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Abstract

Background: Although guidelines recommend risk assessment for hospital-acquired 

venous thromboembolism (HA-VTE) to inform prophylaxis decisions, studies demonstrate 

inappropriate utilization of pharmacoprophylaxis in hospitalized medical patients. Predictors of 

pharmacoprophylaxis initiation in medical inpatients remain largely unknown.

Objective: To determine factors associated with HA-VTE pharmacoprophylaxis initiation in 

adults hospitalized on medical services.

Design: Cohort study using electronic health record data from adult patients hospitalized on 

medical services at four academic medical centers between 2016 and 2019.

Participants: Among 111,550 admissions not on intermediate or full-dose anticoagulation, 

48,520 (43.5%) received HA-VTE pharmacoprophylaxis on the day of or the day after admission.

Main Measures: Candidate predictors of HA-VTE pharmacoprophylaxis initiation, including 

known HA-VTE risk factors, predicted HA-VTE risk, and bleeding diagnoses present on 

admission.

Key Results: After adjustment for age, sex, race/ethnicity, and study site, the strongest clinical 

predictors of HA-VTE pharmacoprophylaxis initiation were malnutrition and chronic obstructive 

pulmonary disease. Thrombocytopenia and history of gastrointestinal bleeding were associated 

with decreased odds of HA-VTE pharmacoprophylaxis initiation. Patients in the highest two 

tertiles of predicted HA-VTE risk were less likely to receive HA-VTE pharmacoprophylaxis than 

patients in the lowest (1st) tertile (OR 0.84, 95% CI [0.81, 0.86] for 2nd tertile, OR 0.95, 95% CI 

[0.92, 0.98] for 3rd tertile).

Conclusions: Among patients not already receiving anticoagulants, HA-VTE 

pharmacoprophylaxis initiation during the first two hospital days was lower in patients with 
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higher predicted HA-VTE risk and those with risk factors for bleeding. Reasons for not initiating 

pharmacoprophylaxis in those with higher predicted risk could not be assessed.

Keywords

Anticoagulants / therapeutic use; Healthcare Disparities; Hospitalization; Risk Factors; Venous 
Thromboembolism / prevention & control

Introduction

Venous thromboembolism (VTE) is a common, serious, and potentially preventable 

complication in hospitalized medical patients. Approximately 200,000 VTE events in the 

United States (US) occur during hospitalization or within 3 months of hospital discharge [1–

3]. When administered to hospitalized medical patients at elevated risk for hospital-acquired 

VTE (HA-VTE), pharmacoprophylaxis with low-dose anticoagulants reduces the odds of 

pulmonary embolism (PE) (OR 0.66, 95% CI [0.43, 1.02]) while increasing the odds of 

major bleeding (OR 1.65, 95% CI [1.01, 2.71]) [4].

Ideally, clinicians should tailor the decision to use pharmacoprophylaxis based on each 

patient’s risk for HA-VTE and bleeding. Although guidelines recommend risk stratification 

for HA-VTE using validated risk assessment models (RAMs) to guide prophylaxis 

decisions [5, 6], studies consistently demonstrate both over- and under-utilization of VTE 

pharmacoprophylaxis in hospitalized patients [7–12]. Furthermore, single-center studies 

have shown sex and race differences in the ordering and administration of HA-VTE 

prophylaxis [13–15].

In a survey of hospitalists, only one third reported using validated RAMs to assess HA-VTE 

risk, whereas most endorsed performing informal HA-VTE risk assessment [16]. The actual 

patient-related factors associated with pharmacoprophylaxis initiation in a broad, diverse 

population of medical inpatients remain largely unknown [16]. Understanding the factors 

that influence the decision to administer VTE pharmacoprophylaxis is essential to improving 

clinical practice, reducing potential disparities, and enhancing outcomes. To address this 

knowledge gap, we assessed the demographic and clinical factors associated with HA-

VTE pharmacoprophylaxis initiation and the association between predicted HA-VTE risk 

and HA-VTE pharmacoprophylaxis in a large, diverse population of hospitalized adults. 

Uniquely, we assessed use of HA-VTE pharmacoprophylaxis stratified by absolute HA-VTE 

risk using a recently validated HA-VTE RAM to determine whether those at highest risk 

were offered HA-VTE pharmacoprophylaxis [17].

