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Abstract 

Patient portals have been widely used by patients to enable 
timely communications with their providers via secure messag-
ing for various issues including transportation barriers. The 
large volume of portal messages offers an invaluable oppor-
tunity for studying transportation barriers reported by patients. 
In this work, we explored the feasibility of cutting-edge deep 
learning techniques for identifying transportation issues men-
tioned in patient portal messages with deep semantic embed-
dings. The successful creation of annotated corpus and identi-
fication of 7 transportation issues showed the feasibility of this 
strategy. The developed annotated corpus could aid in develop-
ing an artificial intelligence tool to automatically identify trans-
portation issues from millions of patient portal messages. The 
identified specific transportation issues and the analysis of pa-
tient demographics could shed light on how to reduce transpor-
tation gaps for patients.  
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Introduction 

Transportation is a necessary and important step for ongoing 

healthcare access. Transportation barriers can affect a person’s 

access to healthcare services. Transportation barriers often lead 

to missed, canceled, or rescheduled appointments and limit in-

dividuals to access healthcare. Transportation barriers are often 

cited as a major type of barriers to healthcare access [10; 14]. 

In 2005, Wallace et al. performed a retrospective analysis of 

National Health Interview Surveys and National Transportation 

Availability and Use Surveys in 2002 to estimate magnitude of 

transportation barriers to health care and found that in the 

United States, about 3.6 million people missed at least one med-

ical trip and fail to access healthcare because of transportation 

barriers [16]. Recently in 2020, Mary et al. used the data from 

the National Health Interview Survey in 2017 to examine trans-

portation barriers to healthcare in the United States and discov-

ered that 5.8 million (1.8%) persons in the United States de-

layed healthcare because of lack of available transportation. For 

seniors, they may face multiple access barriers due to disability, 

illness and need for frequent visits to their providers. Across the 

United States, transportation barriers pose the third leading 

cause of missing a medical appointment for seniors. Flores et 

al. conducted face to face survey on barriers to health care ac-

cess and 21% participants reported the transportation barrier as 

a reason they failed to bring child in for a medical encounter 

[2]. The impact of transportation issues on patients and provid-

ers is significant. These issues may result in missed or delayed 

health care appointments, increased health expenditures and 

overall poorer health outcomes [1].  

Patient portals have been widely used by patients to timely 

communicate with their providers via secure messaging for the 

various issues including transportation barriers [5]. Patient por-

tals give patients unlimited access to their health information 

(e.g., clinical notes, test results, medications, and discharge 

summaries) from anywhere with Internet connection [6] and are 

becoming increasingly common. Over 90% of healthcare or-

ganizations (e.g., Veterans Administration, Kaiser Permanente, 

and Mayo Clinic), had provided patient portal services to their 

patients [4]. The convenient access and management of per-

sonal health information have been shown to improve patient 

self-management of diseases by promoting the awareness of 

disease knowledge, status and progress [15]. Additionally, pa-

tient portals provide a significant function of portal messaging 

for asynchronous communication between patients and their 

providers or care teams on a wide spectrum of tasks such as 

discussing transportation issues. The large volume of portal 

messages offers an invaluable opportunity for studying trans-

portation barriers reported by patients.  

In this study, we explore a pipeline enhanced by artificial intel-

ligent to identify transportation issues mentioned in millions of 

patient portal messages at Mayo Clinic, a large multi-specialty 

academic health system. Blessed by modern advanced compu-

tational technology, artificial intelligent and natural processing 

now enables us to automatically screen the deep semantics of 

vast text documents with minimum feature engineering. Re-

cently deep learning techniques have obtained very high perfor-

mance across many different natural language processing 

(NLP) tasks  [9]. More recently, the pre-trained deep learning 

models learn universal language representations from very 

large corpora. These pre-trained models achieved state-of-the-

art performance on a large number of NLP tasks when they 

were published. The identified patient-reported transportation 

issues such as impaired driving ability and financial hardship 

will provide us a good understanding of transportation issues 

for patients’ access to healthcare services. These findings could 

greatly inform the pertinent stakeholders to develop corre-

sponding solutions in order to reduce transportation gaps for 

access to healthcare by patients.  
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Methods 

 

Figure 1 Workflow to identify transportation issues in patient 
portal messages 

 

Figure 1 shows the overall workflow to identify transportation 

issues mentioned in patient portal messages leveraging deep se-

mantic embedding. We collected all the patient portal messages 

created by patients in 2019 and tokenized them into sentences. 

