on the
patient’s hospitalization problems[11,12], and dueto the family
dynamics, geography, family resources, and family values, the
effect of related intervention on PTSD, anxiety, and depression
among family membersisunclear [13]. Traditional educational
tools are rarely implemented in the ICU environment due to
high service costs, limited resources, and a lack of
personalization [14,15]. With the rapid devel opment of internet
technology, mobile health care solutions have become popul ar,
providing innovative psychological empowerment interventions
[16].

Digital health technology (DHT) was initialy introduced by
the World Health Organization in the Global Strategy for Digital
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Health (2020-2024) and is defined as a comprehensive technical
practice that facilitates clinical care, health-related education
for patients and professionals, and public health through the
extensive usage of electronic information and communication
technologies[17,18]. Compared with conventional interventions,
digital health interventions (DHIs) amalgamate computing
platforms, connectivity, software, networked devices, and
sensors—including smartphone apps, wearable devices,
web-based communication platforms, videoconferencing,
chatbots, artificial intelligence, and virtual redlity (VR)
technologies—leveraging technological advancements to
transcend temporal and spatial limitations[19,20]. DHIsprovide
family members with greater accessibility, affordability, and
conveniencein receiving timely support and information, which
is critical in the ICU context. In addition, DHIs help reduce
health care spending [21,22]. DHIs have been shown to improve
the psychological outcomes and QoL of caregivers, such as
depressive symptoms, perceived stress, anxiety, and stress in
other high-stress situations, such as caregivers of patients with
cancer [23], dementia [24,25], and mental illness [15]. This
study highlights the potential value of its application to family
members of ICU patients. However, other studies have
suggested that DHIs have little effect on alleviating the anxiety
and depression of these family members [26]. Therefore, there
areambiguitiesin the existing research results on whether DHIs
can effectively alleviate the psychological distress symptoms
of family members of ICU patients [26].

After searching relevant databases, no meta-analysis of these
intervention outcomes has been found. Randomized controlled
trials (RCTs) continue to serve as the gold standard for
delivering the most rigorous scientific findings[27]. Therefore,
asystematic review and meta-analysis of RCTsfocusing onthe
effects of DHIs on ICU family members is essential. This
meta-analysis will assess the effects of DHIs on alleviating
psychological symptoms, improving QoL, and enhancing
communication quality among ICU family members, thereby
providing critical evidence for the formulation of a
comprehensive and effective psychological support program.

Methods

Resear ch Design

This systematic review and meta-analysis were planned,
conducted, and reported following the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-analyses)
[28] (Multimedia Appendix 1). A systematic literature search,
screening, study selection, data extraction, and risk-of-bias
assessment were conducted according to the Cochrane
methodology [29].

Search Strategy

The search strategy was reported in accordance with the
PRISMA-S (Preferred Reporting Itemsfor Systematic Reviews
and Meta-analyses literature search extension) checklist
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(Multimedia Appendix 2). In total, 2 investigators (Chuchu Z
and WJ) independently systematically searched 9 databases,
including CNKI [China Knowledge Resource Integrated
Database], Wanfang, VIP (Weipu Database), SinoMed,
Cochrane Library, PubMed, Embase, CINAHL, and Web of
Science, from inception to October 11, 2025. The search terms
included “digital health,” “intensive care units,” “family,” and
“randomized controlled trial,” which were pilot-tested and
validated by independent researchers. No published search filters
for study design were used. To identify additional studies, we
manually searched the reference lists of included articles and
relevant websites, including PROSPERO clinical tria registries.
Before the final data analysis, the database searches were
updated. Gray literature, such as conference abstracts and
academic dissertations, was excluded. Thewhole search strategy
isavailable in Multimedia Appendix 3.

Eligibility Criteria

Studies were sel ected based on the following inclusion criteria:
(1) population: adult family members (=18 y) of adult ICU
patients (a family member could be a spouse, partner, friend,
or relative [blood-related or not]); (2) interventions: al DHIs,
which may include one or more methods, such as telephone,
video, websites, or mobile apps, wearable devices, and others;
(3) control: a comparison group that received either standard
care, routine care or ablank control; (4) outcomes: the primary
outcomes associated with the psychological health of family
membersincluded anxiety, depression, PTSD, and other related
outcomes like QoL ; and (5) study type: RCTs.

Studies were excluded if they met one of the following criteria:
(2) articles were excluded if the DHI was used for monitoring
or tracking purposes only; (2) duplicate publications, or (3) full
text was not available.

Study Selection

The search results were imported into NoteExpress (Aegean
Software) for review. After removing duplicates, 2 investigators
(Chuchu Z and RY) independently screened the titles and
abstracts, then reviewed the full texts of the remaining records.
Any disagreements were resolved by discussion with the third
investigator (WS). The k coefficients were used to specify the
consistency of independent work. The degree of consistency
was identified as slight, fair, moderate, substantial, and almost
perfect when the k coefficients were calculated as 0.00-0.20,
0.21-0.40, 0.41-0.60, 0.61-0.80, and 0.81-1.00, respectively
[30].

Data Extraction

Two authors (Chuchu Z and JY) independently extracted data
from each of the included studies using a structured data
extraction form, including (1) study: author, year, country, and
design; (2) participants: patients diagnosis, samplesize, female,
age, relationship with patients, occupation, marital status,
education level, and financial burden; (3) control; (4)
experimental; intervention measurement, intervention delivery
(categorized as mobile app, internet-based, and others [eg,
telephone calls, VR, and emails]), intervention duration, and
data collection time points; (5) outcomes and measurements;
and (6) results. If necessary, the corresponding authors were
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contacted by email and asked for the missing information. A
third reviewer (XG) verified the extracted data.

Study Risk of Bias Assessment

The Cochrane’s risk-of-bias tool for randomized trias, version
2 (RoB 2), was used by 2 independent reviewers (JZ and ZH)
to assess [31,32]. The RoB 2 tool consists of 5 domains:
randomization process, deviations from intended intervention,
missing outcome data, measurement of the outcome, and
selection of the reported result. The risk of bias was assessed
aslow, some concerns, or highin the RoB 2 based on responses
to signa questions in each domain. The k coefficient was
calculated for each item to identify the degree of consistency.

Quiality of Evidence

The Grading of Recommendations, Assessment, Development,
and Evaluation (GRADE) approach was used to assess the
certainty of the body of evidence [33]. According to the
approach, the evidence quality of RCTswasinitially graded as
high and downgraded to moderate, low, or very low when any
limitations were identified in risk of bias, inconsistency,
directness, imprecision, or publication bias. However, the
evidence could be upgraded by a significant effect and
dose-response gradient. Furthermore, 2 authors (Chaoyi Z and
Y S) independently assessed the quality of evidence using the
GRADE handbook, and theinterrater agreement was eval uated
using the k coefficient. Disagreements were resolved through
discussion, or help was sought from athird author (Y Z).

Statistical Analysis

For continuous outcomes, the Hartung-K napp-Sidik-Jonkman
random-effects method [34] was used to obtain standardized
mean differences (SMDs) with 95% Cls when studies used
different psychometric scales. In studies with follow-up lasting
more than 1 month, data from the shortest follow-up period
were used. A meta-analysis was undertaken if more than 2
studies reported outcomes in the same format; otherwise, the
studies’ findings were described narratively [35]. We applied
random-effects models because of suspected heterogeneity
across studies to provide a relatively conservative estimate of
the combined results [36]. Moreover, the prediction intervals
(P1) were reported to indicate heterogeneity in the same metric
as SMD and to reflect the variation in actual treatment effects
expected in future studies, which aids clinical decision-making
[37]. A leave-one-out sensitivity analysis was performed to
assess the robustness of the synthesized results. Subgroup
analysis was conducted to explore the potential sources of
heterogeneity. These analyses were based on patient primary
diagnosis (medical vs surgical), relationship with patients
(spouse vs children), and type of DHT (education-based vs
communication-based vs mental health—related). Finally, if
sufficient studies were available for the outcome (n>10), a
funnel plot was generated to assess potential small-study effects
[38]. The Egger test was performed to further quantify funnel
plot asymmetry, with a P value <.05 considered statistically
significant [39]. A 2-tailed P<.05 was considered statistically
significant. All analyses and visualizations were conducted
using the meta package in R software (version 4.5.1; R Core
Team).
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Z and WJ) independently conducted the study selection process,

andthek coefficientsfor title or abstract screening and full-text

reading were 0.82 (P<.001) and 0.84 (P<.001), respectively,
indicating almost perfect consistency in these steps. We
identified 2624 records through database searches and 2 records

Study Selection

The PRISMA flow diagramin Figure 1 summarizesthe decision
pathway for final study inclusion. In total, 2 authors (Chuchu

through citation searching. After title and abstract screening,

we excluded 1944 records and identified 55 recordsfor full-text

evaluation. After the full-text screening, we excluded 38 records
that did not meet the inclusion criteriaand included 17 studies
[14,16,26,40-53].

Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and M eta-analyses) flow diagram. CNKI: ChinaKnowledge Resource Integrated

Database; VIP: Weipu Database.
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Study Characteristics

Overview

The characteristics of all the included studies are summarized
in Table 1. Among the 17 RCTSs, 2 were cluster RCTs [41,43],
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and 4 were pilot RCTs[26,45,47,53]. Studies were conducted
in the United States (n=8) [26,41,42,45,47,51-53], China (n=3)
[16,40,50], the Netherlands (n=1) [43], Norway (n=1) [48],

Germany (n=1) [44], Austria (n=1) [14], Iran (n=1) [46], and
Korea (n=1) [49], which were published from 2017 to 2025.
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Table 1. Characteristics of the studies and participants in the included studies.

Study De- Patient'sdiagno- Sample Age(y), Relationship Occupation, n  Marital status, Educationlevel, Financial bur-
(year, sign sis size,n  mean with patients, n (%) n (%) n (%) den, n (%)
country) (1/CY), (SD) (%)
% of fe-
male
Carlozzi RctP «  Traumatic 257 5225 «  Partner o Employed _c — —
etal [51] braininjury (129128), (14.48) 104 (40.9) 157 (61.8)
(2025, 100% 79.1 o Paent8 . Retired58
United (32.7) (22.8)
States) e Child36 « Unem-
(14.2) ployed 15
« Sibling 20 (5.9
(7.9) . Disabled8
« Other6 31
(2.9 o  Other 16
(6.3)
Chianget RCT 74 — o Children — Married Below uni- High 32
al [40] (39/35), 32(43.2) 45 (60.8) versity 46 (43.2)
(2017, 62.2 e Parent21 Single22 (62.2) Low 31
China) (28.9) (29.7) o University (41.9
«  Spouse9 . Divorced or above
(12.2) 7(9.5) 26 (35.1)
. Sibling5
(6.8)
o Other7
(9.5)
Coxeta RCT . Medica 275 51.20 «  Spouse « Employed . Maried . Beowuni- « Low 130
[42] 50.9% (137133, (12.60) 128 (46.5) 184 (66.9) 210 versity 157 (42.3)
(2019, « Neurologi- 73.1 o« Children « Retired54 (76.4) (57.2) « No80
United cal 22% 65 (23.6) (19.6) « Single28 .« University (29.1)
States) « Surgicd e Paent54 . Disabled (10.2) orabove . Moderate
13.4% (19.6) 18 (6.5) « Divorced 118 (42.9) 45 (16.4)
o Trauma « Sibling22 . Unem- 37 (13.4) . High20
11.9% (8) ployed 17 (7.3)
«  Cardiology o  Other6 (6.2
1.8% (2.2 o« Other2
(0.7)
Coxeta Cluss « Medica 111 51.00 e Spouse50 . Employed . Married « Belowuni- « No45
[41] ter 51.6% (55/56), (15.00) (45) 81(73) 67 (60.4) versity 20 (40.5)
(2024, RCT « Neurologi- 83 e Paent23 + Retired19 « Single2l (18) « Low44
United cal 22% (20.7) (17.1) (18.9) o  University (39.6)
States) «  Shock 14% o« Children « Disabled7 « Divorced orabove . Moderate
o Trauma 22(19.8) (6.3) 23(20.7) 91 (82) 13(11.7)
13% « Sibling1l « Unem- « High9
(9.9 ployed 4 (8.2)
« Otherb5 (3.6)
(4.5)
Coxeta RCT « Medicd 151 57.40 e Spouse80 . Employed ¢ Married — —
[52] 37.1% (76/75), (12.90) (60.6) 82 (62.1) 107
(2025, « Neurologi- 729 « Child36 « Retired36 (81.1)
United cal 27.8% (27.3) (27.3) « Singlel13
States) « Cardiac e Paent12 . Disabled 9.9
24.5% (9.2 11 (8.3) . Divorced
«  Surgica 8% « Sibling2 « Unem- 12(9.1)
«  Community (1.5) ployed 3
medical-sur- o  Other2 (2.3
gical 2.7% (1.5)
Yuanet RCT .«  Surgica 98 — o Children — — — —
al [50] 100% (50/48) 66 (67.3)
(2023, o Spouse?24
China) (24.5)
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Study De- Patient'sdiagno- Sample Age(y), Relationship Occupation, n  Marital status, Educationlevel, Financial bur-
(year, sign sis size,n  mean with patients, n (%) n (%) n (%) den, n (%)
country) (/cd,  (Sb) (%)
% of fe-
male
Dropetal Cluss « Medica 189 47.35 o Children — — « Beowuni- —
[43] ter 60.9% (100/89), (12.36) 71(37.6) versity 142
(2025, RCT .« Surgica 534 e Spouse 62 (75.1)
Nether- 31.7% (32.8) «  University
lands) o Trauma « Sibling 11 or above
7.5% (5.8) 18 (9.5)
(4.8)
o Other7
(3.7)
Gawlytta RCT « Severesep- 25 54.00 e Spouse25 — « Maried « Bedowuni- —
et al [44] sis 100% (12/13), (11.01) (100) 21 (84) versity 15
(2022, 64 (60)
Ger- «  University
many) or above
10 (40)
Hoff- RCT « Nonsurgicad 89 47.00 « Spouse36 . Employed — « Beowuni- —
mann et 69.7% (46/43), (13.00) (40.9) 67 (75.3) versity 55
a [14] » Surgicd 66.3 o Children «  Unem- (61.8)
(2023, 30.3% 31 (34.8) ployed 22 «  University
Austria) « Sibling9 (24.7) or above
(10.1) 34(38.2)
)
«  Other5
(5.6)
Petrinec  Pilot « Infectious 60 46.39 e Children — — — —
etal [45] RCT disease (30/30), (13.04) 23(38.3)
(2023, 31.7% 61.7 «  Spouse 16
United « Neurologi- (26.7)
States) cal 13.3% o Parent8
o Cadiovascu- (13.3)
lar 11.7% « Sibling7
«  Gastroin- (11.7)
testinal «  Other6
8.3% (10)
o Trauma
8.3%
Shariati RCT .« Paientwith 67 38.68 o« Childben « Employed « Married « Beowuni- —
et al [46] COVID-19 (33/34), (11.18) 37(55.2) 62 (92.5) 41 (61.2) versity 4
(2021, 46.3 e Spouse2l . Retired2 « Single26 (6)
Iran) (31L.3) 3) (38.8) o University
o Parent4 e  Student 3 or above
(6) (4.5) 63 (94)
« Sibling1
(1.5)
o Other4(6)
Shineta Pilot « Respiratory 28 50.93 e Spousel9 . Employed — . Beowuni- —
[26] RCT 42.9% (14/14), (16.05) (67.9) 12 (42.9) versity 14
(2025, o  Cadiovesc- 85.7 e Parent4 « Unem- (50)
United lar 21.4% (14.3) ployed 6 o University
States) e Sepsis . Sibling 3 (21.9) or above
17.9% (10.7) e Retired8 14 (50)
« Surgicd « Children2 (28.6)
17.9% (7.2) o Disabled2
(7.2)
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Study De- Patient'sdiagno- Sample Age(y), Relationship Occupation, n  Marital status, Educationlevel, Financial bur-
(year, sign sis size,n  mean with patients, n (%) n (%) n (%) den, n (%)
country) (/cd,  (Sb) (%)
% of fe-
male
Sueneta Pilot .« Medica 48 56.37 Spouse16 — — « Beowuni- —
[47] RCT 100% (23/25), (12.95) (33.3) versity 24
(2021, 62.5 Children (50)
United 16 (33.3) «  University
States) Sibling 4 or above
(8.3) 24 (50)
Parent 4
(8.3)
Other 8
(16.7)
Vranceeu Pilot  «  Neurologi- 58 52.25 Spouse46 .« Employed — « Beowuni- —
etal [53] RCT cal 100% (29/29), (14.48) (79.3) 41 (70.7) versity 29
(2020, 67.2 Parent7 o Retired 10 (50)
United (12.2) 17.2) «  University
States) Sibling2 « Other7 or above
(3.9 (12.1) 29 (50)
Other 3
(5.2
Watland RCT « Respiratory 196 46.80 Children — — « Bdowuni- —
et al [48] 37.7% (101/95), (13.51) 79 (40.3) versity 73
(2025, o Cadiovacu- 64.8 Spouse 45 (37.2)
Norway) lar 20.4% (23) «  University
« Accident Parent 32 or above
18.4% (16.3) 123 (62.8)
« Neurologi- Sibling 26
ca 13.3% (13.3)
o  Sepsis Other 14
12.7% (7.2
Wooeta RCT «  Surgery 38 51.60 Spouse20 — — — —
[49] 71.1% (18/20), (11.80) (52.6)
(2024, «  Shock 68.4 Children 8
Korea) 18.4% (21.2)
« Multiple Parent 5
traumas (13.2)
7.9% Sibling 4
«  Respiratory (10.5)
2.6% Other 1
(2.6)
Xionget RCT .« Patients 100 — Children  « Employed « Married « Belowuni- « Moderate
a [16] who under-  (50/50), 48 (48) 92 (92) 93 (93) versity 75 53 (53)
(2025, went HYRY 61 Spouse42 .« Retired8 .«  Notmar- (75) « Low4l
China) (42) (8) ried7(7) « University (42)
Parent 8 orabove « High6(6)
(8) 25 (25)
Sibling 1
)
Other 1 (1)

