
UC Davis
UC Davis Previously Published Works

Title
Sex Differences in Testing for Pulmonary Embolism Among Emergency Department 
Patients Aged 18–49 by Chief Complaint

Permalink
https://escholarship.org/uc/item/253013g8

Journal
Clinical Therapeutics, 46(12)

ISSN
0149-2918

Authors
Jarman, Angela F
Maughan, Brandon C
White, Richard
et al.

Publication Date
2024-12-01

DOI
10.1016/j.clinthera.2024.10.008
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/253013g8
https://escholarship.org/uc/item/253013g8#author
https://escholarship.org
http://www.cdlib.org/


Sex Differences in Testing for Pulmonary Embolism Among 
Emergency Department Patients Aged 18–49 by Chief Complaint

Angela F Jarman, MD MPH1, Brandon C Maughan, MD MSPS2, Richard White, MD3, Sandra 
L Taylor, PhD4, Zainab Akinjobi4, Bryn E Mumma, MD MAS1

1Department of Emergency Medicine, University of California, Davis,

2Department of Emergency Medicine, Oregon Health and Science Internal Medicine,

3Department of Internal Medicine, University of California, Davis

4Department of Public Health Sciences, University of California, Davis

Abstract

Background—Women undergo diagnostic testing for pulmonary embolism (PE) in greater 

numbers than men, despite the disease incidence being higher in men overall. It is unknown if 

testing for PE varies based on patient chief complaint.

Methods—This retrospective cohort study was conducted at two academic tertiary care hospitals. 

Non-pregnant adult patients (aged 18–49 years) were included if they presented to the ED 

between 1/1/2016 and 12/31/2018 with non-traumatic mechanisms and any of the following 

chief complaints: chest pain, shortness of breath, hemoptysis, or syncope AND had objective 

testing for PE. Data were obtained from the electronic medical record and analyzed descriptively. 

Four outcome variables were assessed: receipt of D-dimer testing, D-dimer positivity, receipt of 

pulmonary vascular imaging, and diagnosis of PE.

Results—We studied 1,991 unique patient encounters, most of whom (63%; 1,256/1,991) were 

female. Overall, female patients had higher odds of receiving D-dimer testing than male patients 

(OR 1.30, CI 1.06–1.59, p=0.015), while they had lower odds of being diagnosed with PE (OR 

0.57, CI 0.36–0.90, p=0.019). However, this trend varied by chief complaint. Among patients with 

chest pain, females had higher odds of having a D-dimer performed (OR 1.35, CI 1.01–1.80, 

p=0.049) and lower odds of being diagnosed with PE (OR 0.36, CI 0.18–0.70, p=0.003) than 

males.

Conclusions—Both patient sex and chief complaint were associated with trends in diagnostic 

testing for PE. Among patients with chest pain, females are significantly more likely to be tested 

with a D-dimer and less likely to be diagnosed with PE.
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Introduction

Rates of testing for pulmonary embolism (PE) have increased exponentially in the last 

several decades, in part due to the increasing availability of advanced imaging techniques 

like computed tomography (CT). Although CT pulmonary angiography (CTPA) is easily 

accessible in most modern emergency departments (ED), it carries potential risks from 

significant radiation exposure,1,2 complications related to iodinated contrast,3,4 and risks 

of false positive findings (including those associated with systemic anticoagulation).5,6 

Unnecessary testing, including both laboratory and imaging studies, among low-risk 

populations also contributes strain to a health system that is struggling to meet the acute 

care needs of patients.7,8 Over-testing for PE has negative effects for both patients and 

health systems, and investigating and mitigating over-testing has become a priority across 

specialties.

Significant sex differences exist in testing for PE. Despite PE being more common overall 

in men,9 women are historically tested in higher numbers than men and as such have lower 

yields of testing.10–12 The reasons for this relative over-testing in women are complex and 

not entirely understood. It was recently shown that sex differences in adherence to evidence 

based diagnostic guidelines was not contributing to this difference in diagnostic testing 

patterns, as women were more likely to receive guideline consistent care.13

It is not known what role patient presentation and chief complaint have on testing patterns 

for PE. It is possible that women and men describe their symptoms differently, leading 

providers to test women more frequently. Among patients with acute myocardial infarction 

(AMI), female patients are more likely to describe multiple concurrent symptoms.14 Little 

is known about the effects of patient chief complaint and symptom descriptions on testing 

patterns among ED patients suspected of PE, and whether this effect varies by patient sex. 

This study serves to fill this gap by evaluating testing patterns, both laboratory and imaging, 

by both patient sex and chief complaint.