We then use simple keyword searching to identify patient portal 

messages with the word “transportation” and manually anno-

tated these sentences whether they discussed transportation is-

sues for healthcare access as a starting seed dataset. After trans-

forming these sentences into deep semantic embeddings, we it-

eratively expanded the transportation issue dataset by identify-

ing portal message sentences mentioning transportation issues 

via searching semantically similar sentences and manual con-

firmation. Once obtaining enough relevant sentences, we per-

formed clustering analysis to identify the specific themes of 

transportation issues mentioned in these portal message sen-

tences.  

Retrieval and Preprocessing of Patient Portal Messages 

We collected all the patient portal messages generated by pa-

tients in 2019 at Mayo Clinic. Mayo Clinic is a large multi-spe-

cialty academic medical center focused on integrated patient 

care, education, and research and has operated the patient 

online services (patient portal) since 2010 [7]. Patients at Mayo 

Clinic use the secure online platforms to conveniently access 

information from their electronic health records and asynchro-

nously interact with their providers [5].  

We removed the patient-generated portal messages by request 

of their providers such as questionnaire messages before and 

after appointments and E-visit messages. We deleted quoted in-

formation, special characters and hyperlinks in these patient 

portal messages. Finally, we retrieved a total of 2,763,955 pa-

tient portal messages in 2019 for analysis. Sequentially, we to-

kenized each message into sentences using the NLTK sentence 

chunker [8] and collected 9,378,876 portal message sentences 

for identifying transportation issues reported by patients in pa-

tient portal messages.  

Iterative Identification of Transportation Issue Sentences 

After data collection and preprocessing, we constructed a seed 

dataset of portal message sentences mentioning transportation 

issues to iteratively identify transportation issue sentences. Spe-

cifically, we applied simple keyword match with the key word 

“transportation” over these patient portal messages. Over 2 mil-

lion patient portal messages (9 million portal message sen-

tences) were screened, the transportation keyword hit 1,160 pa-

tient portal messages (1,246 portal message sentences). We ap-

plied the Siamese BERT network [12] to generate deep seman-

tic embeddings of the over 1,000 portal message sentences and 

performed agglomerative hierarchical clustering method to de-

tect 20 clusters of these sentences. Stratified sampling was then 

used to select about 10 sentences from each of the 20 clusters 

(hence 200 in totals), which were independently annotated by 

two annotators into the following three classes: 

1. The sentence is irrelevant to healthcare access or not 

about transportation. 

2. The sentence mentioned transportation for healthcare 

access that did not cause a barrier.  

3. The sentence mentioned a transportation issue that did 

impede access to healthcare.  

The inter-annotation agreement (IAA) measured by Cohen’s 

kappa between two annotators for the 200 portal message sen-

tences was 0.78. If we combined the class 1 and class 2 as one 

class “1+2”, the IAA for the binary annotation was 0.90. We 

identified a total of 44 portal message sentences that mentioned 

a transportation issue that obstruct the healthcare access as a 

seed dataset for sequential expansion.  

We converted over 9 million portal message sentences into their 

deep semantic embeddings using the Siamese BERT network. 

We measured the Cosine similarity of each sentence pair be-

tween the seed dataset and the entire dataset (over 9 million 

portal message sentences) based on their deep semantic embed-

dings. We then selected the top 10 sentences similar to each 

seed sentence to annotate whether it mentioned a transportation 

issue. The confirmed sentences with transportation issues were 

included into the seed dataset for the next iteration of relevant 

sentence identification till the sentences in the seed dataset were 

enough. Finally, we collected an annotated corpus with 407 

portal message sentences that mention the transportation issues 

during healthcare access for topic analysis.  

Topic Analyses of Transportation Issues 

On top of the identified portal message sentences with transpor-

tation issues, we used agglomerative hierarchical clustering 

method to cluster these sentences. We performed the silhouette 

analysis [13] to determine the optimal number of clusters for 

topic analysis. We manually annotated the specific topics of 

transportation issues mentioned in these portal message sen-

tences.  

This is the section where the authors describe the methods used 

at the level of detail necessary to convey the sample size, set-

ting, procedure, datasets, analytic plan, and other relevant par-

ticulars to the reader. 