Methods

Study Design, Setting, and Participants

Medical admissions from four academic health systems were included in the study: (1) the 

University of Michigan Medical Center, Ann Arbor, MI (Michigan Health), a 1107-bed 

tertiary care hospital; (2) Hennepin County Medical Center, Minneapolis, MN (Hennepin 

Healthcare), a 484 bed safety-net hospital; (3) Harris Health System, Houston, TX (Ben 

Taub Hospital and Lyndon B. Johnson Hospital), safety-net hospitals with a total of 850 
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beds; and (4) the University of Vermont (UVM) Medical Center, Burlington, VT, a 562-bed 

tertiary care hospital. Medical admissions were defined by the admitting clinical service and 

comprised of admissions to general internal medicine, hospital medicine, family medicine, 

cardiology, hematology, and oncology services. Patient admissions were included from 

January 1, 2016 to September 7, 2019 for UVM Medical Center and from January 1, 

2018 to December 31, 2019 for the other sites. All patients aged ≥18 years at the time of 

admission were included. Patients admitted with VTE, admitted to the ICU, or who received 

intermediate or therapeutic-level anticoagulation on hospital day 1 or 2 were excluded 

(Figure 1, Supplementary Appendix Table 1). During the study period, the University of 

Michigan Medical Center required HA-VTE risk assessment based on the Caprini Score as 

part of the admission workflow for hospitalized patients [18], but the other participating 

hospitals had not incorporated a systematic approach to HA-VTE risk assessment.

Variable Selection and Definitions

All participating hospitals used Epic Systems electronic health records (EHRs) during the 

study period. We selected the Medical Inpatients Thrombosis and Hemostasis (MITH) risk 

model for HA-VTE in medical inpatients to predict HA-VTE risk in this study as it was 

developed and validated in the hospitals assessed in this study [17]. The MITH model 

uses objective data points that are readily available to clinicians for most medical patients 

at the time of admission, the principal time when clinicians make decisions regarding the 

prescription of HA-VTE pharmacoprophylaxis. It includes seven HA-VTE risk factors: (1) 

history of VTE, (2) renal dysfunction, (3) active cancer, (4) low hemoglobin, (5) high red 

cell distribution width (RDW), (6) low serum sodium, and (7) malnutrition. Definitions and 

data sources for the risk factors are provided in Supplementary Appendix Table 1.

In addition to the overall MITH HA-VTE predicted risk and the individual MITH risk 

factors, we included components of the past medical history, laboratory results from 

the time of admission, present on admission bleeding diagnoses, presence of systemic 

inflammatory response syndrome (SIRS), and two Elixhauser Comorbidity Scores as 

candidate predictor variables. The variable definitions and data sources are presented in 

Table 1 of the Supplementary Appendix. The Elixhauser Comorbidity Scores utilize 38 

pre-existing conditions identified through secondary diagnoses contained in hospital billing 

data to predict risk of in-hospital mortality and 30-day all cause readmission [19]. A 

description of the Elixhauser comorbidity measures and software refined for International 

Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) codes are 

publicly available [20].

All anticoagulant medications administered on the day of or day after admission were 

categorized as prophylactic dose, intermediate dose, or full dose based on medication 

administration records at each participating hospital (Supplementary Appendix Table 1). 

Initiation of HA-VTE pharmacoprophylaxis was defined as administration of prophylactic 

dose anticoagulation on the day of or day after admission (hospital day 1 or 2), consistent 

with the VTE-1 quality measure developed by The Joint Commission and the National 

Quality Foundation, which assesses for patients who received VTE prophylaxis “between 

the day of arrival and the day after hospital admission” [21]. Patients who did not 
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receive any administration of anticoagulation in this period were assigned to the no 

pharmacoprophylaxis category.

Race and ethnicity were captured based on EHR documentation, which included patient-

reported and hospital staff documented race. Race was categorized as White, Black, Asian, 

and Other based on US Census specifications [22]. Patients with ethnicity designated as 

Hispanic or Latino were assigned to the Hispanic category even if a separate race was 

additionally reported for that patient. Due to the relatively small sample sizes, Asian, Other, 

and Unknown categories were combined into one group for analysis.

Statistics Analysis

To determine the association between demographic factors and HA-VTE 

pharmacoprophylaxis, we used multivariable logistic regression with age, sex, race/

ethnicity, and site as predictors. We then used age-, sex-, race/ethnicity-, and site-adjusted 

mixed effects logistic regression to determine the clinical factors associated with VTE 

pharmacoprophylaxis initiation. Age, sex, and race/ethnicity were treated as fixed effects 

and site as a random effect. Predicted HA-VTE risk, based on the MITH RAM, was 

modeled using risk tertiles [17]. The first tertile corresponded to the lowest predicted HA-

VTE risk (<0.19%), the second tertile to intermediate risk (0.19%−0.36%), and the third 

tertile to the highest risk (>0.36%). In secondary stratified analyses, we assessed whether 

age, sex, or race/ethnicity were effect modifiers of the association between predicted HA-

VTE risk and HA-VTE pharmacoprophylaxis initiation. As clinicians may elect not to 

prescribe HA-VTE pharmacoprophylaxis to patients with a short expected length of stay, 

we performed a sensitivity analysis and stratified by length of stay <2 days vs ≥2 days. 