Methods

This is a planned secondary analysis of a retrospective cohort study conducted at two US 

academic tertiary care hospitals. Patients between the ages of 18 and 49 were included 

if they presented to either participating ED between January 1, 2016 and December 

31, 2018 with any of the following primary chief complaints: chest pain, shortness of 

breath, hemoptysis, syncope and had objective testing for PE (plasma D-dimer, computed 

tomography pulmonary angiography [CTPA], or ventilation/perfusion [V/Q] scan) as a part 

of their ED evaluation. This age range was chosen because young patients are at much lower 

risk of PE and higher risk from radiation exposure than older patients,11,15 and they are also 

eligible for the PERC decision rule.16 The detailed methodology, including all definitions, 

Jarman et al. Page 2

Clin Ther. Author manuscript; available in PMC 2025 January 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



has been previously published.13 Pregnant patients and those with primarily traumatic 

mechanisms were excluded. Patients who did not have complete ED encounters (those who 

left without being treated [LWBT], eloped, or left against medical advice [AMA]) were also 

excluded. In patients with multiple qualifying encounters during the study period, only the 

index encounter was included as an independent observation. This study was approved by 

each local institutional review board and a mutual data sharing authorization agreement was 

approved by both institutions.

Data were obtained retrospectively from the electronic medical record (EMR). Demographic 

characteristics, vital signs, laboratory, and imaging data were directly extracted from the 

EMR by a trained data analyst. The accuracy of extracted data was validated by senior 

study personnel at each site. The revised Geneva Score (rGS) was utilized as a validated 

measure of pre-test risk of PE,17 given the challenges of using the Well’s Score for PE 

retrospectively. Additional clinical data, including the elements of the rGS, were manually 

abstracted by study authors and trained research assistants using a standardized data 

collection form and protocol; a subset (>10%) of all abstracted data were verified by senior 

authors.

Our outcomes were (1) D-dimer testing, (2) D-dimer positivity, (3) imaging acquisition, 

and (4) overall yield of testing (defined as the proportion of patients diagnosed with 

PE divided by the number of patients tested [laboratory or imaging]), stratified by both 

chief complaint and patient sex. Patient characteristics, outcomes, and testing patterns were 

summarized descriptively by patient sex. Categorical variables are reported as counts and 

percentages. Quantitative variables are reported as means with standard deviation or medians 

with interquartile range, as denoted in Table 1. For categorical variables, to account for 

site strata, a Cochran-Mantel-Haenszel was used to evaluate differences in the odds of each 

outcome measure by sex. An Analysis of Variance was utilized to evaluate sex differences 

for continuous outcome variables with study site included as a blocking variable. A multiple 

logistic regression model was fit to identify factors associated with each of the four outcome 

variables; study site was included as a fixed effect. Covariates in this model included 

chief complaint, patient age, patient sex, an interaction term between patient sex and chief 

complaint, provider gender, provider years in practice, and rGS risk category. Of note, 

dyspnea was chosen as the referent group for chief complaint because it is the most common 

chief complaint among those diagnosed with PE.18,19 Hypothesis tests were two-sided and 

evaluated at a significance level of 0.05. Data analysis was performed using R Statistical 

Software version 4.1.2.20

Results

Baseline Characteristics

We studied a total of 1,991 unique patient encounters that met inclusion criteria. The 

majority of these patients, 63%, were female (1256/1991) and 37% (735/1991) were male. 

Patients of both sexes had similar baseline characteristics, as shown in Table 1; these include 

demographic, clinical, and historical characteristics, including pretest risk, as measured by 

the rGS.
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Effects of Chief Complaint and Patient Sex

Table 2 shows results for each of the four outcome measures by both patient sex and 

presenting complaint. In evaluating the overall cohort, females had 30% higher odds of 

having a D-dimer performed (OR 1.30, 1.06–1.59, p=0.015) than males. There was no 

difference in the odds of their D-dimer being positive (OR 1.07, 0.83–1.38, p=0.644). 

Female patients had lower odds of being imaged (OR 0.83, 0.69–1.00, p=0.060) compared 

with males, though this was not significant. Lastly, female patients had significantly lower 

odds of being diagnosed with PE than males (OR 0.57, 0.36–0.90, p=0.019).

Chest pain and shortness of breath were the most common presenting chief complaints 

in both sexes. Females tested for PE had slightly higher odds than males of presenting 

with chest pain (OR 1.19, 0.99–1.43, p=0.07). Conversely, females tested for PE had 

slightly lower odds of presenting with dyspnea (OR 0.85, 0.70–1.03, p=0.10), though 

neither of these was statistically significant. Many of the patterns seen in the overall cohort 

were generally consistent across chief complaints, with some exceptions among patients 

presenting with syncope and hemoptysis. Overall, no patients presenting with syncope were 

diagnosed with PE. The yield of testing was much higher among patients with hemoptysis, 

in which 13.3% of females (2/15) and 12.5% (2/16) of males were diagnosed with PE, 

though these patients had a higher pretest risk and the absolute number of patients in these 

strata was quite small.