/C: intervention/control.

bRCT: randomized controlled trial.

®Not applicable.

9HVR: heart valve replacement.

Participants

The sample sizesranged from 25to 275, yielding atotal of 1864
participants (intervention: 942, 50.5% and control: 922, 49.5%).
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Regarding patient types, only 1 study [40] did not report; 11
studies [14,26,41-48,52] focused on medical patients; and 5
studies[16,49-51,53] focused on surgical patients. Furthermore,
7 studies [41,42,44,49,50,52,53] recruited not only family
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membersbut also |CU patients or ICU health care staff, whereas
the remaining 10 studies recruited only family members. In
addition, 14 studies reported the mean ages of family members,
ranging from 38.68 (SD 11.18) yearsto 57.40 (SD 12.90) years.
Except for the study by Yuan et a [50], all studies reported that
46.3% to 85.7% of participants were female. Concerning the
relationship to patients, 7 studies[16,40,43,45,46,48,50] reported
that the main participants were children, and 10 studies reported
that they were spouses. Moreover, 9 studies
[14,16,26,41,42,46,51-53] reported participants occupation,
indicating most of them were employed, 10 studies
[14,26,43,45,47-51,53] did not report marital status; the other
7 did, and the majority of participantswere married. Regarding
educational level, 5 studies [45,49-52] did not report it; 8
reported that most participants had nontertiary education; and
4 reported that most participants had university education or
higher. Financia burden was not reported in 13 studies; 2 studies
[41,42] reported no or low burden, and 2 studies[16,40] reported
moderate or high burden (Table 1).

https://www.jmir.org/2026/1/e83294
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I ntervention

In the included studies, various types of DHT were used. In
total, 9 studies [16,26,40,41,45,49-53] used mobile apps, 5
studies [14,42,44,46,47] used internet-based technology, and 3
used other technologies (1 wasavideo tool [49], 1 wasadigital
assessment tool [48], and 1 was VR technology [43]).
Furthermore, 10 studies [41-46,49,51-53] reported the specific
duration of theintervention, and the remaining studiesindicated
that family members could use digital intervention tools during
the ICU or within months after discharge. Regarding data
collection timing, in addition to pre- and postintervention
assessments, 6 studies [14,16,26,43,45,51] collected data at 1
month post intervention; 1 study [45] at 2 months post
enrollment; 10 studies [14,26,41-43,47,48,51-53] at 3 months
post enrollment or discharge; 4 studies[26,42,43,51] at 6 months
post discharge; and 2 studies [14,51] at 12 months post
admission. No adverse outcomes or eventswere reported across
studies (Table 2).
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Table 2. Characteristics of the outcomes and measurements in the included studies.

Study Control Experimental Outcomesand mea-  Results
(year, surements
country)
Intervention Intervention Intervention  Datacollec-
measure- delivery duration tion time
ment points
Carlozzi et Self-moni- Sdf-monitor- Mobileapp  10-day run-in  baseling; 1-  «  Caregiver ap- o Although we did not observe
a [51] toring only ing plus per- period fol- 12 months praisa; CAS? improvementsin HRQOLf,
(Uzoid 3?6" ized IO"VetC:] tr’]y a6 +  Adaptability: physical activity, or sleep, we
Str;lies) fromcgarhg mgzi tori ;)én p?e MPAI ;4b d ;gl;?gir gaa;?iitmﬁra
CareQOL riod " PTSDURCLS participants showed clinically
app - Caregv er-.speuf- meaningful improvements,
icanxiety: one-third remained the same,
PROMIS® and one-third worsened.
» Seeprelatedim- .  Care partners who reported
pairment: engaging in the intervention
PROMIS were more likely to show im-
s Sepression: provement than those who did
PROMIS not.
- Fatigue: «  Therewaspreliminary support
PROMIS for factors that being male,
+  Perceived stress: caring for a person with post-
PROMIS traumatic stress symptoms,
»  Self-efficacy living in the same household
g(;nghjlf S asthe person with TBI9, being
. Overal hedth: gspousal care pgrtner, Work-
PROMIS ) ing, and being gllagnosed with
COVID-19 during the study
were associated with increased
risk for adverse outcomes.
Chianget pgp.gh EE-T Interactive  pyring|cyl ~ Baselines;,  «  Depression: C- «  TheEF-R group had aslightly
a [40] mobile tech- the posttest DASSK lower stress score than the EF-
(2017, Chi- nology oneday after ,  Anxiety: C- T group at posttest, but the
na) EF-T or EF- DASS difference was statistically in-
R . Stress C-DASS significant.
. Satisfaction: o  Therewas also no significant
cpes improvement in anxiety after

EF-T.

The EF-T group had a signifi-
cantly better reduction of de-
pression score than the EF-R
group.