As clinicians may elect not to prescribe HA-VTE pharmacoprophylaxis to patients who 

are actively bleeding or have low platelet counts, we also performed a sensitivity analysis 

excluding patients with a present on admission bleeding diagnosis or platelet count <50 K/

cm2. Individuals missing specific risk factors were dropped from the regression analyses. 

Statistical analysis was performed using R version 4.3.1 (R Foundation for Statistical 

Computing, Vienna, Austria) and SAS version 9.4 (SAS Institute Inc., Cary, NC).

Ethical Considerations

This study was conducted in accord with the principles of the Code of Ethics of the World 

Medical Association (Declaration of Helsinki) [23]. The Institutional Review Boards at 

each participating institution approved the study or determined the study to be exempt. 

Participating institutions executed a data use agreement allowing UVM access to limited 

datasets as defined by the US Health Insurance Portability and Accountability Act (Public 

Law 104–191, 20 August 1996).

Results

Characteristics of the Analytic Population

After exclusions, the analytic data set included 111,550 hospital admissions on medical 

services, representing 71,842 unique patients. Figure 1 presents the workflow for 

constructing the cohort. Among the 111,550 hospital admissions, 48,520 (43.4%) patients 
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received and 63,030 (56.5%) did not receive VTE pharmacoprophylaxis on the day of or the 

day after admission. Table 1 presents the characteristics of the study population stratified 

by prophylaxis initiation. The mean age of patients at the time of admission was 57 years 

[standard deviation (SD) 17 years]. The racial/ethnic composition of the population was 

53.8% White, 21.0% Black, 19.0% Hispanic, and 6.2% Asian/Other. The primary payor 

was Medicare for 33.8% and Medicaid for 18.4% of patient admissions, while patients had 

no insurance for 19.6% of admissions. As shown in Supplementary Appendix Table 2, the 

observed HA-VTE risk for the analytic population was 0.30%.

Association of Patient and Clinical Factors with Pharmacoprophylaxis Initiation

In a multivariable model, older age, female sex, Black race, underweight, and severe obesity 

were associated with higher odds of HA-VTE pharmacoprophylaxis initiation (Table 2). The 

clinical factors most strongly associated with higher odds of HA-VTE pharmacoprophylaxis 

initiation were malnutrition (OR 1.40, 95% CI 1.35–1.46), chronic obstructive pulmonary 

disease (OR 1.32, 95% CI 1.27–1.37), diabetes (OR 1.26, 95% CI 1.22–1.29), and active 

cancer (OR 1.22, 95% CI 1.19–1.26) (Table 3). Higher overall Elixhauser Readmission 

Score and the presence of SIRS were also associated with higher incidence of HA-VTE 

pharmacoprophylaxis initiation (OR per SD increment 1.25, 95% CI 1.23–1.26; OR 1.31, 

95% CI 1.27–1.35; respectively).

Platelet count <50 (OR 0.11, 95% CI 0.09–0.12), present on admission bleeding diagnoses 

(OR 0.37, 95% CI 0.35–0.39), atrial fibrillation (OR 0.49, 95% CI 0.47–0.51), and history 

of gastrointestinal bleeding (OR 0.69, 95% CI 0.64–0.72) were the clinical factors most 

strongly associated with lower odds of HA-VTE pharmacoprophylaxis initiation (Table 3).

Association of Predicted HA-VTE Risk with Pharmacoprophylaxis Initiation

After adjustment for age, sex, race/ethnicity, and clinical site, higher predicted HA-VTE risk 

was associated with decreased odds of initiation of HA-VTE pharmacoprophylaxis on the 

day of or the day after hospital admission (Table 3). Compared with patients in the lowest 

(1st) tertile of predicted HA-VTE risk, patients in the higher tertiles of predicted HA-VTE 

risk were less likely to receive HA-VTE pharmacoprophylaxis (OR 0.84, 95% CI 0.81–0.86 

for 2nd tertile; OR 0.95, 95% CI 0.92–0.98 for 3rd tertile). HA-VTE pharmacoprophylaxis 

was initiated in 48% of patient admissions in the lowest tertile of predicted risk and in 44% 

of admissions in each of the upper two tertiles of predicted risk (Table 1).

Age-, Sex-, and Race-Stratified Models

The stratified analysis (Table 4) revealed that the higher tertiles of predicted HA-VTE 

risk were associated with lower odds of HA-VTE pharmacoprophylaxis in most strata. 