All significant sex differences occurred among patients presenting with chest pain. In this 

group, females had higher odds of receiving D-dimer testing than males (OR 1.35, 1.01–

1.80, p=0.049) and there was a notable sex difference in yield of testing. Across all other 

chief complaints, the yield was similar by sex, but among chest pain patients, females had 

64% lower odds than males of being diagnosed with PE (OR 0.36, 0.18–0.70, p=0.003). 

This difference, in fact, drives the significant difference seen in the combined cohort (OR 

0.57, 0.36–0.90, p=0.019) and is notably in the setting of equal pretest risk by sex (median 

rGS 5).

Covariate Adjusted Analyses

Table 3 demonstrates potential predictors of each of the four outcome measures. With 

adjusting for covariates, compared with the referent group of patients presenting with 

dyspnea, patients with chest pain were more likely to have a D-dimer performed (aOR 

1.79; 1.34–2.38, p <0.001), and it was less likely to be positive (aOR 0.56; 0.39–0.80, 

p<0.001). Similarly, patients with chest pain were less likely to have imaging performed 

(aOR 0.58, 0.45–0.75, p<0.001). Predictors of positive D-dimer testing included chief 

complaints of chest pain or syncope (aOR 2.81, 1.16–6.83, p=0.015). Females with chest 

pain were also at increased odds of testing compared with males with chest pain (aOR 1.36, 

1.01–1.84, p=0.04). Negative predictors of D-dimer testing included age (aOR 0.97, 0.96–

0.99, p<0.001) and high pre-test risk (aOR 0.24, 0.12–0.48, p<0.001). Aside from a chief 

complaint of chest pain, patient age was the only predictor of D-dimer positivity (aOR 1.03, 

1.01–1.04, p=0.001). Positive predictors of receiving imaging included increasing pre-test 

risk (moderate risk aOR 1.25; 1.03–1.53, p=0.023, high risk aOR 4.19; 2.06–9.08, p<0.001) 

and patient age (aOR 1.03; 1.02–1.04, p<0.001). Increasing pre-test risk was associated 
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with increasing odds of having PE (moderate risk aOR 1.81, 1.03–3.16, p=0.039; high 

risk aOR 10.29, 3.82–27.70, p<0.001). Compared with males with chest pain, females had 

significantly lower odds of being diagnosed with PE (aOR 0.37, 0.19–0.74, p=0.005).

Discussion

This study is the first to evaluate sex-specific testing patterns for PE by chief complaint 

and revealed several important findings worthy of further study. In this planned secondary 

analysis, we saw that, overall, women were more likely to receive D-dimer testing and 

-as a result- less likely to undergo CT imaging, which is a departure from historical 

data showing that women underwent imaging more often than men.10,11 We suspect this 

represents increased adoption of evidence-based clinical decision tools to rule out PE among 

low- and moderate-risk populations. Interestingly, women remained significantly less likely 

to be diagnosed with PE despite equal pre-test risk, which suggests there is room for further 

refinement of the diagnostic algorithm that may incorporate sex-specific factors. We had 

hypothesized that sex differences in the performance of the D-dimer assay could contribute 

to this difference in diagnostic yield,12 but in the multivariable model, rates of D-dimer 

positivity did not vary based on sex (OR 1.11; 0.70–1.79, p=0.656).

In our study, chest pain was the most frequent complaint for both females and males tested 
for PE. Among patients diagnosed with PE in the general literature, however, dyspnea is 

the most common presenting complaint in both sexes.19,21 While there is scant literature on 

sex differences in presentation among patients who are diagnosed with PE, there is some 

evidence that women are more likely than men to present with dyspnea and men with 

chest pain,10,18,19,22 a finding that our study replicates. Syncope is a much less common 

presentation of PE, and no sex differences are known.23 In this cohort, no patients of either 

sex presenting with syncope were diagnosed with PE. These patients were very likely to 

undergo D-dimer testing (OR 3.19, 1.06–9.59, p=0.039; ref dyspnea), but it was rarely 

positive and a low proportion of them went on to imaging compared with other complaints. 

While our cohort included only young patients, it is still worth noting that syncope is a rare 

presentation of PE.24 When PE presents with syncope, the syncope is usually accompanied 

by high risk PE physiology including tachycardia, hypoxia, or hypotension.25 Hemoptysis, 

which is the least common presentation of PE, has been shown in two studies to be slightly 

more common in men;19,26 we did not see any difference in our study with limited sample 

size. It is also notable in this cohort that the yield of testing among patients with hemoptysis 

was significantly higher than other chief complaints, which emphasizes the critical need to 

consider PE as a potential diagnosis in ED patients with this complaint. These patients also 

had higher pretest risk (median rGS female 6.5, male 5) than patients with other presenting 

complaints, which was expected given that hemoptysis does confer points in the rGS.

