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Background: Given their changing pathophysiology, elderly patients carry a high risk of
embolism and bleeding events; hence, use of appropriate anticoagulants is very important.
Low molecular weight heparin (LMWH) is one of the most widely used anticoagulants
although LMWHs differ in their anti-Xa, antithrombin, and anticoagulant activities. To date,
no study has directly compared the safety and efficacy of different LMWHs in the elderly.
We aimed to compare such differences by conducting a network meta-analysis.

Methods:We searched the Pubmed, Embase, and Cochrane databases for randomized
controlled trials (RCTs) of LMWHs that included patients ≥60 years old up to July 22, 2020.
Safety outcomes included venous thromboembolism (VTE) or VTE-related death, deep
thrombus embolism, and pulmonary embolism. Safety outcomes were clinically relevant
bleeding, major bleeding, minor bleeding, and all-cause death.We calculated relative ratios
(RR) and 95% confidence intervals (CI) for all outcomes. The cumulative ranking
probabilities (SUCRA) were conducted to rank the comparative effects and safety of all
LMWHs.

Results: We included 27 RCTs (30,441 elderly), comprising five LMWHs. LMWH was
more effective than placebo in preventing VTE or VTE-related death (RR 0.36, 95% CI
0.25–0.53) but less effective than a novel oral anticoagulant (RR 1.59, 95% CI 1.33–1.91)
and safer than acenocoumarol regarding risk of clinically relevant bleeding (RR 0.67, 95%
CI 0.49–0.90). However, indirect comparison of efficacy and safety of the five LMWHs
showed no significant difference in our network analysis, and the subgroup analyses (such
as in patients with deep venous thrombosis, cardiac disease, or age >65 years old)
supported the results. The SUCRA showed that tinzaparin performed best in preventing
VTE or VTE-related death (SUCRA 68.8%, cumulative probability 42.3%) and all-cause
death (SUCRA 84.2%, cumulative probability 40.7%), whereas nadroparin was
predominant in decreasing the risk of clinically relevant bleeding (SUCRA 84.8%,
cumulative probability 77.0%).
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Conclusions:On present evidence, there are no significant differences in the efficacy and
safety of different LMWHs for the elderly. According to the rank probability analysis,
nadroparin seems to be safer for the elderly with a high risk of bleeding, whereas tinzaparin
is more effective for those with low bleeding risk.

Keywords: the elderly, low molecular weight heparins, venous thrombus embolism, network meta-analysis, bleeding

INTRODUCTION

The number of elderly individuals continues to grow rapidly
worldwide. In China, for instance, the proportion of older adults
(≥65 years) is expected to rise from 12.6% of the total population
(more than 176 million) in 2019 to 26.9% in 2050 (Yang et al.,
2020). Venous thromboembolism (VTE) is the leading
preventable cause of death in hospitalized patients
(Macdougall and Spyropoulos, 2021) and the second leading
cause of malignancy-related mortality (Xiong, 2021). The
incidence of VTE increases exponentially with age, rising from
1/10,000 in people aged 25–30 years to 8/1000 in those ≥85 years
(Palareti and Poli, 2018). This increase can be explained by
pathophysiological changes in the elderly, often associated
with diverse diseases, multiple medications, and other risk
factors for VTE as well as possible age-related liver and kidney
dysfunction, endothelial dysfunction, inflammation, frailty, and
immobility (Zhang et al., 2021); (Kozek-Langenecker et al., 2018).
In addition to the higher risk of VTE, these changes also increase
the risk of bleeding in older persons, and the use of anticoagulants
greatly increases the risk (Montalto et al., 2020). Hence, an
appropriate anticoagulant treatment is particularly important
for elderly patients.

Low molecular weight heparin (LMWH) is widely used in the
clinic and even recommended by a European guideline for elderly
patients with renal failure or during the perioperative period of
knee or hip replacement with no restrictions on specific types
(Kozek-Langenecker et al., 2018). LMWH is a general term for a
class of LMWH prepared by depolymerization of unfractionated
heparin (UFH) with a mean molecular weight of 5000 Da (Sharif-
Askari et al., 2014). With an enhanced anti-Xa: IIa ratio, LMWH
may provide more therapeutic benefit than UFH (Antman and
Handin, 1998) and a predictable anticoagulant effect for almost
all populations (Samama, 2011). In fact, LMWHs are different in
their biodynamic patterns, efficacy, and safety because of their
different manufacturing processes, molecular weights, anti-Xa,
antithrombin, and anticoagulant activities (Frydman, 1996).

Although several studies explore the pharmacokinetics of
LMWHs in the elderly, the efficacy and safety of different
LMWHs in this population remain unclear yet. Enoxaparin
and nadroparin are reported to accumulated significantly in
the elderly (Mismetti et al., 1998; Mahe et al., 2007), and
enoxaparin dose adjustment based on renal function can
decrease the risk of bleeding (Pellizzari et al., 2018), whereas
the monitoring of anti-Xa activity is not necessary (Berges et al.,
2007). The pharmacokinetics of tinzaparin and bemiparin show
no significant difference between elderly and young healthy
volunteers, and dose adjustment was not required in the
elderly (Mahe et al., 2007). In fact, an earlier study indicates

that tinzaparin did not require dose adjustment even in elderly
individuals with renal insufficiency (Siguret et al., 2000). Thus,
LMWHs appear to differ in their efficacy/safety ratio because of
these inherent differences, whereas no clinical study has directly
compared their efficacy and safety in the elderly.

We aimed to compare the efficacy and safety of different
LMWHs in the elderly by conducting a network meta-analysis to
provide better anticoagulation options for older adults as it is
unclear whether there are differences in the efficacy and safety of
different LMWHs and the specific needs of the elderly regarding
anticoagulants.

MATERIALS AND METHODS

Search Strategy and Selection Criteria
Our research protocol was registered with the International
Prospective Register of systematic reviews (PROSPERO,
CRD42021241699). Two authors independently searched
Pubmed, Embase, and Cochrane to identify studies that
compared the efficacy or safety of LMWHs with other
treatment in the elderly (from inception to July 22, 2020). The
following search terms were included: “low-molecular-weight,”
“LMWH,” “nadroparin,” “enoxaparin,” “dalteparin,” and many
other generic and trade names of LMWHs; “elderly,” “aged,”
“elder people,” “old people,” “the old,” “old man,” and “aging.”
The search details are provided in Supplementary Tables S1–S3.
We also evaluated the bibliographies of published studies. The
cutoff age (60 years old) for the elderly is defined by the World
Health Organization (World Health Organization, 1989; Zhang
et al., 2020). Studies were considered eligible if they fulfilled the
following criteria: 1) studies that included patients aged
≥60 years; 2) interventions that were specific kinds of
LMWHs, and the control group were unrestricted; 3)
randomized controlled trials (RCTs); and 4) studies published
in English. Exclusion criteria were 1) studies that did not report
the interest endpoints; 2) the full-text version could not be
acquired online; and 3) studies that were not relevant.

