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Review Article

Chang Meng®, Zejun Song”, Lingnan Zhang®, Yu Geng, Jing Sun, Guobin Miao*, Peng Liu*

Effects of losartan in patients with NAFLD: A
meta-analysis of randomized controlled trial

https://doi.org/10.1515/biol-2022-0583
received December 08, 2022; accepted February 19, 2023

Abstract: Losartan has become a hot spot in the treat-
ment of non-alcoholic fatty liver disease (NAFLD) among
angiotensin receptor blocker drugs. We sought to conduct a
systematic examination and meta-analysis to examine the
effects of losartan on patients with NAFLD. We searched
for potentially randomized controlled trials in PubMed,
Embase, China National Knowledge Infrastructure,
Wanfang, and the Cochrane database up to October 09,
2022. We used the Cochrane risk of bias tool to evaluate the
study quality. Analysis of subgroups, sensitivity analysis,
and publishing bias were explored. The quality of the
included studies was moderate to high. Six trials involving
408 patients were included. The meta-analysis demon-
strated that aspartate transaminase was significantly
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affected by losartan therapy (mean difference [MD] =
-5.34, 95% confidence interval [CI] [-6.54, —4.13], Z =
8.70, P < 0.01). The meta-analysis subgroup showed
that losartan 50 mg once daily could lower the level
of alanine aminotransferase (MD = -18.92, 95% CI
[-21.18, -16.66], Z = 16.41, P < 0.01). There was no sta-
tistically significant difference in serum total cholesterol,
triglyceride, low-density lipoprotein, and high-density
lipoprotein.

Keywords: losartan, liver function, blood lipids, non-
alcoholic fatty liver disease

1 Introduction

Non-alcoholic fatty liver disease (NAFLD) is a progressive
disease characterized by excessive accumulation of fat
in the liver, typically characterized by simple steatosis
at the onset. These include non-alcoholic steatohepatitis
(NASH), liver fibrosis, cirrhosis, and hepatocellular car-
cinoma [1]. Currently, the pathogenesis of this disease is
believed to be linked to obesity, insulin resistance, type 2
diabetes mellitus, and hyperlipidemia. In recent years,
with the growing incidence of obesity and diabetes,
NAFLD has become the most common chronic liver dis-
ease, with about 25% of the global population suffering
from NAFLD [2]. In addition to lifestyle interventions,
such as exercise and diet, there is still a lack of specific
drugs to treat NAFLD [3]. The pathophysiology of NAFLD,
particularly involving insulin resistance and subclinical
inflammation, is closely related not only to these non-
communicable diseases but also to the severe course of
the infectious disease COVID-19. Damage to glucose and
lipid metabolic pathways, driven by the global rise in
obesity and type 2 diabetes, is likely to be behind the
increase in NAFLD patients [4]. Some studies have also
found that the pathophysiological mechanism of NAFLD
is closely related to liver and fat metabolism [5]. It is
known that alanine aminotransferase (ALT) and aspar-
tate aminotransferase (AST) are indicators of the degree
of hepatocyte damage. A few studies [11,15,16] have

8 Open Access. © 2023 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International

License.


https://doi.org/10.1515/biol-2022-0583
mailto:15931865117@163.com
mailto:szja04030@btch.edu.cn
mailto:zln6051@163.com
mailto:gya02137@btch.edu.cn
mailto:13691175188@163.com
mailto:wanguyisu@163.com
mailto:guobinpeking@163.com

2 — C(Chang Meng et al.

observed that losartan may play a role in reducing trans-
aminase in NAFLD population.

In some studies, angiotensin receptor blockers
(ARBs) have been found to regulate hepatic lipid [4].
In the absence of AT1R, lipid accumulation is reduced
and PPAR is significantly induced. Therefore, AT1R
blockade may be effective in the treatment of NAFLD
or NASH [6]. Although the function of ARBs has been
widely used in animal experiments to prevent NAFLD
complications, there is a lack of clinical data on patients
[7], and the effectiveness of ARBs in the treatment of
NAFLD is still controversial. For example, the effects of
losartan on biochemical variables, hepatic steatosis,
inflammation, and serum biomarkers of fibrosis in patients
have also been mixed [8,9].

Thus, reported results have been contradictory.
Among all ARBs, losartan has the largest number of
randomized controlled clinical studies on NAFLD. In
this study, we carried out a meta-analysis to investigate
the effects of losartan on liver function and blood lipids
in patients with NAFLD.

2 Methods

Our protocol has been registered on the International
Platform of Registered Systematic Review and Meta-analysis
Protocols database (registration number: INPLASY202211
0006, DOI number: 10.37766/inplasy2022.11.0006).

2.1 Search strategy

Two independent researchers (CM and ZJS) conducted
extensive electronic searches for relevant articles published
as of October 9, 2022. The database includes PubMed,
Embase, China National Knowledge Infrastructure,
Wanfang, and the Cochrane database. English retrieval
uses the medical subject title (MeSH) in combination
with the following terms to search: “nonalcoholic fatty
liver disease” and “losartan.” Manually select relevant
randomized controlled trials (RCTs). The Chinese search
uses subject words or synonyms, including “nonalco-
holic fatty liver disease,” “losartan,” and “ARB.”

2.2 Literature screening and data extraction

EndNote (X9 version) software is selected for document
management; two investigators independently evaluated

DE GRUYTER

the eligibility of the identified items. The title and sum-
mary are filtered for the first time, and qualified articles
are reserved for full-text review. Inclusion criteria for
studies meeting the following requirements include (1)
adults or children clinically diagnosed as NAFLD; (2)
treatment with losartan; and (3) outcomes’ indicators,
ALT, AST, Tc, Tg, high-density lipoprotein (HDL), and
low-density lipoprotein (LDL), including one. The subject
may be included in the study. The exclusion criteria are
as follows: (1) non-human research; (2) non-randomized
controlled trial; (3) there are not enough data to extract,
such as the summary of some meetings; literature mate-
rials such as review and pharmacological introduction;
and (4) animal experiment.

2.3 Bias and quality assessment

The two researchers independently evaluated, prelimina-
rily selected and checked the literature data according to
the unified and standardized method, included them
in the literature in strict accordance with the admission
and exclusion criteria, then collected information, and
evaluated the quality of selected articles according to
the quality evaluation standard of Cochrane Reviewer
Handbook 5.1.0 [10] (random sequence generation, allo-
cation concealment, blinding of participants and per-
sonnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other bias).

2.4 Statistical analysis

Revmanb5.3 software is used for meta-analysis. Data that
meet homogeneity (P > 0.10 and I? < 50%) through the
heterogeneity test are meta-analyzed with the fixed-effect
model. If homogeneity (P < 0.10 or P > 50%) is not met,
and heterogeneity cannot be ruled out, random-effect
model can be used to combine effects, but it should be
noted that sensitivity analysis and subgroup analysis
should be considered for the type of analysis data. The
mean difference (MD) and 95% confidence interval (CI)
were calculated.

3 Results

According to the literature search results, 78 literatures
were initially retrieved, 19 duplicates were removed, 47
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95% CI [-21.18, —-16.66], Z =16.41, P < 0.01). The losartan
100 mg once daily [12-14] group failed to show statis-
tical difference between the experimental group and
the control group and only showed a downward trend
(MD = -2.75, 95% CI [-7.32,1.82], Z = 1.18, P = 0.24). The
detailed process is shown in Figure 2a. Six studies
[11-16] reported the changes of AST (Figure 2b). There
was no heterogeneity between the literatures. Fixed
effects were used for analysis. Meta-analysis showed
that losartan could reduce the AST level in the exp-
erimental group (MD = -5.34, 95% CI [-6.54, —4.13],
Z =8.70, P < 0.01).

Two studies [11,13] reported the changes in LDL
(Figure 3a), and there was heterogeneity between litera-
tures. Randomized effects were used for analysis. Meta-
analysis showed that losartan did not show statistical
difference between the experimental group and the
control group (MD = -0.33, 95% CI [-0.86,0.20], Z = 1.21,
P =0.23). Three studies [11,13,14] reported the changes in
HDL (Figure 3b). There was no heterogeneity between

(a) Alanine aminotransferase

Experimental Control
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the literatures. Fixed effects were used for analysis.
Meta-analysis showed that losartan did not show statis-
tical difference between the experimental group and
the control group (MD = -0.01, 95% CI [-0.07,0.04],
Z = 0.50, P = 0.62). Four studies [11,13,14,16] reported
the changes in TC (Figure 3c) and TG (Figure 3d). There
was no heterogeneity between the literatures. Fixed
effects were used for analysis. Meta-analysis showed
that losartan in the experimental group did not show
statistical difference between the experimental group
and the control group (MD = -0.01, 95% CI [-0.06,0.05],
Z=0.20, P=0.84) (MD = 0.01,95% CI [-0.11,0.14], Z= 0.19,
P =0.85).

The funnel chart analysis (publication bias analysis)
of the indicators included in the study shows that the
inverted funnel chart of each indicator is basically sym-
metrical, indicating that there is no publication bias.
However, the number of relevant studies is relatively
small, and there may be some errors in the analysis of
the inverted funnel chart.

Mean Difference Mean Difference

1 _Weigh 1V, Fix 5% Cl 1V, Fixed. 95% Cl
3.1.1 50mg
Chen 2020 3234 531 38 51.14 5.32 38 71.8% -18.80[-21.19,-16.41] |
Liu 2019 32 13 25 52 15 25 6.8% -20.00 [-27.78, -12.22] -
McPherson S 2017 325 18.25 18 52 28.75 19 1.7% -19.50 [-34.93, -4.07] -
Subtotal (95% CI) 81 82 80.3% -18.92[-21.18, -16.66] ‘
Heterogeneity: Chi? = 0.09, df = 2 (P = 0.96); 12 = 0%
Test for overall effect: Z = 16.41 (P < 0.00001)
3.1.2100mg
Fogari 2012 54 13 75 57 16 75 18.9% -3.00 [-7.67, 1.67] ™
Hirata 2013 464 287 7 503 323 12 0.5% -3.90 [-31.94, 24.14] - 1
Vos 2022 133 76 26 117 64 26 0.3% 16.00[-22.19, 54.19] ]
Subtotal (95% Cl) 108 113 19.7% -2.75[-7.32, 1.82] ‘
Heterogeneity: Chi? = 0.94, df =2 (P = 0.62); I? = 0%
Test for overall effect: Z=1.18 (P = 0.24)
Total (95% CI) 189 195 100.0% -15.74 [-17.77, -13.71] (]
Heterogeneity: Chi? = 39.66, df = 5 (P < 0.00001); I = 87% ' y y 1
Test fo? over:II effect: Z = 15.23 (P(< 0.00001) ) =109 L 2 = 160
_ . Favours [experimental] Favours [control]
Test for subaroup differences: Chi? = 38.63. df = 1 (P < 0.00001). 12 = 97.4%
(b) Aspartate aminotransferase
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fix 5% Cl
Chen 2020 31.32 284 38 37.04 283 38 89.0% -5.72[-6.99, -4.45]
Fogari 2012 59 17 75 59 17 75 4.9% 0.00 [-5.44, 5.44] T
Hirata 2013 323 123 7 353 19 12 0.7% -3.00[-17.09, 11.09] -1
Liu 2019 3 10 25 36 11 25 43% -5.00[-10.83, 0.83] ™
McPherson S 2017 a1 17 17 36 23.25 16 0.7% -5.00[-18.97, 8.97] -
Vos 2022 69 39 26 62 33 26 04% 7.00[-12.64, 26.64] -1
Total (95% Cl) 188 192 100.0% -5.34 [-6.54, -4.13] {
it Chi2 = = = .12 = 199 k t t i
Heterogeneity: Chi? = 5.68, df = 5 (P = 0.34); 1= 12% £100 50 0 50 100

Test for overall effect: Z = 8.70 (P < 0.00001)

Favours [experimental] Favours [control]

Figure 2: Forest plots of the losartan therapy on liver function. (a) ALT and (b) aspartate aminotransferase.
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(a) low density lipoproteine

Experimental Control

Effects of losartan in patients with NAFLD

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% Cl IV, Random, 95% CI
Fogari 2012 2.89 0.13 75 3.02 0.21 75 651%  -0.13[-0.19, -0.07]
McPherson S 2017 1.9 0.93 13 26 07 15 34.9%  -0.70[-1.32, -0.08]
Total (95% CI) 88 90 100.0% -0.33 [-0.86, 0.20]
i Tauz = 0 11+ Chiz = » = .12 = 699 ' } t + i
_II-_|et¢te;ogene|tyl.lT?fu : 3.111, ;hl - _3.0225df 1(P=0.07); I?=69% 100 50 0 50 100
estfor overall effect: Z = 1.21 (P = 0.23) Favours [experimental] Favours [control]
(b) High density lipoproteine
Experimental Control Mean Difference Mean Difference
r r Mean D Total Mean D Total Weight IV, Fix 5% Cl IV, Fix 5% Cl
Fogari 2012 1.16 0.18 75 1.16 0.18 75 87.7% 0.00 [-0.06, 0.06]
Hirata 2013 1.18 0.28 7 1.32 0.33 12 3.7% -0.14[-0.42,0.14]
McPherson S 2017 1 0.28 16 1.1 0.25 16  8.6% -0.10[-0.28,0.08]
Total (95% ClI) 98 103 100.0% -0.01 [-0.07, 0.04]
2 = 2 = )9 I t T + d
?etsta;ogenelty" Cff;l t 12850cg0 li(P0 6(;40) 12=0% ~100 50 0 50 100
et e e 50 ( 62) Favours [experimental] Favours [control]
(c) Total cholesterol
Experimental Control Mean Difference Mean Difference
__Study or Subgroup Mean _SD Total Mean SD Total Weight 1V, Fixed, 95% Cl 1V, Fixed. 95% CI
Fogari 2012 486 0.18 75 4.86 0.18 75 98.1% 0.00 [-0.06, 0.06]
Hirata 2013 5.14 0.82 7 549 0.77 12  0.6% -0.35[-1.10, 0.40]
Liu 2019 41 1.2 25 43 11 25 0.8% -0.20[-0.84,0.44]
McPherson S 2017 4 135 16 44 0.95 18  0.5% -0.40[-1.19,0.39]
Total (95% ClI) 123 130 100.0% -0.01 [-0.06, 0.05]
Heterogeneity: Chi? = 2.16, df = 3 (P = 0.54); I = 0% 100 00
Test for overall effect: Z = 0.20 (P = 0.84) Favours [experlmental] Favours [control]
(d) Triglycerides
Experimental Control Mean Difference Mean Difference
r r Mean D Total Mean D Total Weight 1V, Fix: % Cl IV, Fix % Cl
Fogari 2012 1.73 042 75 1.73 042 75 89.9% 0.00[-0.13,0.13]
Hirata 2013 1.38 0.57 7 145 0.62 12 5.4% -0.07 [-0.62, 0.48]
Liu 2019 21 13 12 17 1.2 25 21% 0.40[-0.47,1.27]
McPherson S 2017 2 143 17 1.7 0.88 18  2.6% 0.30[-0.49, 1.09]
Total (95% CI) 111 130 100.0% 0.01[-0.11, 0.14]
Heterogeneity: Chiz = 1.38, df = 3 (P = 0.71); 1= 0% : 50 : 00’

Test for overall effect: Z = 0.19 (P = 0.85)

Favours [experlmental] Favours [control]

Figure 3: Forest plots of the losartan therapy on blood lipids. (a) LDL; (b) HDL; (c) total cholesterol; and (d) triglyceride.

