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Objective: To investigate the roles of age and renal function in optimizing enoxaparin dosage for achieving target anti-Xa levels in
Asian patients.

Methods: A total of 135 patients subjected to enoxaparin therapy were retrospectively enrolled. Baseline demographic characteristics,
clinical indicators, and laboratory test results were collected. The distribution patterns of weight-adjusted doses and anti-Xa levels
were analyzed. Dose-response curves were employed to evaluate the probability of achieving therapeutic anti-Xa levels in different
age groups (<80 years vs >80 years) and estimated glomerular filtration rate (¢GFR) categories (¢GFR <60 mL/min vs >60 mL/min).
Results: The dose distribution revealed discrepancies between actual weight-adjusted doses and manufacturer-recommended doses in
some patients. Age significantly influenced the attainment of target anti-Xa levels, whereas renal function exhibited no significant
impact. Dose-response curves demonstrated that patients aged >80 years required lower doses to achieve 90-95% target anti-Xa levels
compared to those <80 years. No significant difference was observed in target attainment between patients with eGFR <60 mL/min
and those with eGFR >60 mL/min.

Conclusion: Within the range of eGFR >30 mL/min/1.73 m?, advanced age, rather than mild-to-moderate renal impairment, emerged
as the critical factor for achieving target anti-Xa levels with enoxaparin in Asian patients. Patients aged >80 years required lower doses
compared to younger patients. These findings still need prospective validation.
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Introduction
Venous thromboembolism (VTE), comprising pulmonary embolism and deep vein thrombosis, represents one of the
leading causes of cardiovascular-related morbidity and mortality worldwide.' Anticoagulant therapy plays an important
role in the prevention and treatment of thrombotic disorders. Low-molecular-weight heparin (LMWH), particularly
enoxaparin, has been widely used as a first-line anticoagulant in clinical practice due to predictable pharmacokinetic
profile, no requirement for routine monitoring, and lower risk of heparin-induced thrombocytopenia. The anticoagulant
effect of LMWH is primarily mediated through the inhibition of coagulation factor Xa (FXa) activity, and monitoring
plasma anti-Xa levels serves as a critical tool for assessing anticoagulation intensity and guiding individualized dose
adjustment. Studies have demonstrated that maintaining therapeutic anti-Xa levels is essential for ensuring both
therapeutic efficacy and safety.*

However, achieving and maintaining target anti-Xa levels presents challenges due to the influence of multiple patient-
specific factors. Among these, age and renal function are key factors affecting enoxaparin clearance and exposure.*
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With advancing age, alterations in body composition (eg, decreased muscle mass, increased fat proportion), changes in
hepatic and renal function, and modifications in drug volume of distribution may significantly impact the pharmacoki-
netics of LMWH.

Notably, LMWH is primarily eliminated via renal metabolism. Consequently, renal insufficiency is widely recognized
as a critical factor contributing to LMWH accumulation and increased bleeding risk.® This has prompted multiple clinical
guidelines to recommend dose adjustment or alternative anticoagulant selection in patients with renal impairment.”'°

Recently, increasing studies suggest that racial differences may influence the pharmacokinetic and pharmacodynamic
characteristics of LMWHs.'' Compared with Caucasian populations, Asian patients exhibit significant differences in body
weight, body fat distribution, and metabolic enzyme activity, which may contribute to fluctuations in anti-Xa levels. Some
studies indicate that Asian patients may require lower LMWH doses than the standard recommended regimen to achieve
comparable anticoagulant efficacy.'*'* However, studies regarding Asian populations, particularly those exploring how
age and renal function jointly affect the dose-response relationship of enoxaparin, remain insufficient.

This study aims to analyze clinical data from Asian patients treated with enoxaparin, investigating the impact of age
and renal function on weight-adjusted dosing and the attainment rate of target anti-Xa levels. By identifying the optimal
dose range for achieving target anti-Xa levels in different age and renal function subgroups, this study seeks to provide
a clinical basis for personalized enoxaparin dosing optimization in Asian patients, thereby enhancing the efficacy and
safety of anticoagulant therapy.

Methods
Study Design and Population

This retrospective observational study was conducted at Beijing Anzhen Hospital, Capital Medical University.
A consecutive series of adult patients who received therapeutic enoxaparin and underwent anti-Xa level monitoring
between August 2023 and March 2025 were screened for eligibility. Enoxaparin therapy was indicated for the treatment
or prophylaxis of venous thromboembolism (VTE) or high-risk thrombotic clinical conditions. Inclusion criteria were: (1)
age >18 years; (2) receipt of subcutaneous enoxaparin for at least three consecutive doses administered every 12 hours; (3)
at least one steady-state peak anti-Xa level measured 4—6 hours post-dose; (4) availability of complete demographic,
clinical, and laboratory data. Exclusion criteria included: (1) estimated glomerular filtration rate (eGFR) <30 mL/min/
1.73 m?; (2) severe hepatic dysfunction (Child-Pugh Class C); (3) active bleeding or coagulopathy; (4) concurrent use of
other anticoagulants; (5) known hypersensitivity to enoxaparin or other LMWH; (6) pregnancy; (7) incomplete dosing or
monitoring records. The study protocol was approved by the Ethics Committee of Beijing Anzhen Hospital (N0.2025297x).