Outcome Measures
Efficacy endpoints included incidence of VTE or VTE-related
death, deep venous thrombosis (DVT), and pulmonary embolism
(PE). VTE or VTE-related death was defined as asymptomatic
proximal DVT, symptomatic proximal DVT, symptomatic distal
DVT, symptomatic nonfatal PE, or VTE-related death; for studies
reporting only DVT or PE, the same data were also used for VTE
or VTE-related death. DVT and PE were defined by the included
studies (Fuentes et al., 2019). Safety endpoints included clinically
relevant bleeding, major bleeding, minor bleeding, and all-cause
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death. Clinically relevant bleeding was defined as all bleeding
events, and the data were used for clinically relevant bleeding
when studies reported only major bleeding. Major and minor
bleeding were defined according to the International Society on
Thrombosis and Hemostasis criteria (Schulman and Kearon,
2005); All-cause death included VTE-related death and death
for other reasons. The definition of outcomes in original RCTs is
provided in Supplementary Table S5.

Study Selection
Two researchers (Yang and Zhou) screened the studies
independently. Studies were preliminarily screened according to
the title and abstract and finally included or excluded according
to the full text. Studies were included only if they met the inclusion
criteria (data were also collected from some subgroups of RCTs,
meta-analysis, and pooled analyses). If there was any disagreement,
another author also independently evaluated the studies, after which
the decisions were finalized through a group discussion.

Data Extraction, Quality Assessment, and
Bias Evaluation
A unified data extraction form was used to extract the relevant
data from engaged RCTs, including 1) characteristics of the
studies: title, first author, year of publication, country, number
of centers, treatment, study object, sample size, and so on; 2)
patient characteristics: age, gender, weight, and definition of the
elderly; 3) interest endpoints: VTE or VTE-related death, DVT,
PE, clinically relevant bleeding, major bleeding, minor bleeding,
and all-cause death. If the related events were reported as a
percentage, the figure was rounded.

The study quality of publications included in this analysis was
evaluated by two researchers using the Cochrane Collaboration’s
risk of bias tool, which evaluated seven possible biases: random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessments,
incomplete outcome data, selective outcome reporting, and other
potential bias. The potential for publication bias was assessed by
Begg funnel plots.

Statistical Analysis
All of our network analysis was performed using the STATA
statistical software (version 13.0). Node-splitting analysis was
used to calculate the inconsistencies of our models. Pooled results
of direct and indirect comparisons were reported as relative ratios
(RR) and 95% confidence intervals (CI). The I2 test was calculated
as a quantitative measure of heterogeneity, with I2 ≥ 50%
considered as substantial heterogeneity (Yatabe et al., 2018).
The random effects model was used when I2 was >50%;
otherwise, the fixed effect model was used. Ranking
probabilities were calculated by the surface under the
cumulative ranking analysis (SUCRA) for each outcome to
increase the estimated precision of the effect sizes. The larger
the SUCRA value, the better the LMWHs (Zhou et al., 2018).
Considering the difference of patients involved, we further
performed subgroup analysis based on patient characteristics
(patients with DVT, patients with cardiac disease, medical

patients, and patients >65 years old, > 70 years old, > 75 years
old) and study characteristics (sample size >100, follow-up
shorter than 60 days, follow-up longer than 60 days, single-
center, multicenter, RCTs before 2010, and RCTs after 2010).

RESULTS

Study Characteristics
We finally included 27 RCTs in our network meta-analysis. The
flow of our study selection is shown in Figure 1. A total of 30,441
patients were included, including 13,351 in the LMWHs group
and 17,090 in the control group.

The characteristics of included RCTs are shown in
Supplementary Table S4. The LMWHs included certoparin
(n � 1), enoxaparin (n � 21), tinzaparin (n � 2), nadroparin
(n � 1), and dalteparin (n � 2). The population included DVT
(n � 4), cardiac disease (n � 6), medical (n � 7), and orthopedic
surgery (n � 10) patients. All subjects were 60 years or older. The
data were from five original RCTs (Dahan et al., 1986; Veiga et al.,
2000; Lederle et al., 2006; Riess et al., 2010; Leizorovicz et al.,
2011), 10 subgroup analyses of 10 main RCTs (Samama et al.,
1999; Lopez-Beret et al., 2001; Simoons, 2001; Leizorovicz et al.,
2004; Daskalopoulos et al., 2005; Antman et al., 2006; Hull et al.,
2010; Montalescot et al., 2011; Cohen et al., 2016; Kim et al.,
2016), one meta-analysis (Sardar et al., 2014), and four pooled
analyses of RCTs (Sinnaeve et al., 2006; Friedman et al., 2010;
Turpie et al., 2011; Pineo et al., 2013). The risk bias of included
RCTs is shown in Figure 2.

There was no direct comparison among different LMWHs.
When compared with other treatments, LMWHs were definitely
more effective than placebo in preventing VTE or VTE-related
death (RR 0.36, 95% CI 0.25–0.53) and safer than acenocoumarol
regarding risk of bleeding events (RR 0.67, 95% CI 0.49–0.90).
However, LMWHs were less effective than novel oral
anticoagulant (NOACs) in preventing VTE or VTE-related
death (RR 1.59, 95 %CI 1.33–1.91). LMWHs show efficacy
and safety similar to that of UFHs (Supplementary Table S6).

Efficacy
The endpoint of VTE or VTE-related death was reported in 20 RCTs
and involved four types of LMWH(certoparin, n� 1; enoxaparin,n�
16; nadroparin, n � 1; tinzaparin, n � 2) (Figure 3A). As shown in
Figure 3B, the four kinds of LMWHs show no significant difference
in preventing incidence of VTE or VTE-related death (Figure 4A).
The rank probabilities of the four LMWHs are shown in Figure 5A,
whereby tinzaparin provided themost benefit in VTE or VTE-related
death (SUCRA 68.8%, cumulative probability 42.3%), whereas
nadroparin provided the least benefit (SUCRA 34.3%, cumulative
probability 21.2%).

The indirect analysis of DVT is shown in Figure 3B, which
included nine RCTs and involved four types of LMWH
(certoparin, n � 1; enoxaparin, n � 6; nadroparin, n � 1;
tinzaparin, n � 1). There was no significant difference in the
incidence of different LMWHs (Figure 4B). Tinzaparin
performed best with regard to efficacy in VTE (SUCRA 73.0%,
cumulative probability 57.5%), and enoxaparin had the worst
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efficacy (SUCRA 32.9%, cumulative probability 2.0%)
(Figure 5B).

PE was reported in seven RCTs and included three LMWHs
(certoparin, n � 1; tinzaparin, n � 1; enoxaparin, n � 5)
(Figure 3C). The three LMWHs showed no significant
difference regarding PE (Figure 4C). Certoparin was ranked
first (SUCRA 82.9%, cumulative probability 66.0%) and
tinzaparin was ranked last (SUCRA 19.4%, cumulative
probability 10.6%) (Figure 5C).