4 Discussion

At present, NAFLD is the most common but also the most
easily ignored disease by patients and clinicians, and its
related complications include liver dysfunction, portal
hypertension, liver fibrosis, and cirrhosis. However, in
clinical practice, NAFLD is still mainly treated by lifestyle
interventions, such as diet adjustment and exercise.
Currently, the clinical or guidelines are temporarily.
There is no drug specifically recommended. Moreira de
Macédo [17] found that the renin-angiotensin system
(RAS), as an important regulator, plays an important
role in the metabolic process of the body. The potential
therapeutic effect of angiotensin-converting enzyme 2
(ACE2) on the regulation of RAS has become a new

research direction. Meta-analysis was used in this study
to analyze the effect of ACEI/ARB drugs on NAFLD and
provide evidence of evidence-based medicine for the
clinical application of ACEI/ARB.

The mechanisms of ACEI/ARB in the treatment of
NAFLD mainly include the following three aspects: (1)
improving insulin resistance (IR). On the one hand, angio-
tensin II can improve IR by regulating the expression of
certain signaling molecules in liver, muscle, and adipose
tissue and enhancing insulin negative feedback [18].
Meanwhile, it can reduce systolic blood pressure to a
certain extent [19]. (2) ACEI/ARB can improve oxidative
stress by upregulating the transcription of ACE2 mRNA;
ACEI/ARB can inhibit the c-Jun amino-terminal kinase
pathway activated by reactive oxygen species (ROS) by
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upregulating the expression of ACE2 gene mRNA. At
the same time, it can improve local tissue perfusion
and oxygenation by reducing Ang |l-mediated vasocon-
striction, reduce the increase of ROS caused by fatty
acid accumulation, and inhibit nuclear factor kB. The
activation of the pathway can further improve the occur-
rence of metabolic diseases related to inflammation by
blocking the activation of related inflammatory factors
[20-22]. (3) ARBs can be activated as selective peroxi-
some proliferators to play a protective role in the liver.
At the same time, lipid metabolism can be further
improved through the activation and enhancement of
adiponectin [23,24]. It can also downregulate the expres-
sion of liver sterol regulatory factor-binding protein,
inhibit the uptake of lipids by liver cells, reduce hepa-
tocyte steatosis, inhibit the overexpression of cytokine
signal transduction inhibitor 3 (SOC-3) in liver tissue,
and improve IR and homeostasis of grape [25]. There-
fore, ARBs has become a promising new strategy for the
prevention and treatment of chronic liver disease, as
well as a new therapeutic option for the prevention
and treatment of chronic liver disease.

5 Conclusion

Meta-analysis results of this study show that losartan can
reduce the level of glutamic oxaloacetic transaminase in
patients with NAFLD. In the subgroup analysis, losartan
50 mg once a day can reduce the level of glutamic oxa-
loacetic transaminase, and the clinical effect is more
accurate. This study shows that the effect of losartan on
improving lipid (TC, TG, LDL) levels is not ideal. The
results of this study not only summarize the population
of different countries but also creatively include the
NAFLD population of the underage [12]. While further
increasing the sample size, the results of all populations
are also comprehensively presented. To sum up, losartan
50 mg once daily can significantly improve the liver func-
tion of NAFLD patients, and its clinical efficacy is rela-
tively accurate. If there is no contraindication, it should
be used as early as possible. We can also find that there
are few large sample RCTs about losartan in the treatment
of NAFLD, and more high-quality RCTs are needed to
supplement and evaluate. Of course, this study also has
some limitations. The current number of studies is rela-
tively small, and more RCTs are needed to support it in
the future.
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Abstract: Low molecular weight heparin (LMWH) is often
used to prevent perioperative venous thrombosis after sur-
gery, but aspirin is also recommended by academics. Studies
were searched in electronic databases until February 24,
2023. We performed a meta-analysis to evaluate the safety
and efficacy of aspirin and LMWH for venous thromboem-
bolism (VTE) prophylaxis in patients after orthopedic sur-
gery. The outcomes were death from any causes, deep vein
thrombosis (DVT), pulmonary embolism (PE), etc. This study
was registered with INPLASY, number 202320117. Six rando-
mized controlled trials enrolled 13,851 patients with post-
operative joint surgery. The risk of DVT was comparable
between the two groups when aspirin was combined with
mechanical devices (RR 0.61 [95% CI 0.27-1.39], I? = 62%, P =
0.24). No significant differences in all cause death, PE, wound
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infection, and wound complication were found between the
aspirin and LMWH groups. In this meta-analysis, the mor-
tality rate was comparable between the aspirin and LMWH
groups. However, aspirin alone had a higher risk of DVT than
LMWH. Based on the results of this meta-analysis, we suggest
aspirin combined with mechanical devices for VTE prophy-
laxis in patients after orthopedic surgery.

Keywords: aspirin, low-molecular-weight heparin, venous
thromboembolism, joint surgery

1 Introduction

Venous thromboembolism (VTE) is a serious consequence
in patients with orthopedic trauma [1]. Some clinical guide-
lines recommend the use of thromboprophylaxis after
orthopedic surgery to reduce the risk of VTE after ortho-
pedic surgery and to reduce the associated risk of death
and complications [2,3].

Previous studies have analyzed the efficacy and safety
of aspirin and low molecular weight heparin (LMWH) in
different orthopedic patients [4]. Recent large randomized
clinical trials (RCTs) [5] have filled a gap in antithrombotic
therapy in patients with surgically treated fractures. The
results of most studies indicate that aspirin and low mole-
cular weight have similar outcome markers, but the sample
sizes of most studies are relatively small. Some studies have
also analyzed the advantages of aspirin combined with
mechanical devices to prevent venous thrombosis. After
all, aspirin as an oral drug has irreplaceable convenience
compared with LMWH, but LMWH as a clotting pathway
inhibitor also plays a very important role in thrombosis.

O’Toole et al. [5] included patients who had had sur-
gery for a broken limb or had any pelvic or acetabular
fractures at multiple centers, and the results showed that
aspirin’s thromboprophylaxis was no less effective at pre-
venting death than LMWH. Anderson et al. [6] included
total hip arthroplasty patients, and by extending the appli-
cation time of aspirin to 28 days, compared with the LMWH
group, the incidence of deep vein thrombosis (DVT) was
similar between the two groups. The author mentioned

8 Open Access. © 2023 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International License.
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that considering economic factors, aspirin could also be
considered for clinical application.

Several subsequent studies [7-10] have looked at similar
issues in patients undergoing joint replacement surgery, but
with different drug timings and follow-up times. Recent stu-
dies [11] have analyzed the effect of other anticoagulant drugs
on the prevention of DVT, which is also the direction of future
research. Three studies [8-10] combined with mechanical
devices, also offer new solutions for future treatment. In
this meta-analysis, we summarized previously published
RCTs to investigate the efficacy and safety of aspirin and
LMWH in antithrombotic therapy for patients after ortho-
pedic surgery.

2 Methods

We carried out the meta-analysis in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses guidelines [12]. Our protocol has been regis-
tered on the International Platform of Registered Systematic
Review and Meta-analysis Protocols database (Inplasy pro-
tocol: INPLASY202320117), and is available in full on inplasy.com
(https://inplasy.com/inplasy-2023-2-0117). Ethics approval
was not required for our work.

Pubmed (n=62)
Embase (n=64)
Cochrane Library (n=163)

) 4

Records screened based on title
and abstract (n=152)

Full-text reports assessed for
eligibility (n=30)

A 4

Appropriate studies (n=6)

Figure 1: The flow chart of the search and study selection process.
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2.1 Search strategy

Three independent researchers conducted extensive elec-
tronic searches for relevant articles published until February
24, 2023. The database includes PubMed, Embase, and the
Cochrane database. Manually select relevant randomized
controlled trial. The search strategy of the literature is shown
in Table Al

2.2 Inclusion and exclusion

EndNote (X9 version) software is selected for document
management; two investigators independently evaluated
the eligibility of the identified items. The title and summary
are filtered for the first time, and qualified articles are
reserved for full-text review. Inclusion criteria for studies
meeting the following requirements include: (1) patients after
postoperative joint surgery, (2) treat with aspirin or LMWH,
and (3) outcome indicators: all cause death, DVT, pul-
monary embolism (PE), wound infection, wound complication,
including one. We excluded studies enrolling patients <18
years old, and there was not enough data to extract, such as
the summary of some meetings, literature materials such as
review and pharmacological introduction. We contacted the
authors if associated data from their studies were required.

=» Duplicate removed (n=137)

=* Records excluded (n=122)

=+ Full-text reports excluded (n=24)
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Aspirin LMWH Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixe]d. 95% CI
Anderson 2013 0 380 1 388 3.2% 0.35([0.01, 8.54)]
OToole 2023 47 6101 45 6110 96.8% 1.05[0.70,1.57]
Total (95% Cl) 6481 6508 100.0%  1.02[0.68, 1.53]
Total events 47 46
Heterogeneity: Chi*= 0.45, df=1 (P = 0.50); IF= 0% f f - f {
o s 0.01 0.1 1 10 100
Testfor overall effect: Z=0.12 (P=0.91) Favours [Aspirin] Favours [LMWH]
Figure 2: The outcomes of all cause death.
Aspirin LMWH Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed. 95% CI
Anderson 2013 0 380 3 388 36% 0.15[0.01,2.89) ¢
Gelfer 2006 0 61 1 60 1.6% 0.33[0.01,7.89]
OToole 2023 90 6101 90 6110 94.8% 1.00[0.75, 1.34] T
Total (95% Cl) 6542 6568 100.0%  0.96 [0.72, 1.28]
Total events 90 94
Heterogeneity: Chi*= 2.03, df= 2 (P = 0.36); IF= 2% =0 - 051 ; 1=0 100’

Test for overall effect: Z=0.28 (P = 0.78)
Figure 3: The outcomes of PE.

the aspirin and LMWH groups (RR 1.02 [95% CI 0.68-1.53],
I2 = 0%, P = 0.91). The data of PE were available from three
trials (Figure 3). No significant differences were found
between the aspirin and LMWH groups (RR 0.96 [95% CI
0.72-1.28], I? = 2%, P = 0.78). The data of wound infection
were available from two trials (Figure 4). No significant
differences were found between the aspirin and LMWH
groups (RR 1.07 [95% CI 0.82-1.40], I* = 0%, P = 0.60).

The data of DVT were available from six trials (Figure 5).
There is no significant differences between the aspirin and
LMWH groups (RR 0.92 [95% CI 0.56-1.51], I = 63%, P = 0.73).
In the subgroup analysis, we saw that the risk of DVT in the
aspirin alone group was higher than that in the low mole-
cular heparin group (RR 1.43 [95% CI 1.14-1.80], I> = 0%, P =
0.002), but the risk of DVT was comparable between the two
groups when aspirin was combined with mechanical devices
(RR 0.61 [95% CI 0.27-1.39], I? = 62%, P = 0.24). The data of
wound complication were available from five trials (Figure 6).
There is no significant differences between the aspirin and

Favours [Aspirin] Favours [LMWH]

LMWH groups (RR 1.13 [95% CI 0.72-1.76], I? = 35%, P = 0.60).
There was no statistically significant difference between
aspirin alone and aspirin combined with mechanical devices
(RR 1.14 [95% CI 0.67-1.94], I* = 64%, P = 0.63; OR 1.09 [95% CI
0.48-2.47], > = 0%, P = 0.84).