Interactions between predicted HA-VTE risk and both age and race were statistically 

significant. In the age-stratified models, patients aged ≥65 years who were in the highest 

tertile of predicted HA-VTE risk had lower odds of receiving pharmacologic prophylaxis 

than those in the lowest tertile of predicted HA-VTE risk. In the race/ethnicity stratified 

models, the highest tertile of predicted HA-VTE risk, compared with the lowest tertile, was 

associated with higher odds of pharmacoprophylaxis initiation among Asian/other patients, 

but not among other race/ethnic groups.
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Sensitivity Analyses

The overall patterns and effect sizes were similar for patients with length of stay <2 days, 

for those with a ≥2 day length of stay, and when patients with low platelets and present on 

admission bleeding diagnoses were excluded: compared with patients in the lowest tertile 

(1st tertile) of predicted VTE risk, patients in the higher tertiles of risk (2nd and 3rd tertiles) 

were less likely to receive HA-VTE pharmacoprophylaxis. The results of the analysis are 

provided in Tables 3 and 4 of the Supplementary Appendix.

Discussion

Among a diverse population of adults hospitalized on medical services at four US 

health systems, higher predicted HA-VTE risk was associated with lower odds of HA-

VTE pharmacoprophylaxis within the first two hospital days. Initiation of HA-VTE 

pharmacoprophylaxis was inconsistently associated with established risk factors for HA-

VTE, and markers of bleeding or bleeding risk were associated with lower odds of HA-VTE 

pharmacoprophylaxis. Older age, female sex, Black race, and high body mass index (BMI) 

were associated with provision of HA-VTE prophylaxis despite not being associated with 

HA-VTE risk in the MITH RAM.

The current analysis expands on the findings of other studies, which have reported 

suboptimal use of HA-VTE pharmacoprophylaxis in hospitalized patients [7, 8, 10, 11]. 

Particularly notable in the current study is the potential overuse of pharmacoprophylaxis 

in patients at low predicted risk for HA-VTE. In our study, 48% of patients in the lowest 

tertile of predicted HA-VTE risk received pharmacoprophylaxis during the first two days of 

hospitalization. These findings are similar to the results of two previous multi-institutional 

studies. Grant et al. used the Padua score to estimate HA-VTE risk among patients admitted 

to medical units at 52 hospitals in Michigan and found 31% of low-risk patients received 

HA-VTE pharmacoprophylaxis [10]. Kocher et al. used the Padua, International Medical 

Prevention Registry on Venous Thromboembolism (IMPROVE), and Geneva scores to 

estimate HA-VTE risk among medical inpatients at 3 Swiss hospitals and found 37–48% 

of low-risk patients received pharmacoprophylaxis [11].

In our study, 56% of patients in the highest two tertiles of predicted HA-VTE risk did 

not receive pharmacoprophylaxis during the first two days of hospitalization, raising the 

possibility of pharmacoprophylaxis underuse. In comparison, 21% of high-risk patients in 

the study by Grant et al. did not receive either pharmacologic or mechanical HA-VTE 

prophylaxis, and 37–41% of high-risk patients in the study by Kocher et al. did not receive 

pharmacologic HA-VTE prophylaxis [10, 11]. In our study it was not possible to determine 

the reasons for clinicians’ decisions to prescribe or withhold pharmacoprophylaxis. For 

example, withholding HA-VTE pharmacoprophylaxis in patients with a high HA-VTE risk 

and a high bleeding risk may reflect sound clinical judgment. It is reasonable to hypothesize 

that some risk factors for HA-VTE, such as active cancer, may overlap with risk factors 

for bleeding, and some patients at high risk for HA-VTE may also be at high risk for 

bleeding [24]. However, when patients with established clinical reasons to withhold HA-

VTE pharmacoprophylaxis – namely, thrombocytopenia or present on admission bleeding 

diagnoses – were excluded from our sample, patients at higher predicted HA-VTE risk 
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continued to have lower odds of pharmacoprophylaxis initiation than those at low predicted 

HA-VTE risk (Supplementary Appendix Table 4).

Race is a sociopolitical construct and racial categories do not reflect genetic variation, 

leading to calls to avoid using race in clinical decision algorithms and other clinical 

prediction tools [25, 26]. Several studies have demonstrated disparities in HA-VTE 

pharmacoprophylaxis administration, suggesting non-biologic factors such as systemic 

racism may influence HA-VTE pharmacoprophylaxis [13–15, 27]. Thus, we felt it was 

important to examine the relationship between race and HA-VTE pharmacoprophylaxis 

in this study. Indeed, Black patients in the current analysis were more likely to have 

HA-VTE pharmacoprophylaxis initiated compared with other race/ethnic categories. Lau 

et al. observed a similar trend on the medical services at one academic health center, where 

a greater proportion of Black patients than White patients were prescribed risk-appropriate 

VTE prophylaxis [13]. The stratified models in the current analysis revealed a more complex 

interaction between race, predicted HA-VTE risk, and HA-VTE pharmacoprophylaxis. Like 

most of the race/ethnic groups, Black patients in the upper tertiles of risk had lower odds 

of receiving HA-VTE pharmacoprophylaxis than Black patients in the lowest tertile of risk. 

