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Abstract 

Background Enoxaparin is commonly used for venous thromboembolism (VTE) prophylaxis in adult hospitalized 
patients. Although anti-Xa levels are inversely related to body weight, limited studies evaluated clinical outcomes 
of dose reduction in the underweight population.

Objective To compare the incidence of bleeding and VTE in underweight patients receiving reduced doses 
of enoxaparin (< 40 mg daily) versus the standard dose (40 mg daily) for VTE prophylaxis.

Methods This was a multicentre retrospective cohort study at Hamad Medical Corporation in Qatar. We included 
hospitalized patients with a total body weight ≤ 57 kg or body mass index (BMI) ≤ 18.5 kg/m2 who received prophy-
lactic enoxaparin for at least 48 h. The outcomes were bleeding, VTE, and composite unfavourable outcome (bleeding 
or VTE). Inverse-probability-of-treatment weighting (IPTW) was used to adjust for confounding.

Results We identified 1,130 eligible patients, of whom 124 patients (11%) received the reduced dose, and 1,006 
patients (89%) received the standard dose. Bleeding occurred in one patient (0.8%) of the reduced dose group com-
pared to 15 patients (1.5%) in the standard dose group (p > 0.99), VTE occurred in two patients (1.6%) in the reduced 
dose group compared to four patients (0.4%) in the standard dose group (p = 0.13). In the IPTW analysis, there 
was no significant difference in overall bleeding (odds ratio (OR) 1.4, 95% CI 0.18–10.75, p = 0.74), VTE (OR 0.3, 95% CI 
0.05–1.81, p = 0.19), or the composite unfavourable outcome (OR 0.74, 95% CI 0.2–2.75, p = 0.66).

Conclusion There is no significant difference in the incidence of bleeding or VTE between the reduced dose 
and the standard dose of enoxaparin for VTE prophylaxis in underweight adult patients. Due to the low event rates 
in both groups, larger studies are required to delineate any differences between the two dosing strategies.
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Introduction
Venous thromboembolism (VTE) is a prevent-
able cause of morbidity and mortality in hospitalised 
patients [1]. It is defined by either deep venous throm-
bosis (DVT) or pulmonary embolism (PE) [1]. The 
incidence of VTE can reach up to 11% in high-risk 
hospitalised medical patients and as high as 30% in 
surgical patients; therefore, measures to prevent VTE 
are essential components of in-hospital patient care 
[2]. Risk factors for VTE include active cancer, reduced 
mobility, recent trauma or surgery, advanced age, heart 
failure, respiratory failure, acute myocardial infarction 
(MI), ischemic stroke, acute infection, and obesity [1, 
3].

Pharmacologic prophylaxis with anticoagulants is 
recommended for high-risk hospitalised patients to 
reduce the incidence of VTE and its consequences 
[1]. Low-molecular-weight heparins (LMWH), such as 
enoxaparin, are preferred over unfractionated heparin 
(UFH) in patients with normal kidney function for their 
convenience in dosing and safety profile [1]. The stand-
ard prophylactic dose of enoxaparin is 40 mg subcuta-
neously (SC) once daily for normal-weight patients [4]. 
However, the optimum dose for underweight patients is 
not well established.

Previous studies suggest that low body weight is asso-
ciated with increased bleeding risk in patients receiv-
ing standard prophylactic doses of enoxaparin for VTE 
prophylaxis [5, 6]. This can be attributed to higher anti-
factor Xa levels in underweight patients than in normal 
weight control subjects [7] due to differences in the vol-
ume of distribution and renal clearance [8]. However, 
the manufacturer recommends individualised clinical 
monitoring of patients with low body weight but does 
not specifically recommend a dose reduction due to 
the lack of evidence in this population [4]. In addition, 
practice guidelines do not make specific recommenda-
tions for dose adjustments in underweight patients [1, 
4]. The 2018 American Society of Haematology (ASH) 
guidelines on VTE prophylaxis recommend further 
research regarding dose adjustment in underweight 
patients [9].

Recent findings further emphasize the need for per-
sonalized anticoagulation strategies. A cohort study 
observed that underweight elderly inpatients on 
thromboprophylaxis frequently achieve suprathera-
peutic anti-Xa levels, underscoring the importance of 
individualized dosing strategies [10]. Smaller studies 
have suggested that lower doses of enoxaparin may be 
sufficient to achieve adequate anti-Xa levels for VTE 
prophylaxis in underweight patients [11, 12]. However, 
larger clinical studies have not consistently shown a sig-
nificant reduction in bleeding risk with dose reduction 

[13–17], likely due to limitations such as small sample 
sizes and inadequate adjustment for confounding fac-
tors. In this study, we aimed to compare the incidence 
of bleeding and VTE in hospitalized underweight adult 
patients receiving reduced doses of enoxaparin (< 40 
mg daily) versus the standard dose (40 mg daily) for 
VTE prophylaxis.