We used Revman to investigate the influence of a
single study on the overall pooled estimate of each prede-
fined outcome. We found that the removal of any one study
would not affect the following results. The results of the
risk of bias assessment with the RoB2 of randomized con-
trol trials are summarized in the Table Al

4 Discussion

Studies have reported that approximately 1.5 million hip
and knee arthroplasty procedures are performed each
year in the United States [15,16]. The incidence of surgical

Aspirin LMWH Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed. 95% CI
Anderson 2013 10 400 12 385 11.6% 0.80[0.35,1.83)
OToole 2023 103 6101 93 6110 88.4% 1.11[0.84, 1.46)
Total (95% Cl) 6501 6495 100.0% 1.07 [0.82, 1.40]
Total events 113 105

Heterogeneity: Chi*= 0.53, df=1 (P=0.47); F=0%
Test for overall effect: Z= 0.53 (P = 0.60)

Figure 4: The outcomes of wound infection.
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Aspirin LMWH

Study or Subgroup
1.4.1 Aspirin
Anderson 2013 1 380 2 398
OToole 2023 151 6101 103 6110
Zou 2014 18 110 14 112
Subtotal (95% Cl) 6591 6620
Total events 170 119

Heterogeneity: Tau*= 0.00; Chi*=0.79, df= 2 (P=0.67); F=0%

Test for overall effect. Z= 3.06 (P = 0.002)

1.4.2 MCD

Colwell 2010 10 196 11 196
Gelfer 2006 4 61 17 60
Jiang 2014 10 60 11 60
Subtotal (95% Cl) 317 316
Total events 24 39

3.8%
28.6%
20.2%
52.6%

16.5%
13.3%
17.6%
47.4%

Aspirin versus LMWH for VTE prophylaxis after orthopedic surgery

Risk Ratio

Events Total Events Total Weight M-H, Random, 95% Cl

Risk Ratio
M-H. Random, 95% CI

0.52 [0.05, 5.75]
1.47 [1.15,1.88]
1.31 [0.69, 2.50]
1.43[1.14, 1.80]

0.91 [0.40, 2.09]
0.23 [0.08, 0.65]
0.91 [0.42, 1.98]
0.61[0.27, 1.39]

Heterogeneity: Tau*=0.33; Chi*=5.29, df= 2 (P=0.07), F=62%

Test for overall effect: Z=1.18 (P=0.24)

6908
194

Total (95% CI)

Total events 158

6936 100.0%

0.92[0.56, 1.51]

Heterogeneity: Tau*=0.21; Chi*=13.69, df=5 (P =0.02); F=63%

Test for overall effect: Z=0.34 (P=0.73)

Test for subaroun differences: Chi*= 3.85. df=1 (P =0.05). F=741%

Figure 5: The outcomes of DVT.

symptomatic VTE in patients is about 2%, posing a serious
threat to postoperative recovery [11,17]. The prevention of
DVT has become the focus of many scholars. LMWH has
traditionally been used for anticoagulant therapy. In recent
years, the use of aspirin-based thromboprophylaxis has
increased [18,19]. This meta-analysis discussed the efficacy

Aspirin LMWH
Study or Subgroup
1.5.1 MCD
Colwell 2010 0 196 1 196
Gelfer 2006 10 61 8 60
Subtotal (95% Cl) 257 256
Total events 10 9

Heterogeneity: Chi*= 0.60, df=1 (P=0.44); F=0%
Test for overall effect: Z=0.20 (P = 0.84)

1.5.2 Aspirin

Anderson 2013 19 400 8 385
OToole 2023 8 6101 14 6110
Zou 2014 2 110 3 112
Subtotal (95% ClI) 6611 6607
Total events 29 25

Heterogeneity: Chi*= 5.56, df= 2 (P = 0.06);, F=64%
Test for overall effect: Z=0.49 (P = 0.63)

Total (95% Cl) 6868 6863
Total events 39 34
Heterogeneity: Chi*=6.15, df=4 (P=0.19); F= 35%
Test for overall effect: Z=0.52 (P = 0.60)

4.3%
23.3%
27.6%

23.5%
40.3%

8.6%
72.4%

100.0%

very reliable.

Risk Ratio

Events Total Events Total Weight M-H, Fixed, 95% ClI

<>

0.01

0.1 10
Favours [Aspirin] Favours [LMWH]

Risk Ratio
M_-H. Fixed, 95% CI

100

and safety of aspirin and LMWH in patients after orthopedic
surgery by summarizing several RCTs. Our article had a
large sample size and high quality, and the results were

However, regarding aspirin in the prevention of DVT
in patients after orthopedic surgery, the efficacy of aspirin

0.33[0.01,8.13]
1.23[0.52, 2.90]
1.09[0.48, 2.47]

2.2901.01,5.16]
0.57 [0.24, 1.36]
0.68[0.12, 3.98]
1.14[0.67, 1.94]

1.13[0.72, 1.76]

Test for subaroun differences: Chi*=0.01. df=1 {P=093). F=0%

Figure 6: The outcomes of wound complication.
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as the only prophylactic drug is also questioned [20], which
is consistent with the results of this study. In this meta-
analysis, we could see that there was no statistical differ-
ence between the aspirin group and the LMWH group in
the prevalence of PE and wound complications. In terms
of the incidence of DVT, we can see that aspirin alone is
worse than LMWH, and aspirin combined with mechanical
device changes this outcome. This may seem different from
the conclusions of individual studies, but it is probably the
most realistic conclusion because our analysis included a
large sample size and relied on standardized statistical
analysis, after all, aspirin is more commonly used as an
antiplatelet agent for the prevention of arterial emboliza-
tion events. Therefore, we suggest that aspirin combined
with mechanical auxiliary devices can be considered in the
prevention of DVT after orthopedic surgery. On the one
hand, aspirin can reduce the pain of patients, and it is
easy to operate and implement. Future research can further
explore the advantages and disadvantages of different
mechanical devices, and provide a more simple and fea-
sible program for patients after fracture surgery. Recent
studies compared the risk of thromboembolic events
under different routes of administration, which also pro-
vides some inspiration for this study [21]. There are also
studies that female patients have a low risk of gynecological
surgery embolization events, and gender classification is
also one of the future research directions [22]. The metabolic
pathways of embolic events have also been studied, which
may also be one of the future research directions [23].

There are several limitations to be mentioned. First,
we included several RCTs, in which different populations
had different oral aspirin doses, medication cycles, and
follow-up times, which may have increased the heteroge-
neity of the findings. Second, the number of patients was
relatively small and some follow-up outcomes could not be
obtained. For example, the cerebral function in different
oxygen supply strategies could not be evaluated for cardiac
arrest patients.

5 Conclusion

Death rates were comparable between the aspirin group
and the LMWH group. Based on the results of this meta-
analysis, we recommend the use of aspirin in combination
with mechanical devices for the prevention of VTE in
patients after orthopedic surgery.
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Appendix

Blinding of participants and personnel (performance hias)

Random sequence generation (selection hias)

Allocation concealment (selection hias)
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Figure A1: Risk of bias graph.

Table A1: Search strategy

Electronic database

Search strategy

PubMed (NCBI)

Embase

Cochrane

(“aspirin”[Title/Abstract] OR “acetylsalicylic acid”[Title/Abstract] AND (“Low molecular weight heparin”[Title/Abstract] OR
“Imwh”[Title/Abstract] OR “nadroparin”[Title/Abstract] OR “Lovenox”[Title/Abstract] OR “heparin”[Title/Abstract]) AND
(“cataclasis”[Title/Abstract] OR “fracture”[Title/Abstract] OR “joint”[Title/Abstract] OR “articulation”[Title/Abstract] OR
“arthroplasty”[Title/Abstract]) AND (“randomized controlled trial” OR “randomized” OR “placebo” OR “randomly” OR
“trial”)

#1 (‘aspirin’:ab,ti OR ‘acetylsalicylic acid’:ab,ti)

#2 (‘Low molecular weight heparin’ab,ti OR ‘lmwh’:ab,ti OR ‘nadroparin’ab,ti OR ‘Lovenox’:ab,ti OR ‘heparin’:ab,ti)
#3 (‘cataclasis’:ab,ti OR “fracture’:ab,ti OR joint:ab,ti OR ‘articulation’:ab,ti OR ‘arthroplasty’:ab,ti)

#4 (‘randomized controlled trial:ab,ti OR ‘randomized’:ab,ti OR ‘placebo’:ab,ti OR ‘randomly’:ab,ti OR ‘trial’:ab,ti)

#5 #1 AND #2 AND #3 AND #4

(aspirin OR acetylsalicylic acid) AND (Imwh OR Low molecular weight heparin OR nadroparin OR Lovenox OR heparin)
AND (cataclasis OR fracture OR joint OR articulation OR arthroplasty)
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Abstract

Objectives Several clinical trials have evaluated the efficacy and safety of baricitinib in COVID-19 patients. Recently,
there have been reports on critical patients, which are different from previous research results. The meta-analysis
was performed to investigate the effects of baricitinib in COVID-19, by pooling data from all clinically randomized
controlled trials (RCTs) available to increase power to testify.

Methods Studies were searched in PubMed, Embase, and Cochrane Library databases on January 31, 2023. We
performed a meta-analysis to estimate the efficacy and safety of baricitinib for the treatment of hospitalized adults
with COVID-19.This study is registered with INPLASY, number 202310086.

Results A total of 3010 patients were included in our analyses. All included studies were randomized controlled trials
or prospective study. There was no difference in 14-day mortality between the two groups [OR 0.23 (95% Cl 0.03-
1.84), P=72%, P=0.17]. In subgroup analyses we found that baricitinib did not seem to improve significantly in 24-day
mortality critically ill patients [OR 0.60 (95% Cl 0.35-1.02), ?=0%, P=0.06]. Fortunately, baricitinib have led to faster
recovery and shorter hospital stays for COVID-19 patients. There were no difference in infections and infestations,
major adverse cardiovascular events, deep vein thrombosis and pulmonary embolism.

Conclusions Baricitinib did not increase the incidence of adverse reactions. At the same time, we can find that it
reduces the mortality of COVID-19 patients, not including the critically ill.
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Introduction

Many COVID-19 remains an important cause of death
in recent years, especially among unvaccinated people
with comorbidities or the elderly. A large number of
literatures have reported that SARS-CoV-2 infection is
often accompanied by excessive inflammation, which
may lead to multiple organ dysfunction and even death
[1-3]. People are constantly seeking for better drugs
to improve patient mortality, including Baricitinib [4].
Barisinib is an oral Janus kinase (JAK) 1/2 inhibitor that
was previously approved by the European Medicines
Agency (EMA) for several chronic autoimmune dis-
eases [5].

Studies have found that barisinib can reduce inflam-
matory storms, and serological examination showed that
the application of the drug reduced cytokines and bio-
markers related to the pathophysiology of COVID-19 in
patients [6—8]. Later, World Health Organization (WHO)
guidelines recommended the use of baricitinib, a Jak 1,2
inhibitor, for hospitalized COVID-19 patients receiving
corticosteroid treatment. However, at that time, the rel-
evant clinical evidence was relatively limited, so WHO
recommended initiation of treatment “depending on
availability,” as well as “clinical and contextual factors” [9].

In the past, five clinical studies [4, 6, 10—-12] have com-
pared the efficacy and safety endpoint of baricitinib and
placebo for COVID-19 patients. We analyzed 14-day
mortality, 28-day mortality, recovery and shorter hospital
stays as efficacy endpoints of the study. The safety out-
comes include infections and infestations, major adverse
cardiovascular events, deep vein thrombosis and pulmo-
nary embolism. Although all of these studies included
patients with COVID-19, the severity of the groups
included in different studies varied, and their conclu-
sions were inconsistent. While the novel coronavirus is
still prevalent today, many countries are facing multiple
rounds of virus impact. Our study systematically evalu-
ated the mortality, length of stay and related adverse
events of hospitalized patients with COVID-19 after the
application of basitinib, which will provide certain guid-
ance for clinical practice.

Methods

We carried out the meta-analysis in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guidelines [13]. Our protocol
was registered on the International Platform of Regis-
tered Systematic Review and Meta-analysis Protocols
database (Inplasy protocol: INPLASY202310086), and is
available in full on inplasy.com (https://inplasy.com/inpla
sy-2023-1-0086). Ethics approval was not required for
our work.
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Search strategy

Three independent researchers (Jing Sun, Shufang Wang
and Xin Ma) conducted extensive electronic searches for
relevant articles published on Jan 31, 2023. The database
includes PubMed, Embase and the Cochrane database.
Manually select relevant randomized controlled trial. The
search strategy of the literature was shown in the supple-
ment (Additional file 1: Table S1).

Inclusion and exclusion

EndNote (X9 version) software is selected for document
management, two investigators independently evaluated
the eligibility of the identified items. The title and sum-
mary are filtered for the first time, and qualified articles
are reserved for full-text review. The included studies
were randomized controlled trials. Inclusion criteria
for studies meeting the following requirements include:
(1) Patients of hospitalized adults with COVID-19. (2)
Treatment with baricitinib or placebo or conventional
therapy. (3) Outcomes Indicators: Death from any cause/
Duration of hospitalization/ Median time to recovery/
Infections and infestations/Major adverse cardiovascular
events (MACEs)/Pulmonary embolism (PE)/Deep vein
thrombosis(DVT), including one. We excluded animal
testing, studies enrolling patients < 18 years old, and there
was not enough data to extract, such as the summary
of some meetings, literature materials such as review
and pharmacological introduction. Documents that are
not consistent with the content of this study will also be
excluded. We contacted the authors if associated data
from their studies were required.

Bias & quality assessment

The two researchers independently evaluated, prelimi-
narily selected and checked the literature data according
to the unified and standardized method, and included
them in the literature in strict accordance with the admis-
sion and exclusion criteria, and then collected informa-
tion. Evaluate the quality of selected articles according
to the quality evaluation standard of Cochrane Reviewer
Handbook 5.1.0 [14].