The exception to this pattern was among the Asian/Other/Unknown group, in which patients 

with the highest tertile of predicted HA-VTE risk had higher odds of receiving HA-VTE 

prophylaxis. Older patients and patients with a high BMI were also more likely to receive 

pharmacoprophylaxis in our study. Notably, in the development of the MITH model at the 

participating academic medical centers, sex, race/ethnicity and age were not predictive of 

HA-VTE risk and were not included as risk factors [17]. However, numerous studies have 

demonstrated that obesity is a risk factor for VTE in the general population [28, 29] and 

several HA-VTE RAMs include older age as a risk factor [30, 31]. This evidence might 

have influenced clinician decisions regarding HA-VTE prophylaxis for hospitalized medical 

patients. Our data suggest that without objective measures of risk, underuse or overuse of 

thromboprophylaxis may occur with potential disparities by age, race, or BMI.

One study site, the University of Michigan Medical Center, mandated the calculation of the 

Caprini score at the time of admission. This site also had the lowest overall percentage 

(32.2%, Table 1) of medical admissions with HA-VTE pharmacoprophylaxis initiation 

during the first 2 hospital days. Although prior studies conducted at a collaborative of 

hospitals in the state of Michigan, including the University of Michigan Medical Center, 

have shown higher rates of pharmacoloprophylaxis initiation than we report in the current 

study [32, 33], this likely reflects differences in the eligibility criteria. Notably, these prior 

studies variably excluded patients on observation status, patients with contraindications to 

anticoagulation, and patients with low risk of HA-VTE (Caprini score <2). Interestingly, 

the authors of one of these studies concluded that “the Caprini RAM was unable to 

identify a subset of medical patients who benefit from pharmacologic prophylaxis” [32]. 

This conclusion may be unsurprising, as the Caprini score was developed for VTE risk 

assessment in surgical rather than medical patients, and several studies have demonstrated 

that the Caprini model has poor predictive performance in medical inpatients [34, 35].

We found that patients with a history of VTE or atrial fibrillation were less likely to 

receive HAVTE pharmacoprophylaxis. Patients with these conditions often are treated with 
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full-dose anticoagulation. The analytic population in the current study excluded patients 

on full-dose and intermediate-dose anticoagulation. Individuals with these conditions who 

were retained in the cohort may have had contraindications to or complications associated 

with anticoagulation, potentially explaining the inverse association with receipt of HA-VTE 

pharmacoprophylaxis.

The strengths of the current study include the inclusion of a large population of 

medical inpatients with substantial geographic, racial, and socioeconomic diversity. Since 

the MITH model was recently validated using data from hospital systems included in 

this study, its predictive performance in this population of patients is established [17]. 

However, several limitations of the current study deserve attention. Medication orders 

were not available in the data set, and thus we only examined administration of HA-VTE 

prophylaxis based on medication administration records. Other studies have shown gaps 

between ordering and administration of HA-VTE pharmacoprophylaxis, and it is possible 

that the factors associated with ordering HA-VTE pharmacoprophylaxis differ from the 

factors associated with administration [14, 15, 36]. Since the indication for treatment 

was not available in our data, we were not able to determine the clinical rationale for 

decisions regarding HA-VTE pharmacoprophylaxis and not able to gauge appropriateness 

at the individual patient level. Furthermore, a threshold level of predicted HA-VTE 

risk at which to offer pharmacoprophylaxis is not established. Ideally, clinicians would 

weigh HA-VTE risk with bleeding risk when deciding whether to prescribe HA-VTE 

pharmacoprophylaxis for an individual patient. The current study focuses on the initiation 

of HA-VTE pharmacoprophylaxis on the day of or the day after admission, consistent 

with the VTE-1 quality measure developed by The Joint Commission and the National 

Quality Foundation [21]. Future studies to examine changes in predicted HA-VTE risk 

and pharmacoprophylaxis administration over a hospital course are warranted. Due to 

data limitations, we were not able to explore the use of mechanical prophylaxis in the 

current study population and were unable to determine the associations between mechanical 

prophylaxis use, predicted HA-VTE risk, and pharmacoprophylaxis use. While our analyses 

included a diverse population of patients with White, Black, and Hispanic group identities 

that approximated the composition of the US population [37], future studies evaluating the 

association between other group identities and HA-VTE prophylaxis remain warranted.

Despite these limitations, this study offers novel insights into HA-VTE 

pharmacoprophylaxis administration in hospitalized medical patients. It revealed persistent 

evidence of potential HA-VTE pharmacoprophylaxis overuse in low-risk patients and 

potential underuse in high-risk patients, and variation in HA-VTE pharmacoprophylaxis 

initiation based on race, age, and sex.