Safety
Clinically relevant bleeding included major and minor bleeding.
The results of indirect analysis are shown in Figure 3D, including

25 RCTs and five kinds of LMWHs (enoxaparin, n � 19;
tinzaparin, n � 2; nadroparin, n � 1, dalteparin, n � 2;
certoparin, n � 1). The five kinds of LMWH showed no
significant difference in the incidence of clinically relevant
bleeding (Figure 4D). The rank probabilities indicated that
nadroparin had a 77.0% probability of being the best therapy
(SUCRA: 84.8%) to prevent incidence of clinically relevant
bleeding, whereas certoparin was the worst therapy (SUCRA:
22.8%, cumulative probability: 2.5%) (Figure 5D).

Incidence of major bleeding was reported in 15 RCTs (one was
excluded because no incidence of major bleeding was observed)
and included five LMWHs (Figure 3E). Eight RCTs reported
incidence of minor bleeding with five LMWHs involved

FIGURE 1 | Flow diagram of study selection. RCT, randomized controlled trial.

FIGURE 2 | Risk bias of the included RCTs. + (green), low risk; −(red), high risk; ? (yellow), unclear risk.
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(Figure 3F). The indirect comparisons of the two endpoints
are shown in Figures 4E,F. Different LMWHs showed no
significant difference in both major and minor bleeding.
Dalteparin showed the best efficacy for major bleeding
(SUCRA 72.1%, cumulative probability 28.3%), and
certoparin showed the worst efficacy (SUCRA 29.4%,
cumulative probability 6.7%) (Figure 5E). Nadroparin had
a 71.1% probability of being the best therapy to prevent the

incidence of minor bleeding (SUCRA 84.1%), whereas
enoxaparin was ranked last (SUCRA 20.7%, cumulative
probability 0.7%) (Figure 5F).

A total of 14 RCTs reported the incidence of all-cause death
after treatment with anticoagulants with five LMWHs involved
(enoxaparin, n � 8; tinzaparin, n � 2; nadroparin, n � 1;
dalteparin, n � 1; certoparin, n � 1; one was excluded because
no incidence of major bleeding was observed) (Figure 3G).

FIGURE 3 | Network structure for all outcomes. The network plots show direct comparison of different treatments. n1, number of RCTs; n2, number of patients
(LMWHs group vs control group).

FIGURE 4 | Comparisons of all efficacy and safety outcomes among different LMWHs. RR, relative risk; 95%CI, 95% confidence interval. VTE, venous
thromboembolism; DVT, deep vein thrombosis.
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Indirect comparison indicated that no LMWHs showed
significant superiority regarding the risk of all-cause death
(Figure 4G). The rank probabilities indicated that tinzaparin
delivered the greatest benefit for the risk of all-cause mortality
(SUCRA 84.2%, cumulative probability 40.7%), and certoparin
provided the least benefit (SUCRA 26.0%, cumulative probability
2.3%) (Figure 5G).

Publication Bias
For comparisons involving 10 or more studies, Begg funnel plots
for studies of VTE or VTE-related death, clinically relevant
bleeding, major bleeding, and all-cause death were

symmetrical (Supplementary Figure S1). Thus, there was no
statistically significant evidence of publication bias in the studies
reported herein.

Subgroup Analysis
To verify the stability of our results, we further performed
subgroup analyses in populations with different characteristics:
patients with DVT (Supplementary Table S7), internal medical
patients (Supplementary Table S8), patients with cardiac disease
(Supplementary Table S9) (orthopedic surgery patients were
excluded because they used fewer than two types of LMWH),
patients >65 years old (Supplementary Table S10), patients

FIGURE 5 | SUCRA of LMWHs for all efficacy and safety outcomes. RR, relative risk; 95%CI, 95% confidence interval. VTE, venous thromboembolism; DVT, deep
vein thrombosis.
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>70 years old (Supplementary Table S11), and patients
>75 years old (Supplementary Table S12); and studies with
different characteristics: sample size >100 (Supplementary
Table S13), follow-up time <60 days (Supplementary Table
S14), follow-up time >60 days (Supplementary Table S15),
multicenter (Supplementary Table S16), single-center
(Supplementary Table S17), RCTs before 2010
(Supplementary Table S18), and RCTs after 2010
(Supplementary Table S19). Different LMWHs showed
similar efficacy and safety with regard to the incidence of VTE
or VTE-related death, clinically relevant bleeding, and all-cause
mortality. In addition, tinzaparin showed the greatest overall
benefit in VTE and VTE-related death and all-cause mortality in
our ranking analysis, whereas nadroparin was ranked first in
reducing the incidence of bleeding events.

Considering that enoxaparin constituted the majority of
LMWHs we included, we conducted a subgroup analysis that
excluded the RCTs of enoxaparin. After these 21 RCTs were
discarded, dalteparin was associated with a decreased risk of
clinically relevant bleeding (RR 1.76, 95% CI 1.10–2.82) in
comparison with cetoparin (Supplementary Table S20).

DISCUSSION

To our knowledge, this is the first study that compares the efficacy
and safety of different LMWHs in the elderly. A total of 27 RCTs
and 30,441 elderly subjects were included in our network analysis
with five LMWHs included in the intervention group and other
treatments (placebo, UFH, acenocoumarol, NOACs) in the
control group. In the head-to-head comparisons, LMWHs
were less effective than NOACs but more effective than
placebo, safer than acenocoumarol, and similar to UFH in
terms of efficacy and safety. In the network analysis, no
significant difference was observed in all efficacy (VTE or
VTE-related death, DVT, PE) and safety (clinically relevant
bleeding, major bleeding, minor bleeding) outcomes among
the five LMWHs. In general, the SUCRA probabilities
indicated that tinzaparin provided the most benefit in
preventing VTE and VTE-related death and in decreasing the
risk of death. Nadroparin ranked first in reducing the incidence of
bleeding events. The results were also supported by our subgroup
analyses and promise to provide a reference for clinicians when
making clinical decisions.

Given their susceptibility to various diseases, multiple
prescriptions, and attenuation of renal and liver function, the
efficacy and safety of anticoagulants are both important to the
elderly. A meta-analysis including 29,403 elective
postarthroplasty elderly indicated that, with NOACs, the risk
of VTE or VTE-related death was similar to that with LMWHs
(odds ratio [OR] 0.62, 95% CI 0.30–1.26; p � 0.18; I2 � 44%), but
the bleeding risk was significantly lower (OR 0.71, 95% CI
0.53–0.94; p � 0.02; I2 � 0%) (Pathak et al., 2015). However,
our direct comparisons showed that LMHWs are less effective
than NOACs although the safety profile showed no significant
difference. In addition to the elderly after elective

postarthroplasty, we also included older patients with other
disease status, which may contribute to the controversy over
the efficacy and safety of LMWHs and NOACs. LMWHs showed
efficacy and safety effects equivalent to those of UFH in our
analysis, and the results were supported by two previous meta-
analyses (Macki et al., 2019; Lin et al., 2021). In addition, LMWHs
in our analysis were more effective than placebo and safer than
acenocoumarol.