Information need satisfaction
was not significantly different
between intervention and con-
trol groups.
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Study Control Experimental Outcomesand mea-  Results
(year, surements
country)
Intervention Intervention Intervention  Datacollec-
measure- delivery duration tion time
ment points
Cox et d Usual care A web-based Web-based 2 days In person at Cliniciansurro- «  Concordanceimprovement did
[42] (2019, practices  decision aid enrollment gate concor- not differ between intervention
United followed but before dance: cscs™ and control groups.
States) by afamily randomiza- Comprehension  * Intervention surrogates had a
meeting tion; on of diagnosis, greater reduction in decisional
study day 3; treatment, and conflict than control surro-
viatele- . gates.
phoneat 3 g?ﬁgﬁ;ﬂ?ﬂiﬁ « Intervention and control prima
months and o ) ry surrogates did not differ in
6 months nication sati sfac- medical comprehension or
tion: QOC® communication.
Anxiety: HADS® «  Surrogates' total scoreson
Depression: anxiety, depression, and PTSD
HADS also did not differ at 3 and 6
PTSD: PTS® months.
Decison-making
uncertainty:
DCS
Petient-centered-
ness of care: PP-
pC®
Cox et d Usua ICU ICUconnect Mobileapp  7-10 days Baselines; Needs at the «  Therewas greater improve-
[41] (2024, carewith-  usestext study days1, End-of-Life ment in NEST scores among
United out proto-  messages 3,and7;3 Screening Tool: intervention reci pients between
States) colized and emails months NEST! baseline and both day 3 and
family Goal concor- day 7.
meetings dance of care «  Therewereno treatment group
Quality of com- differencesat 3 monthsin psy-
munication: chological distress symptoms.
QoOC «  Changefrom baselineto study
Patient-centered- day 3 was not statistically sig-
ness of decision- nificantly different between
making, eliciting intervention and control groups
concerns, dis- in |PC-Elicited Concerns, and
crimination: IPC-Decision Making sub-
IpCU scales, aswell as QOC scores.
i «  Although intervention family
Depression: membersreported anumerical-
PHQ-9" ly greater improvement in
Anxiety: GAD- goal-concordant care compared
v with control family members,
PTSD: PTSS thisfinding was not statistical-
ly significant.
«  Whitefamily membersexperi-
enced a greater reduction in
NEST scores compared with
Black family members at day
3and day 7.
Intervention Intervention Intervention  Datacollec-
measure- delivery duration tion time
ment points
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Study Control Experimental Outcomesand mea-  Results
(year, surements
country)
Intervention Intervention Intervention  Datacollec-
measure- delivery duration tion time
ment points
Cox et d Usua ICU PCplanner  Mobileapp- 7 days Baselineg; Needs at the Treatment group differencesin
[52] (2025, care based plat- day1; days; End-of-Life: estimated mean NEST scores
United form day 7, and 3 NEST weresimilar at 3daysand at 7
States) month Goal concordant days.
of care: GCCX Goal concordance, communica-
Quality of com- tion quality, and psychological
munication: distress symptoms did not dif-
QoC fer. _ .
Patient-centered- 29 (38.2%) intervention partic-
ness: PPPC ipants had palliative care con-
Depression: sultations, compared with only
PHQ-9 3 (4%) among controls
Anxiety: GAD-7 (P<.002).
PTSD: PTSS
Yuaneta Routine Videovisitaa WeChat During the Admission Anxiety: SAS Therewere no statistically sig-
[50] (2023, care tion video call ICU, every af- tothelCU, Satisfaction: nificant differences between
China) ternoon and dis- questionnairein the groupsin patients’ anxiety
charge from the hospital and depression scores, and no
the ICU statistically significant differ-
ences in delirium incidence
between the groups.
There were no significant dif-
ferencesin changesin family
members’ anxiety scores.
A satistically significant differ-
ence in satisfaction was found
between the two groups of pa-
tients, and the result of family
members’ satisfaction wasalso
statistically significant.
Dropeta  Standard Standard VR 14 min Immediately PTSD: IES-R® Relatives who received |CU-
[43] (2025, care care plus after enroll- Anxiety: HADS VR did not experience a de-
Nether- ICU-VR? ment at ICU; Depression: crease in PTSD, anxiety, or
lands) admission HADS depression.
at ICU: dis- Quality of life: Therewas no significant differ-
charge SF.36 ence between the median men-
s tal quality of life, physica
al,3 and6 Relat!v§ under- quality of life, or understand-
month_s post- standing: ing of ICU care.
ICU dis- CQI*-relatives Patients in the intervention
charge ICU group highly endorsed ICU-
Perceived stress VR, favoring it over traditional
and appreciation informational brochures, and
of ICU-VR: fam- the majority stated itimproved
ily satisfaction their understanding of ICU
with ICU care treatment.
tools
Gawlyttaet 5-week iceT®:- 10  Internet- Two 50- Start of inter-
al [44] watingpe- \yritingas-  Pased minuteses-  vention or
(2022, Ger- riod signments sionsper week waiting; end
many) over 5weeks  of interven-
tion or wait-
ing; end of
intervention
inWL* con-
trol group
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Study Control Experimental Outcomesand mea-  Results
(year, surements
country)
Intervention Intervention Intervention  Datacollec-
measure- delivery duration tion time
ment points
« PTSD: PCL-5 There was no evidence of a
«  Depression: BSI- differencein PCL-5 pre-post
187 change betweeniCBT and WL.
. Anxiety: BSI-18 iCBT led to alarger RAS
. Somatization: change than waiting, with ef-
BSI-18 fectsin favor of waiting.
. Relationship sat- For all other secondary effica-
. . cy outcomes, we did not ob-
. ﬁeﬁhor;di[':dsag serve evidence for an associa-
quality of life: 'FI on ba_ween score changes a_nd
EQ-5D-5L (five- ;:tBT in the primary analysis
level EuroQol '
five-dimensional
questionnaire)
Hoffmann  Control Intervention Online Not reported ~ Within 2 . PTSD:IES Aninformative websitedid not
etal [14]  website website daysof the «  Anxiety: HADS result in reduced PTSD and
(2023, Aus- patient'sad- .  Depression: depression symptoms.
tria) mission to HADS
thelCU;30 «  Fregquency and
days after times of website
TO; 90, and use
365 days af-
ter admis-
sion
Petrinecet Usua care A mental Smartphone Eachmodule Uponenroll- «  Anxiety: HADS Anxiety and depression symp-
al [45] heathapp  app contains6to9 ment (within «  Depression: tom severity decreased signifi-
(2023, (Sanvello) lessons (15 5 days of HADS cantly over timein theinterven-
United min per les- ICU admiss « PTSD: PCL-5 tion group but not in the con-
States) son) sion);30and .  Quality of life: trol group.
60 days after SE-1280 Family members logged in to
enrollment | sgif-efficacy: the app amean of 11.4 times
MHSES® an_d spente_tmean of 50.16
. Useof theapp mlngtgs using the app-
. Saisfactionwith Participants’ mean rating of
the app their satisfaction with the
. Sdectionof the gegtal health app was 4.19 out
app '
Shariati et All com- ~ Web-based  Web-based 4 consecutive Beforeinter- «  gyress pssd After theintervention, the
al [46] mon inter-  communica- daysfor 10to vention; mean PSS-14 in the interven-
(2021, ventions tion, audio 15minutesper within 24 tion group was significantly
Iran) except or video day hours after lower than that of the control
web-based  (WhatsApp) the interven- group.
communica: tion in both
tion groups
Shineta  Standard  Thetabletal- Tablet com- During ICU Basdling;ex- «  Anxiety: HADS
[26] (2025, Android so contained  puter app tubationor .  Depression:
United tabletload- the MyChart ICU dis- HADS
States) ed with Bedside app charge; 1,3, « PTSD: IESR
MyChart  and selected and 6 «  Communication
games as months fol- difficulty: FCS*
standard in low-up
the hospital
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Study Control Experimental Outcomesand mea-  Results

(year, surements

country)

Intervention Intervention Intervention  Datacollec-
measure- delivery duration tion time
ment points
« Nodtatistically significant dif-
ference was found between
groups in changesin family
psychological outcomes. The
VidaTalk was associated with
asdlight to medium improve-
ment in anxiety symptomsat 1
month.
«  TheVidaTak group had lower
PTSD-related symptoms than
the AC? group with amedium
effect sizeat 1 month and a
medium-to-large effect size at
3 months.
«  Compared with the perceived
communication difficulty, a-
though not statistically signifi-
cant, the mean change in FCS
score was larger for the inter-
vention group than for AC,
with asmall effect size.

Sueneta iPadwith- iPadpredoad- Interactive  During ICU Baseline; 48 Tool usability «  Surrogates reported that the

[47] (2021, outthetool edwiththe website h of study and acceptability tool was highly usable, accept-

United Family Sup- enrollment; Perceived effec- able, and effective.

States) port Tool 5-9 days of tiveness internal- «  Surrogates who used the tool
study enroll- ly generated 11- reported higher overall quality
ment; 3 item question- of communication and higher
months naire quality in shared decision-

Quality of com- making, but the difference did
munication: not reach statistical signifi-
QOC cance.

Vranceanu Mimicthe RTisanac- Web-based 30minutesper Baseline; 6 Feasibility of re- «  Feasibility, adherence, fidelity,

et a [53] dose and tiveinterven- appona session weeks; and cruitment andin- satisfaction, credibility, and

(2020, duration of tion. The smartphone 12 weeks tervention deliv- expectancy exceeded bench-

United RT® with- first 2 ses- ery, credibility, marks set apriori.

States) outteach- Sionswere and satisfaction «  Participationin RT wasassoci-
ing RT taught at the Depression and ated with statistically and clin-
ills bedside, and anxiety: HADS ically significant improvement

the next 4 PTSD: PCL-C between baseline and postinter-
were taught Mindful ness: vention in symptomsof depres-
after dis- CAMS-R™ sion, anxiety, and PTSD.
charge Coping: MOCS- *  Improvements sustained

A through the 12-week follow-up

- visit.
Dyadicinterac- | RT-dependent improvement in
tions: DRS¥ dyadic interpersonal interac-
tions for survivors.

Watland et Standard  TheCaregiv- Digitd as- From admis- Baseline; 3 PTSD: IES-R «  TheCaregiver Pathway isasso-

a [48] care er Pathway  sessment sionto 3 months Anxiety: HADS ciated with reduced symptoms

(2025, Nor- 4-stepmodel  tool months after Depression: of PICS-F¥ in terms of re-

way) discharge HADS duced symptoms of PTSD,

Qudlity of life: anxiety, and depression for
SF-12 ] caregivers of surviving pa-
Self-efflcacy: tients.