Materials and methods
Study design and participants
This multicentre retrospective cohort study was con-
ducted at Hamad Medical Corporation (HMC). We 
included hospitalised adult patients (age ≥ 18 years at 
admission) who received enoxaparin for the preven-
tion of VTE for at least 48 h, stayed in the hospital for 
more than 48 h, and had a body mass index (BMI) of less 
than 18.5 kg/m2 or total body weight (TBW) ≤ 57 kg. We 
excluded patients admitted with suspected VTE or bleed-
ing, who were already on oral anticoagulants, or who had 
a creatinine clearance (CrCl) < 30 mL/min. Patients who 
met these criteria between January 1, 2016, and Decem-
ber 31, 2019, were included.

Patients were categorised into the standard dose group 
if they received enoxaparin 40 mg per day or the reduced 
dose group if they received less than 40 mg per day. We 
considered only the first hospital admission where each 
patient met the inclusion criteria. We collected patient 
demographics, comorbidities, enoxaparin dosing regi-
mens, concomitant medications, estimated creatinine 
clearance by Cockcroft-Gault equation using actual body 
weight, individual components of Padua VTE risk score 
(active cancer, previous VTE, reduced mobility, known 
thrombophilic condition, recent trauma and/or surgery 
within one month, elderly age (≥ 70 years), heart or res-
piratory failure, acute MI or ischemic stroke, acute infec-
tion or rheumatologic disorder, obesity (BMI ≥ 30 kg/
m2), and ongoing hormonal treatment), and details of 
bleeding and VTE events. Relevant data were extracted 
from the electronic medical records and then verified by 
manual chart review.

Outcomes
The outcomes were bleeding - either  major or clini-
cally relevant non-major bleeding (CRNMB), and VTE. 
Additionally, we evaluated a composite unfavourable 
outcome defined as the incidence of bleeding or VTE. 
Major bleeding was defined as fatal bleeding, haemoglo-
bin drop by ≥ 2 g/dL, the requirement of transfusion ≥ 2 
units of packed red blood cells or whole blood in 24 h, or 
bleeding occurring in any critical organ (retroperitoneal, 
intracranial, intraspinal, intraocular, intra-articular, peri-
cardial, or intramuscular with compartment syndrome) 
[13]. CRNMB was defined as any bleeding that did not 
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meet the criteria for major bleeding but required medi-
cal intervention by a healthcare professional or led to 
an increased level of care. Haemoglobin decreases ≥ 2 
g/dL that occurred within the first 24 h of admission in 
patients who received 30 mL/kg of intravenous fluids 
were considered dilutional and not a bleeding event. VTE 
was defined as a diagnosis of DVT [including proximal 
or distal] or PE by a Doppler ultrasound scan or a CT-
angiography scan, respectively. All patient encounters 
underwent a manual chart review to confirm VTE and 
bleeding. The outcome follow-up period was consid-
ered from the first dose until 24 h after the last dose of 
enoxaparin.

Statistical analysis
Demographic and clinical characteristics were described 
using frequencies and percentages for categorical vari-
ables and medians and ranges for continuous vari-
ables. Demographic and clinical characteristics were 
grouped by enoxaparin dosing regimen (standard versus 
reduced) and compared using Fisher’s exact test for cat-
egorical variables and Wilcoxon rank-sum for continuous 
variables.

The incidences of major bleeding, CRNMB, and VTE 
were calculated overall and by the dosing regimen and 
were compared using Fisher’s exact test. We planned to 
adjust the analysis of each outcome for predefined poten-
tial confounders; however, this was not possible due to 
the small number of bleeding and VTE events. We used 
inverse probability of treatment weighting (IPTW) to 
adjust the analysis of the composite outcome for base-
line differences in Padua VTE risk score, critical illness, 
and history of bleeding. Calculated weights were stabi-
lised by multiplying them by the marginal probability of 
receiving the given enoxaparin regimen. The balance of 
potential confounders was evaluated using standardised 
differences between the two groups. Logistic regres-
sion using weighted observations and a robust variance 
estimator was used to estimate the odds ratios (OR) of 
the outcomes with their 95% confidence intervals (CI). 
To account for interruptions in therapy and switching 
between regimens, the dosing group was modelled as a 
time-varying exposure in a survival analysis with death 
modelled as a competing risk. Patients were censored at 
the time of the first event occurrence (either bleeding or 
VTE). This approach ensured that patients who devel-
oped a VTE were not followed for bleeding outcomes 
thereafter, and vice versa. Sub-distribution hazard ratios 
(sHR) with their 95% CIs were used to compare the two 
dosing strategies. The statistical significance level was set 
at P < 0.05 for all tests. Analyses were conducted using 
Stata 17.