For reasons of better safety and efficacy, many guidelines
recommend LMWHs for the treatment and prevention of
VTE (Rhodes et al., 2017; Farge et al., 2019) as well as for the
elderly during the perioperative period (Kozek-Langenecker et al.,
2018). Furthermore, since the outbreak of COVID-19, LMWH
has been widely used for anticoagulation in older COVID-19
patients (Kreidieh and Temraz, 2021). In patients with proximal
DVT and PE, LMWHs are preferred over oral anticoagulants and
UFH (Hozayen et al., 2021). In-hospital COVID-19 patients who
were on anticoagulation with LMWHs or UFH had a significantly
reduced risk of mortality (hazard ratio 2.26, 95% CI 1.17–4.37). A
retrospective study by Pasquale et al. (Paolisso et al., 2020) based
on 450 COVID-19 patients (mean age 67 years) showed that this
protective effect was also associated with the dose of LMWH:
compared with standard prophylactic doses (40–60 mg daily),
moderate doses (40–60 mg twice daily) were significantly
associated with lower in-hospital mortality (18.8 vs. 5.8%, p �
0.02). This conclusion was also supported by an RCT conducted
by Spyropoulos (Spyropoulos et al., 2021). Compared with
NOACs, LMWH also showed better benefit in reducing
mortality, improving markers of cell death, and curtailing viral
persistence (Pereyra et al., 2021).

Although no specific LMWH is recommended, and they all
differ in their manufacturing processes and molecular weights as
well as anti-Xa, antithrombin, and anticoagulant activities, the
LMWHs reported herein did not show any difference in all
efficacy and safety endpoints throughout the network analysis.
Research on the pharmacokinetics of LMWH shows that
LMWHs accumulated significantly only in patients with poor
renal function (Stiekema et al., 1989; Rico et al., 2014). Moreover,
a study by Siguret et al. on the cumulative effects of tinzaparin in
the elderly showed no progressive increase in anti-Xa or anti-IIa
activity after repeated administration for 10 days (Siguret et al.,
2000). The authors conclude that there was no need to adjust the
dosage of tinzaparin even in elderly individuals with renal
insufficiency. This further verified the preferable safety of
LMWHs in the elderly, and the deterioration of renal function
did not lead to significant influence on their efficacy or safety.
Furthermore, a study compared the efficacy of enoxaparin and
dalteparin in patients with traumatic injury (Miano et al., 2018).
Despite enoxaparin providing 30%–100% greater factor Xa
inhibition than dalteparin, the 10-year real-world study
indicated no significant difference in efficacy between
enoxaparin and dalteparin. Thus, the antithrombotic effect of
LMWHs may be mediated by mechanisms other than anti-Xa
(Frydman, 1996).

As reflected in our included RCTs, enoxaparin is the most
widely used LMWH in clinical practice. A review indicates that, of
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enoxaparin, dalteparin, and nadroparin, only enoxaparin had
sustained clinical and economic benefits compared with UFH in
patients with unstable angina/non-ST-segment elevation
myocardial infarction (Cohen, 2003). Therefore, different
LMWHs may differ in their efficacy and safety, and enoxaparin
did not show any advantages in our included elderly population.
This may largely be because of the imbalance in the number of
RCTs of different LMWHs with studies on other LMWHs besides
enoxaparin being inadequate. After the RCTs of enoxaparin were
removed from our analysis, dalteparin showed a lower bleeding
risk than cetoparin. Thus, to eliminate the bias caused by the
imbalance in the number of patients and increase the reliability of
our results, more studies are needed to explore the efficacy and
safety of other LMWHs in the elderly.

Tinzaparin, as the largest LMWH (molecular weight 6500 Da)
in the clinic, is produced by the enzymatic degradation of
porcine-derived UFH (Ageno et al., 2019) and is currently
recommended as the first-line treatment for cancer-associated
thrombosis (Ageno et al., 2019). In the prevention of DVT and/or
PE, the efficacy of subcutaneous injection of tinzaparin in
orthopedic surgery patients was superior to oral warfarin (Hoy
et al., 2010). Moreover, our SUCRA probabilities suggest that
tinzaparin performed best in preventing VTE and VTE-related
and all-cause death. Nadroparin is an LMWH with a mean
molecular weight of 4500 Da that is used for the treatment
and prevention of long-term thromboembolism disorders
(Barradell and Buckley, 1992). As early as 1997, a review
summarized that nadroparin was more effective and safer than
UFH in older patients (Barradell and Buckley, 1992). Our SUCRA
probabilities showed that nadroparin performed best in
decreasing the risk of bleeding. A recent pilot study indicates
that nadroparin, in comparison with dabigatran or rivaroxaban,
showed no difference in bleeding complications in patients with
total knee arthroplasty surgery (van der Veen et al., 2021). A
retrospective study compared the safety and efficacy of tinzaparin
and nadroparin in neurosurgery and showed no significant
difference in bleeding events and incidence of VTE (Wilhelmy
et al., 2021). Thus, the superiority of tinzaparin and nadroparin in
the elderly needs to be further studied.

We concede that there are some limitations to our analysis.
Because no studies directly compare the efficacy and safety of
different LMWHs in the elderly, our network meta-analysis only
includes indirect comparative evidence and lacks direct evidence. We
include data from some RCTs, existing meta-analyses, and pooled
analyses. Therefore, the details of patients (such as average age, gender,
BMI, and so on) were not clear. The RCTs included in our study have
some differences in the participating population, treatment protocols,
and definition of outcomes. There was a high degree of statistical
heterogeneity at some endpoints.

CONCLUSION

In the elderly, LMWH is a safer anticoagulant in comparison
with other agents. Among different LMWHs, no
significant difference in the incidence of VTE or VTE-
related death, DVT, PE, clinically relevant bleeding, major
bleeding, minor bleeding, or all-cause death was observed in
our network comparison. The rank probability analysis
indicated that nadroparin seems to be safer for elderly
patients at high risk of bleeding, and tinzaparin is more
effective for those with a low bleeding risk. Certainly, the
results need to be further verified in more rigorous clinical
research.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

AUTHOR CONTRIBUTIONS

X-CZ conceived and designed the study. H-QY and L-YZ
screened RCTs. L-YZ performed statistically analyses. W-
JY performed data acquisition. M-CL assisted with the
interpretation of the data and critically reviewed for
importance of intellectual content for the work. H-QY
prepared the figures and tables. H-QY drafted the
manuscript. All authors agree to be accountable for all aspects
of the work.