GSE™

Hope: Herth

Hope Index
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Study Control Experimental Outcomesand mea-  Results
(year, surements
country)
Intervention Intervention Intervention  Datacollec-
measure- delivery duration tion time
ment points
Wooeta  Daily Daily virtual  Zoom app Beganonthe At study en- Satisfaction con- The FS-1ICU 24 survey score
[49] (2024, phonecdls visits first day after  rollment af- cerning ICU care was significantly higher in the
Korea) ICU admis- ter ICU ad- and decision- virtual visitation group.
sionuntil ICU mission; at making process- Thereductionin HADS-A and
discharge, the end of es FS-ICU 24% HADS-D scores between the
lastingfora  thestudy Anxiety: HADS 2 time pointswas significantly
maximum of 7 Depression: larger in the virtual visitation
days (each HADS group.
limited to 15
min)
Xiongeta Standard ~— Wab- WeChat ap- Patient'sad-  Preoperative Anxiety: HADS Theintervention group exhibit-
[16] (2025, care WPPEP plet missiontothe baseline; be- Depression: ed greater improvementsin
China) ICU until 1 fore transfer HADS anxiety, depression, and quali-
month after from the PTSD: IES-R ty of life compared with the
discharge ICU; before Quality of life: control group.
discharge SF-36 PTSD scoreswere aso signifi-
fromthehos- cantly lower intheintervention
pital; 1 group.
month after
discharge

8CAS: caregiver appraisal scale.

bMPAI-4; Mayo-Portland Adaptability Inventory-Fourth Edition.

°PTSD: posttraumatic stress disorder.

dpCL-5: PTSD (posttraumatic stress disorder) Checklist for DSM-5 (Diagnostic and Statistical Manual of Mental Disorders, [Fifth Edition]).

®PROMIS: Patient-Reported Outcomes Measurement Information System.

'HRQOL : hedlth-related quality of life.

9TBI: traumatic brain injury.

PEF-R: education of families by routine.

'EF-T: education of families by interactive tabs.
llcu: intensive care unit.

kc-DASS: Depression Anxiety Stress Scale-Chinese.

lcres: Society of Critica Care Medicine's Family Needs Assessment Questionnaire’s Communication and Physical Comfort Scale.

MCSCS: clinician-surrogate concordance scale.
"MCS: medical comprehension scale.

%QOC: quality of communication questionnaire.
PHADS: Hospital Anxiety And Depression Scale.
9PTSS: posttraumatic stress symptom inventory.
'DCS: decision conflict scale.

SPPPC: Patient-Perceived Patient-Centeredness scale.

'NEST: Needs at the End-of-Life Screeni ng Tool.
YPC: interpersonal processes of care scales.
YPHQ-9: patient health questionnaire-9 scale.
WGAD-7: generalized anxiety disorder 7 scale.
XGCC: goal concordant of care.

YSAS: Self-Rating Anxiety Scale.

2VR: virtual redlity.

% ES R: Impact of Event Scale-revised.
SF-36: 36-Item Short-Form Health Survey.
&CQI: Consumer Quality Index.

aiCBT: internet-based cognitive behavioral writing therapy.

BWL: wait list.
#Bg)-18: Brief Symptom Inventory-18.
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BRAS: Relationship Satisfaction Scale.

AgE-12: 12-Item Short-Form General Health Survey.

AMHSES: Mental Health Self-Efficacy Scale.

3psS; Perceived Stress Scale.

*ecs: Family Communication Scale.

AAC: attention control.

3MRT: Recovering Together.

ANCAMS-R: Cognitive and Affective Mindfulness Scale-Revised.
@MOCS-A: Measure of Current Status-Part A.

#DRS: Dyadic Relationship Scale.

#GSE: General Self-Efficacy Scale.

P|CS-F: Post-Intensive Care Syndrome Family.

BFS-|CU: Family Satisfaction-Intensive Care Unit Questionnaire.

Control

Control groups varied in different studies;, 12 studies
[16,40-43,45-50,52] adapted usua or routine care, including
regular education on the ICU environment, basic intensive care
processes, the use of monitoring devices, ICU rules, spontaneous
conversations with the ICU nurses and meetings with the
physicians, effective communication with criticaly ill patients,
and basic principles of patient care. In addition, 4 studies
[14,26,51,53] used astandard app or website that provided only
basic information, and 1 study [44] was a blank control (Table
2).

Outcomes and Assessment Tools

Table 2 summarizes the outcomes and measurement tools of
each study. All the assessment scales used in the outcome
measurement were validated. In total, 5 scales were used to
assess the anxiety and depression levels of ICU patients
families. Of the tota, 9 of the included studies
[14,16,26,42,43,45,48,49,53] adopted the Hospital Anxiety and
Depression Scale to assess anxiety and depression. Moreover,
2 studies[41,52] assessed anxiety using the Generalized Anxiety
Disorder 7 scale and depression using the Patient Health
Questionnaire-9 Scale. Another study [40] assessed anxiety and
depression using the Depression Anxiety Stress Scale-Chinese.
One study [51] used the Patient-Reported Outcomes
Measurement Information System questionnaire. One study
[50] used the Self-Rating Anxiety Scale to assess anxiety. One
study [44] used the Brief Symptom Inventory-18. The
measurement tools used for PTSD varied among studies. In
total, 3 studies [41,42,52] measured the Post-Traumatic Stress
Symptom Inventory, 3 studies [44,45,53] used the PTSD
Checklist for DSM-5 (Diagnostic and Statistical Manual of
Mental Disorders[Fifth Edition]), and 5 studies[14,16,26,43,48]
used the Impact of Event Scale-Revised. In addition, 5 studies

https://www.jmir.org/2026/1/e83294
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measured QoL with 3 scales. 1 study [44] measured the Health
Questionnaire of the EQ-5D-5L; 2 studies [45,48] measured
the 12-Item Short-Form Health Survey, and 2 studies [16,43]
measured the 36-1tem Short-Form Health Survey.

Risk of Bias

Two authors (JZ and ZH) used the Cochrane Risk of Bias
Assessment Tool version 2 independently to assess the
methodological quality of theincluded studies, and the weighted
K coefficients of domains ranged between 0.55 (P=.002) and
1.00 (P<.001), indicating substantial to almost perfect interrater
agreement of the independent work in this part. Theresultsare
presented in Figure 2[14,16,26,40-53]. Specifically, al included
studies were reported as randomized, but selective bias was
evident because 3 studies [45,48,53] did not report allocation
concea ment. Dueto the nature of DHIs, blinding of participants
and investigators was not possible; only 1 study [14] used a
double-blind design for the intervention because the structure
was the same across both websites. However, amost all studies
reported using intention-to-treat analysis to estimate the effect
of intervention assignment, thereby reducing bias. A total of 5
studies [40,42,45,50,53] reported deviations from the intended
intervention arising from the trial context, and are therefore
rated as high-bias. In addition, 3 studies [26,43,52] reported
incomplete data, which increased the risk of attrition bias.
Furthermore, 12 studieswere blinded to outcome assessors, and
the other 5 studies[26,44,48,49,53] addressed bias in outcome
measurement. Moreover, 2 studies[14,45] provided insufficient
information to permit judgment and might have led to
overestimated effects and introduced selection bias into the
reported results. Finaly, 4 studies were assessed as “low-risk
bias” 10 as “some concerns” and 3 as “high-risk bias”
However, in accordance with the consensus agreement of all
the authors, the studies with a high risk of overall bias were
ultimately reserved.
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Figure 2. Theresults of therisk of bias assessment of included studies. (A) Risk of bias summary, (B) risk of bias graph [14,16,26,40-53].
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Among the 7 outcomes analyzed, the certainty of evidence was
downgraded to moderate for QoL and quality of communication

The GRADE approach [33] was used to assess the overal  (QOC). The certainty for anxiety, depression, PTSD, and
certainty of theevidence. Thek coefficientinthispart was0.88  self-efficacy was downgraded to low. Stress was downgraded
(P<.001), indicating almost perfect interrater consistency. to very low certainty of evidence (Table 3).
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Table 3. GRADE?evidence profile for digital health intervention compared with standard care for intensive care unit family members,

QOutcomes Follow-up Certainty of the evi dence? Relativeeffect Anticipated absolute effects
(GRADE) (95% CI)¢
Participants®, n  Studies, n Riskwithstan-  Risk differencewith digital
dard care health intervention
Anxiety 1209 12RCTS  * —i — SMDI 0.34.SD lower (0.68
© Lowhoh lower to 0)
Depression 1181 12 RCTs . — — SMD 0.26 SD lower (0.52
s Lowheh lower to 0.01 higher)
PTSDK 1077 11RCTs — — SMD 0.21 SD lower (0.49
s Lowheh lower to 0.06 higher)
Stress 141 2RCTs . — — SMD 1.17 lower (3.53
* Very low%htm lower to 1.19 higher)
Self-efficacy 204 2RCTs . — — SMD 0.01 lower (0.28
« Lowf,hno lower to 0.27 higher)
QoLP 424 5RCTs . — — SMD 0.09 SD higher (0.17
*  Moderate™™" lower to 0.35 higher)
Quality of commu- 555 4RCTs . — — SMD 0.15 SD higher (0.06
nication *  Moderatd™" lower to 0.35 higher)

3GRADE: Grading of Recommendations, Assessment, Development, and Evaluation.