Ethical approval
The study was approved by Hamad Medical Corporation 
(HMC) Institutional Review Board MRC- 01–22–477.

Results
Out of 1,158 screened patients for eligibility, 1,130 
patients met the inclusion/exclusion criteria. The most 
common reason for exclusion was the use of therapeu-
tic enoxaparin for the treatment of atrial fibrillation, 
left ventricular thrombus, or acute coronary syndrome. 
Additional exclusions were due to factors such as brief 
hospital admission (less than 48 h), BMI > 18.5 kg/m2, 
impaired renal function (creatinine clearance < 30 ml/
min/1.73  m2), not receiving enoxaparin during admis-
sion, or receiving only one prophylactic dose of enoxapa-
rin (Fig. 1).

Overall, 1,130 patients were included in the analysis: 
124 patients (11%) received a reduced enoxaparin dose, 
and 1,006 patients (89%) received the standard prophy-
lactic dose of enoxaparin (40 mg). Among patients who 
received a reduced dose, 65 patients received 30 mg, 58 
patients received 20 mg, and one patient received 15 mg. 
Overall, most patients were middle-aged. More patients 
were females in the reduced dose group (75%) compared 
to the standard dose group (50.6%) (P < 0.0001). The 
main reason for admission was acute infection (49.2%), 
followed by major trauma or surgery (26.7%). The median 
Padua score was four. More patients in the reduced dose 
group had respiratory failure upon admission compared 
to the standard dose group (9.7% vs 2.3%, P < 0.001). 
Patients who were bedridden or paralyzed were more 
common in the reduced dose group as compared to the 
standard group (23.4% vs 10.5%, P < 0.001). Similarly, 
critical illness was more common in the reduced dose 
group (16.1% vs 6.9%, P < 0.001) (Table 1). A total of 229 
patients received NSAIDs, and 165 patients received 
antiplatelets while receiving enoxaparin (Table 2). Other 
methods for VTE prophylaxis included intermittent 
pneumatic compression (IPC), which was used concur-
rently with enoxaparin in 18.5% and 16.1% of patients in 
the reduced and the standard-dose groups, respectively. 
The median (IQR) total duration of enoxaparin therapy 
was 4 (3–9) days in the reduced dose group and 4.8 
(3–9.5) days in the standard dose group.

Overall, 16 patients (1.4%) developed bleeding, and 
six patients (0.53%) developed VTE while on enoxa-
parin. Bleeding occurred in one patient in the reduced 
dose group compared to 15 patients in the standard dose 
group (0.8% vs 1.5%, p > 0.99), while two patients in the 
reduced group had VTE compared to four patients in the 
standard dose group (1.6% vs 0.4%, p = 0.13) (Fig. 2). Of 
the six VTE events, two were PEs, three were proximal 
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DVTs, and one was distal DVT. In the reduced dose 
group, the bleeding events were major, while in the 
standard dose group, five patients had CRNMB, and 
nine patients had major bleeding. Three patients in the 
reduced group had the composite unfavourable outcome 
(bleeding or VTE) compared to 18 patients in the stand-
ard dose group (2.4% vs 1.8%, p = 0.5).

After weighting by the inverse probability of treat-
ment, the absolute standardised differences in Padua risk 
score, critical illness, and history of bleeding between the 
two groups were less than 0.1, indicating a balanced dis-
tribution of these confounders between the two groups 
in the weighted population (Supplementary Appendix: 
Table  2). The IPTW analysis showed that, compared to 
dose reduction, the standard dose was not significantly 
different in terms of overall bleeding (OR 1.4, 95% CI 
0.18–10.75, p = 0.74), VTE (OR 0.3, 95% CI 0.05–1.81, 
p = 0.19), or the composite unfavourable outcome was 
not different between the standard dosing and the 
reduced dosing strategies (OR 0.74, 95% CI 0.2–2.75, p = 
0.66). Similarly, the survival analysis demonstrated that 
the standard dose was not associated with different risk 

of overall bleeding (sHR 1.31, 95% CI 0.17–9.92, p = 0.79) 
or VTE (sHR 0.28, 95% CI 0.05–1.71, p = 0.17), compared 
to the reduced dose (Fig. 3).