FUNDING

This study was supported by the National Natural Science
Foundation of China (81773822, 81973400, 82104305), Natural
Science Foundation of Hunan Province (2021JJ40957), Hunan
Medical Association Foundation for clinical pharmacy research
(HMA202001003), and Hunan traditional Chinese medicine
research program (2021197).

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2021.783104/
full#supplementary-material

REFERENCES

Ageno, W., Barni, S., Di Nisio, M., Falanga, A., Imberti, D., Labianca, R. F., et al.
(2019). Treatment of Venous Thromboembolism with Tinzaparin in
Oncological Patients. Minerva Med. 110 (3), 251–258. doi:10.23736/S0026-
4806.19.06026-9

Antman, E. M., and Handin, R. (1998). Low-molecular-weight Heparins: an
Intriguing New Twist with Profound Implications. Circulation 98 (4),
287–289. doi:10.1161/01.cir.98.4.287

Antman, E. M., Morrow, D. A., Mccabe, C. H., Murphy, S. A., Ruda, M.,
Sadowski, Z., et al. (2006). Enoxaparin versus Unfractionated Heparin with
Fibrinolysis for ST-Elevation Myocardial Infarction. N. Engl. J. Med. 354
(14), 1477–1488. doi:10.1056/NEJMoa060898

Frontiers in Pharmacology | www.frontiersin.org December 2021 | Volume 12 | Article 7831048

Yang et al. LMWHs in Elderly

https://www.frontiersin.org/articles/10.3389/fphar.2021.783104/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2021.783104/full#supplementary-material
https://doi.org/10.23736/S0026-4806.19.06026-9
https://doi.org/10.23736/S0026-4806.19.06026-9
https://doi.org/10.1161/01.cir.98.4.287
https://doi.org/10.1056/NEJMoa060898
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Barradell, L. B., and Buckley, M. M. (1992). Nadroparin Calcium. A Review
of its Pharmacology and Clinical Applications in the Prevention and Treatment
of Thromboembolic Disorders. Drugs 44 (5), 858–888. doi:10.2165/00003495-
199244050-00010

Berges, A., Laporte, S., Epinat, M., Zufferey, P., Alamartine, E., Tranchand, B., et al.
(2007). Anti-factor Xa Activity of Enoxaparin Administered at Prophylactic
Dosage to Patients over 75 Years Old. Br. J. Clin. Pharmacol. 64 (4), 428–438.
doi:10.1111/j.1365-2125.2007.02920.x

Cohen, A. T., Harrington, R. A., Goldhaber, S. Z., Hull, R. D.,Wiens, B. L., Gold, A.,
et al. (2016). Extended Thromboprophylaxis with Betrixaban in Acutely
Ill Medical Patients. N. Engl. J. Med. 375 (6), 534–544. doi:10.1056/
NEJMoa1601747

Cohen, M. (2003). The Role of Low-Molecular-Weight Heparin in the
Management of Acute Coronary Syndromes. J. Am. Coll. Cardiol. 41 (4
Suppl. S), 55S–61S. doi:10.1016/s0735-1097(02)02901-7

Dahan, R., Houlbert, D., Caulin, C., Cuzin, E., Viltart, C., Woler, M., et al. (1986).
Prevention of Deep Vein Thrombosis in Elderly Medical In-Patients by a Low
Molecular Weight Heparin: a Randomized Double-Blind Trial. Haemostasis 16
(2), 159–164. doi:10.1159/000215286

Daskalopoulos, M. E., Daskalopoulou, S. S., Tzortzis, E., Sfiridis, P., Nikolaou, A.,
Dimitroulis, D., et al. (2005). Long-term Treatment of Deep Venous
Thrombosis with a Low Molecular Weight Heparin (Tinzaparin): a
Prospective Randomized Trial. Eur. J. Vasc. Endovasc Surg. 29 (6), 638–650.
doi:10.1016/j.ejvs.2004.02.029

Farge, D., Frere, C., Connors, J. M., Ay, C., Khorana, A. A., Munoz, A., et al. (2019).
2019 International Clinical Practice Guidelines for the Treatment and
Prophylaxis of Venous Thromboembolism in Patients with Cancer. Lancet
Oncol. 20 (10), e566–e581. doi:10.1016/S1470-2045(19)30336-5

Friedman, R. J., Dahl, O. E., Rosencher, N., Caprini, J. A., Kurth, A. A., Francis, C.
W., et al. (2010). Dabigatran versus Enoxaparin for Prevention of Venous
Thromboembolism after Hip or Knee Arthroplasty: a Pooled Analysis of Three
Trials. Thromb. Res. 126 (3), 175–182. doi:10.1016/j.thromres.2010.03.021

Frydman, A. (1996). Low-molecular-weight Heparins: an Overview of Their
Pharmacodynamics, Pharmacokinetics and Metabolism in Humans.
Haemostasis 26 (Suppl. 2), 24–38. doi:10.1159/000217270

Fuentes, H. E., Mcbane, R. D., Wysokinski, W. E., Tafur, A. J., Loprinzi, C. L.,
Murad, M. H., et al. (2019). Direct Oral Factor Xa Inhibitors for the Treatment
of Acute Cancer-Associated Venous Thromboembolism: A Systematic Review
and Network Meta-Analysis.Mayo Clin. Proc. 94 (12), 2444–2454. doi:10.1016/
j.mayocp.2019.05.035

Hoy, S. M., Scott, L. J., and Plosker, G. L. (2010). Tinzaparin Sodium: a Review of its
Use in the Prevention and Treatment of Deep Vein Thrombosis and Pulmonary
Embolism, and in the Prevention of Clotting in the Extracorporeal Circuit
during Haemodialysis. Drugs 70 (10), 1319–1347. doi:10.2165/11203710-
000000000-00000

Hozayen, S. M., Zychowski, D., Benson, S., Lutsey, P. L., Haslbauer, J., Tzankov, A.,
et al. (2021). Outpatient and Inpatient Anticoagulation Therapy and the Risk
for Hospital Admission and Death Among COVID-19 Patients.
EClinicalMedicine 41, 101139. doi:10.1016/j.eclinm.2021.101139

Hull, R. D., Schellong, S. M., Tapson, V. F., Monreal, M., Samama, M. M., Nicol, P.,
et al. (2010). Extended-duration Venous Thromboembolism Prophylaxis in
Acutely Ill Medical Patients with Recently Reduced Mobility: a Randomized
Trial. Ann. Intern. Med. 153 (1), 8–18. doi:10.7326/0003-4819-153-1-
201007060-00004

Kim, S. M., Moon, Y. W., Lim, S. J., Kim, D. W., and Park, Y. S. (2016). Effect of
Oral Factor Xa Inhibitor and Low-Molecular-Weight Heparin on Surgical
Complications Following Total Hip Arthroplasty. Thromb. Haemost. 115 (3),
600–607. doi:10.1160/TH15-07-0527