Data Collection

Baseline characteristics were extracted from medical records, including age, sex, weight, smoking/alcohol status,
comorbidities, and primary anticoagulation indication. Laboratory parameters included platelet count, liver enzymes
(ALT, AST), bilirubin, blood urea nitrogen (BUN), and coagulation markers (APTT, PT). Renal function was assessed
using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula to calculate eGFR. Patients were
stratified by age (<80 vs >80 years) and renal function (eéGFR <60 vs >60 mL/min/1.73 m?).

Enoxaparin Administration and Anti-Xa Monitoring

Enoxaparin was administered subcutaneously every 12 hours for therapeutic purposes. Steady-state peak anti-Xa levels were
measured 4-6 hours after the third or later dose using a chromogenic assay (STA®-Liquid Anti-Xa, Diagnostica Stago). The
therapeutic target range was defined as 0.4—1.0 IU/mL for twice-daily therapeutic dosing. Actual daily weight-adjusted dose
(mg/kg/day) was calculated for each patient.

Statistical Analysis
Statistical analyses were performed using R software (version 4.2.2). Continuous variables were presented as median
with interquartile range (IQR), and categorical variables as frequencies (percentages). The distribution of weight-adjusted
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doses and anti-Xa levels was visualized using density plots and boxplots. Dose-response curves were constructed to
evaluate the probability of achieving target anti-Xa levels across different weight-adjusted enoxaparin doses. Logistic
regression models were fitted with achievement of target anti-Xa level as the binary outcome and weight-adjusted dose
(mg/kg/day) as the predictor. The fitted models were used to estimate the probability of target attainment across a range
of doses, and dose-response curves were plotted using predicted probabilities derived from the models. Effective doses
(ED90 and ED95), defined as the doses required to achieve 90% and 95% probability of target anti-Xa level attainment,
respectively, were computed by solving the logistic regression equation for the specified probabilities. Stratified analyses
were then conducted by age (<80 vs >80 years) and eGFR (<60 vs >60 mL/min/1.73 m?) subgroups to compare the
probability of achieving target anti-Xa levels.

Results

Baseline Characteristics of Patients

A total of 135 Asian patients with enoxaparin were ultimately enrolled in this study. The median age of the patients was
65.0 years (interquartile range [IQR]: 53.0, 71.5), with 47.1% being male. Common comorbidities included hypertension
(48.5%), hyperlipidemia (28.7%), and diabetes mellitus (22.1%). The primary indication for anticoagulation was
pulmonary embolism (85.2%). Laboratory tests revealed a median eGFR of 73.8 mL/min (IQR: 56.4, 99.5), with
29.4% of patients having an eGFR between 30-60 mL/min and 70.6% exhibiting an ¢eGFR >60 mL/min. Detailed
baseline demographic and clinical characteristics are presented in Table 1.

Distribution of Enoxaparin Doses and Anti-Xa Levels

The actual weight-adjusted doses of enoxaparin (mg/kg/day) administered to patients and steady-state peak anti-Xa levels
were analyzed (Figure 1). The distribution of weight-adjusted doses (Figure 1A) revealed discrepancies between the
actual doses administered and the fixed weight-adjusted doses recommended in the drug prescribing information. The
distribution of anti-Xa levels (Figure 1B) revealed that some patients exhibited values outside the therapeutic target

range, indicating potential underdosing or overdosing.

Table | Baseline Demographic and Clinical
Characteristics of the Included Patients

Variables Values (N=135)

Demographics

Age (years)* 65.0 (53.0, 71.5)
Male sex, n (%) 64 (47.1)
Smoker, n (%) 26 (19.1)
Drinker, n (%) 24 (17.6)
Weight (kg)* 68.0 (62.3, 77.0)
Comorbidities, n (%)
Hypertension 66 (48.5)
Diabetes mellitus 30 (22.1)
Hyperlipemia 39 (28.7)
Prior cerebral infarction 16 (11.8)

Anticoagulant indication, n (%)

Pulmonary embolism 115 (85.2)
Deep Vein Thrombosis 10 (7.4)
Artificial heart valve 4 (2.9)
Atrial fibrillation 4 (2.9)
Peripheral arterial embolism 2 (1.5)
(Continued)
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Table | (Continued).