Data synthesis and analysis

Revman5.3 were used for meta-analysis. Data which met
homogeneity (P>0.10 and 12 <50%) through heterogene-
ity test were meta-analyzed using fixed effect model. If
homogeneity (P<0.10 or I2>50%) was not met, and het-
erogeneity cannot be ruled out, random effect model can
be used to combine effects [15]. While it should be noted
that sensitivity analysis and subgroup analysis should be
considered for this type of analysis data. Results were
expressed as odds ratio (OR) with a 95% confidence
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interval (CI) with discontinuous outcomes. For the con-
tinuous outcomes, mean differences (MD) and 95%
ClIs were estimated as effective. Some included RCTs
reported median as the measure of treatment effect, with
interquartile range (IQR). We estimated the mean from
median and standard deviations (SD) from IQR using
the methods described in the previous studies [16]. A
p-value <0.05 was considered statistically significant.

Pubmed (n=83)
Embase (n=94)
Cochrane Library (n=65)

--------- = = = Duplicate removed (n=73)

Records screened based on title
and abstract (n=169)

Records excluded (n=143)
___________ —» Non-human trial(n=24)

Review or meta-analysis (n=42)
Unrelated to topic (n=77)

Full-text reports assessed for
eligibility (n=26)

Full-text reports excluded (n=21)
___________ —» Full text unavailable(n=6)
Data couldn’t be extracted (n=3)
Unrelated to topic (n=12)

Appropriate studies (n=5)

Fig. 1 The flow chart of the search and study selection process
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Results

The flowchart (Fig. 1) summarizes the search and study
selection process. A total of 242 related literatures were
retrieved, of which 73 were excluded due to duplication.
143 studies were also excluded after reading the titles
and abstracts. The remaining 26 studies were assessed
by reading the full texts. Data from 5 trails evaluating
the Efficacy and safety of baricitinib for the treatment of
hospitalized adults with COVID-19 were included.

The main features of included trials are presented in
Table 1. A total of 3010 patients were included in our
analyses. All included studies were randomized con-
trolled trials or prospective study. All of the studies were
comparing the efficacy and safety of baricitinib for the
treatment of hospitalised adults with COVID-19. The
first three of the five studies in Table 1 are for hospital-
ized patients who have all been diagnosed with COVID-
19, and the last two are for critically ill COVID-19
patients who have severe oxygenation disorder or receive
mechanical ventilation/extracorporeal membrane oxy-
genation. No differences were observed in terms of pro-
portion of patients lost to follow up across trials.

The efficacy outcomes are summarized in Fig. 2A, B, C
and D in the Additional file 2: Figure S2AB). There was
no difference in 14-day mortality (A) between the two
groups [OR 0.23 (95% CI 0.03-1.84), ’=72%, P=0.17].

Table 1 Design and outcomes of the studies included in the meta-analysis

Num Author/Year Design Intervention assignments  Participants Outcomes
Baricitinib Control Sample size, n Mean age, Male:Female, Time of
years(B/C) (B/C) medication
1 Bronte/2020  PS,MC  4mg bid for 2 conven- 76 68/77.5 7:13/31:25 7 days All cause deaths;
days, followed tional Incidence of ARDS;
by 4mg qd therapy Duration of hospitali-
zation
2 Kalil/2021 RCTsMC 4-mg qd Placebo 1033 55/55.8 319:196/333:185 14 days 14-day mortality,
or until hos-  28-day mortal-
pital ity Median time
discharge  torecovery
3 Marconi/2021 RCTsMC 4-mg qd Placebo 1525 57.8/575  490:274/473:288 14 days 28-day mortal-
ity; Median time
to recovery; Duration
of hospitalisation
4% Ely/2022 RCTsMC 4-mg qd Placebo 101 584/588  25:26/30:20 14 days 28-day
mortality;Treatment-
emergent infection;
DVT; PE; MACEs
5% Trgseid/2023  RCTsMC 4-mg qd Placebo 275 59/60 112:27/99:37 14 days 28-day mortality;

60-day mortality;
Infections and infes-
tations; DVT; PE;
MACEs

ARDS Acute respiratory distress syndrome; B/C baricitinib group/ control group; Bid twice daily; DVT deep vein thrombosis; MACEs Major adverse cardiovascular
events; MC Multicenter; PE pulmonary embolism; PS prospective study; Qd Once a day; RCTs randomized clinical trials

* Severe or critical COVID-19
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Baricitinib Control Odds Ratio Odds Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bronte 2020 1 20 25 56 40.1% 0.07(0.01,052) ¥ ®&——
Kalil 2021 8 515 15 518 59.9% 0.531[0.22,1.26] ——
Total (95% Cl) 535 574 100.0% 0.23[0.03, 1.84] S —
Total events 9 40
i 2 - Chiz= - = RB= I + t J
ok i oy T A SN
T - Favours [baricitinib] Favours [control]
B Baricitinib Control Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% Cl M-H. Fixed, 95% CI
2.1.1 Inpatient
Kalil 2021 24 515 37 518 21.8% 0.64 [0.37,1.08] =
Marconi 2021 62 764 100 761 57.0% 0.581[0.42,082] -
Subtotal (95% CI) 1279 1279 78.8%  0.60[0.45,0.79] <
Total events 86 137
Heterogeneity: Chi*=0.07, df=1{P=0.79); F=0%
Test for overall effect: Z= 3.57 (P = 0.0004)
2.1.2 Severe or critical inpatient
Ely 2022 20 51 29 50 11.0% 0.47[0.21,1.03] -
Treseid 2023 14 139 18 136 101% 0.73[0.35,1.54] —
Subtotal (95% CI) 190 186 21.2%  0.60[0.35, 1.02] -
Total events 34 47
Heterogeneity: Chi*= 0.66, df=1 (P=0.42),; F=0%
Test for overall effect: Z=1.88 (P = 0.06)
Total (95% CI) 1469 1465 100.0%  0.60[0.47,0.77] L 2
Total events 120 184
. 2 - - E= ; t t {
Heterogeneity: Chi*=0.73, df= 3 (P = 0.86); F=0% 001 01 1 10 100

Test for overall effect: Z= 4.03 (P < 0.0001)
Test for subaroun differences: Chi*= 0.00. df=1 (P =0.99). F=0%

Favours [experimental] Favours [control]

Fig. 2 aThe efficacy outcomes of 14-day mortality. b The efficacy outcomes of 28-day mortality

Four studies reported 28-day mortality (B) outcomes
in which baricitinib improved patient outcomes [OR
0.60 (95% CI 0.47-0.77), I*=0%, P<0.0001]. To further
analyze the causes, we then performed a subgroup
analysis according to disease severity. In subgroup
analyses we saw that baricitinib did not seem to improve
significantly in critically ill patients [OR 0.60 [95% CI
0.35-1.02], I*=0%, P=0.06]. Fortunately, baricitinib have
led to faster recovery (D) and shorter hospital stays(C)
for COVID-19 patients [MD=—- 1.00 (95% CI — 1.12 to
- 0.88), ’=0%, P<0.0001; MD=— 0.80 (95% CI — 0.84
to — 0.76), =0%, P<0.0001]. Due to the limited number
of reports on the results of the current study, no further
analysis is being conducted here. Based on previous
experience, it is speculated that this may also be related
to the severity of the disease. The safety outcomes
are summarized in Fig. 3. There were no difference
in infections and infestations (a), major adverse
cardiovascular events (b), deep vein thrombosis(c) and
pulmonary embolism (d). However, these results are
based on the results of two randomized controlled trials
conducted in patients with critically ill COVID-19.

We use Revman to investigate the influence of a single
study on the overall pooled estimate of each predefined
outcome. We found that the removal of any one study
would not affect the following results. The results of the
risk of bias assessment of these trials are summarized in
the Additional file 1: Figure S1. Three studies were con-
sidered at low risk for overall risk of bias.

Discussion

This outbreak initially attracted people’s attention as an
unusual viral pneumonia, and atypical upper respira-
tory pneumonia has been the main characteristic disease
severity of this outbreak so far [17]. Bronchoalveolar lav-
age fluid was derived from macrophages with high lev-
els of chemokines secreted by severe pneumonia [18].
Postmortem lung tissue analysis of COVID-19 patients
with severe pneumonia also found excessive immune cell
infiltration [19]. Baricitinib, inhibitors of Janus kinase
(JAK)-1 and JAK-2, plays an important role in the regula-
tion of immune response. COVID-19 is still circulating,
and different mutated strains are still affecting our lives
nowadays. A more detailed mechanism of action may be
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Baricitinib Control Odds Ratio Odds Ratio
A
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ely 2022 35 51 35 50 271% 0.94 [0.40,2.18)
Treseid 2023 63 139 54 136 72.9% 1.26 (0.78, 2.03)
Total (95% Cl) 190 186 100.0% 1.17 [0.77, 1.78]
Total events 98 89
Heterogeneity: Chi*= 0.35, df=1 (P = 0.55); F= 0% b f f f i
Y v 0.01 0.1 1 10 100
Testfor overall effect. Z= 0.75 (P = 0.46) Favours [Baricitinib] Favours [control]
aricitini ontro s Ratio s Ratio
B Baricitinib C | Odds Rati Odds Rati
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixeld. 95% ClI
Ely 2022 2 51 0 50 9.0% 5.10(0.24,108.96) >
Treseid 2023 5 139 5 136 91.0% 0.98 [0.28, 3.46)
Total (95% Cl) 190 186 100.0% 1.35[0.44, 4.12]
Total events 7 5
Heterogeneity: Chi*= 0.97, df=1 (P = 0.32); F= 0% b t f t |
T ¥ 0.01 0.1 1 10 100
Test for overall effect. Z= 0.52 (P = 0.60) Favours [Baricitinib] Favours [control]
C Baricitinib Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ely 2022 1 51 2 50 39.8% 0.48[0.04,5.47) L
Traseid 2023 2 139 3 136 602%  0.65[0.11,3.94) ——
Total (95% Cl) 190 186 100.0%  0.58[0.14,2.47] —eaiE—
Total events 3 5
Heterogeneity: Chi*= 0.04, df=1 (P = 0.85); F= 0% b f t i
o > 0.01 0.1 1 10 100
Testfor overall effect: 2= 0.74 (P = 0.46) Favours [Baricitinib] Favours [control]
D Baricitinib Control Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H. Fixed, 95% CI M_-H, Fixed, 95% CI
Ely 2022 2 51 0 50 3.7% 5.10([0.24,108.96) >
Treseid 2023 8 138 13 136 96.3%  0.58([0.23,1.44] —-
otal (95% CI) .0% B .32, 1.
Total (95% CI 190 186 100.0% 0.75[0.32,1.72] ’
Total events 10 13
Heterogeneity: Chi*=1.82, df=1 (P = 0.18); F= 45% =0 o1 091 140 1004

Test for overall effect: Z= 0.69 (P = 0.49)

Favours [Baricitinib] Favours [control]

Fig. 3 The safety outcomes of infections and infestations (a), major adverse cardiovascular events (b), deep vein thrombosis (c) and pulmonary

embolism (d)

the direction of future research, including mixing with
other drugs. Our meta-analysis system evaluated the
efficacy and safety of baricitinib, which provides a good
description for future clinical applications.

This study systematically evaluated the efficacy and
safety of basitinib in the treatment of COVID-19 patients
by including 5 high-quality studies. It is a meta-analysis
with the largest sample size of baricitinib and a high
level of evidence. In the analysis of mortality, we adopted
14-day mortality and 28-day mortality. The results
showed that baricitinib application improved 28-day
mortality in general hospitalized patients, but did not
improve 14-day mortality in hospitalized patients or
28-day mortality in critically ill patients. Based on the
current evidence, we analyzed that the lack of improve-
ment in 14-day mortality may be related to the small
number of studies at present. However, in the description

of 28-day mortality, we can see that baricitinib reduces
the mortality of hospitalized patients with non-severe
COVID-19, which also suggests that the importance of
baricitinib in combination with other treatment options
for critically ill patients. There have also been stud-
ies claiming that the risk/benefit ratio of baricitinib
in patients with severe/critical COVID-19 may vary
depending on the immune status of SARS-CoV-2, and
that potential host factors such as comorbidibility, older
age and possible immune response [20] may contribute
to this difference, which is worth further analysis and
research in the future.

Our study, which pooled existing high-quality stud-
ies, has clear advantages, particularly in terms of mor-
tality, and conducted a subgroup analysis of patients
who were not at risk, revealing the different effects of
the drug in different patients. And the safety of drugs in
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critically ill patients was analyzed. It provides a strong
guiding value for clinic. Of course, this study also has
some limitations. The current number of studies is rela-
tively small, and more RCTs are needed to support it in
the future.

Conclusions

Baricitinib shortens the length of hospital stays and
reduces the mortality of non-severe COVID-19
patients. It should be noted that the effect of drugs on
the mortality of critical ill patients is not significant.
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Effects of melatonin on the prevention
of delirium in hospitalized older patients:
systematic review and meta-analysis

Le Liu'", Xin Ma?", Zejun Song®", Jie Li*, Yasong Zhao?, Chang Meng*, Shufang Wang”, Guobin Miao*" and Peng Liu®"

Abstract

Objectives Melatonin has been demonstrated to exert a preventive effect on delirium. This meta-analysis sought
to investigate the preventive effects of melatonin and melatonin receptor agonists (ramelteon) on delirium in
hospitalized elderly patients.

