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Abstract

Background: Albumin has antiplatelet and anticoagulant functions. Hypoalbuminemia,
as defined by serum values of <3.5 g/dL, is associated with arterial thrombosis; its
impact on venous thromboembolism (VTE) is unclear.

Obijectives: The objective of this meta-analysis is to assess the VTE risk in patients with
hypoalbuminemia.

Methods: MEDLINE and EMBASE were searched up to January 2024 for observational
studies and randomized trials reporting data of interest. Primary outcome was the risk
of VTE, while secondary outcomes were myocardial infarction and stroke risk in pa-
tients with hypoalbuminemia versus those without hypoalbuminemia. The risk of bias
was evaluated using Newcastle-Ottawa scale and Cochrane tool. Risk ratios (RRs) with
95% confidence intervals (Cls) were calculated in a random-effects model.

Results: Forty-three studies for a total of 2 531 091 patients (39 738 medical and 2
491 353 surgical) were included in primary analysis; 79.1% of the studies used 3.5 g/dL
cut-off value for hypoalbuminemia definition. Follow-up duration was 30 days in 60.5%
of studies. Patients with hypoalbuminemia had a higher risk of VTE (RR, 1.88; 95% Cl,
1.66-2.13). RRs were similar in both medical (RR, 1.87; 95% Cl, 1.53-2.27) and surgical
patients (RR, 1.87; 95% Cl, 1.61-2.16) and in patients with (RR, 1.86; 95% Cl, 1.66-2.10)
and without cancer (RR, 1.89; 95% Cl, 1.47-2.44). Risk of myocardial infarction (RR,
1.88; 95% Cl, 1.54-2.31) and stroke (RR, 1.77; 95% Cl, 1.26-2.48) was higher in patients
with hypoalbuminemia.

Conclusion: Hypoalbuminemia is a risk factor for VTE in both medical and surgical
patients irrespective of cancer coexistence. Serum albumin analysis may represent a
simple and cheap tool to identify patients at VTE risk.
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1 | INTRODUCTION

Albumin is the most represented acute phase reactive protein in
humans and it is responsible for several homeostatic functions (eg,
substance transport, colloid osmotic pressure maintenance, and pH
regulation) [1]. Albumin shares antioxidant, antiplatelet, and antith-
rombotic activities [2,3]. It is known that albumin scavenges free
reactive oxygen and nitrogen species, inhibits platelet aggregation
through a Nox2-related oxidative stress mechanism, and helps regu-
lating vascular tone and maintaining endothelial permeability via in-
teractions with intestinal matrix [3-7]. It also binds antithrombin,
inhibits liver synthesis (factors V and VII), and enhances the neutral-
ization of some coagulation factors (factor Xa) [3,8].

Previous studies reported an inverse association between serum
albumin and cardiovascular diseases and, more recently, such associ-
ation has been better substantiated by using <3.5 g/dL albumin serum
levels as hypoalbuminemia definition [1,8-11]. Thus, a previous study
showed an inverse and linear increase in arterial events (eg, ischemic
heart disease and stroke) with the highest risk in patients with plasma
albumin values of <3.5 g/dL [10]. Similarly, a nearly doubled risk of
acute arterial events has been reported in a large cohort of patients
with albumin values of <3.5 g/dL and ischemic stroke [11].

Data for venous thromboembolism (VTE) are promising but het-
erogeneous [8,12]. The reason for high between-studies heterogene-
ity could be explained since most of the available studies did not
evaluate VTE as the primary outcome or did not identify a specific cut-
off value of serum albumin. There is a previous meta-analysis of just 3
studies in which VTE was a secondary outcome and in which its risk
was evaluated in patients with different tertiles of albumin [13]. For
those reasons, several issues still remain unresolved and a better
understanding of the VTE risk of hypoalbuminemia in different clinical
settings is warranted.

The objectives of our systematic review and meta-analysis are to
comprehensively evaluate the risk of VTE in patients with hypo-
albuminemia compared to patients with normal albumin values and
to identify those populations at highest risk. Furthermore, we aimed
to confirm the association between hypoalbuminemia and acute
myocardial infarction, and acute ischemic stroke in a large

population.