B gh certainty (we are very confident that the true effect lies closeto that of the estimate of the effect); moderate certainty (we are moderately confident
in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantialy different); low
certainty (our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect); and very low
certainty (we have very little confidence in the effect estimate: the true effect islikely to be substantially different from the estimate of effect).

®The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention
(and its 95% ClI).

patient or population: intensive care unit family members; setting: intensive care unit; intervention: digital health intervention; and comparison: standard
care.

®RCT: randomized controlled trial.

Most of the included studies were assessed as some concerns or hi gh-risk bias.
92250%.

PDirect participants, interventions and outcomes.

INot applicable.

ISMD: standardized mean difference.

KpTSD: posttraumatic stress disorder.

IMost of the included studies were assessed as low-risk or some concerns bias.
MSample sizeis small and Cl was wide.

" 2<50%.

oCl was wide.

PQoL: quality of life.

Effect of DHI aslow. The 95% PI of the effect of DHIs on anxiety was—1.46

&cto S to 0.79, which indicates that we can be 95% confident that the
Psychological Outcomes true effect size from afuture individual study would fall within
In totdl, 12 studies | the impact of DHIs on anxiety this range (Figure 3 [16,26,40-43,45,48-50,52,53]). Similarly,

. 12 studiesinvestigated theimpact of DHI's on depression among
among |CU family members. The pooled results showed that . r
DHIs did not | to a statistically significant reduction in ICU family members. The results revealed no significant effect

anxiety levels (SMD —0.34, 95% CI —0.68 to 0.00; P=.05). The :]SMD ~025, 32(%;%0;?'52 2033'012; 2:1'2)6 )'T‘:'th mc.)derat(:

- - o 2_0n 100 NEtErOgeneity (12=67.80%; 1=0.37; 1°=0.13). The certainty o
hfterogenzel ty among studies .was substanyal (17=80.19%; this evidence was also rated as low. A wide 95% Pl (-1.11 to
1=0.49; 1°=0.24), and the certainty of the evidence was rated 5 g0) guggests that future studies could show effects ranging
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from alarge reduction to amodest increasein depression levels
(Figure4[14,16,26,40-43,45,48,49,52,53]). In total, 11 studies
evaluated the effects of DHIs on PTSD among ICU family
members. The meta-analysis demonstrated no significant
difference in PTSD scores between groups (SMD -0.21, 95%
Cl -0.49 to 0.06; P=.11), with substantial heterogeneity
(17=69.98%; 1=0.34; 12=0.12). The certainty of this evidence
was a so rated aslow. The 95% PI (—1.03 to 0.60) indicates that
the actual effect of DHIson PTSD could vary widely, indicating

Zhang et a

potential for both beneficial and harmful effects (Figure 5
[14,16,26,41-45,48,52,53]). Furthermore, regarding stress and
self-efficacy, which were evaluated in only 2 studies each, we
discussed them qualitatively. 2 studies reported different results
regarding stress: 1 study [40] found no effect of DHI on stress.
In contrast, another [46] reported a significant effect of DHI in
reducing stress among ICU family members. Neither study
[45,48] on self-efficacy found a significant benefit from DHIs.
The certainty of the 2 pieces of evidence was rated as very low
and low.

Figure 3. Forest plot of the effectiveness of digital health technology on anxiety. SMD: standardized mean difference [ 16,26,40-43,45,48-50,52,53].

Experimental Control
Study Total mean(SD) Total mean (SD) SMD SMD (95% Cl)  Weight
Chiang et al (2017) 39 7.23(7.42) 3B 7.71(842) ’L":_— -0.06 (-0.52 to 0.40) 8.4%
Cox etal (2019) 121 8.40 (3.93) 125  8.90 (4.28) B -0.12 (-0.37 10 0.13) 9.7%
Cox et al (2024) 55 7.00(6.10) 56 7.40(5.40) - 009(-02010046)  9.0%
Cox et al (2025) 76 6.40(520) 75 6.70 (5.40) - 006(038t00.26)  9.3%
Yuan et al (2023) 50 3240 (858) 48 3158(767) —— 010(-030t0050)  8.8%
Drop et al (2025) 61 472(456) 49 637(527) i 034(071t00.04)  89%
Petrinec et al (2023) 30 947(539) 28 1014 (4.13) — — 014(085t0038)  B.0%
Shin et al (2025) 0 867 (444) 13 962 (4.86) — 019(-105t0066)  57%
Vranceanu et al (2020) 29 600(380) 20 810(610) — 041(093t0011)  80%
Watland et al (2025) 77 610 (470) 67  7.30(4.59) 1 026(059t0007)  9.2%
Woo et al (2024) 18 600(290) 20 938(290) —_— 114 (18310045  68%
Xiong et al (2025) 50  862(0.94) 49 1054(124) e : A73(22010-1.27)  83%
Random effects model 615 594 i .0.34 (-0.68 0 0.00)  100.0%
Prediction interval ———(— (-1.46 to 0.79)
Heterogenelty: 1= 80.19%, ©* = 0.24, p <.01 ! ! ! ! ! !
-3 -2 -1 0 1 2 3

Test for overall effect: f,, = -2.17 (p =.05)

Figure4. Forest plot of the effectiveness of digital health technology on depression. SMD: standardized mean difference[14,16,26,40-43,45,48,49,52,53].

Experimental Control
Study Total mean (SD) Total mean (SD) SMD SMD (95% CI) Weight
Chiang et al (2017) 39 6.10 (7.08) 35  7.94(9.29) ﬁ"f‘ -0.22 (-0.68t0 0.24) 8.3%
Cox etal (2019) 121 6.50 (4.21) 125 6.80(4.56) B -0.07 (-0.32t0 0.18) 10.5%
Cox et al (2024) 55 6.90 (3.70) 56 6.40(3.10) —'-'— 0.15(-0.23t0 0.52) 9.2%
Cox et al (2025) 76 7.20 (5.40) 75 6.90(5.40) ‘—"— 0.06 (-0.26 to 0.37) 9.8%
Drop et al (2025) 61 3.71 (4.56) 49  4.42(4.52) . -0.16 (-0.5310 0.22) 9.2%
Haffmann et al (2023) 36 12.20(6.10) 34 12.86(8.04) . B -0.09 (-0.56 to 0.38) 8.2%
Petrinec et al (2023) 30 8.97 (5.96) 28 9.52(4.26) —. -0.10 (-0.62 t0 0.41) T1.7%
Shin et al (2025) 9 578 (4.32) 13 515(4.43) —E— 0.14 (-0.71 to 0.99) 4.9%
Vranceanu et al (2020) 29 328(337) 29 610(540) —— 062 (-115t0-0.09) 7 6%
Watland et al (2025) T 4.00 (4.03) 67  4.60(3.76) = -0.15(-0.4810 0.18) 9.7%
Woo et al (2024) 18 512 (1.92) 20 735(192) —— -1.14 (-1.83t0-0.45) 6.1%
Xiong et al (2025) 50 8.64 (1.05) 49 9.96(1.35) — -1.08 (-1.51 t0 -0.66) 8.7%
Random effects model 601 580 < -0.26 (-0.52t0 0.01) 100.0%
Prediction interval —— (-1.11 to 0.60)
Heterogenelty: 12 = 67.80%, ©2 = 0.13, p <.01 ! ! ! ! ! !
-3 -2 -1 0 1 2 3

Test for overall effect: t,, = -2.13 (p =.06)
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Figure 5. Forest plot of the effectiveness of digital health technology on post-traumatic stress disorder. SMD: standardized mean difference

[14,16,26,41-45,48,52,53].