Methods This systematic review and meta-analysis delineates the risk of delirium events in older hospitalized
patients with melatonin/ramelteon compared with placebo, incorporating randomized controlled trials published

up to 8 July 2024. The databases searched were PubMed, Embase and the Cochrane Library. The primary outcome
measures were the incidence of delirium, while the secondary outcome measures were the length of hospital stay
and mortality. The results are presented as odds ratios (OR) or mean differences (MD) with a 95% confidence interval.
The review of publications was conducted in accordance with the guidelines set forth in the Cochrane Handbook
and the Preferred Reporting Project for Systematic Review and Meta-Analysis (PRISMA). This study has been registered
with INPLASY (number INPLASY202470044).

Results A total of 2086 patients were included in 13 randomized controlled trials. The primary outcome of this
meta-analysis demonstrated a statistically difference in the incidence of delirium between the melatonin and placebo
groups in hospitalized elderly patients (OR=0.59, 95% Cl: 0.40-0.87, P<0.01, I?=60%), particularly in those who had
undergone surgery (OR=0.60, 95%Cl: 0.40-0.89, P=0.01, I>=53%). No statistically differences were observed in terms
of length of stay (MD=-0.07, 95%Cl:-1.09-0.94, P=0.89, I°=72%) and mortality (OR=0.79, 95%CI:0.58-1.06, P=0.12,
12=00%).

Conclusions Melatonin has been demonstrated to exert a protective effect on delirium in elderly patients who are
hospitalized, particularly in the context of perioperative care.
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Introduction

Delirium is a psychiatric symptom-related syndrome
that is estimated to occur in 20-30% of hospitalized
elderly patients [1, 2]. However, incomplete knowledge
among medical practitioners may result in an incomplete
diagnosis of delirium. There is evidence to suggest that
delirium exacerbates cognitive decline, prolongs hos-
pitalization and increases mortality rates among elderly
patients [3-5].

Patients with delirium may experience hallucinations
and delusions, as well as other manifestations. Acute
episodes of delirium can affect sleep patterns, and the
course of the disease may fluctuate. There is evidence
to suggest a potential mechanism relationship between
delirium and sleep [6-7]. It is unfortunate that there is
currently no effective treatment for delirium. Conse-
quently, doctors often prescribe antipsychotic drugs to
delirium patients. Nevertheless, research has demon-
strated that antipsychotic aversion does not diminish the
likelihood of delirium in patients, and the utilization of
antipsychotic aversion is constrained by the occurrence
of adverse drug reactions [8-9].

Melatonin is a naturally occurring hormone produced
by the body that plays a role in regulating the body’s nor-
mal circadian rhythm. Given the abnormal secretion of
melatonin observed in delirium patients, several studies
have evaluated the potential role of melatonin (or melato-
nin receptor agonists, ramelteon) in preventing delirium
in adults. However, the results of these studies have not
been entirely consistent [10-22]. Previous meta-analyses
have examined the impact of melatonin on delirium in
hospitalized patients, yet the findings have been incon-
clusive. Khaing [23] analysis of 1712 hospitalized patients
revealed that melatonin was effective in reducing delir-
ium in surgical and critically ill patients. In contrast, You
[24] included 18 randomized controlled trials that dem-
onstrated the beneficial effects of melatonin in reducing
delirium in medical patients. The present study aimed to
analyze the preventive effect of melatonin (or melatonin
receptor agonists, ramelteon) on the occurrence of delir-
ium in a special group of elderly hospitalized patients.
Additionally, the length of stay and mortality of elderly
hospitalized patients were analyzed, with the objective of
providing guidance for clinical practice.

Methods

This meta-analysis was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines [25]. The pre-
registration of our meta-analyses could be accessed

via the International Platform of Registered Systematic
Review and Meta-analysis Protocols database (Num-
ber: INPLASY202470044). The full text was available for
download from inplasy.com (https://inplasy.com/inplas
y-2024-7-0044). It should be noted that ethical approval
was not required for this study.

Search strategy

A comprehensive electronic search of the literature was
conducted by three researchers (Le Liu, Xin Ma and
Zejun Song) for articles published in the field prior to
8 July 2024. A comprehensive search of the PubMed,
Embase and Cochrane databases was conducted manu-
ally, with the objective of selecting relevant randomized
controlled trials. For further details of the specific lit-
erature search strategies employed, please refer to the
Appendix (Supplement Table S1).

Inclusion and exclusion

The document management process utilized the End-
Note (X9) software, with two investigators indepen-
dently assessing the eligibility of the project. The titles
and abstracts were initially screened, and the resulting
articles were then subjected to a full-text review. The
studies included in the review were randomized con-
trolled trials. The following inclusion criteria were met:
(1) elderly patients who were hospitalized; (2) patients
who were taking melatonin (or melatonin receptor ago-
nists) or a placebo. The exclusion criteria include studies
involving animals, studies conducted on subjects under
the age of 60 years old for inclusion through the reading
of studies, and studies with insufficient data extraction,
including abstracts, reviews, pharmacological reports,
and other literature. Should the necessity arise to obtain
pertinent research data, the authors will be contacted in
a timely manner. The primary outcome measures were
the incidence of delirium, while the secondary outcome
measures were the length of hospital stay and mortal-
ity (either during hospitalization or within 30 days of
discharge).

Bias and quality assessment

Two researchers conducted independent evaluations,
preliminary selections, and verifications of the literature
in accordance with a unified and standardized method.
The literature was included or excluded in accordance
with the pre-established criteria, after which the data was
collected. The quality of the selected articles was evalu-
ated in accordance with the Cochrane Reviewer Hand-
book 5.1.0 [26]. The RoB tool was used to assess bias risk.
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Data synthesis and analysis

The meta-analysis was conducted using RevMan 5.4.
Data that met the criteria for homogeneity (P>0.10 and
I’<50%) as determined by the heterogeneity test were
subjected to meta-analysis using the fixed-effect model
(M-H). In instances where the aforementioned homoge-
neity criteria were not met (P<0.10 or I>>50%), and the
presence of heterogeneity could not be discounted, the
random-effect model was employed to consolidate the
effects [27]. To compare the effects of melatonin/ramelt-
eon with placebo, the odds ratios (OR) or mean differ-
ences (MD) with a 95% confidence interval (CI) were
pooled according to the fixed and random effects model.
A p-value of less than 0.05 was considered to be statisti-
cally significant.

Results

The flow chart (Fig. 1) provided a summary of the search
and research selection process. A total of 857 literature
sources were searched, 311 of which were excluded due
to duplication. Additionally, 494 studies were excluded
after a preliminary review of the title and abstract. The
remaining 52 studies underwent a comprehensive evalu-
ation based on a thorough reading of the full text. Of
these, 13 randomized controlled trials assessed the effi-
cacy of melatonin (or melatonin receptor agonists) in
preventing delirium in hospitalized older patients.

Pubmed (n=249)
Embase (n=350)
Cochrane Library (n=258)

\ 4

Records screened based on title
and abstract (n=546)

Full-text reports assessed for
eligibility (n=52)

Appropriate studies (n=13)

Fig. 1 Selection process for studies included in the meta-analysis
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The principal characteristics of the included tri-
als were set forth in Table 1. A total of 2,086 patients
were included in the analyses. All of the included stud-
ies were randomized controlled trials. The estimates
are expressed as odds ratios (OR) or mean differences
(MD) with a 95% confidence interval (CI). The pri-
mary outcome of this meta-analysis demonstrated
a statistically difference in the incidence of delirium
between the melatonin and placebo groups in hospi-
talized elderly patients (OR=0.59, 95% CI: 0.40-0.87,
P<0.01, I*’=60%). A subsequent subgroup analysis
demonstrated that the observed statistical difference
was associated with older patients undergoing surgery
(Fig. 2) (OR=0.60, 95%CI: 0.40-0.89, P=0.01, 12=53%),
whereas no statistical difference was observed among
patients hospitalised for medical reasons. The analysis
of melatonin and melatonin receptor agonists across
groups (Fig. 3) revealed a statistically difference in the
risk of delirium with melatonin compared to placebo
(OR=0.65, 95%CI: 0.43-0.98, P=0.04, [>’=66%), while
no statistically difference was observed between mela-
tonin receptor agonists and placebo (OR=0.36, 95%CI:
0.12-1.09, P=0.07, 1>=49%). With regard to second-
ary outcomes, no statistically differences were identi-
fied with respect to length of stay (MD = -0.07, 95% CI:
-1.09 to -0.94, P=0.89, I°’=72%) (Fig. 4) and mortality
(OR=0.79, 95% CI: 0.58 to 1.06, P=0.12, I’=0%) (Fig. 5).

—>Duplicate removed (n=311)

— Records excluded (n=494)

= =» Full-text reports excluded (n=39)
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Table 1 Design and outcomes of the studies included in the meta-analysis
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Intervention
assignments

Num Author/Year Design

Participants

Outcome

Intervention Control Sample, Mean Male%, Patients Measures
(Time) n age, (1/C)
(1/C)
1 Al-Aa- RCT M 0.5 mg Qd Placebo 122 84/85 46/39  Medical patients CAM Incidence of delirium;
ma/2010 *14d Death during admis-
sion; Length of stay
2 Elbakry/2024 RCT M5 mg+5mg# Placebo 100 NR NR Colorectal can-  CAM Incidence of delirium
cer surgeries
3 Gupta/2019  RCT R8mg+8mg# Placebo 100 69/71 70/66  Various surgery  CAM Incidence of delirium
4 Hatta/2014  RCT R8mgQd*7d Placebo 67 78/78 48/32  Medical patients DSM IV Incidence of delirium
5 Jaiswal/2018  RCT M3 mgQd* Placebo 87 81/80 42/34 Medical patients CAM Incidence of delirium;
14d Length of stay
6 Jonghe/2014 RCT M3mgQn*5d Placebo 378 84/83 53/62  Hip surgery DSM IV Incidence of delirium;
Length of stay; Death
during admission
7 Kinou- RCT R8mgQn*6d Placebo 103 78/75 52/53  Elective surgery CAM-ICU Incidence of delirium
chi/2023
8 Lange/2024  RCT M5mgQn*5d Placebo 117 87/87 49/48  Medical patients CAM Incidence of delirium
9 0Oh/2021 RCT R8mgQn*3d Placebo 71 74/75 42/37  Hiporknee DSM-V Incidence of delirium
replacement
10 Shi/2021 RCT M3mgQd*7d Placebo 297 72/72 62/59 PCl CAM Incidence of delirium;
30-day all-cause
mortality
11 Sultan/2010  RCT M5mgQd*4d Placebo 102 70/72 45/45 Hip arthroplasty = AMT Incidence of delirium
12 Yamagu- RCT R8mgQn*4d Placebo 45 >70/=270 NR Total knee ICU- Incidence of delirium
chi/2014 arthroplasty Delirium
screening
checklist
13 Yin/2022 RCT M3mgQd*7d Placebo 497 69/69 61/57 AHF after CAM-ICU Incidence of delirium;
surgery 30-day all-cause

mortality

M Melatonin, R Ramelteon, AMT Abbreviated Mental Test, CAM Confusion Assessment Method, CAM-ICU Confusion Assessment Method-Intensive Care Unit, ICU
intensive care unit, //C Intervention group/ Control group, NR not reported, Qd * nd Once daily for n days, On Once a night, M 5 mg +5mg* 5 mg was given 12 h before
surgery and another 5 mg was given 2 h before surgery, R8 mg +8mg* 8 mg was given 12 h before surgery and another 8 mg was given 1 h after surgery

We use Revman to investigate the impact of a single
study on the overall pooled estimate of each predefined
outcome. The results of the bias risk assessment for these
trials are summarized in the Supplementary. From the
funnel plot, we can see the symmetric distribution of lit-
erature, and we can believe that there is no publication
bias. In terms of quality evaluation, with eight of them
achieving the maximum score, which serves to fully dem-
onstrate the credibility of the research conclusions pre-
sented in this paper.