However, the reasons for withholding pharmacoprophylaxis in those with higher predicted 

HA-VTE risk could not be assessed, and the percentage of underuse should be interpreted 

cautiously. Although a systematic review and metanalysis concluded that the use of RAMs 

was associated with an increase in HA-VTE pharmacoprophylaxis and a reduction in 

symptomatic HA-VTE events in pooled studies of hospitalized medical and surgical patients 

[38], the performance of the most common RAMs for HA-VTE in medical inpatients 

has been shown to be suboptimal, and the best RAM for hospitalized medical patients 
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remains uncertain [39, 40]. Further work is needed to determine effective strategies for 

implementing validated HA-VTE RAMs into clinical practice and understanding their 

impact on prescribing, disparities, and clinical outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram showing selection of records for analysis.

Abbreviations: HA-VTE, hospital acquired venous thromboembolism; ICU, intensive care 

unit; VTE, venous thromboembolism
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Table 1.

Characteristics of the study population.

Entire Population Prophylaxis No Prophylaxis

Analytic Population (N, %) 111,550 (100%)‡ 48,520 (43.5%)§ 63,030 (56.5%)§

Site

 Harris Health (Houston, Texas) 37,651 (33.8%) 18,501 (49.1%) 19,150 (50.9%)

 Hennepin Healthcare (Minneapolis, Minnesota) 15,125 (13.6%) 7,732 (51.1%) 7,393 (48.9%)

 University of Michigan (Ann Arbor, Michigan) 36,636 (32.8%) 11,783 (32.2%) 24,853 (67.8%)

 University of Vermont (Burlington, Vermont) 22,138 (19.9%) 10,504 (47.4%) 11,634 (52.6%)

Demographics

 Age (mean, SD) 57 ± 17 59 ± 17 56 ± 18

 Sex, Female (n, %) 52,607 (47.2%) 23,533 (44.7%) 29,074 (55.3%)

 Missing (n, %) 33 (<0.1%) 14 (42.4%) 19 (57.6%)

 Race / Ethnicity (n, %)

  White, non-Hispanic 60,059 (53.8%) 24,263 (40.4%) 35,796 (59.6%)

  Black, non-Hispanic 23,378 (21.0%) 11,096 (47.5%) 12,282 (52.5%)

  Asian / Other / Unknown, non-Hispanic 6,915 (6.2%) 3,092 (44.7%) 3,823 (55.3%)

  Hispanic 21,198 (19.0%) 10,069 (47.5%) 11,129 (52.5%)

 Body mass index (n, %)

  <18.5 5,146 (4.6%) 2,540 (49.4%) 2,606 (50.6%)

  18.5–<25 31,448 (28.2%) 13,774 (43.8%) 17,674 (56.2%)

  25–<30 28,833 (25.9%) 12,493 (43.3%) 16,340 (56.7%)

  30–<35 18,267 (16.4%) 7,960 (43.6%) 10,307 (56.4%)

  35–<40 9,144 (8.2%) 4,272 (46.7%) 4,872 (53.3%)

  40+ 8,702 (7.8%) 4,400 (50.6%) 4,302 (49.4%)

  Missing 10,010 (9.0%) 3,081 (30.8%) 6,929 (69.2%)

 Payor (n, %)

  Private Insurance 29,600 (26.5%) 10,430 (35.2%) 19,170 (64.8%)

  Medicare 37,734 (33.8%) 17,711 (46.9%) 20,023 (53.1%)

  Medicaid 20,516 (18.4%) 10,269 (50.1%) 10,247 (49.9%)

  None 21,814 (19.6%) 10,062 (46.1%) 11,752 (53.9%)

  Missing 1,886 (1.7%) 48 (2.5%) 1,838 (97.5%)

Past Medical History (n, %)

 Active cancer* 29,249 (26.2%) 13,298 (45.5%) 15,951 (54.5%)

 Atrial fibrillation 8,840 (7.9%) 2,719 (30.8%) 6,121 (69.2%)

 Chronic obstructive pulmonary disease 12,254 (11.0%) 6,074 (49.6%) 6,180 (50.4%)

 Diabetes 31,085 (27.9%) 15,115 (48.6%) 15,970 (51.4%)

 Gastrointestinal bleed 5,722 (5.1%) 2,236 (39.1%) 3,486 (60.9%)

 Intracranial hemorrhage 1,714 (1.5%) 822 (48.0%) 892 (52.0%)

 Malnutrition* 11,238 (10.1%) 5,266 (46.9%) 5,972 (53.1%)

 Prior myocardial infarction 9,511 (8.5%) 4,164 (43.8%) 5,347 (56.2%)