2 | METHODS

This systematic review and meta-analysis was performed following
the Preferred Reporting Items for Systematic Reviews and Meta An-
alyses guidelines and was registered in PROSPERO with the ID
number CRD42024512099 [14].

2.1 | Data sources and searches and study selection
We systematically searched MEDLINE and EMBASE databases from
inception up to January 2024 for observational studies (cohort, case-
control, cross-sectional studies, and case series) and randomized
controlled trials (RCTs) evaluating the role of hypoalbuminemia in
cardiovascular diseases (ie, VTE, acute myocardial infarction, and
acute ischemic stroke). We excluded studies that did not report the
outcomes of interest and did not specifically use a cut-off for hypo-
albuminemia definition, and case reports or case series of less than 10
patients to avoid misleading results due to the small sample size. The
complete search strategy is reported in Supplementary Tables S1 and
S2. Two authors (E.V. and A.P.) independently screened the title and
abstract of the records identified by the search. Any disagreement was
discussed between the 2 reviewers and solved by consensus or
involvement of a third review author (I.M.P.).

2.2 | Data extraction and quality assessment

The following data were independently extracted by 2 reviewer au-
thors (E.V. and A.P): characteristics of the studies (eg, study design,
clinical setting, cut-off of albumin chosen, and duration of follow-up),
characteristics of the population (eg, age, sex category, body mass
index, VTE and cardiovascular risk factors, albumin level, and history
of cancer or active cancer), and outcomes of interest (ie, VTE, acute
myocardial infarction, and acute ischemic stroke). Any disagreement
was discussed between the 2 review authors and solved by consensus
or involvement of a third review author (I.M.P.). In a similar manner,
the risk of bias was evaluated using the Newcastle-Ottawa scale for
observational studies (scores of 7-9, 4-6, and <4 classified a study as
having a low, moderate, or high risk of bias, respectively) and the
Cochrane tool for RCTs [15,16].

The primary outcome was the risk of VTE development in patients
with hypoalbuminemia versus those with normal albumin values. VTE
included pulmonary embolism, thrombosis in a deep vein of the lower
or upper limb, thrombosis in the splanchnic, intra-abdominal, or ce-
rebral vein districts.

The secondary outcome was the risk of arterial events (ie, acute
myocardial infarction and acute ischemic stroke) in patients with
hypoalbuminemia versus those with normal albumin values.

2.3 | Data synthesis and analysis

Categorical variables were described as counts and percentages,

and continuous variables were presented as median or mean as
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appropriate. For meta-analytical purposes, pooled risk ratios (RRs)
with corresponding 95% confidence intervals (Cls) were calculated in
a random-effects model through the inverse variance method, and
DerSimonian-Laird method was used for t2 estimation. Pooled prev-
alence with corresponding 95% Cls was calculated in a random-effects
model through the inverse variance method, and DerSimonian-Laird
method was used for t2 estimation. We decided a priori not to use
a continuity correction of 0.5 for studies with zero events. Hetero-
geneity was classified as follows: (i) 0% to 40% I? values indicate an
heterogeneity that might not be important; (ii) 30% to 60% I? values
may represent moderate heterogeneity, (iii) 50% to 90% I? values may
represent substantial heterogeneity, and (iv) 75% to 100% I? values
indicate a considerable heterogeneity [16]. The between-study het-
erogeneity was also evaluated by visual inspection of forest plots. A
subgroup analysis was planned to evaluate the frequency of the
outcomes of interest according to different settings of the population
(ie, medical and surgical patients) and according to main clinical
characteristics (eg, with or without cancer). Post-hoc sensitivity
analysis for the primary outcome included studies using a cut-off value
of 3.5 g/dL for hypoalbuminemia definition and studies at low risk of
bias. The presence of publication bias was assessed by funnel plot of
logit-transformed proportion versus standard error for the primary
outcome. Statistical analyses were performed using R studio version
2023.12.0+369 (“meta” and “forest” packages).