Discussion

Our meta-analysis clearly described the efficacy of mel-
atonin in preventing delirium in elderly hospitalized
patients. First of all, melatonin can reduce the risk of
delirium in elderly hospitalized patients, especially post-
operative elderly patients, while the incidence of delirium

observed in medical patients was not statistically signifi-
cant, providing certain clinical reference value. Second,
the length of hospital stay and mortality of patients did
not differ between the melatonin and control groups,
suggesting the safety of its use. The distinction between
this study and previous research is that our survey tar-
geted older adults and classified them based on whether
they had undergone surgical procedures [23-24]. The
study population is more precisely defined, which lends
credence to the notion that the results will be even more
accurate. The findings of our study diverge from those of
the aforementioned research [24] in that melatonin has
been demonstrated to be a more efficacious intervention
in reducing the incidence of delirium in surgical patients
than in older patients receiving general medical care.
Patients undergoing surgical procedures are at risk
of developing delirium due to the effects of the surgery
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Melatonin Placebo Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight V. Random, 95% CI 1V. Random, 95% CI
1.1.1 Nonoperative patient
Al-Aama 2010 7 61 19 61 8.3% 0.29[0.11, 0.75]
Hatta 2014 1 33 11 34 28% 0.07 [0.01, 0.54] ———
Jaiswal 2018 9 43 4 44  6.0% 2.65[0.75, 9.36] T
Lange 2024 45 59 45 58 9.1% 0.93[0.39, 2.20] — 1T
Sub%otal (95% Cl) 196 197  26.2% 0.55[0.16, 1.87] ——
Total events 62 79
Heterogeneity: Tau? = 1.13; Chi? = 12.75, df = 3 (P = 0.005); 1> = 76%
Test for overall effect: Z=0.95 (P = 0.34)
1.1.2 Operating patient
Elbakry 2024 18 50 28 50 9.7% 0.44 [0.20, 0.99] ]
Gupta 2019 2 50 6 50 4.2% 0.31[0.06, 1.59] -
Jonghe 2014 55 186 49 192 13.4% 1.23[0.78, 1.93] ™
Kinouchi 2023 7 54 4 49 5.8% 1.68 [0.46, 6.12] ]
Oh 2021 3 38 7 33  5.0% 0.32[0.08, 1.35] -
Shi 2021 40 148 59 149 13.0% 0.56 [0.35, 0.92] -
Sultan 2010 5 53 16 49  71% 0.21[0.07, 0.64] -
Yamaguchi 2014 0 22 2 23 1.5% 0.19[0.01,4.21] ¢
Yin 2022 67 248 92 249 14.1% 0.63 [0.43, 0.92] -
Subtotal (95% CI) 849 844 73.8% 0.60 [0.40, 0.89] . 4
Total events 197 263
Heterogeneity: Tau? = 0.15; Chi? = 17.00, df = 8 (P = 0.03); I> = 53%
Test for overall effect: Z =2.55 (P = 0.01)
Total (95% CI) 1045 1041 100.0% 0.59 [0.40, 0.87] 4
Total events 259 342
Heterogeneity: Tau? = 0.24; Chi? = 29.78, df = 12 (P = 0.003); I = 60% ‘0.0 p of p ] 1‘0 p 00‘

Test for overall effect: Z = 2.66 (P = 0.008)
Test for subaroup differences: Chi2 = 0.02. df = 1 (P = 0.90). I? = 0%

Melatonin Placebo

Fig. 2 Incidence of delirium between melatonin and placebo (operation or not)

itself on neurotransmitter levels in the body, which can
directly damage the brain. The sedative effects of mela-
tonin may prove beneficial for this group of patients,
reducing the risk of delirium [28]. Furthermore, sleep
disorders and sleep-wake cycle disorders have been iden-
tified as risk factors for postoperative delirium, and the
sleep-inducing effects of melatonin have been identified
as a potential mechanism of action [23]. Furthermore,
delirium and surgical stress may induce the release of
inflammatory mediators, and the anti-inflammatory and
antioxidant effects of melatonin may also prove beneficial
in this regard [29]. These effects may indicate a pivotal
role for melatonin in mitigating the risk of delirium in
elderly hospitalised patients.

The data indicate that melatonin may reduce the inci-
dence of delirium, particularly in postoperative patients.
However, further studies are required to validate these
findings in this specific population. Furthermore, mela-
tonin appears to be more effective than ramelteon in
the prevention of delirium. However, this finding may
be attributed to the limited sample size, and further
experimental verification is necessary in the future. The

principal advantage of this study is that the elderly were
analysed as a group, and 13 randomised controlled trials
were included in the meta-analysis, which is currently the
largest sample size and may have a positive guiding effect
on future clinical treatment.

It is important to note that the study is subject to sev-
eral limitations. The relatively limited database searched,
the language limited to English, and the absence of grey
literature may have resulted in a reduction in the sample
size of the study. The included randomised controlled tri-
als employed disparate doses of melatonin and varying
durations of intervention, in addition to discrepancies
in the baseline characteristics of enrolled patients, clini-
cal settings, and methods of measuring outcomes. These
factors may have contributed to the heterogeneity of the
studies. In the majority of randomized controlled trials,
delirium was identified using the CAM or CAM-ICU.
However, with a sensitivity of 94% and specificity of 89%,
CAM is a screening tool and is not the gold standard for
diagnosing delirium [30]. Future studies with larger sam-
ple sizes are needed to further confirm the value of mela-
tonin in preventing delirium in elderly patients.
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Melatonin/Ramelteon Placebo Odds Ratio Odds Ratio

r I Even Total Events Total Weight [V, Random, 95% CI 1V, Random, 95% CI
2.1.1 Melatonin
Al-Aama 2010 7 61 19 61 8.3% 0.29[0.11, 0.75]
Elbakry 2024 18 50 28 50 9.7% 0.44 [0.20, 0.99] ]
Jaiswal 2018 9 43 4 44 6.0% 2.65[0.75, 9.36] 1T -
Jonghe 2014 55 186 49 192 13.4% 1.23[0.78, 1.93] T
Lange 2024 45 59 45 58 9.1% 0.93 [0.39, 2.20] -1
Shi 2021 40 148 59 149 13.0% 0.56 [0.35, 0.92] -
Sultan 2010 5 53 16 49 7.1% 0.21[0.07, 0.64] -
Yin 2022 67 248 92 249 141% 0.63[0.43, 0.92] -
Subtotal (95% CI) 848 852 80.7% 0.65 [0.43, 0.98] L 4
Total events 246 312

Heterogeneity: Tau? = 0.21; Chi? = 20.62, df = 7 (P = 0.004); I> = 66%
Test for overall effect: Z = 2.05 (P = 0.04)

2.1.2 Ramelteon

Gupta 2019 2 50 6 50 4.2% 0.31[0.06, 1.59] - 1

Hatta 2014 1 33 11 34 28% 0.07 [0.01, 0.54] —

Kinouchi 2023 7 54 4 49 58% 1.68[0.46, 6.12] -
Oh 2021 3 38 7 33  5.0% 0.32[0.08, 1.35] - 1
Yamaguchi 2014 0 22 2 23 1.5% 0.19[0.01, 4.21] ¢

Subtotal (95% CI) 197 189 19.3% 0.36 [0.12, 1.09] g

Total events 13 30

Heterogeneity: Tau? = 0.76; Chi? = 7.88, df = 4 (P = 0.10); 1> = 49%
Test for overall effect: Z = 1.80 (P = 0.07)

Total (95% CI) 1045 1041 100.0% 0.59 [0.40, 0.87] <&
Total events 259 342
Heterogeneity: Tau? = 0.24; Chi? = 29.78, df = 12 (P = 0.003); I = 60%
Test for overall effect: Z = 2.66 (P = 0.008)

Test for subaroup differences: Chi? = 0.95. df = 1 (P = 0.33). 2= 0%

001 0.1 1 10 100
Melatonin/Ramelton  Placebo

Fig. 3 Incidence of delirium between melatonin and placebo (melatonin or ramelteon)

Melatonin Placebo Mean Difference Mean Difference

dy or rou Mean D Total Mean D Total Weight IV, Random, 95% CI IV, Random, 95% CI
Al-Aama 2010 185 264 61 145 216 61 1.3%  4.00 [-4.56, 12.56]
Jaiswal 2018 3 25 43 3 2 44 233% 0.00 [-0.95, 0.95] -+
Jonghe 2014 1 24 186 11 26 192 27.4% 0.00 [-0.50, 0.50] *
Lange 2024 9 59 59 10 74 58 11.0%  -1.00[-3.43, 1.43] — T
Shi 2021 159 97 148 134 66 149 14.6% 2.50[0.61, 4.39] —
Yin 2022 181 57 248 198 6.1 249 225%  -1.70[-2.74,-0.66] -
Total (95% Cl) 745 753 100.0%  -0.07 [-1.09, 0.94] *
Heterogeneity: Tau? = 0.92; Chiz = 17.94, df = 5 (P = 0.003); I? = 72% _ 1 5 5 5 5 1‘0

Test for overall effect: Z = 0.14 (P = 0.89) Melatonin Placebo

Fig. 4 Comparisons of the 28-day mortality between melatonin and placebo

Melatonin Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Al-Aama 2010 6 61 8 61 7.5% 0.72[0.23, 2.22] _
Jonghe 2014 4 186 4 192 4.0% 1.03 [0.25, 4.19] -
Shi 2021 18 148 21 149 19.2% 0.84[0.43, 1.66] "
Yin 2022 90 236 109 244 69.2% 0.76 [0.53, 1.10]
Total (95% Cl) 631 646 100.0% 0.79 [0.58, 1.06]
Total events 118 142 . . . .

Heterogeneity: Chiz = 0.23, df =3 (P = 0.97); I’ = 0% ! ! ! '

Test for overall effect: Z = 1.56 (P = 0.12) 0.01 0.1Melatonin ! Placebo 10 100

Fig.5 Length of stay between melatonin and placebo
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Conclusions

Melatonin has been demonstrated to have a preven-
tative effect on delirium in elderly patients who are
hospitalized. Furthermore, it has been shown not to
increase the length of hospital stay or mortality, partic-
ularly in elderly patients who are hospitalized follow-
ing surgery. Therefore, melatonin may be a beneficial
intervention for the prevention of delirium.
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Intravenous dexmedetomidine for delirium
prevention in elderly patients following
orthopedic surgery: a meta-analysis

of randomized controlled trials

Jing Sun'’, Duo Wang?*', Yue Zhao?, Ying Bai', Shufang Wang? Chang Meng®", Guobin Miao®" and Peng Liu***

Abstract

Objectives We conducted a meta-analysis to investigate the effect of dexmedetomidine on postoperative delirium
in elderly orthopedic surgery patients.

Methods A meta-analysis was conducted to identify randomized controlled trials of dexmedetomidine in elderly
patients undergoing orthopedic surgery. The data was published on October 25, 2024. PubMed, Embase, and
Cochrane Library databases were searched. Outcome measures included incidence of delirium, length of hospital
stay, visual analogue scale, and postoperative complications. Estimates are expressed as relative risk (RR) or mean
difference (MD) with a 95% confidence interval (Cl). The publications were reviewed according to the guidelines of
the Cochrane Handbook and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).

Results This study was registered with INPLASY (number INPLASY2024110004). A total of 3159 patients were
included in 9 randomized controlled trials. The results showed that dexmedetomidine exhibited a preventive effect
on delirium compared with the control group in elderly patients after orthopedic surgery (RR: 0.55, 95% Cl: 0.45-0.66,
P<0.01, ?=0%). Subgroup analysis suggested that dexmedetomidine was significantly different from saline(RR: 0.56;
95% Cl: 0.44-0.73, P<0.01, ’=31%) and propofol(RR: 0.52; 95% Cl: 0.39-0.70, P<0.01, 1’=0%) in reducing postoperative
delirium in elderly fracture patients. No statistically significant differences were observed in length of hospital stay,
visual analogue scale, and postoperative complications (P> 0.05). Certainty of evidence for postoperative delirium was
moderate.

Conclusions Dexmedetomidine has been shown to have a protective effect on postoperative delirium in elderly
patients following orthopedic surgery.
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Introduction

Postoperative delirium (POD) is a neurological disorder
associated with temporary loss of consciousness and cog-
nitive dysfunction. The exact etiology of POD remains
uncertain [1]. The occurrence of POD is related to a
number of factors, including the patient’s age, the type of
surgery, the anesthesia and sedation administered during
the procedure, and the complications that arise during
the surgery. Elderly patients who have undergone fracture
surgery have been shown to have a number of charac-
teristic features, including advanced age, prolonged bed
rest, blood loss, and the presence of underlying comor-
bidities. The incidence of POD is 32-53.3% [1], which is
significantly higher than in younger patients [2]. POD has
been shown to increase the risk of short- and long-term
complications in older patients who have sustained a
fracture and undergone surgery. Additionally, it has been
shown to prolong hospital stay and increase associated
costs [3—4]. Therefore, it is of great clinical importance to
identify effective preventive measures against delirium in
this population.

Dexmedetomidine is a highly selective a-2-adrenergic
receptor antagonist that can inhibit sympathetic nerve
excitability [5], increase vagus nerve excitability, lower
blood pressure, lower heart rate, and reduce myocardial
oxygen consumption. In addition, dexmedetomidine
has been observed to cause sedation, analgesia, anxio-
lytic effects, hypnosis, memory loss, and anesthesia-like
symptoms. The drug exerts a sedative effect by inhibiting
the division of neurons, thereby reducing the perception
of pain and anxiety. The pharmacological properties of
dexmedetomidine include rapid absorption, rapid distri-
bution, rapid metabolism and rapid excretion. In clinical
practice, dexmedetomidine is used for sedation, analgesia
and sedation, as well as for intraoperative and postop-
erative sedation and analgesia [6]. Additionally, dexme-
detomidine has been shown to inhibit central nervous
system activity, thereby reducing pain in patients [7]. A
number of studies have documented the neuroprotective
effects of dexmedetomidine [8]. Nevertheless, the results
of recent randomized controlled trials suggest that the
effectiveness of dexmedetomidine in reducing the inci-
dence and safety of POD in elderly patients undergoing
orthopedic surgery is still inconclusive. The aim of this
study is to conduct a meta-analysis to evaluate the poten-
tial protective effect of dexmedetomidine on the occur-
rence of POD in elderly patients undergoing orthopedic
procedures.

Methods

The meta-analysis was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines [9]. The protocol has been
registered in the International Platform of Registered
Systematic Review and Meta-analysis Protocols data-
base (Inplasy protocol: INPLASY2024110004) and is fully
available on Inplasy.com (https://inplasy.com/inplasy-20
24-11-0004/). Ethical approval was not required for this
study.

Search strategy

Three researchers (Jing Sun, Duo Wang, and Yue Zhao)
conducted a comprehensive electronic literature search
for articles published in this area before October 25,
2024. The database includes PubMed, Embase and the
Cochrane database. The PubMed basic search strategy
as follows: (cataclasis[Title/Abstract] OR fracture[Title/
Abstract] OR joint[Title/Abstract] OR articulation[Title/
Abstract] OR arthroplasty[Title/ Abstract] OR limb[Title/
Abstract] OR  orthopedic[Title/Abstract]) AND
(dexmedetomidine[Title/Abstract]) AND (delirium[Title/
Abstract] OR deliriums|[Title/Abstract]). Manually select
relevant randomized controlled trials. The search strat-
egy of the literature was shown in the supplement (Sup-
plementary file: Table S1). Language is limited to English.