 Prior stroke 8,219 (7.4%) 3,739 (45.5%) 4,480 (54.5%)

J Thromb Haemost. Author manuscript; available in PMC 2025 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Repp et al. Page 15

Entire Population Prophylaxis No Prophylaxis

 Prior venous thromboembolism* 6,365 (5.7%) 2,520 (39.6%) 3,845 (60.4%)

Laboratory Findings (n, %)

 High RDW* 40,672 (36.5%) 17,820 (43.8%) 22,852 (56.2%)

  Missing 11,342 (10.2%) 4,179 (36.8%) 7,163 (63.2%)

 Low hemoglobin* 58,009 (52.0%) 24,916 (43.0%) 33,093 (57.0%)

  Missing 8,678 (7.8%) 3,127 (36.0%) 5,551 (64.0%)

 Low serum sodium* 24,878 (22.3%) 12,168 (48.9%) 12,710 (51.1%)

  Missing 9,003 (8.1%) 3,084 (34.3%) 5,919 (65.7%)

 MCV < 81 fL 9,324 (8.4%) 4,018 (43.1%) 5,306 (56.9%)

  Missing 11,448 (10.3%) 3,426 (29.9%) 8,022 (70.1%)

 Platelet count

  <50 2,599 (2.3%) 202 (7.8%) 2,397 (92.2%)

  50–99 4,092 (3.7%) 1,404 (34.3%) 2,688 (64.7%)

  Missing 11,755 (10.5%) 3,582 (30.5%) 8,173 (69.5%)

 Creatinine >2.0 mg/dL or on dialysis* 13,594 (12.2%) 7,142 (52.5%) 6,452 (47.5%)

  Missing (n, %) 10,133 (9.1%) 3,723 (36.7%) 6,410 (63.3%)

Clinical Presentation (n, %)

 SIRS† 25,487 (22.9%) 12,521 (49.1%) 12,966 (50.9%)

  Missing 992 (0.9%) 518 (52.2%) 474 (47.8%)

Discharge Diagnoses

 Bleeding diagnosis, present on admission 9,243 (8.3%) 2,169 (23.5%) 7,074 (76.5%)

 Elixhauser Comorbidity Score, readmission (mean, SD) 9 ± 8 9 ± 8 8 ± 8

 Elixhauser Comorbidity Score, mortality (mean, SD) 7 ± 14 7 ± 14 7 ± 14

Predicted HA-VTE Risk per MITH Model

 Predicted risk (mean, SD) 0.36% ± 0.35% 0.35% ± 0.34% 0.37% ± 0.36%

  Missing (n, %) 22,393 (20.1%) 8,002 (35.7%) 14,391 (64.3%)

 Tertile of predicted risk (range of risk) (n, %)

  1 (<0.19%, reference) 33,269 (29.8%) 15,906 (47.8%) 17,363 (52.2%)

  2 (0.19% – 0.36%) 27,313 (24.5%) 11,911 (43.6%) 15,402 (56.4%)

  3 (>0.36%) 28,575 (25.6%) 12,701 (44.4%) 15,874 (55.6%)

  Missing 22,393 (20.1%) 8,002 (35.7%) 14,391 (64.3%)

*
Component of the MITH HA-VTE risk model

†
Two or more criteria: T <36C or >38C, HR >90 beats/min, RR >20 breaths/min, WBC <4,000/mm3 or >12,000 mm3

‡
Percentages for categorical variables represent column percentages

§
Percentages for categorical variables represent row percentages

Abbreviations: HA-VTE, hospital acquired venous thromboembolism; MCV, mean corpuscular volume; MITH, Medical Inpatients Thrombosis and 
Hemostasis; SD, standard deviation; SIRS, systemic inflammatory response syndrome
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Table 2.

Association of demographic factors with HA-VTE pharmacoprophylaxis administration on hospital day 1 or 2, 

using multivariable logistic regression in the total sample (n = 111,550) with age, sex, race/ethnicity as 

predictors

Demographic factor OR (95% CI)

Age (per 10 years older) 1.10 (1.09, 1.11)

Sex (male versus female) 0.88 (0.86, 0.90)

Race/Ethnicity (reference White)

 White, non-Hispanic ref

 Black, non-Hispanic 1.14 (1.09, 1.18)

 Asian/Other/Unknown, non-Hispanic 1.04 (0.99, 1.10)

 Hispanic 1.03 (0.98, 1.07)

BMI

 <18.5 1.26 (1.18, 1.34)

 18.5–<25 ref

 25–<30 0.97 (0.94, 1.00)

 30–<35 0.99 (0.95, 1.03)

 35–<40 1.13 (1.08, 1.19)

 ≥40 1.37 (1.30, 1.43)

Payor (reference private insurance)

 Private insurance ref

 Medicare 1.11 (1.07, 1.16)

 Medicaid 1.19 (1.14, 1.24)

 None 1.03 (0.98, 1.08)

Abbreviations: BMI, body mass index; CI, confidence interval; HA-VTE, hospital acquired venous thromboembolism; OR, odds ratio; ref, 
reference; SD, standard deviation
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Table 3.