Experimental Control

Study Total mean (SD) Total mean (SD) SMD SMD (95% Cl) Weight
Cox et al (2019) 121 26.60 (11.79) 125 27.00(12.83) ‘-*- -0.03 (-0.28t0 0.22) 12.1%
Cox et al (2024) 55  2540(15.70) 56 23.00(13.90) ‘I’ﬁ 0.16(-0.21 10 0.53) 10.5%
Cox et al (2025) 76  21.70(13.10) 75 21.60(11.30) —:— 0.01(-0.3110 0.33) 11.2%
Drop et al (2025) 61 1413 (13.76) 49 15.40(15.88) - -0.09 (-0.46 to 0.29) 10.5%
Gawlytta et al (2022) 6 1947 (572) 7 2516(1562) —'—-|— -0.44 (-1.54 to 0.67) 3T7%
Hoffmann et al (2023) 36 23.90(17.90) 34 2410 (13.50) —‘—'I— -0.01 {-0.48 to 0.46) 9.3%
Petrinec et al (2023) 30 3362 (19.86) 28 3226(1812) - 0.07 (-0.44t0 0.59) 8.7%
Shin et al (2025) 7 21.50(23.70) 12 30.50 (27.40) —s -0.33(-1.27 to 0.61) 47%
Vranceanu et al (2020) 29 3030 (9.80) 29 3590 (16.60) —=r -0.41(093t0012) 8.6%
Walland et al (2025) 77 27.10(17.68) 67 3230 (15.24) = 1 -0.31(-0.64 10 0.02) 11.1%
Xiong et al (2025) 49 2244 (10.36) 48 3540(971) - -1.28 (-1.72t0 -0.84) 97%
Random effects model 547 530 -0.21 (-0.49t0 0.06) 100.0%
Prediction interval — (-1.03 to 0.60)

Heterogeneity: I° = 69.98%, t° = 0.12, p < .01 f ! T T ) !

Test for overall effect: {4, =-1.73 (p =.11) -3 2 1 0 1 2 3

QoL

In total, 5 studies assessed the impact of DHIs on QoL among
I CU family members. A random-effect meta-analysisindicated
no statistically significant improvement in QoL (SMD 0.09,
95% CI -0.10 to 0.28; P=.36). Despite the absence of

heterogeneity (12=0.00%; 1=0.14; 12=0.02), the actual effect of
DHlIs on QoL in the future falls within the broader Pl range
(-0.41 to 0.60), suggesting that future outcome could vary
significantly across different populations and settings (Figure
6 [16,43-45,48]). The certainty of this evidence was rated as
moderate.

Figure 6. Forest plot of the effectiveness of digital health technology on quality of life. SMD: standardized mean difference [16,43-45,48].

Experimental Control

Study Total  mean (SD) Total mean (SD)
Drop et al (2025) 61 39.25(18.92) 49 43.15(21.90)
Gawlytta et al (2022) 6 0.83 (0.06) 7 0.71(0.39)
Petrinec et al (2023) 30 43.84(14.00) 28 4296(13.29)
Watland et al (2025) 77 67.80(26.92) 67  63.90(28.40)
Xiong et al (2025) 50 59928 (20.13) 49 582.59(23.77)
Random effects model 224 200

Prediction interval

SMD SMD (95% Cl) Weight
= 019(057t00.19)  255%
—_— 0.38 (0.72 0 1.49) 42%
—— 0.06(-045t0058)  16.1%
= 0.14(-0.1910047)  30.4%
T 0.30(-0.09t00.70)  23.8%

0.09 (-0.17 to 0.35)  100.0%

(-0.41 to 0.60)

Heterogeneity: I* = 0.00%, ° = 0.02, p =.46
Test for overall effect: ¢, = 0.98 (p =.38)

QOC

In total, 4 studies evaluated the effect of DHIs on the QOC
among |CU family members. The pooled analysis showed no
statistically significant difference between groups (SMD 0.14;
95% Cl —0.03 to 0.31; P=.10; Figure 7 [41,42,47,52]). Despite

https://www.jmir.org/2026/1/e83294
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the absence of heterogeneity (12=0.00%; 1=0.08; 12=0.01), the
actual effect of DHIs on QoL in the future fals within the
broader Pl range (—0.26 to 0.55), suggesting that future outcomes
could vary significantly across different populations and settings.
The certainty of this evidence was rated as moderate.
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Figure7. Forest plot of the effectiveness of digital health technology on the quality of communication. SMD: standardized mean difference[41,42,47,52].

Experimental Control
Study Total mean (SD) Total mean (SD)
Cox et al (2019) 121 91.90(15.70) 125 90.30(18.30)
Cox et al (2024) 55 890 (1.80) 56  8.40(2.10)
Cox et al (2025) 76 2200 (36.10) 75 20.00 (38.50)
Suen et al (2021) 24 8.90(1.60) 23 8.00(270)
Random effects model 276 279

Prediction interval

SMD SMD (95% Cl)  Weight
0.09 (-0.16 to 0.34)
0.25(-0.12t0 0.63)
0.05 (-0.27 10 0.37)

0.40 (-0.18 10 0.98)

40.4%
216%
28.0%
10.0%

0.16 (-0.06 to 0.35)
{-0.26 to 0.55)

100.0%

Heterogeneity: 1° = 0.00%, t° < 0.01, p = 67
Test for overall effect: 1, =229 (p =.11)

Subgroup Analysis

We conducted subgroup anayses for the three outcome
indicators of anxiety, depression, and PTSD based on potential
covariates, including patients’ primary diagnosis, relationship
with patients, and type of DHT (Table S1 and Figures S1-S3in
Multimedia Appendix 4). Regarding anxiety, the results of
subgroup analyses showed that there was no significant
difference (P>.05) inthe patients’ primary diagnosis (x%,=2.60;
P=.27), relationship with patients (x?,=0.23; P=.63), and type
of DHT ()(22:1.43; P=.49), suggesting that these factors may
not be related to the change of intervention effect. Within the
subgroup, family members of medical patients showed a slight
improvement trend (SMD —-0.14, 95% CI —0.26 to—0.01; P=.04).
From the perspective of heterogeneity sources, the patients
primary diagnosisand thetype of DHT may be potential sources
of heterogeneity. Regarding depression, subgroup analysis
showed significant differences between subgroupswith different
patients primary diagnosis (x%=29.17; P<.01). Among the
surgical patients' family members (3 studies), depression scores
in the intervention group were significantly reduced (SMD
—0.94, 95% Cl —1.64 to —0.24, t,=-5.80; P=.03). In studies
focusing on medical patients, no significant effect of the
intervention on family members depressive symptoms was
observed (SMD —0.04, 95% CI —0.14t0 0.05, t,=—1.11; P=.30).
There was no statistical significance (P>.05) in the subgroup
differencesin relationship with patients (x21=0.38; P=.54) and
type of DHT (x%=3.11; P=.21). Among the subgroups of type
of DHT, the effect size of the education-based DHT group (4
studies) had amore minor statistical significance (SMD -0.11,
95% CI -0.21 to —-0.01, t;=—3.47; P=.04). Patients’ primary
diagnosis and type of DHT may be significant sources of
heterogeneity. Regarding PTSD, the differences between
subgroupsin the patients' primary diagnosis (x?,=3.29; P=.07),
relationship with patients (x%,=1.30; P=.25), and type of DHT
(x%,=2.75; P=.25) did not reach statistical significance (P>.05).
However, looking at the sources of heterogeneity, these factors
may bethe primary drivers. Dueto the limited number of studies
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in some subgroups, these results should be interpreted with
caution.

Sensitivity Analysis

For anxiety, it had no impact on the statistical significance of
the results after removing the study conducted by Xiong et a
[16] (SMD -0.18, 95% CI —0.38 to 0.01; P=.06; Figure $4 in
Multimedia Appendix 4), which decreased heterogeneity to
27.36%. Regarding depression, removing the study by Xiong
etal [16] (SMD -0.17, 95% CI —0.38t0 0.05; P=.11; Figure S5
in Multimedia A ppendix 4) decreased heterogeneity to 36.09%,
but it did not ater the statistical significance of the results. For
PTSD, sensitivity analyses demonstrated that removing the
study by Xiong et a [16] (SMD —0.08, 95% CI —0.21 to 0.05;
Figure S6 in Multimedia Appendix 4) resolved heterogeneity,
althoughit did not alter the statistical significance of theresuilts.
For QoL, statistical significance was observed only after
removing the study by Drop et a [43] (SMD 0.19, 95% CI 0.01
to —0.37; P=.04; Figure S7 in Multimedia Appendix 4).
Regarding QOC, the effect of DHIs remained stable across
studies, indicating robust findings.

Bias Assessment

Visual inspection of the funnel plots for anxiety, depression,
and PTSD showed approximate symmetry (Figures S1-S3 in
Multimedia Appendix 5). Egger testsdid not provide statistically
significant evidence of small-study effects for anxiety (P=.24),
depression (P=.20), and PTSD (P=.44; Table S1 in Multimedia
Appendix 5). However, we note that small-study effects can
arise from various sources beyond publication bias, such as
heterogeneity or methodological differences. For other
outcomes, there were insufficient numbers of systematic reviews
(n<10) to create funnel plots.