3 | RESULTS

3.1 | Studies identification and selection

The initial search as well as the manual screening of relevant citations
identified 1566 potentially relevant items (467 from MEDLINE and
1099 from EMBASE). After removal of duplicate records (95 items),
1471 items were screened based on titles and abstracts, and 119 were
assessed for eligibility based of full-text analysis. Of the latter, 55
items were excluded as data of interest could not be extracted from
full-text articles, 11 did not meet the inclusion criteria, and 4 were
duplicates of other studies. In total, we included 49 studies of which 43
[8,17-58] included 2 531 091 patients for the primary outcome and
31 [8,17,18,20,23,27,28,30,33,36,37,39,41-46,48-52,54,56,59-64]
included 2 467 949 patients for the secondary outcome (Figure 1).

3.2 | Characteristics of included studies

The main characteristics of the included studies addressing the pri-
mary outcome are reported in Table 1 [8,17-58]. Overall, 1 study was
a post-hoc analysis of a RCT, 9 had a prospective design, and 33 had a
retrospective design. Sample sizes ranged from 74 to 887 248 pa-
tients. Eleven studies included 39 738 medical patients (29 434 out-
patients and 10 304 hospitalized), while 32 studies 2 491 353
hospitalized surgical patients. Twenty-three studies evaluated both
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venous and arterial events and 20 studies evaluated only venous
events. VTE was primary outcome in 93.0% of studies and 18.6% of
studies reported if the outcome was objectively reported. Most of the
included studies (79.1%) used a cut-off value for hypoalbuminemia of
3.5 g/dL. Follow-up duration was 30 days in 60.5% of studies, while
9.3% of the studies used a longer follow-up. Tables 2 and
Supplementary Figures S1-Sé6 reported the incidence of VTE and
arterial events in patients with hypoalbuminemia and in patients with
normal albumin values. Table 3 and Supplementary Figure S7 report
the prevalence of hypoalbuminemia in different clinical settings.
Supplementary Table S3 reports the characteristic of included studies
evaluating the secondary outcomes.

The quality of the included studies is reported in Supplementary
Figure S8 and Supplementary Tables S4 and S5 and varied from low
to high. The results of publication bias are reported in Supplementary
Figure S9.

3.3 | Characteristics of included patients

Mean age was 66 years in patients with hypoalbuminemia and it was
63 years in patients without hypoalbuminemia (26 studies), while
42.0% and 33.8% of patients (29 studies), respectively, were male.
Mean body mass index values were 28.9 kg/m? and 29.4 kg/m? in
patients with and without hypoalbuminemia (17 studies), respectively,
while 25.5% versus 16.2% (14 studies) had cancer and 2.9% vs 2.9% (4
studies) had previous VTE as risk factors for event development.

34 | Primary outcome

Overall (Figure 2 and Supplementary Figure S10), patients with
hypoalbuminemia had a higher risk of VTE than patients with normal
albumin values (RR, 1.88; 95% Cl, 1.66-2.13; 2 531 091 patients). RRs
were similar in both medical (RR, 1.87; 95% Cl, 1.53-2.27) and surgical
patients (RR, 1.87; 95% Cl, 1.61-2.16). Results were also similar when
the analysis was restricted to those studies using a cut-off value of 3.5
g/dL for hypoalbuminemia definition (Supplementary Figure S11) or
studies at low risk of bias (Supplementary Figure S12).

The risk of VTE associated with hypoalbuminemia remained
significantly increased in both patients with (RR, 1.86; 95% Cl, 1.66-
2.10; 132 823 patients) and without cancer (RR, 1.89; 95% Cl, 1.47-
2.44; 900 992 patients; Supplementary Figures S13 and S14).