Kozek-Langenecker, S., Fenger-Eriksen, C., Thienpont, E., and Barauskas, G.
(2018). European Guidelines on Perioperative Venous Thromboembolism
Prophylaxis: Surgery in the Elderly. Eur. J. Anaesthesiol 35 (2), 116–122.
doi:10.1097/EJA.0000000000000705

Kreidieh, F., and Temraz, S. (2021). Anticoagulation for COVID-19 Patients: A
Bird’s-Eye View. Clin. Appl. Thromb. Hemost. 27, 10760296211039288.
doi:10.1177/10760296211039288

Lederle, F. A., Sacks, J. M., Fiore, L., Landefeld, C. S., Steinberg, N., Peters, R. W.,
et al. (2006). The Prophylaxis of Medical Patients for Thromboembolism Pilot
Study. Am. J. Med. 119 (1), 54–59. doi:10.1016/j.amjmed.2005.03.049

Leizorovicz, A., Cohen, A. T., Turpie, A. G., Olsson, C. G., Vaitkus, P. T., and
Goldhaber, S. Z. (2004). Randomized, Placebo-Controlled Trial of
Dalteparin for the Prevention of Venous Thromboembolism in Acutely Ill
Medical Patients. Circulation 110 (7), 874–879. doi:10.1161/
01.CIR.0000138928.83266.24

Leizorovicz, A., Siguret, V., Mottier, D., Leizorovicz, A., Leizorovicz, A., Siguret, V.,
et al. (2011). Safety Profile of Tinzaparin versus Subcutaneous Unfractionated
Heparin in Elderly Patients with Impaired Renal Function Treated for Acute
Deep Vein Thrombosis: the Innohep® in Renal Insufficiency Study (IRIS).
Thromb. Res. 128 (1), 27–34. doi:10.1016/j.thromres.2011.03.002

Lin, Z., Sun, Y., Xue, H., Chen, L., Yan, C., Panayi, A. C., et al. (2021). The
Effectiveness and Safety of LMWH for Preventing Thrombosis in Patients with
Spinal Cord Injury: a Meta-Analysis. J. Orthop. Surg. Res. 16 (1), 262.
doi:10.1186/s13018-021-02412-7

López-Beret, P., Orgaz, A., Fontcuberta, J., Doblas, M., Martinez, A., Lozano, G.,
et al. (2001). Low Molecular Weight Heparin versus Oral Anticoagulants in the
Long-Term Treatment of Deep Venous Thrombosis. J. Vasc. Surg. 33 (1),
77–90. doi:10.1067/mva.2001.109336

Macdougall, K., and Spyropoulos, A. C. (2021). Prevention of Venous
Thromboembolism in Acutely Ill Medical Patients: A New Era. Semin.
Respir. Crit. Care Med. 42 (2), 308–315. doi:10.1055/s-0041-1723018

Macki, M., Fakih, M., Anand, S. K., Suryadevara, R., Elmenini, J., and Chang, V.
(2019). A Direct Comparison of Prophylactic Low-Molecular-Weight Heparin
versus Unfractionated Heparin in Neurosurgery: A Meta-Analysis. Surg.
Neurol. Int. 10, 202. doi:10.25259/SNI_428_2019

Mahé, I., Aghassarian, M., Drouet, L., Bal Dit-Sollier, C., Lacut, K., Heilmann, J. J.,
et al. (2007). Tinzaparin and Enoxaparin Given at Prophylactic Dose for Eight
Days in Medical Elderly Patients with Impaired Renal Function: a Comparative
Pharmacokinetic Study. Thromb. Haemost. 97 (4), 581–586.

Miano, T. A., Cuker, A., Christie, J. D., Martin, N., Smith, B., Makley, A. T., et al.
(2018). Comparative Effectiveness of Enoxaparin vs Dalteparin for
Thromboprophylaxis after Traumatic Injury. Chest 153 (1), 133–142.
doi:10.1016/j.chest.2017.08.008

Mismetti, P., Laporte-Simitsidis, S., Navarro, C., Sié, P., D’Azemar, P., Necciari, J.,
et al. (1998). Aging and Venous Thromboembolism Influence the
Pharmacodynamics of the Anti-factor Xa and Anti-thrombin Activities of a
Low Molecular Weight Heparin (Nadroparin). Thromb. Haemost. 79 (6),
1162–1165. doi:10.1055/s-0037-1615034

Montalescot, G., Zeymer, U., Silvain, J., Boulanger, B., Cohen, M., Goldstein, P.,
et al. (2011). Intravenous Enoxaparin or Unfractionated Heparin in Primary
Percutaneous Coronary Intervention for ST-Elevation Myocardial Infarction:
the International Randomised Open-Label ATOLL Trial. Lancet 378 (9792),
693–703. doi:10.1016/S0140-6736(11)60876-3

Montalto, C., Crimi, G., Morici, N., Piatti, L., Grosseto, D., Sganzerla, P., et al.
(2021). Bleeding Risk Prediction in Elderly Patients Managed Invasively for
Acute Coronary Syndromes: External Validation of the PRECISE-DAPT and
PARIS Scores. Int. J. Cardiol. 328, 22–28. doi:10.1016/j.ijcard.2020.11.065

Palareti, G., and Poli, D. (2018). The Prevention of Venous Thromboembolism
Recurrence in the Elderly: a Still Open Issue. Expert Rev. Hematol. 11 (11),
903–909. doi:10.1080/17474086.2018.1526667

Paolisso, P., Bergamaschi, L., D’Angelo, E. C., Donati, F., Giannella, M., Tedeschi,
S., et al. (2020). Preliminary Experience with Low Molecular Weight Heparin
Strategy in COVID-19 Patients. Front. Pharmacol. 11, 1124. doi:10.3389/
fphar.2020.01124

Pathak, R., Giri, S., Karmacharya, P., Aryal, M. R., Poudel, D. R., Ghimire, S., et al.
(2015). Meta-analysis on Efficacy and Safety of New Oral Anticoagulants for
Venous Thromboembolism Prophylaxis in Elderly Elective Postarthroplasty
Patients. Blood Coagul. Fibrinolysis 26 (8), 934–939. doi:10.1097/
MBC.0000000000000369

Pellizzari, L., Facchinetti, R., Corrà, L., Sepe, A., Fantin, F., Fontana, G., et al.
(2018). Can We Reliably Predict the Level of Anticoagulation after Enoxaparin
Injection in Elderly Patients with Renal Failure? Aging Clin. Exp. Res. 30 (6),
605–608. doi:10.1007/s40520-017-0822-8

Pereyra, D., Heber, S., Schrottmaier, W. C., Santol, J., Pirabe, A.,
Schmuckenschlager, A., et al. (2021). Low-molecular-weight Heparin Use in
Coronavirus Disease 2019 Is Associated with Curtailed Viral Persistence: a
Retrospective Multicentre Observational Study. Cardiovasc. Res. 2021, cvab308.
doi:10.1093/cvr/cvab308