Variables

Values (N=135)

Laboratory examinations*
PLT count (x10%/L)
ALT (U/L)
AST (U/L)
Total bilirubin (umolL/L)
Direct bilirubin (umoL/L)
BUN (mmol/L)
eGFR (mL/min)
eGFR 30~60mL/min, n (%)
eGFR 260mL/min, n (%)
APTT (s)
PT (s)

208 (159, 249)
25.0 (17.0, 51.5)
23.0 (19.0, 51.5)
13.6 (9.8, 17.3)
2.7 (18, 3.8)

6.19 (456, 8.70)
73.8 (56.4, 99.5)

40 (29.4)

95 (70.6)
325 (30.0, 34.8)
1.8 (1.1, 13.0)

Note: *Categorical data were presented as count (percentage).

Abbreviations: PLT, platelet; ALT, alanine transaminase; AST, aspartate
amino transferase; BUN, blood urea nitrogen; eGFR, estimated glomer-
ular filtration rate; APTT, activated partial thromboplastin time; PT,

prothrombin time.

Impact of Age on the Probability of Achieving Target Anti-Xa Levels with Enoxaparin
Dose-response curve showed a significant age-dependent effect on the probability of achieving target anti-Xa levels
(Figure 2A). The model stratified by age (<80 vs >80 years) demonstrated that, at identical weight-adjusted doses,

A
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Figure | Distribution of weight-adjusted dosage (A) and steady-state peak anti-Xa levels (B) of enoxaparin. The outer curves (density plots) represent the density estimate
of the data distribution, with wider sections indicating higher data density (more observations). The inner box plot includes a median line marking the median value of the
dataset, a box spanning from the first quartile to the third quartile, and whiskers extending from the box representing 95% confidence interval. (A) The red horizontal line
represents the drug manufacturer’s recommended weight-based dose, while blue dots represent individual enoxaparin weight-based dose values. (B) The area between red
horizontal lines represents the target anti-Xa level range, with red dots representing individual anti-Xa level values.
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Figure 2 Weight-based dose and probability to achieve therapeutic anti-Xa levels group by age. (A) Overview. The weight-based dose is the independent variable, achieving
the anti-Xa target is the dependent variable, and the vertical axis shows the estimated probability. Patients were grouped by age (<80 years, red; 280 years, blue) for
modeling, with data dots visualized at the bottom layer. (B) Zoomed-in region marked in light blue in (A) is shown, with 90% and 95% probabilities represented by yellow
dotted lines, and the corresponding weight-based doses are displayed on the vertical blue and red dotted lines.

patients aged >80 years (blue line) exhibited a significantly higher probability of achieving target anti-Xa levels
compared to those aged <80 years. To attain 90% and 95% target probability thresholds (Figure 2B), the required weight-
adjusted doses for patients aged >80 years (approximately 0.66 mg/kg/day and 0.72 mg/kg/day, respectively) were
markedly lower than those for patients aged <80 years (approximately 0.87 mg/kg/day and 0.98 mg/kg/day).

Impact of Renal Function on the Probability of Achieving Target Anti-Xa Levels with

Enoxaparin

In contrast to the influence of age, the dose-response curve analysis stratified by renal function (eGFR <60 mL/min vs
>60 mL/min) (Figure 3A) revealed no significant difference in the probability of achieving target anti-Xa levels between
the two groups at the same weight-adjusted doses. Although the eGFR <60 mL/min group (blue line) exhibited a higher
trend toward achieving the target probability at lower dose ranges compared to the eGFR >60 mL/min group (red line),
this difference did not reach statistical significance. Furthermore, no significant differences were observed between the
two groups in the doses required to achieve 90% and 95% target probabilities (Figure 3B).

Discussion

This study investigated the role of age and renal function in optimizing enoxaparin dosing in Asian patients, providing
insights for individualized anticoagulation therapy. The results demonstrated that age was a significant factor influencing
the probability of achieving target anti-Xa levels, whereas renal insufficiency, defined as eGFR <60 mL/min, showed no
significant association with anti-Xa levels in this study. These findings offer important guidance for the clinical
application of enoxaparin in Asian populations.
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Figure 3 Weight-based dose and probability to achieve therapeutic anti-Xa levels group by eGFR. (A) Overview. The weight-based dose is the independent variable,
achieving the anti-Xa target is the dependent variable, and the vertical axis shows the estimated probability. Patients were grouped by eGFR (260 mL/min, red; <60 mL/min,
blue) for modeling, with data dots visualized at the bottom layer. (B) Zoomed-in region marked in light blue in (A) is shown, with 90% and 95% probabilities represented by
yellow dotted lines, and the corresponding weight-based doses are displayed on the vertical blue and red dotted lines.