Discussion

Principal Findings

Intotal, 17 studieswereincluded, revealing that compared with
control groups, DHIs may not confer a significant benefit in
reducing anxiety, depression, PTSD, or stressamong ICU family
members. Moreover, they aso did not notably improve
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self-efficacy, QoL, or communication quality. Given the low
certainty of the evidence for the proposed association, the
substantial study heterogeneity, and the overall risk of biasin
the included studies, the findings should be interpreted with
caution. Subgroup analyses indicated that patients primary
diagnosis may influence the intervention's effect, with the
benefits being more pronounced for families of surgical patients.
Patients' primary diagnosis, relationship with patients, and type
of DHT may be asignificant source of heterogeneity. Given the
Pl value, adverse effects of the intervention cannot be ruled out
in future studies, and more RCTs are needed to provide robust
results.

The observed effect of DHIs on anxiety aligns with previous
research concerning improvementsin anxiety among caregivers
of patients with cancer [23]. The ICU environment is
characterized by high stress, restricted access, asymmetric
information, and uncertain prognosis, which can significantly
increase the psychological burden of family members [54,55].
DHI compensatesfor the absence of in-person support by using
mobile apps, network platforms, and virtual visits [56]. It
provides timely updates on diseases, health education, and
emotional support for family members, thereby reducing
uncertainty and equi pping them with knowledge and skillsthat,
in turn, alleviate anxiety symptoms [57]. However, the clinical
significance of this finding is tempered by its statistical
marginality (P=.05), alow certainty of the evidence, and risk
of bias in some studies, which significantly reduces the
credibility of thispotential effect. It iscritical to underscore that

substantial heterogeneity (1°=80.19%) yields a wide 95% Pl
(—1.46 to 0.79), suggesting that the distribution of effects on
anxiety isunpredictable. Thisfinding should only be considered
a preliminary exploratory conclusion and requires further
validation through additional research. No significant effects
were observed on depression, PTSD, stress, self-efficacy, QoL,
and QOC. It is important to note that the certainty of the
evidence for these outcomes is low, with an associated risk of
bias, so the reasons for the lack of significant observed effects
should be considered from multiple perspectives. From aclinical
view, the onset of PTSD isoften delayed and complex, typically
manifesting months to a year post discharge, making it
challenging for short-term interventions and follow-ups to
capture long-term effects [14,44]. Additionaly, stress,
self-efficacy, QOC, and QoL are inherently multidimensional
indicators influenced by confounding factors, including
economic conditions and social support, beyond psychological
state [45,58,59]. From a methodological perspective, existing
studies have limitations, including risk of bias, low certainty of
the evidence, and imprecision—particularly given that only 2
studies were included for stress and self-efficacy. Current
evidenceisinsufficient to identify the potential benefits or harms
of DHIs for these outcomes, and subsequent research is very
likely to ater these estimates.

The observed significant heterogeneity across outcomes
prompted extensive subgroup analyses. While these analyses
pointed to severa potential moderators—such as patients
primary diagnosis and type of DHT for depression—their
interpretability is limited. For example, the notable reduction
in depression among surgical patients (SMD —0.94, 95% ClI
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—1.64t0-0.24), derived from only 3 studies, may reflect atype
| error or chance variation rather than an actual differential
effect. Similarly, although traditional factors such as family
members sex and relationship with patients did not reach
statistical significance in our analyses, existing literature
congistently indicatesthat female caregivers, especially spouses,
often endure greater caregiving stress and more persistent
psychological distress [14,60,61]. The overal heterogeneity
remained largely unexplained by subgrouping, further
underscoring the robustness of these comparisons. Thus, these
analyses should not be viewed as confirming specific moderators
but rather as highlighting priority variablesfor future, adequately
powered studies.

The limited effectiveness of DHIs may a so be attributed to the
design of the interventions. Most existing interventions are
information-centric, providing unidirectional education rather
than incorporating structured psychotherapy, skills training, or
facilitating two-way communication [42,62]. Such a format
appearsinsufficient for trand ating into actual skill enhancement,
family interaction, or overall well-being improvement [43].
Furthermore, some studies reported positive subjective feedback
from families despite nonsignificant quantitative outcomes,
indicating that current measurement tools may lack sensitivity
to nuanced experiential gains[40,43,44].

Moving forward, future research should use mixed methods
designs to capture subjective experience and identify needs of
high-risk subgroups; tailor interventions according to patients
diagnosis, cultural context, and characteristics of caregiver;
develop more interactive and personalized DHIs formats, such
as artificial intelligence—based scenario simulations, two-way
communication platforms, and longitudinal support programs;
extend follow-up duration and use multimodal outcome
measures that combine patients and family members reported
experiences with clinically relevant indicators, and explore
hybrid online-offline interventionsto support continuity of care
across different phases of the ICU trajectory.

Strengthsand Limitations

This systematic review has several strengths. First, to our
knowledge, this is the first meta-analysis to synthesize and
appraisethe evidence about the effects of DHIson psychological
and related outcomes among family members in the ICU.
Second, we strictly followed PRISMA guidelinesto strengthen
transparency and clarity of reporting. Third, we searched across
9 databases from inception to October 11, 2025, reflecting the
most recent advancements in the field of DHI. Moreover, we
used the Cochrane RoB 2 and GRADE methodol ogy for quality
assessment. Finally, subgroup analyses, sensitivity analyses,
and bias assessment were conducted to validate the stability of
the results and explore potential sources of heterogeneity.

However, there were severa limitations to this review. Firgt,
the considerable heterogeneity among studies, as evidenced by
the wide Pls for our primary outcomes, indicates uncertainty
about the intervention effect. Discrepancies in participants
characteristics and intervention protocols could lead to
inconsistencies and bias in the study findings. Second, the
interventionsincluded in thereview ranged widely, from simple
information websites and SMS text messages to VR- and
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app-based psychotherapy, and intervention duration varied.
Pooling across these fundamentally different modalities may
dilute or obscure which componentswork. Third, whileblinding
interventionists poses difficulties in DHT care settings, the
absence of blinding for study participants and interventionists
in most of theincluded studiesintroduced risks of bias, resulting
in a methodological error. Fourth, the search approach has
certain limitations as it exclusively incorporated papers
published in English or Chinese, rendering findingsfrom articles
in other languages unknown and constraining the global
generaizability of the results. Fifth, while no significant
small-study effectswere detected, the ability of these tests may
be constrained by the limited number of included studies. Hence,
we cannot conclusively dismiss potentia publication bias. Sixth,
the majority of the selected trials were conducted in devel oped
countries. This bias may result from the restricted access to
technology and the low practicality of technology-based
interventions in low-income countries. Seventh, the results
regarding the effect of DHIs on psychological outcomes, QoL,
and communication quality are inconclusive because of the
limited number of studies and the wide Pls. Negligible effects
arelikely from poor statistical power, not a genuine absence of
an intervention effect.

Implications of Nursing Practice

Given the current limitations and low certainty of the evidence,
our findings have limited direct implicationsfor clinical practice
but provide valuable insights for future research. ICU nurses,
as the medical personnel with the most frequent interactions
with patients and their families, are ideally positioned to lead
DHIs [23]. They can facilitate online meetings involving
physicians, patients, and families to dismantle information
barriers, guided by shared decision-making theory. More
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importantly, nurses can leverage digital platforms to enable
personalized communication. Thisnurse-driven, tailored digital
communication strategy not only provides adequate
informational support to mitigate their negative emotions but
also significantly improves communication quality and overall
QoL [63]. The subgroup analyses suggest that DHIS
effectiveness may not be universal but can be enhanced by
tailoring interventions to specific family or patient
characteristics. In the future, using technologies such as
videoconferencing, virtual simulations, and advanced language
models, we can deliver more comprehensive and personalized
psychological support interventionsled by nursesviatheinternet
and mobile devices. Simultaneously, it is hecessary to advocate
large-sample, multicenter, high-quality, and reproducible RCTs
to provide more robust data to support DHI’s findings on the
psychological effectsand QoL of ICU family membersin China.

Conclusions

In conclusion, this study provides the first comprehensive
synthesis of RCT evidence on DHIs for ICU family members,
revealing significant uncertainty in the estimated effects. Despite
its methodological rigor and use of PIs, the conclusions of this
review are constrained by the intrinsically heterogeneous and
low certainty of the existing evidence. Unlike previousreviews,
this work integrates more recent studies and focuses explicitly
on the family members of ICU patients. Future research should
prioritize the development of theory-informed, personalized,
and interactive DHIs. Incorporating mixed methods designsand
targeting high-risk subgroups would be particularly valuable.
Although direct clinica recommendations are limited, DHIs
hold potential for enabling more proactive and individualized
communication strategies for families of ICU patients.
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