Study selection criteria

This systematic review and meta-analysis focused pri-
marily on elderly patients (60 years or older) undergoing
orthopedic surgery. All published full-text randomized
controlled trials (RCTs) comparing the effectiveness
of dexmedetomidine with other agents (such as pla-
cebo or propofol) in preventing postoperative delirium
after orthopedic surgery were eligible for inclusion. The
outcomes were the incidence of delirium after ortho-
pedic surgery, the length of hospital stay, visual analog
scale, and complications 30 days after surgery (defined
as new-onset adverse conditions requiring therapeutic
intervention according to the Clavien-Dindo classifica-
tion, which included grade 2 or higher)., including acute
renal failure, pulmonary infection, disease control and
disease control). Heart failure, myocardial infarction,
new cardiac arrhythmias, pulmonary embolism or deep
vein thrombosis, and cerebrovascular disease or wound
infections. We excluded animal studies, studies involv-
ing patients under 18 years of age, and insufficient data
to be extracted such as abstracts, reviews, pharmaco-
logical presentations, and other literature. Literature
that does not agree with the content of this study will
also be excluded. If we need relevant research data, we
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contact the authors. Chizophrenia, epilepsy, parkinson-
ism, or coma were excluded from the study population.
Non-intravenous administration, inappropriate control
group settings, and inaccurate data extraction were also
excluded.

Data extraction

Three authors undertook the data extraction indepen-
dently, using the established standard data collection
table. The extracted data are as follows: the first author’s
name, the year of publication, the basic characteristics
of the participants, the type of surgery, the method of
assessment of POD, the strategy of dexmedetomidine
infusion, outcomes mentioned above, method of anes-
thesia and exclusion criteria.

Bias & quality assessment

Two researchers independently selected and reviewed the
literature data using a uniform and standardized method
and included them in the literature in strict compliance
with the eligibility and exclusion criteria. They then col-
lected information. The quality of the selected articles
was assessed according to the standards of the Cochrane
Reviewer Handbook, version 5.1.0 [10], using the RoB
2.0 tool. We used the funnel plot to assess the publica-
tion bias of the studies, and to ensure the accuracy of the
results, we considered excluding studies with significant
publication bias.

Data synthesis and analysis

The meta-analysis was conducted using RevMan 5.4.
Data that met the criteria for homogeneity (P>0.10 and
[’<50%) as determined by the heterogeneity test were
subjected to meta-analysis using the fixed-effect model
(M-H). In cases where the above homogeneity criteria
were not met (P<0.10 or 12>50%) and the presence of
heterogeneity could not be excluded, the random effects
model was used to consolidate the effects [11]. A pre-
specified subgroup analysis was performed according
to the control group (saline or propofol) administration
strategy. Estimates are expressed as relative risk (RR) or
mean difference (MD) with a 95% confidence interval
(CI). A p value less than 0.05 was considered statistically
significant.

Certainty assessment

This study assessed research certainty according to the
criteria of theGRADE (Grading of Recommendations
Assessment, Development, and Evaluation) Guidelines
Working Group [12]. According to the correspond-
ing evaluation criteria, the evidence level was classified
(divided into 4 categories: high, moderate, low and very
low) [13].
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Results

The flowchart provides a summary of the process for
identifying and selecting studies for review (Fig. 1). A
total of 219 related literatures were retrieved, of which 91
were excluded due to duplicates. In addition, 109 studies
were excluded after a preliminary assessment of titles and
abstracts. The remaining 19 studies underwent a more
comprehensive assessment through a thorough reading
of the full texts. Data from nine studies [14—22] evaluat-
ing the efficacy and safety of dexmedetomidine for the
prevention of delirium in elderly patients undergoing
orthopedic surgery were included in the final analysis.

The trials included in this review were published
between 2016 and 2024 and included a total of 3159
patients (1580 in the dexmedetomidine group and 1579
in the control group). The detailed characteristics of the
included trials were presented in Table 1.

A total of nine studies with a total of 3159 patients
showed that dexmedetomidine significantly reduced the
incidence of POD in elderly patients after orthopedic sur-
gery compared to the control group (Fig. 2, RR: 0.55; 95%
CL 0.45-0.66, P<0.01, I’=0%). Subgroup analysis sug-
gested that dexmedetomidine was significantly different
from saline(RR: 0.56; 95% CI: 0.44—0.73, P<0.01, I=31%)
and propofol(RR: 0.52; 95% CI: 0.39-0.70, P<0.01, I*’=0%)
in reducing postoperative delirium in elderly fracture
patients. Regarding the length of hospital stay (after sur-
gery), we removed studies with significant publication
bias that showed no statistically significant difference
between dexmedetomidine and control groups (Fig. 3,
MD: 0.00; 95% CI: -0.08-0.08, P=1.00, I>’=0%). Further-
more, it had no effect on the visual analogue scale (VAS)
(Fig. 4, RR: -1.10; 95% CI: -2.87-0.66, P=0.22, [*=99%).
Three studies reported postoperative complications
within 30 days after surgery, which was not a statistically
significant difference (Fig. 5, RR: 0.87; 95% CI: 0.61-1.23,
P=0.23, I’>=33%).

RevMan software is used to see how an individual
study affects the overall outcome for each endpoint.
The RoB 2.0 tool was used to assess the quality of the
research. The quality of included studies was affected
by missing outcome data and selection of the reported
result, which caused some concerns. GRADE is used to
assess the certainty of evidence affected by the risk of
bias, inconsistency and imprecision, as described in the
supplementary file. Certainty of evidence for postopera-
tive delirium was moderate.

Discussion

Previous research has shown that delirium is a signifi-
cant health problem [23] that is strongly associated with
prolonged hospital stays, mortality, and other compli-
cations in patients. Several risk factors have been iden-
tified, including a history of cognitive impairment,
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c Records removed before screening:
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Fig. 1 The flow chart of the search and study selection process

postoperative pain, use of opioids and sedatives, and
postoperative inflammation. These factors have been
shown to be associated with delirium [24—26]. Conse-
quently, proactive prevention of delirium through non-
pharmacological and pharmacological means is a crucial
aspect of perioperative management [26].
Dexmedetomidine is a potent a2-adrenergic recep-
tor agonist. Dexmedetomidine inhibits norepinephrine
release by activating the o2-adrenergic receptor post-
synaptic G proteins, thereby reducing the sympathetic
response without significant respiratory depression [6,
7]. Therefore, dexmedetomidine is widely used in ortho-
pedic surgery and postoperative analgesia. The results
of this study suggest that perioperative administration
of dexmedetomidine may potentially reduce the inci-
dence of POD in elderly patients undergoing orthope-
dic surgery. The exact etiology of POD remains unclear.
The following hypotheses have been proposed: The first
hypothesis is the neuroinflammatory process. Surgical
trauma promotes the release of cytokines and inflam-
matory mediators [27], destroys the blood-brain barrier,
and increases the inflammatory response of the nervous

system, leading to cerebral ischemia and nerve cell apop-
tosis. Among the studies included in this meta-analysis
[14, 18, 20], postoperative serum inflammatory factor
levels were measured in included patients, but they could
not be combined because the original data could not be
extracted. Two studies [14, 20] showed that postoperative
serum IL-6 and TNF-a levels were significantly lower in
the dexmedetomidine group than in the control group.
Secondly, considering the stress response theory [28],
patients with bone trauma often suffer from severe pain
and long-term abnormal excitation of the sympathetic
nerve, resulting in strong stimulation during tracheal
intubation and extubation under general anesthesia.
This can lead to fluctuations in hemodynamic status and
cognitive impairment, with elderly patients being par-
ticularly at risk of cognitive impairment due to stress
reactions. Third, postoperative sleep arrhythmias [29],
postoperative fatigue and metabolic disorders are impor-
tant risk factors for the occurrence of POD. Studies have
shown that sleep deprivation can directly increase astro-
cyte phagocytosis and promote microglial activation,
which has been shown to be a promoting factor for POD
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Dexmedetomidine Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% Cl
1.1.1 Dex vs. Ns
Hong 2021 17 356 26 354 10.2% 0.65 [0.36, 1.18]) vl
Li 2024 16 120 17 120 6.6% 0.94 [0.50, 1.77] s
Liu 2016 5 60 18 58 71% 0.27 [0.11, 0.68] oL
Lv 2022 21 152 46 157 17.6% 0.47 [0.30, 0.75) ——
Ye 2024 20 110 33 108 13.0% 0.60 [0.37, 0.97) |
Subtotal (95% CI) 798 797 54.5% 0.56 [0.44, 0.73] L 2
Total events 79 140

Heterogeneity: Chi* = 5.82, df =4 (P = 0.21); I*=31%
Test for overall effect: Z = 4.43 (P < 0.00001)

1.1.2 Dex Vs. Pro

Mei 2018 1 148 24 148 9.3% 0.46 [0.23, 0.90] o
Mei 2019 26 183 43 183 16.7% 0.60 [0.39, 0.94) i
Shin 2023 1 342 24 341 9.4% 0.46 [0.23, 0.92) — e
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Subtotal (95% ClI) 782 782 45.5% 0.52 [0.39, 0.70] L 4
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Heterogeneity: Chi* = 0.72, df = 3 (P = 0.87); = 0%

Test for overall effect: Z = 4.42 (P < 0.0001)
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Fig. 2 Forest plot of postoperative delirium (Ns: saline, Pro: propofol)

Dexmedetomidine Control Mean Difference Mean Difference
Study or Subgroup Mean SD _Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fix 5% Cl
2.1.1 Dex vs. Ns
Hong 2021 5 074 356 5 0.74 354 489% 0.00[-0.11,0.11]
Li 2024 5 148 120 5 148 120 4.1% 0.00[-0.37, 0.37]
Subtotal (95% CI) 476 474 53.0% 0.00[-0.10, 0.10]

Heterogeneity: Chi? = 0.00, df = 1 (P = 1.00); I? = 0%
Test for overall effect: Z = 0.00 (P = 1.00)

2.1.2 Dex vs. Pro

Shin 2023 6 074 342 6 0.74 341 47.0% 0.00[-0.11,0.11]
Subtotal (95% CI) 342 341 47.0% 0.00[-0.11,0.11]
Heterogeneity: Not applicable

Test for overall effect: Z = 0.00 (P = 1.00)

Total (95% Cl) 818 815 100.0% 0.00 [-0.08, 0.08]
Heterogeneity: Chi? = 0.00, df =2 (P = 1.00); I> = 0%
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Fig. 3 Forest plot of length of stay (Ns: saline, Pro: propofol)

Dexmedetomidine Control Mean Difference Mean Difference
r I Mean D Total Mean D Total Weight 1V, Random, 95% CI IV, Random, 95% ClI
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Test for overall effect: Z = 1.23 (P = 0.22) 4 Dexmed-jtomidine OControI 2 4

Fig. 4 Forest plot of visual analogue scale
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Dexmedetomidine Control

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI

Hong 2021 1 356 18 354 30.3%
Mei 2018 22 140 18 148 29.4%
Mei 2019 18 183 24 183 40.3%
Total (95% ClI) 679 685 100.0%

Total events 51 60
Heterogeneity: Chi* = 2.97, df = 2 (P = 0.23); I? = 33%
Test for overall effect: Z = 0.80 (P = 0.42)

Fig. 5 Forest plot of postoperative complications within 30 days of surgery

development [30]. A study in this meta-analysis showed
[14] that intraoperative administration of dexmedetomi-
dine significantly reduced the likelihood of sudden awak-
ening after fast-wave anesthesia compared to controls,
a progression comparable to that observed in rapid eye
movement sleep, which is often associated with sleep
disorders [31]. Finally, opioids are often used for intra-
operative analgesia, and the incidence of POD is directly
related to the use of opioids, the acute effect of which is
to increase the release of serotonin in a wide area ofthe
forebrain, which can affect various neurotransmitters
[32-33]. The pain assessment in this study was limited to
the number and heterogeneity of studies and other fac-
tors, and the results showed no statistical differences,
which requires further research verification in the future.
Regarding the length of stay, this study was also limited
by factors such as the number of studies and the small
number of participants, and no statistical differences in
the results were found, which still need to be verified by
further research in the future.

The limitations of this study are as follows. First, in
this study, different surgical types, anesthesia meth-
ods, and dexmedetomidine application strategies may
increase the heterogeneity of outcome measurements.
Second, this meta-analysis mainly focuses on studies
in China and South Korea, and there are certain differ-
ences in the exclusion criteria of different studies, which
also increases the calculation of outcome indicators to
a certain extent. Third, due to the limited sample size of
the study, we did not include 30-day all-cause mortality
as an end event, which is a significant limitation, and the
sensitivity analysis may also affect the accuracy of the
results due to the small number of included studies. In
conclusion, multicenter, large-scale, randomized, con-
trolled trials on postoperative delirium in orthopedic
patients are still the future research direction. Of course,
research into the clinical effects of different strategies for
dexmedetomidine administration, including in combina-
tion with other medications or care measures, on older
orthopedic patients is also a future direction. It is also
worth examining the influence of different surgical anes-
thesia methods on postoperative delirium in orthopedic
patients.
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Risk Ratio Risk Ratio
M-H, Fixed, 95% CI
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Dexmedetomidine Control

Conclusion

This meta-analysis suggests that perioperative admin-
istration of dexmedetomidine significantly reduces the
incidence of POD in elderly orthopedic postoperative
patients.
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difference (MD) with a 95% confidence interval (Cl).

pital stay [MD=-0.24,95% Cl -1.71-1.24, P=0.75].
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Objectives Haloperidol is the most frequently prescribed medication for managing delirium in the intensive care
unit (ICU). However, there is limited and inconclusive evidence regarding its efficacy. A meta-analysis was conducted
by pooling data from recent clinical randomized controlled trials to assess the effectiveness of haloperidol in adult ICU

Methods Studies were searched in PubMed, Embase and Cochrane Library databases on August 10, 2024. We per-
formed a meta-analysis to estimate the efficacy of haloperidol for the treatment of ICU adult patients with delirium.
This study is registered with INPLASY, number 202480104. The estimates are expressed as odds ratio (OR) or mean

Results A total of 2863 patients were included in the analyses. All the included studies were randomized controlled
trials. The frequency of patients diagnosed with delirium used both confusion assessment method of intensive

care unit (CAM-ICU) and intensive care delirium screening checklist (ICDSC) was 34% (n=2863), and used CAM-ICU
only was 66% (n=2863). There was no difference in short-term (28-30 days) mortality between the two groups
[OR=0.89, 95% Cl 0.60-1.32, P=0.56] and long-term (90 days to 1 year) mortality [OR=0.87,95% CI 0.70-1.07, P=0.19].
Furthermore, the haloperidol group demonstrated an advantage in reducing the length of ICU stay [MD=-1.13, 95%
Cl—1.93-—0.32, P<0.05] compared to the placebo group, with no statistically significant difference in length of hos-

Conclusions Haloperidol showed a significant trend in reducing the length of ICU stay. However, there was no statis-
tical difference between the two groups in terms of delirium reduction.