Discussion
In this retrospective cohort study, we compared the 
incidence of bleeding and VTE in underweight patients 
receiving reduced doses of enoxaparin (< 40 mg daily) 
versus the standard dose (40 mg daily) for VTE prophy-
laxis. We did not find a significant difference in the inci-
dence of bleeding and VTE between the two regimens. 
The lack of significant difference between the two groups 
is probably due to the small number of events and the 
small number of patients in the reduced dose group (124 
patients).

The incidence of bleeding in underweight patients who 
received standard-dose enoxaparin in our study was 0.8%, 
which is lower than the incidence in similar previous 
studies [14–17]. While Dybdahl et al. have attributed the 
high bleeding rate to the setting of a level- 1 trauma cen-
tre in their study, other studies have also reported higher 

Fig. 1 Flow diagram of patient selection, showing the total cohort screened, reasons for exclusion, and the final study population. BMI: Body mass 
index; CrCl: creatinine clearance. *atrial fibrillation (3 patients), acute coronary syndrome (5 patients), left ventricular thrombus (one patient), aortic 
thrombosis (one patient)
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rates compared to our study [14, 16, 17]. Thus, our study 
does not exclude a reduction in the incidence of bleed-
ing with dose reduction among patients at higher base-
line risk. On the other hand, the overall incidence of VTE 
in our study (0.53%) was consistent with these studies 
[14–17]. Given the low baseline rate of VTE among hos-
pitalised patients receiving enoxaparin for prophylaxis in 
this study and previous studies [14–17], it is unlikely that 
future studies will find a significantly increased risk of 
VTE with a dose reduction of enoxaparin.

The standard dose of enoxaparin is associated with 
higher levels of anti-Xa in underweight patients. A single 
standard prophylactic dose (40 mg) of enoxaparin in low-
weight women (< 45 kg) and low-weight men (< 57 kg) 
was associated with an increase in anti-factor Xa expo-
sure up to 52% and 27%, respectively, when compared 
to normal weight control subjects [18]. Rojas et  al. also 
demonstrated an inverse correlation between anti-Xa lev-
els and body weight in patients weighing less than 55 kg 
receiving enoxaparin 40 mg daily, with the highest anti-
Xa levels in the subgroup of patients weighing less than 
45 kg [7]. However, as with most surrogate markers, large 
study populations with high likelihoods of the outcome 
are needed to demonstrate the reflection of changes in 
anti-Xa on bleeding and thrombosis.

The evidence for reducing enoxaparin dose in under-
weight patients comes from several studies. Yam et  al. 
suggested that using a lower dose of enoxaparin for VTE 
prophylaxis may be sufficient to achieve the goal of peak 
anti-Xa levels in underweight patients without increased 
risk of thrombosis [11]. Another cohort study concluded 
that enoxaparin 30 mg daily is likely to provide adequate 
thromboprophylaxis in underweight females [12]. How-
ever, this evidence is based only on a surrogate marker 
rather than clinical outcomes, as provided by our study.

Table 1 Baseline characteristics of underweight patients who received enoxaparin for venous thromboembolism prophylaxis

Abbreviations: Reduced dose: enoxaparin < 40 mg SC daily, Standard dose: enoxaparin = 40 mg SC daily, BMI Body Mass Index, CrCl Creatinine clearance, IQR 
Interquartile range, INR International Normalized Ratio, Hgb Hemoglobin, Padua score Padua Prediction Score for Risk of VTE
a n (%)
b Median (interquartile range)

Characteristic Reduced dose
(n = 124)