Frontiers in Pharmacology | www.frontiersin.org December 2021 | Volume 12 | Article 7831049

Yang et al. LMWHs in Elderly

https://doi.org/10.2165/00003495-199244050-00010
https://doi.org/10.2165/00003495-199244050-00010
https://doi.org/10.1111/j.1365-2125.2007.02920.x
https://doi.org/10.1056/NEJMoa1601747
https://doi.org/10.1056/NEJMoa1601747
https://doi.org/10.1016/s0735-1097(02)02901-7
https://doi.org/10.1159/000215286
https://doi.org/10.1016/j.ejvs.2004.02.029
https://doi.org/10.1016/S1470-2045(19)30336-5
https://doi.org/10.1016/j.thromres.2010.03.021
https://doi.org/10.1159/000217270
https://doi.org/10.1016/j.mayocp.2019.05.035
https://doi.org/10.1016/j.mayocp.2019.05.035
https://doi.org/10.2165/11203710-000000000-00000
https://doi.org/10.2165/11203710-000000000-00000
https://doi.org/10.1016/j.eclinm.2021.101139
https://doi.org/10.7326/0003-4819-153-1-201007060-00004
https://doi.org/10.7326/0003-4819-153-1-201007060-00004
https://doi.org/10.1160/TH15-07-0527
https://doi.org/10.1097/EJA.0000000000000705
https://doi.org/10.1177/10760296211039288
https://doi.org/10.1016/j.amjmed.2005.03.049
https://doi.org/10.1161/01.CIR.0000138928.83266.24
https://doi.org/10.1161/01.CIR.0000138928.83266.24
https://doi.org/10.1016/j.thromres.2011.03.002
https://doi.org/10.1186/s13018-021-02412-7
https://doi.org/10.1067/mva.2001.109336
https://doi.org/10.1055/s-0041-1723018
https://doi.org/10.25259/SNI_428_2019
https://doi.org/10.1016/j.chest.2017.08.008
https://doi.org/10.1055/s-0037-1615034
https://doi.org/10.1016/S0140-6736(11)60876-3
https://doi.org/10.1016/j.ijcard.2020.11.065
https://doi.org/10.1080/17474086.2018.1526667
https://doi.org/10.3389/fphar.2020.01124
https://doi.org/10.3389/fphar.2020.01124
https://doi.org/10.1097/MBC.0000000000000369
https://doi.org/10.1097/MBC.0000000000000369
https://doi.org/10.1007/s40520-017-0822-8
https://doi.org/10.1093/cvr/cvab308
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Pineo, G. F., Gallus, A. S., Raskob, G. E., Chen, D., Ramirez, L. M., Ramacciotti, E.,
et al. (2013). Apixaban after Hip or Knee Arthroplasty versus Enoxaparin:
Efficacy and Safety in Key Clinical Subgroups. J. Thromb. Haemost. 11 (3),
444–451. doi:10.1111/jth.12109

Rhodes, A., Evans, L. E., Alhazzani, W., Levy, M. M., Antonelli, M., Ferrer, R., et al.
(2017). Surviving Sepsis Campaign: International Guidelines for Management
of Sepsis and Septic Shock: 2016. Intensive Care Med. 43 (3), 304–377.
doi:10.1007/s00134-017-4683-6

Rico, S., Antonijoan, R. M., Ballester, M. R., Gutierro, I., Ayani, I., Martinez-Gonzalez, J.,
et al. (2014). Pharmacodynamics Assessment of Bemiparin afterMultiple Prophylactic
and Single Therapeutic Doses in Adult and ElderlyHealthy Volunteers and in Subjects
with Varying Degrees of Renal Impairment. Thromb. Res. 133 (6), 1029–1038.
doi:10.1016/j.thromres.2014.03.038

Riess, H., Haas, S., Tebbe, U., Gerlach, H. E., Abletshauser, C., Sieder, C., et al.
(2010). A Randomized, Double-Blind Study of Certoparin vs. Unfractionated
Heparin to Prevent Venous Thromboembolic Events in Acutely Ill, Non-
surgical Patients: CERTIFY Study. J. Thromb. Haemost. 8 (6), 1209–1215.
doi:10.1111/j.1538-7836.2010.03848.x

Samama, M. M., Cohen, A. T., Darmon, J. Y., Desjardins, L., Eldor, A., Janbon, C.,
et al. (1999). A Comparison of Enoxaparin with Placebo for the Prevention of
Venous Thromboembolism in Acutely Ill Medical Patients. Prophylaxis in
Medical Patients with Enoxaparin Study Group. N. Engl. J. Med. 341 (11),
793–800. doi:10.1056/NEJM199909093411103

Samama, M. M. (2011). Use of Low-Molecular-Weight Heparins and New
Anticoagulants in Elderly Patients with Renal Impairment. Drugs Aging 28
(3), 177–193. doi:10.2165/11586730-000000000-00000

Sardar, P., Chatterjee, S., Chaudhari, S., and Lip, G. Y. (2014). New Oral
Anticoagulants in Elderly Adults: Evidence from a Meta-Analysis of
Randomized Trials. J. Am. Geriatr. Soc. 62 (5), 857–864. doi:10.1111/jgs.12799

Schulman, S., and Kearon, C. (2005). Definition of Major Bleeding in Clinical
Investigations of Antihemostatic Medicinal Products in Non-surgical Patients.
J. Thromb. Haemost. 3 (4), 692–694. doi:10.1111/j.1538-7836.2005.01204.x

Sharif-Askari, F. S., Syed Sulaiman, S. A., Sharif-Askari, N. S., Al Sayed Hussain, A.,
and Railey, M. J. (2014). Adverse Outcomes of Anticoagulant Use Among
Hospitalized Patients with Chronic Kidney Disease: a Comparison of the Rates
of Major Bleeding Events between Unfractionated Heparin and Enoxaparin.
PLoS One 9 (9), e106517. doi:10.1371/journal.pone.0106517

Siguret, V., Pautas, E., Février, M., Wipff, C., Durand-Gasselin, B., Laurent, M.,
et al. (2000). Elderly Patients Treated with Tinzaparin (Innohep) Administered
once Daily (175 Anti-xa IU/kg): Anti-xa and Anti-IIa Activities over 10 Days.
Thromb. Haemost. 84 (5), 800–804.