3.5 | Secondary outcomes

Overall (Figure 3 and Supplementary Figures S15 and S16), patients
with hypoalbuminemia had a higher risk of acute myocardial infarction
(RR, 1.88; 95% Cl, 1.54-2.31; 2 480 202 patients) and acute ischemic
stroke (RR, 1.77; 95% Cl, 1.26-2.48; 1 942 091 patients) with similar
RRs in both medical and surgical patients.
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FIGURE 1 PRISMA flow diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta Analyses.

4 | DISCUSSION

The results of our study show that the presence of hypoalbuminemia
confers a roughly 2-fold increased risk of VTE in a population of more
than 2 million individuals. This risk persists in both medical and sur-
gical patients as well as in those with and without cancer. We also
confirmed in the largest available reported population that hypo-
albuminemia was associated with an increased risk of acute myocar-
dial infarction and acute ischemic stroke.

During the last years, a great scientific effort has been made to
identify those subgroups of patients who share the highest risk of
thrombotic complications and that may benefit from a proper medical
and/or mechanical thromboprophylaxis. Some data recently ques-
tioned the clinical usefulness of the most widely used scores for VTE
prediction (eg, Khorana score, Padua Prediction Score, IMPROVE
score) [65-70]. Their impact on outcomes reduction has not been
extensively evaluated and it seems that they do not completely fit
with specific patients’ populations [65-69]. Thus, clinical judgment
often remains the preferred method for risk assessment [69]. The
inclusion of feasible biomarkers may increase the power of these
scores. Knowing that albumin shares antioxidant, antiplatelet, and
antithrombotic properties, a relevant role in cardiovascular disease

may be hypothesized [2,71]. A further strength of hypoalbuminemia is
that it often complicates the course of several acute diseases and that
the presence of specific comorbidities (eg, chronic kidney failure, liver
cirrhosis, and cancer) or malnutrition may increase its severity [8]. In
this regard, the ADA score, which considers age, D-dimer, and albu-
min, has been recently introduced in clinical practice for the identifi-
cation of thrombotic risk of SARS-CoV-2 patients and validated in
acutely ill hospitalized medical patients showing a modest superiority
over the IMPROVE score [72]. Whether the ADA score is useful in
other specific patient populations or clinical setting (eg, atrial fibril-
lation) is of clinical interest and has to be evaluated in future studies.
Even if it has been demonstrated that hypoalbuminemia surely in-
creases the risk of cardiovascular complications, no available risk
assessment model for arterial event development (eg, CHA,DS,-VASc
score and ABC score) still includes it [73].

The relevance of our results is that they comprehensively evalu-
ated the role of hypoalbuminemia in predicting VTE and that allowed a
better understanding of the usefulness of albumin measurement in
daily clinical practice. Different from a previous meta-analysis, the
inclusion of a large population allowed us to perform subgroup anal-
ysis on the type of clinical setting (ie, medical or surgical) and on the
presence of cancer [13]. We also classified studies by different VTE



TABLE 1

Study
Adogwa et al.,, 2014 [17]

Aldebeyan et al., 2017 [18]

Ali and Parkash, 2023 [19]

Caras et al., 2017 [20]

Carr and Guerra, 2017 [21]

Chi et al,, 2018 [22]

Chung et al,, 2018 [23]
Dasenbrock et al., 2017 [24]
Folsom et al., 2010 [25]
Garcia et al., 2016 [26]
Gelfand et al., 2021 [27]
Gupta et al., 2019 [28]

Gyamlani et al.,, 2017 [29]

Hu et al., 2019 [30]
Isaacs et al, 2020 [31]

Johnson et al., 1999 [32]

Kamath et al., 2017 [33]
Khawaja et al.,, 2023 [34]
Kheir et al.,, 2021 [35]
Kishawi et al., 2020 [36]
Lee et al,, 2022 [37]

Lee et al,, 2017 [38]
Lemdani et al., 2022 [39]
Liu et al., 2019 [40]

Meyer et al., 2017 [41]