Abbreviation: eGFR, estimated glomerular filtration rate.

Some studies suggest that age does not affect anti-Xa levels following enoxaparin administration, particularly noting similar
responses between healthy elderly and younger patients.'* However, this study conducted in a Chinese population demonstrated
that patients aged >80 years had a significantly higher probability of achieving target anti-Xa levels than younger patients (p <
0.05) when receiving the same weight-adjusted enoxaparin dosage. This phenomenon may be closely associated with age-related
physiological changes, including decreased muscle mass, increased fat proportion, reduced hepatic blood flow, and altered drug
distribution volume. These factors collectively contribute to a significant reduction in enoxaparin clearance.

Notably, our findings align with guidelines emphasizing individualized treatment for elderly patients, revealing that
patients aged >80 years require 24-26% lower weight-adjusted doses. However, most guidelines lack specific recom-
mendations for Asian elderly population. Furthermore, current guidelines and studies emphasize renal insufficiency as

1516 the results of this study demonstrated no statistically significant

a key risk factor for LMWH accumulation,
difference in the probability of achieving target anti-Xa levels between the eGFR <60 mL/min group and the eGFR
>60 mL/min group. This finding requires cautious interpretation, as it is potentially confounded by two critical study
design factors: First, patients with severe renal impairment (¢eGFR <30 mL/min) were excluded from the analysis, and the
majority of enrolled patients with renal dysfunction had only moderate impairment (¢GFR 30—60 mL/min, accounting for
29.4%), with a median eGFR of 73.8 mL/min, indicating relatively preserved overall renal function in the study
population. Second, the median body weight of Asian patients was significantly lower than that of Western populations,
resulting in an approximately 20—30% reduction in absolute LMWH dosage, which may mitigate the accumulation effect
caused by mild-to-moderate renal function decline. Based on these findings, for Asian patients with eGFR >30 mL/min—

particularly those with lower body weight—dose reduction solely based on eGFR <60 mL/min may be overly
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conservative.!” However, our findings regarding the lack of association between renal function (¢GFR >30 mL/min) and
anti-Xa levels cannot be generalized to patients with severe renal insufficiency, and dose adjustment recommendations
for this high-risk subgroup still require evidence from dedicated studies.

The clinical significance of this study is primarily reflected in the following aspects: Advanced age should be prioritized
as a key consideration for enoxaparin dose reduction in Asian patients, with lower initial doses (0.66—0.72 mg/kg/day for
patients >80 years) recommended for this population accompanied by monitoring of anti-Xa levels. For patients with mild
to moderate renal impairment (eGFR 30-60 mL/min), dose reduction decisions should be made cautiously based on
comprehensive evaluation of factors including age and body weight, rather than relying solely on eGFR thresholds.
Importantly, these dose suggestions are hypothesis-generating and require prospective validation before being integrated
into standard clinical practice. This study supports the implementation of anti-Xa monitoring in special populations,
particularly in complex cases involving elderly patients or those with concurrent renal dysfunction.'® The findings
demonstrate that actual clinical doses administered to the study population were generally lower than recommended
doses, suggesting that Asian populations may achieve target anti-Xa levels with reduced dosage requirements. However,
a critical limitation is the lack of data on bleeding and recurrent thrombosis events. This prevented us from correlating anti-
Xa level attainment with clinical outcomes, thereby constraining the translation of our pharmacodynamic findings into
definitive clinical recommendations. The anti-Xa-guided dosing approach adopted in this study is inferred from target level
attainment. Future studies are therefore necessary to validate these dosing strategies using clinical endpoints.

This study has several limitations. First, the retrospective nature of the study may introduce selection bias, as patients
were only included if they underwent anti-Xa monitoring, which may overrepresent high-risk or complex cases. Second,
patients with an eGFR <30 mL/min were excluded, and anti-Xa levels were not thoroughly investigated in this population.
Third, only peak anti-Xa concentrations were monitored, with peak levels remaining unassessed. Finally, no direct
correlation was established with clinical bleeding/thrombotic events. Future studies should validate the dosing recommen-
dations proposed herein through prospective, randomized controlled designs and further explore their association with
clinical outcomes to provide more evidence-based medical evidence.

Conclusion

In conclusion, advanced age appears to be a key determinant of enoxaparin exposure and target anti-Xa level attainment in
Asian patients with eGFR >30 mL/min/1.73 m”. Patients >80 years required lower doses (0.66-0.72 mg/kg/day for 90-95%
target attainment) versus those <80 years (0.87-0.98 mg/kg/day). Renal function (eGFR <60 vs >60 mL/min/1.73 m?) had no
significant impact. These findings are limited to eGFR >30 mL/min/1.73 m* and require prospective validation.
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