Simoons, M. L. (2001). Effect of Glycoprotein IIb/IIIa Receptor Blocker Abciximab
on Outcome in Patients with Acute Coronary Syndromes without Early
Coronary Revascularisation: the GUSTO IV-ACS Randomised Trial. Lancet
357 (9272), 1915–1924. doi:10.1016/s0140-6736(00)05060-1

Sinnaeve, P. R., Huang, Y., Bogaerts, K., Vahanian, A., Adgey, J., Armstrong, P. W.,
et al. (2006). Age, Outcomes, and Treatment Effects of Fibrinolytic and
Antithrombotic Combinations: Findings from Assessment of the Safety and
Efficacy of a New Thrombolytic (ASSENT)-3 and ASSENT-3 PLUS. Am. Heart
J. 152 (4), 684–e1-9. doi:10.1016/j.ahj.2006.07.005

Spyropoulos, A. C., Goldin, M., Giannis, D., Diab, W., Wang, J., Khanijo, S., et al.
(2021). Efficacy and Safety of Therapeutic-Dose Heparin vs Standard
Prophylactic or Intermediate-Dose Heparins for Thromboprophylaxis in
High-Risk Hospitalized Patients with COVID-19. JAMA Intern. Med. 2021,
e216203. doi:10.1001/jamainternmed.2021.6203

Stiekema, J. C., Wijnand, H. P., Van Dinther, T. G., Moelker, H. C., Dawes, J.,
Vinchenzo, A., et al. (1989). Safety and Pharmacokinetics of the LowMolecular
Weight Heparinoid Org 10172 Administered to Healthy Elderly Volunteers. Br.
J. Clin. Pharmacol. 27 (1), 39–48. doi:10.1111/j.1365-2125.1989.tb05333.x

Turpie, A. G., Lassen, M. R., Eriksson, B. I., Gent, M., Berkowitz, S. D., Misselwitz,
F., et al. (2011). Rivaroxaban for the Prevention of Venous Thromboembolism
after Hip or Knee Arthroplasty. Pooled Analysis of Four Studies. Thromb.
Haemost. 105 (3), 444–453. doi:10.1160/TH10-09-0601

van der Veen, L., Segers, M., van Raay, J. J., Gerritsma-Bleeker, C. L., Brouwer, R.
W., Veeger, N. J., et al. (2021). Bleeding Complications of Thromboprophylaxis
with Dabigatran, Nadroparin or Rivaroxaban for 6 Weeks after Total Knee
Arthroplasty Surgery: a Randomised Pilot Study. BMJ Open 11 (1), e040336.
doi:10.1136/bmjopen-2020-040336

Veiga, F., Escribá, A., Maluenda, M. P., López Rubio, M., Margalet, I., Lezana, A.,
et al. (2000). Low Molecular Weight Heparin (Enoxaparin) versus Oral
Anticoagulant Therapy (Acenocoumarol) in the Long-Term Treatment of
Deep Venous Thrombosis in the Elderly: a Randomized Trial. Thromb.
Haemost. 84 (4), 559–564.

Wilhelmy, F., Hantsche, A., Gaier, M., Kasper, J., Fehrenbach, M. K., Oesemann, R.,
et al. (2021). Tinzaparin vs. Nadroparin Safety and Efficacy in Neurosurgery.
Neurol. Int. 13 (2), 202–206. doi:10.3390/neurolint13020021

World Health Organization (1989). Health of the Elderly: Report of a WHO Expert
Committee [meeting Held in Geneva from 3 to 9 November 1987]. Geneva,
Switzerland: World Health Organization.

Xiong, W. (2021). Current Status of Treatment of Cancer-Associated Venous
Thromboembolism. Thromb. J 19 (1), 21. doi:10.1186/s12959-021-00274-x

Yang, Z., Jiang, Y., Wang, M., and Zeng, H. (2020). Current Status and Challenges
of Community-Based Elderly Care Centers in Chongqing, China: A Cross-
Sectional Study. Risk Manag. Healthc. Pol. 13, 2975–2983. doi:10.2147/
RMHP.S283145

Yatabe, T., Inoue, S., Sakamoto, S., Sumi, Y., Nishida, O., Hayashida, K., et al.
(2018). The Anticoagulant Treatment for Sepsis Induced Disseminated
Intravascular Coagulation; Network Meta-Analysis. Thromb. Res. 171,
136–142. doi:10.1016/j.thromres.2018.10.007

Zhang, B., Xu, H., Zhang, H., Liu, Q., Ye, Y., Hao, J., et al. (2020). Prognostic Value
of N-Terminal Pro-B-type Natriuretic Peptide in Elderly Patients with Valvular
Heart Disease. J. Am. Coll. Cardiol. 75 (14), 1659–1672. doi:10.1016/
j.jacc.2020.02.031

Zhang, X., Cai, Q., Wang, X., Liao, K., Hu, C., and Chen, H. (2021). Current Use of
Rivaroxaban in Elderly Patients with Venous Thromboembolism (VTE).
J. Thromb. Thrombolysis 52, 863–871. doi:10.1007/s11239-021-02415-5

Zhou, L. Y., Yang, S. F., Zhang, Z., Zhang, C., Shen, L., Gu, Z. C., et al. (2018). A
Renal Function Based Trade-Off Analysis of Non-vitamin K Antagonist Oral
Anticoagulants in Nonvalvular Atrial Fibrillation. Front. Physiol. 9, 1644.
doi:10.3389/fphys.2018.01644

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations or those of
the publisher, the editors, and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Yang, Liu, Yin, Zhou and Zuo. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Pharmacology | www.frontiersin.org December 2021 | Volume 12 | Article 78310410

Yang et al. LMWHs in Elderly

https://doi.org/10.1111/jth.12109
https://doi.org/10.1007/s00134-017-4683-6
https://doi.org/10.1016/j.thromres.2014.03.038
https://doi.org/10.1111/j.1538-7836.2010.03848.x
https://doi.org/10.1056/NEJM199909093411103
https://doi.org/10.2165/11586730-000000000-00000
https://doi.org/10.1111/jgs.12799
https://doi.org/10.1111/j.1538-7836.2005.01204.x
https://doi.org/10.1371/journal.pone.0106517
https://doi.org/10.1016/s0140-6736(00)05060-1
https://doi.org/10.1016/j.ahj.2006.07.005
https://doi.org/10.1001/jamainternmed.2021.6203
https://doi.org/10.1111/j.1365-2125.1989.tb05333.x
https://doi.org/10.1160/TH10-09-0601
https://doi.org/10.1136/bmjopen-2020-040336
https://doi.org/10.3390/neurolint13020021
https://doi.org/10.1186/s12959-021-00274-x
https://doi.org/10.2147/RMHP.S283145
https://doi.org/10.2147/RMHP.S283145
https://doi.org/10.1016/j.thromres.2018.10.007
https://doi.org/10.1016/j.jacc.2020.02.031
https://doi.org/10.1016/j.jacc.2020.02.031
https://doi.org/10.1007/s11239-021-02415-5
https://doi.org/10.3389/fphys.2018.01644
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Safety and Efficacy of Low Molecular Weight Heparin for Thromboprophylaxis in the Elderly: A Network Meta-Analysis of Rando ...
	Introduction
	Materials and Methods
	Search Strategy and Selection Criteria
	Outcome Measures
	Study Selection
	Data Extraction, Quality Assessment, and Bias Evaluation
	Statistical Analysis

	Results
	Study Characteristics
	Efficacy
	Safety
	Publication Bias
	Subgroup Analysis

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