Design

Retrospective
Retrospective

Retrospective

Retrospective

Retrospective

Randomized
trial

Retrospective
Prospective
Prospective
Retrospective
Retrospective
Retrospective

Prospective

Retrospective
Retrospective

Prospective

Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective

Prospective

Type of VTE
Usual type VTE

Usual type VTE

Portal vein
thrombosis

Usual type VTE

Portal vein
thrombosis

Usual type VTE

Usual type VTE
Usual type VTE
Usual type VTE
Usual type VTE
Usual type VTE
Usual type VTE

Mixed type of
VTE

Usual type VTE
Usual type VTE

Usual type VTE

Usual type VTE
Usual type VTE
Usual type VTE
Usual type VTE
Usual type VTE
Usual type VTE
Usual type VTE
Usual type VTE

Usual type VTE

Characteristics of included studies for primary outcome.

Detection of VTE

Not reported
Not reported

Objectively
detected

Not reported

Objectively
detected

Objectively
detected

Not reported
Not reported
Not reported
Not reported
Not reported
Not reported

Not reported

Not reported
Not reported

Objectively
detected

Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported

Not reported

VTE as
primary
outcome

Yes
Yes

No

Hypoalbuminemia
events

1
60

74

70

603

110

123
55
104
10
32
30

34

169
12

76

17

10

124

10

11

1073

Number of
patients with
hypoalbuminemia

14
4703

318

2564

1889

1490

5867
1107
2908

128

785

920

4305
36

120

715
384
109
9749
174
265
77
50

35 922

Normal albumin
values (events)

0
86

9

223

349

215

108
174
358
12
34
17

124

189
10

38

58

1321

15

23

2506

Normal albumin
values (number of
patients)

60
5414

62

15241

2250

4270

6506
4715
12 392
1553
448
1194

6117

8610
126

91

3838
6831

72

125 270
1037
1308
241

233

168 897

Clinical setting

Hospitalized surgical
Hospitalized surgical

Ambulatory

Hospitalized surgical

Ambulatory

Hospitalized medical

Hospitalized surgical
Hospitalized surgical
Ambulatory

Hospitalized surgical
Hospitalized surgical
Hospitalized surgical

Ambulatory

Hospitalized surgical
Ambulatory

Hospitalized medical

Hospitalized surgical
Hospitalized surgical
Hospitalized medical
Hospitalized surgical
Hospitalized surgical
Hospitalized surgical
Hospitalized surgical
Ambulatory

Hospitalized surgical

Major comorbidity

Neurosurgery
Orthopedic

Hepatocellular
carcinoma

Cancer

Hepatocellular
carcinoma

Mixed

Orthopedic
Neurosurgery
General population
Orthopedic

Cancer

Vertebral fracture

Nephrotic syndrome

Colorectal cancer
Vasculitis

Cancer

Orthopedic

Not reported
COVID-19
Orthopedic
Maxillofacial fracture
Orthopedic

Not reported

Cancer

Mixed

Albumin
cut-off,

g/dL
35

35

35

3.5

35

&5

35
35
3.6
35
3.5
35

3.0

3.5
3.0

3.5

35
3.5
33
&5
35
3.5
3.5
35

35

Duration of
follow-up

Not reported
30d

Not reported

30d

Not reported

77d

30d
30d
169y
30d
30d
30d

Not reported

30d
Not reported

Not reported

Not reported
30d
Not reported
30d
30d
30d
30d
Not reported

30d

(Continues)
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TABLE 1

Study

Moghadamyeghaneh et al.,
2015 [42]

Newman et al., 2020 [43]

Nguyen et al., 2019 [44]

Nipper et al., 2022 [45]
Peacock et al., 2017 [46]
Phan et al., 2019 [47]
Raad et al., 2022 [48]
Soloff et al., 2021 [49]
Uppal et al.,, 2013 [50]
Violi et al., 2023 [8]
Vora et al,, 2020 [51]
Walls et al., 2015 [52]

Wang et al.,, 2022 [53]

Wilson et al., 2019 [54]

Xiong et al., 2023 [55]

Ying et al., 2024 [56]

Zhu et al,, 2021 [57]

Zuo et al.,, 2020 [58]

(Continued)

Design

Retrospective

Prospective

Prospective

Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Prospective

Retrospective
Retrospective
Prospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

VTE, venous thromboembolism.