Association of clinical factors with HA-VTE pharmacoprophylaxis administration on hospital day 1 or 2, 

using age-, sex-, race/ethnicity-, and site-adjusted mixed effects logistic regression in the total sample (n = 

111,550)

Clinical factor OR (95% CI)

Past Medical History (present versus absent)

 Active cancer* 1.22 (1.19, 1.26)

 Atrial fibrillation 0.49 (0.47, 0.51)

 Chronic obstructive pulmonary disease 1.32 (1.27, 1.37)

 Diabetes 1.26 (1.22, 1.29)

 Prior gastrointestinal bleed 0.69 (0.64, 0.72)

 Prior intracranial hemorrhage 1.05 (0.95, 1.16)

 Malnutrition* 1.40 (1.35, 1.46)

 Prior myocardial infarction 0.96 (0.92, 1.01)

 Prior stroke 1.00 (0.96, 1.05)

 Prior venous thromboembolism* 0.91 (0.86, 0.96)

Laboratory Findings

 High RDW* (reference <14.7%) 0.97 (0.94, 0.99)

Low hemoglobin* (sex-specific reference above lower limit of normal) 1.01 (0.98, 1.03)

 Low serum sodium* (reference ≥136 mmol/L) 1.25 (1.22, 1.29)

 MCV < 81 fL (reference ≥81 fL) 0.92 (0.88, 0.96)

 Platelet count (reference ≥100 K/cm2)

  <50 0.11 (0.09, 0.12)

  50–99 0.66 (0.62, 0.71)

  ≥100 ref

 Creatinine >2.0 mg/dL or on dialysis* (reference no) 1.39 (1.34, 1.44)

Clinical Presentation

 SIRS† (reference no) 1.31 (1.27, 1.35)

Discharge Diagnoses

 Bleeding diagnosis, present on admission (reference no) 0.37 (0.35, 0.39)

 Elixhauser Comorbidity Score, readmission (per SD higher) 1.25 (1.23, 1.26)

 Elixhauser Comorbidity Score, mortality (per SD higher) 1.05 (1.03, 1.06)

Predicted HA-VTE Risk per MITH Model

 Tertile of predicted risk (range of risk)

  1 (<0.19%, reference) ref

  2 (0.19% – 0.36%) 0.84 (0.81, 0.86)

  3 (>0.36%) 0.95 (0.92, 0.98)

*
Component of the MITH HA-VTE risk model

†
Two or more criteria: T <36°C or >38°C, HR >90 beats/min, RR >20 breaths/min, WBC <4,000/mm3 or >12,000 mm3
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Abbreviations: CI, confidence interval; HA-VTE, hospital acquired venous thromboembolism; MCV, mean corpuscular volume; MITH, Medical 
Inpatients Thrombosis and Hemostasis; OR, odds ratio; ref, reference; RDW, red cell distribution width; SD, standard deviation; SIRS, systemic 
inflammatory response syndrome
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Table 4.

Association between predicted HA-VTE risk and HA-VTE pharmacoprophylaxis initiation, stratified by age, 

sex, and race.

Tertile of Predicted Risk (Predicted Risk)

1 (<0.19%) 2 (0.19% – 0.36%) 3 (>0.36%) Interaction

Reference OR (95% CI) OR (95% CI) p-value

Age

 <65 years - 0.91 (0.88, 0.95) 1.05 (1.00, 1.09)
<0.001*

 ≥65 years - 0.75 (0.71, 0.79) 0.85 (0.80, 0.90)

Sex

 Female - 0.79 (0.76, 0.83) 0.92 (0.88, 0.97)
0.047†

 Male - 0.88 (0.84, 0.92) 0.97 (0.93, 1.02)

Race / Ethnicity

 White, non-Hispanic - 0.87 (0.83, 0.91) 0.99 (0.94, 1.03)

<0.001‡
 Black, non-Hispanic - 0.76 (0.71, 0.81) 0.95 (0.88, 1.02)

 Hispanic - 0.83 (0.77, 0.89) 0.83 (0.77, 0.89)

 Asian / Other / Unknown, non-Hispanic - 0.96 (0.84, 1.09) 1.22 (1.07, 1.39)

All models adjusted for age, sex, race, and site.

Abbreviations: CI, confidence interval; HA-VTE, hospital-acquired venous thromboembolism; OR, odds ratio
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