Standard dose (n = 1,006) P value

Female  sexa 93 (75) 509 (50.6)  < 0.001

Age  [years]b 29.8 (24.5- 56) 36.5 (27.6–54.1) 0.041

Weight  [Kg]b 45 (39–48.8) 51 (46–54)  < 0.001

Height  [cm]b 153.7 (148–159.5) 158 (153–165)  < 0.001

BMI calculated (Kg/m2)b 18.1 (16.2- 20.8) 19.6 (17.8–21.8)  < 0.001

CrCl [mL/min]b 108 (65–131.9) 99.5 (73.7–125.7) 0.49

INR on enoxaparin  initiationb 1.1 (1–1.2) 1.1 (1–1.2) 0.87

Plateletsb 247 (194–319) 268 (206- 348) 0.13

D-dimerb 3.5 (0.8- 7.5) 2.1 (0.8–4.4) 0.34

Hgbb 11.2 (9.9–12.4) 11.7 (10.4–13.4) 0.001

Padua  scoreb 4 (4–5) 4 (4–5) 0.76

History of DVT/PEa 0 (0) 12 (1.2) 0.38

Heart  Failurea 3 (2.4) 37 (3.7) 0.61

Acute MI or stroke < 1  montha 4 (3.2) 65 (6.5) 0.23

Respiratory  failurea 12 (9.7) 23 (2.3)  < 0.001

Acute infection at  admissiona 66 (53.2) 495 (49.2) 0.45

History of  bleedinga 4 (3.2) 26 (2.6) 0.56

Critical  illnessa 20 (16.1) 69 (6.9)  < 0.001

Table 2 Concomitant treatments with enoxaparin

NSAIDs Non-steroidal Anti-inflammatory Drugs, IPC Intermittent pneumatic 
compression, DVT Deep Vein Thrombosis, PE Pulmonary Embolism, MI 
Myocardial Infarction
a n(%)

Characteristic Reduced 
dose (n = 
124)

Standard dose (n = 
1,006)

P-value

NSAIDs a 21 (16.9) 208 (20.7) 0.41

Antiplatelet a 14 (11.3) 151 (15) 0.34

Hormonal  therapya 1 (0.8) 18 (1.8) 0.71

Chemotherapy a 5 (4) 73 (7.3) 0.26

Use of IPC dur-
ing  admissiona

23 (18.5) 162 (16.1) 0.52
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Despite the statistical insignificance in our study, 
patients who received a reduced dose of enoxaparin had 
a numerically lower incidence of major bleeding. These 
findings are consistent with three retrospective studies 
that demonstrated a nonsignificant trend of increased 
major bleeding in the standard group compared to the 
reduced dose [14, 17, 19]. The lack of significance in 
our study may be attributed to the overall low bleeding 

rates, reflecting a low statistical power to prove a differ-
ence. Indeed, a multicentre retrospective study reported 
that the standard dose had higher odds of causing major 
bleeding compared to the reduced dose after adjustment 
for age, gender, and admission haemoglobin (OR 4.73, 
95% CI 1.05—21.34) [16]. On the other hand, a retrospec-
tive study of patients weighing < 45 kg did not show any 
trend of reduction in major or CRNM bleeding between 

Fig. 2 Incidence of overall bleeding and venous thromboembolism by enoxaparin dose

Fig. 3 Cumulative incidence function of overall bleeding (A) and venous thromboembolism (B)
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30 mg/day and 40 mg/day of enoxaparin for VTE prophy-
laxis, which can be attributed to the older age and lower 
renal function in the reduced dose group with no adjust-
ment for this source of confounding in the analysis [15]. 
These imbalances may have offset the benefit of dose 
reduction.

To our knowledge, this is the largest multicentre study 
to address this important clinical question. However, 
the study has some limitations. Similar to previous stud-
ies, the retrospective design might have introduced bias 
to the results. Despite using IPTW analysis to adjust for 
potential confounders, the risk of unobserved confound-
ing still exists. In addition, the study probably did not 
have enough statistical power due to the low number of 
outcome events. We did not investigate the impact of 
specific reduced doses of enoxaparin (e.g., 20 mg and 30 
mg). Also, most patients did not have anti-Xa levels since 
measurement of anti-Xa levels for underweight patients 
on enoxaparin is not the standard practice in our health 
system. Thus, we could not investigate the appropriate-
ness of anticoagulation with reduced doses in our cohort. 
Lastly, we defined underweight as BMI ≤ 18.5 kg/m2 or 
actual body weight ≤ 57 kg; different definitions of under-
weight may have led to different results.

Based on the observed incidence of bleeding in the two 
groups in this study, a study of around 7500 patients is 
required to achieve 80% power at a significance level of 
5%, assuming equal study groups. Therefore, future stud-
ies that evaluate the reduction in bleeding risk with dose 
reduction should aim to include patients from national 
registries or large databases to achieve adequate statis-
tical power. Alternatively, future studies may include 
patients at higher risk of bleeding to have higher inci-
dence of bleeding and subsequently higher statistical 
power.

Conclusions
A variety of VTE prophylaxis regimens are used in 
underweight hospitalized patients, and pre-emptive 
dose reduction is uncommon. In this study, there was 
no significant difference in the incidence of bleeding or 
VTE between the reduced dose and the standard dose 
of enoxaparin in this population. The low event rates  in 
this study limit the generalizability of our findings to 
patients at higher risk of VTE or  bleeding  until further 
studies explore the safety and efficacy of dose reduction 
in high-risk populations.
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