Type of VTE
Usual type VTE

Usual type VTE

Usual type VTE

Usual type VTE
Usual type VTE
Usual type VTE
Usual type VTE
Usual type VTE
Usual type VTE
Usual type VTE
Usual type VTE
Usual type VTE

Usual type VTE

Usual type VTE

Usual type VTE

Usual type VTE

Usual type VTE

Usual type VTE

Detection of VTE
Not reported

Not reported

Not reported

Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported
Not reported

Objectively
detected

Not reported

Objectively
detected

Not reported

Objectively
detected

Objectively
detected

VTE as
primary
outcome

Yes

Hypoalbuminemia
events

380

209

5999

31

27
14

30

12

66

62

236

17

83

Number of
patients with
hypoalbuminemia

16 962

569

4523

148 478
2327
159

357
4055
279
2193
290
1122

376

292

798

49 845

67

373

Normal albumin
values (events)

735

20

117

10 220
39

29

21

623

32

10

177

39

48

2388

33

Normal albumin
values (number of
patients)

71495

1098

6390

694 194
2783
2251
3980
195 365
1831
1959
626

23 116

479

1697

1335

837 403

191

205

Clinical setting

Hospitalized surgical

Hospitalized surgical

Hospitalized surgical

Hospitalized surgical
Hospitalized surgical
Hospitalized surgical
Hospitalized surgical
Hospitalized surgical
Hospitalized surgical
Hospitalized medical
Hospitalized surgical
Hospitalized surgical

Hospitalized surgical

Hospitalized surgical

Ambulatory

Hospitalized surgical

Hospitalized surgical

Hospitalized surgical

Major comorbidity

Not reported

Orthopedic

Inflammatory bowel
disease

Mixed

Not reported
Orthopedic
Orthopedic
Not reported
Cancer
Mixed
Orthopedic
Orthopedic

Orthopedic

Orthopedic

Osteoarthritis

Not reported

Orthopedic

Orthopedic

Albumin
cut-off,
g/dL

35

3.5

3.5

3.4
3.5
35
35
3.5
3.5
34
35
3.5

3.3

3.5

3.7

3.5

3.4

3.5

Duration of
follow-up

30d

30d

30d

30d
39d
30d
30d
30d
30d
12 mo
30d
30d

Not reported

30d

Not reported

30d

Not reported

Not reported
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TABLE 2

Venous thromboembolism

Acute myocardial infarction

jm | 2829

Pooled incidence of venous thromboembolism in patients with hypoalbuminemia and with normal albumin values.

Acute ischemic stroke

Normal albumin

Normal albumin Normal albumin

Type of patients Hypoalbuminemia  values Hypoalbuminemia  values Hypoalbuminemia  values

Outpatients medical, 13 (5-30) 6 (3-13) 5(1-21) 2 (0-36) 3 (1-16) 2 (0-10)
% (95% Cl)

Hospitalized medical, 11 (2-43) 4 (1-21) 3(1-12) 1(0-1) 5 (0-62) 3 (0-31)
% (95% Cl)

Hospitalized surgical, 3 (2-4) 1(1-2) 1(1-1) 0 (0-1) 0 (0-1) 0 (0-0)

% (95% Cl)

risk factors and types of surgical interventions (Figure 2). Of note,
hypoalbuminemia maintained its predictive role in all evaluated pop-
ulations. A further strength of our analysis is that most of the included
studies considered the same cut-off value to identify the presence of
hypoalbuminemia (ie, <3.5 g/dL). This latter aspect is of utmost
importance as a more precise definition of the condition may guide
researchers for future studies and clinicians for patient management.
Secondly, our data also confirmed the role of hypoalbuminemia in
prediction of arterial events and complete previous data showing a
similar risk in different clinical settings (ie, medical or surgical
patients).