Introduction

Delirium is a prevalent manifestation of acute brain
dysfunction in critically ill patients, representing a clin-
ical syndrome resulting from various underlying causes
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rather than a singular disease entity. It encompasses
cognitive impairment and is not limited to a specific
etiology [1]. ICU delirium is a prevalent medical issue
among patients in the intensive care unit (ICU) [2].
Patients with delirium are at an elevated risk for adverse
outcomes, including increased case fatality and hospi-
talization costs, as well as the potential for long-term
cognitive dysfunction, imposing a substantial burden
on both patients and their families. Numerous factors
can contribute to the development of delirium, includ-
ing non-modifiable predisposing factors, triggers, and
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medication-related factors. The incidence of delirium is
high among hospitalized patients in general hospitals.
However, there is a lack of unified and standardized cri-
teria for diagnosis and treatment.

Delirium is characterized by disturbances in atten-
tion and consciousness, which are central to its field
of cognitive change. In addition, it includes funda-
mental symptoms in two other domains: alterations in
the sleep—wake cycle and difficulties in comprehen-
sion (thought process and language). A comprehensive
understanding of these clinical characteristics is crucial
for effective diagnosis and management. Recent studies
also provided valuable insights into the clinical charac-
terization and phenotype of delirium [3, 4]. Based on
the recent research findings, two criteria diagnosis of
delirium that should be included in: a specified 24-h
diagnostic period and a severity threshold. Changes in
activity level or circadian rhythm patterns should be re-
evaluated for inclusion as core features in future diag-
nostic systems [3].

The Pain, Agitation/sedation, Delirium, Immobility
and Sleep disruption guidelines (PADIS) do not advo-
cate the routine use of any pharmacological agents for
the prevention or treatment of delirium [5]. The evi-
dence regarding the efficacy of haloperidol as a com-
monly prescribed medication for managing delirium
in ICU patients has been limited and conflicting [6].
Despite previous studies evaluating the effectiveness of
haloperidol, there is still a lack of existing evidence, and
the results are not statistically significant. More trial
data are needed to provide higher certainty evidence.
In recent years, there are six clinical studies have com-
pared the effects of haloperidol and placebo on mor-
tality and length of stay in patients with ICU delirium
[7-12]. These studies are all randomized clinical trials
(RCTs). The strength of this study lies in its systematic
updating of existing systematic reviews to incorporate
additional randomized clinical trials and conduct a
comprehensive assessment of the effects of haloperidol
versus placebo.

Methods

This meta-analysis was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [13]. The pre-
registration for our meta-analysis can be accessed via
the International Platform Database for Registration Sys-
tems Evaluation and Meta-Analysis Protocols (reference
number: INPLASY202480104). The full text is available
for download from inplasy.com ( https://inplasy.com/
inplasy-2024-8-0104). It should be noted that ethical
approval is not required for this study.
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Search strategy

A comprehensive electronic search of articles published
in the field was conducted by three researchers (Yue
Zhao, Qing Wang, Biao Sun) before 10 August 2024. A
comprehensive manual search of the PubMed, Embase
and Cochrane databases was conducted in order to
select relevant randomized controlled trials. For further
details regarding the precise literature search strategies
employed, please consult the Appendix (Supplementary
File).

Inclusion and exclusion

Document management uses EndNote (X9) software,
and two investigators independently evaluate the project
qualifications to verify the project’s eligibility. First, the
title and abstract are screened, and then the relevant arti-
cles are comprehensively reviewed, and the eligible arti-
cles are reserved for comprehensive review. The studies
included in this review were all randomized controlled
trials. The following inclusion criteria were met: (1) ICU
adult patients with delirious. (2) Treatment with halop-
eridol or placebo or conventional therapy. (3) Outcome
indicators: death from any cause/length of ICU stays/
length of hospital stays. We excluded animal trials, stud-
ies that included patients < 18 years of age, and there was
not enough data to extract, such as summaries of some
meetings, literature such as reviews, and pharmacologi-
cal presentations, in addition, literature materials such
as review and meeting reports. Unrelated to the study
topic, inappropriate intervention and control will also
be excluded. We contacted the authors if associated data
from their studies were required.

Bias and quality assessment

The two researchers conducted independent evalua-
tions, preliminary selections and verifications of the lit-
erature in accordance with a unified and standardized
methodology. The literature was included or excluded in
accordance with the pre-established criteria, and the data
were subsequently collected. The quality of the selected
articles was evaluated in accordance with the Cochrane
Reviewer Handbook 5.1.0 [14].

Data synthesis and analysis

The meta-analysis was conducted utilizing RevMan 5.4
software. Data that met the pre-established criteria of
homogeneity (P>0.10 and ?<50%) as determined by
the heterogeneity test were analyzed using the fixed
effects model (M-H). In the event that the aforemen-
tioned homogeneity criteria (P<0.10 or I>>50%) are not
met and heterogeneity cannot be excluded, a random
effects model is employed to consolidate the effect [15].
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The estimates are expressed as odds ratio (OR) or mean
difference (MD) with a 95% confidence interval (CI). A
p value of less than 0.05 was deemed to be statistically
significant.

Results

The flow chart (Fig. 1) provides a summary of the search
and research selection process. A total of 1333 related lit-
eratures were retrieved, of which 412 were excluded due
to duplication. 868 studies were also excluded after read-
ing the titles and abstracts. A comprehensive evaluation
was conducted on the remaining 53 studies, based on a
full reading of the full text. Data from 6 trails evaluating

M)
§ Records identified from: Records removed before
® PubMed (n = 369) screening:
g.g Embase (n =717) —> Duplicate records removed
t Cochrane (n = 247) (n=412)
3
R "
Records screened Records excluded
—>
(n=921) (n = 868)
A4
Reports sought for retrieval Reports not retrieved
—>
> (n=53) (n=0)
ic
o
5
1] v
Reports assessed for eligibility
(n = 53) —»| Reports excluded:
Unrelated to topic (n = 41)
Inappropriate intervention
and control(n = 6)
° L . .
(7} Studies included in review
°
3 (n=6)
o
=

Fig. 1 Selection process for studies included in the meta-analysis
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the efficacy of haloperidol for the treatment of delirium
in critically ill patients were included.

The principal characteristics of the included trials
are set forth in Table 1. A total of 2863 patients were
included in the analyses. All the included studies were
randomized controlled trials. The estimates are expressed
as odds ratios (OR) or mean differences (MD) with a 95%
confidence interval (CI). All studies conducted a com-
parative analysis of the effectiveness of haloperidol for
treating delirium in adult ICU patients. The mortality
outcomes are summarized in Fig. 2. There was no differ-
ence in short-term (28-30 days) mortality (A) between
the two groups [OR=0.89, 95% CI 0.60-1.32, P=0.56]
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Fig. 2 Comparisons of the short-term (28-30 days) mortality and long-term (90 days—1 year) mortality between haloperidol and placebo

and long-term (90 days to 1 year) mortality (Fig. 2B)
[OR=0.87, 95% CI 0.70-1.07, P=0.19]. Furthermore,
the haloperidol group demonstrated an advantage in

A

reducing the length of ICU stay (Fig. 3A) [MD=- 1.13,
95% CI — 1.93—— 0.32, P=0.006] compared to the pla-
cebo group, with no statistically significant difference in
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Fig. 3 Comparisons of the length of ICU stay and the length of hospital stay between haloperidol and placebo
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length of hospital stay (Fig. 3B) [MD=- 0.24, 95% CI
- 1.71-1.24, P=0.75].

This study used RevMan software to assess the influ-
ence of an individual study on the overall combined esti-
mate for each predefined outcome. The cost-effective risk
evaluation findings from these experiments are presented
in Supplement File. The randomized controlled trials
(RCTs) included in this study were of high quality and
deemed to have a low risk of bias.

Discussion

At present, the pathophysiological mechanism of delir-
ium is not well understood, and it is very important to
identify and treat the patients with high risk of delirium
and delirium [1]. Delirium may be related to the inter-
action of multiple factors that cause dysfunction of
the brain’s neural networks [16]. In addition to its mild
antihistamine and antiserotonin effects, haloperidol has
potent antiadrenergic properties, as well as some periph-
eral anticholinergic activity. Therefore, haloperidol can
counteract a number of pathways that lead to delirium
[17]. Although haloperidol is widely used to treat delir-
ium in the ICU, its efficacy remains uncertain, and many
trials have reached inconsistent conclusions about its
effectiveness in preventing delirium in ICU patients
[18-22].

In this systematic review comparing the efficacy of
haloperidol versus placebo in the treatment of critical
adult delirium, we analyzed data from six randomized
controlled trials published between 2018 and 2024,
involving a total of 2,863 patients. Our findings suggest
that haloperidol has no tendency to reduce long-term
mortality and short-term mortality but significantly
shorten ICU stay compared to placebo. A systematic
review conducted by Wu published in 2019 concluded
that the use of haloperidol did not lead to a reduction
in all-cause mortality among ICU patients with delir-
ium [23]. A RCT study by Van Den Boogard published
in 2018, similarly confirmed that prophylactic haloperi-
dol use did not improve 28-day survival compared with
placebo in critically ill adults at high risk of delirium,
and this finding do not support the use of prophylac-
tic haloperidol to reduce mortality in critically ill adults
[24]. In our study, for the mortality analysis, we used
28-30 days mortality and 90 days to 1-year mortality.
The findings suggest that haloperidol has no tendency
to improve long-term mortality (90 days to 1 year) in
ICU patients compared to placebo, also has no effect
on short-term mortality (28-30 days) in ICU patients
compared with placebo. Due to the limited number of
RCTs meeting the inclusion criteria, this study did not
conduct a meta-analysis comparing the mortality of
ICU patients receiving different doses of haloperidol. In
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a post hoc analysis involving a total of 1,459 delirium-
free patients admitted to the ICU, it was confirmed that
delirious patients who received haloperidol treatment
experienced prolonged stays in the ICU [25]. In our
research, we observed that the use of haloperidol led to
a significant improvement in ICU stay duration com-
pared to placebo, although it did not affect the overall
length of hospital stay for patients. We hypothesized
that variations in trial outcomes may be attributed to
the severity of ICU-admitted patients, risk factors for
delirium, and varying haloperidol dosages.

Many researchers and clinicians rely on screening
instruments for the diagnosis of delirium, such as the
confusion assessment method of intensive care unit
(CAM-ICU), rather than applying the diagnostic criteria
of the diagnostic and statistical manual of mental disor-
ders (DSM) or intensive care delirium screening checklist
(ICDSC) for assessment. Although CAM-ICU are more
convenient compared to DSM, they have been criticized
for lacking rigor, which can lead to false-positive diag-
noses of delirium [26]. In the RCTs we included, only
one RCT research used both the CAM-ICU screening
instrument and the ICDSC diagnostic criteria for identi-
fying delirium patients. This approach may result in the
inclusion of patients with severe arousal disturbances or
multiple neurocognitive changes and neuropsychiatric
disorders in clinical trials focused on delirium treatment.
This could introduce negative bias in such studies, where
some patients may be deemed unresponsive to delirium
treatment, even though they do not actually have delir-
ium but rather arousal, neurocognitive, or neuropsy-
chiatric disorders. For these conditions, antipsychotic
medications should not be used and/or would be ineffec-
tive. Therefore, future clinical trials should employ more
appropriate reference standards for diagnosing delirium,
such as the diagnostic criteria of DSM or ICD, to avoid
the generation of negative bias results.

Limitations of this study need to be noted. First, in this
study, different haloperidol application strategies, differ-
ent severity of patients, and different evaluation systems
for delirium may increase the heterogeneity of outcome
measures. In addition, although the exclusion criteria of
different studies have made certain introductions about
the cognitive level of patients, there are differences in the
exclusion criteria of different studies, which may also lead
to unstable outcomes. Second, due to the limited sample
size of the study, the small number of included studies
may also affect the accuracy of the results. In summary,
multi-center, large-scale randomized controlled trials are
still the future research direction. The trial focused only
on haloperidol, and the results cannot be extrapolated to
other antipsychotics that have been studied. Of course,
the exploration of combined use with other drugs,
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including the combination of necessary care means, may
also be the direction of future research.

Conclusions

Haloperidol showed a significant trend in reducing the
length of ICU stay, and there was no significant differ-
ence in mortality. Future randomized controlled trials
with large samples are needed for further validation.
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