The yield of testing by sex among patients with chest pain leads us to question whether 

we are over testing young women with chest pain for PE. When stratified by sex, the yield 

of testing by sex is similar for other chief complaints, yet among those with chest pain, 

the yield in females it is dramatically lower (2.0% [15/750] vs 5.4% [22/408], p=0.002). In 

fact, the sex differences in PE diagnosis seen in the overall cohort are exclusively driven 

by this chief complaint. This begs the question whether there are sex differences in the 
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chest pain characteristics, associated symptoms, or additional history (including additional 

concurrent symptoms) that drive emergency physicians to test women with chest pain for 

PE. This is an area that has not been investigated in PE but has been investigated extensively 

in AMI. In young patients (18–55 years) with AMI, women (87.0%) and men (89.5%) 

do usually present with chest pain; in contrast to men, however, women are more likely 

to describe three or more concurrent symptoms. Furthermore, both young women patients 

and their providers in this study were more likely to perceive their symptoms as caused by 

stress/anxiety and not to be heart-related.14 It is thus hypothesized that gendered heuristics 

may play a role in the decision to test women with chest pain for PE, as provider may 

suspect these symptoms are more likely to be related to VTE than AMI. Although VTE is 

more common in men overall,9,27 young women’s risk is increased during the peripartum 

period and with exogenous hormone use. We suggest that this risk is greatly exaggerated 

and may result in the implicit association of young women with VTE. It is also possible that 

exogenous hormones, particularly combined oral contraceptive pills, may play a role in the 

decision to test young women with chest pain for PE. Our results beg further investigation 

of sex differences in all aspects of the clinical presentation and risk factors that may lead 

physicians to choose to test women with chest pain for PE.

As shown in Table 3, patients with chest pain demonstrated different testing patterns than 

those with dyspnea. They were more likely to have D-dimer testing, though the odds of it 

being positive or proceeding to imaging were significantly lower than those with dyspnea; 

ultimately the odds of being diagnosed with PE were similar. For reference, 75.2% (male) 

and 80.4% (female) of patients with chest pain that were evaluated for PE had D-dimer 

testing, compared with 63.7% (male) and 68.9% (female) of patients with dyspnea. Related, 

rates of D-dimer positivity were lower among patients with chest pain (17.6% male and 

20.6% female) compared with those with dyspnea (29.9% male and 29.8% female). It seems 

then that providers may have had lower suspicion for PE as a diagnosis among patients with 

chest pain and thus opted for non-invasive testing more often. Given that dyspnea is the 

most common chief complaint among those diagnosed with PE, this may be a reasonable 

approach but should be guided by a structured risk assessment. Lastly it is worth noting that 

patients with chest pain had significantly lower odds of receiving imaging compared with 

those with dyspnea, though this finding did not vary based on sex.

Age was associated with three out of the four outcomes we evaluated. Increasing age was 

associated with lower odds of receiving a D-dimer. Given that the incidence of PE is much 

higher among older patients, who are also more likely to have comorbidities that increase 

their risk this is not a particularly surprising finding.9 Age was also a positive predictor of 

D-dimer positivity, which has been well established and validated.28 This is an expected 

finding, however interesting, given that age adjustment does not begin until after age 50, 

which was not included in our cohort. Lastly, we found increasing pretest risk (rGS) to be 

associated with increased odds of both having imaging and being diagnosed with PE, both of 

which are expected findings and confirm that the pretest risk stratification is accurate.17
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Limitations

This is a retrospective study and as such is subject to unknown confounders or effect 

modifiers that we are unable to control for retrospectively. Despite the important influence 

of exogenous hormones on VTE risk, and known sex differences in usage,29 we were 

not able to collect reliable retrospective data on current usage; thus we are unable to 

control for this in the analysis. Likewise, we were unable to reliably collect information 

about other comorbidities or risk factors, outside of those captured by the rGS, which 

may have influenced the decision to test. In addition, our analysis is based on primary 

chief complaint only. As such we are unable to control for the presence of multiple 

chief complaints. Likewise, we are not able to further characterize the type of chest pain, 

associated symptoms, etc, which may have influenced the decision to test.

Conclusions

Modern testing for PE has been plagued by low-yield testing, particularly among low-risk 

groups such as young women. Women with chest pain had higher odds of receiving D-dimer 

testing and a significantly lower yield of testing despite similar pretest risk. The reasons for 

this difference are likely multifactorial and should be the focus of future investigation with 

the ultimate goal of decreasing low-yield testing and improving patient safety, particularly 

among women patients.
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