Even if some antithrombotic functions of albumin has been
identified, a wide comprehension of its interaction with cardiovascular
system is still lacking and new mechanisms may be hypothesized [3]. In
mice models, albumin administration significantly reduces the TLR4
mRNA expression, possibly interfering with the recently elucidated
mechanism of lipopolysaccharide-associated thrombosis [7,74,75].
Furthermore, albumin infusion reduces D-dimer values in patients
with SARS-CoV2 infection, thus dampening the hypercoagulability
state related to infection and inflammation [76]. Hypoalbuminemia
may also interfere with the efficacy of antithrombotic treatments. It
has been demonstrated in patients with diabetes mellitus that aspirin
efficacy varies according to albumin levels due to an impaired COX-1
inhibition [77]. Similarly, some anticoagulants have a reduced efficacy
in preventing VTE in patients with hypoalbuminemia [22]. If
confirmed, all these data may suggest possible future therapeutic in-
terventions in specific subgroups of patients.

Our work had some limitations that warrant discussion. First, the
included patients were heterogeneous in their underlying character-
istics resulting in a high between-studies heterogeneity that possibly
affects the external validity of the results. The overall size of

the included population and the availability of some specific

TABLE 3 Pooled prevalence of hypoalbuminemia in different
clinical setting.

Type of patients Hypoalbuminemia

Outpatients medical, % (95% Cl) 33 (22-45)
Hospitalized medical, % (95% Cl) 44 (30-59)
Hospitalized surgical, % (95% Cl) 19 (15-24)

characteristics allowed performing subgroup analysis that partly
explained this heterogeneity but left the risk for residual confounding.
Second, the evaluation of data on a study-level basis represents an
intrinsic limitation of our meta-analysis and hampered an in-depth
evaluation of the role of specific characteristics (eg, VTE risk factors,
methods for outcome assessment, and the use of anticoagulants or
antiplatelets) on the outcomes of interest. Data on the use of anti-
coagulants (7 studies) [8,22,29,53,55,56,58] or antiplatelets (3 studies)
[22,55,58] were sparely reported without any further information on
the indication, dose, or duration of these therapies. This lack of data
did not allow us to evaluate the effect of specific treatments on the
outcomes of interest nor whether hypoalbuminemia predicts the risk
of cardiovascular events despite appropriate antithrombotic treat-
ment. Furthermore, we cannot correct the analysis for specific con-
founding factors that may lead to hypoalbuminemia (eg, liver or
kidney diseases, malnutrition, and chronic inflammation) and affect
the outcomes. Subgroup analyses were performed by clinical setting
and presence of cancer confirming the overall results. Furthermore,
sorting studies by underlying VTE risk factors and types of surgical
intervention help reducing the visual heterogeneity of the results. We
also acknowledge the fact that a little number of studies used a
slightly different cut-off for hypoalbuminemia and evaluated VTE as a
secondary outcome. Third, all included studies were at some risk of
bias potentially limiting the external validity of the results and there
was evidence of significant publication bias. This latter finding is
consistent with the possibility that small studies with large effect size
were not published. However, it is unlikely that the latter were missed
by our comprehensive and systematic database search. Even if several
data have been published so far, the above limitations suggest an
urgent need of further ad-hoc studies to identify those subgroup of
patients in which albumin value measurement may be of utmost

clinical relevance in cardiovascular outcome prediction.

5 | CONCLUSION

Hypoalbuminemia is a relevant risk factor for VTE in both medical and
surgical patients. This risk persists irrespective of the presence or
absence of cancer. Hypoalbuminemia is also associated with an
increased risk of acute myocardial infarction and acute ischemic
stroke. Serum albumin analysis may represent a simple and cheap tool
to identify patients at VTE risk.
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FIGURE 2 Risk of venous thromboembolism in patients with hypoalbuminemia versus those without hypoalbuminemia. Cl, confidence
interval; RR, risk ratio.
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FIGURE 3 Risk of acute myocardial
infarction and acute ischemic stroke in
patients with hypoalbuminemia versus
patients without hypoalbuminemia. Cl,
confidence intervals; RR, risk ratio.
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