Results 

Summary of the Annotated Corpus and Cohort 

Based on the initial seed dataset with 44 portal message sen-

tences, we constructed an annotated corpus after four iterative 

expansion through searching semantically similar sentences in 

the entire sentence dataset in 2019. The annotated corpus con-

tained 1,165 portal message sentences generated by 1,537 pa-

tients. Among them, 407 portal message sentences discussed 

transportation issues that impede access to healthcare as listed 

in Table 1. 
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 Table 1 Statistics of the annotated corpus in terms of sen-
tences, messages, and patients as well as classes  

Number Class T Class N Total 

Annotated sentences 407 1,178 1,615 

Portal messages 403 1,173 1,599 

Unique patients 390 1,147 1,537 
*Class T denotes that a sentence mentions a transportation issue that 

impede healthcare access; Class N refers to a sentence not mentioning 

a transportation issue or healthcare access situation.   

We analyzed the distribution of different patient populations by 

stratifying the patient users with respect to their personal and 

social conditions including age, gender, marriage, ethnicity, 

race, language, and residence as shown in Table 2. 

Table 2 Characteristics of portal users during the study period 

Demographics 
 Class T 

(N=390) 

Class N 

(N=1,172) 

Age 

<18 2.47 4.18 
18-29 7.14 7.73 

30-39 15.38 13.60 
40-49 20.60 14.76 

50-64 30.22 29.42 
65+ 24.18 30.31 

Gender 
Female 67.31 64.89 
Male 32.69 35.11 

Marriage 

Married or Life 

Partner 
51.37 61.61 

Not married or Le-

gally Separated 
48.63 38.39 

Ethnicity 

Not Hispanic or 

Latino 
96.64 95.73 

Hispanic or Latino 3.36 4.27 

Race 

White 93.04 92.29 
Asian 1.95 1.90 

Black or African 

American 
1.95 2.09 

American Indian or 

Alaskan Native 
1.67 0.73 

Native Hawaii or 

Pacific Islander 
0.00 0.18 

Other 1.39 2.81 

Language 

English 98.35 99.02 
Arabic 0.55 0.09 
Spanish 0.27 0.18 
Other 0.82 0.71 

Residence 
Urban 57.44 69.37 
Rural 35.38 26.54 

 

We found that the patient users who mentioned transportation 

issues (class T) had a significantly different distribution from 

these who did not report transportation issues (class N). For the 

patients who are 30-64 years old, Female, not married or legally 

separated, White, or lives in rural area, the percentage of pa-

tients who reported transportation issues for access to 

healthcare was higher than those who did not mention transpor-

tation issues in patient portal messages.  

Topic Analysis of the Transportation Issues 

 

Figure 2 Determining the optimal number of clusters (left) 
and t-SNE scatter plot of the sentences and their cluster 

assignments (right) 

 

With the collected 407 portal message sentences mentioning 

transportation issues for healthcare access, we performed ag-

glomerative hierarchical clustering with the optimal number of 

clusters (n=8) determined by the silhouette analysis as shown 

in the left panel of Figure 2. The t-SNE scatter plot in the right 

panel of  illustrates the spread and  adjacency of  the

 clusters.  

Table 3 Topic clusters and examples of sentences mentioning 
transportation issues 

ID # Description Example 

1 80 No ride I have no ride to my appointment. 

2 52 
Transportation 

issue unspecified 

I have transportation issues to get 

there.  

3 50 Weather issue 
I had to cancel my appointment 

due of the snow storm.  

4 49 
No transporta-

tion 
I don't have transportation. 

5 42 No ride Similar to the cluster #1 

6 51 Road issue 
I cancelled my appointment due 

of the roads 

7 37 Financial issue 
I can't afford gas to even go to 

appointments. 

8 46 Car problem 
I had to cancel today appt be-

cause of car problems. 

 

We identified 7 different transportation issues in the annotated 

corpus: no ride, transportation issue unspecified, weather issue, 

no transportation, road issue, financial hardship, and car prob-

lem. The clusters 1 and 5 have redundant themes since we 

scanned the number of clusters from 2 to 50 with a step of 2. 

The two clusters were spatially close to each other and we could 

further improve the clustering by given the cluster number of 7 

as an input.  

Figure 2
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Discussion 

Patient portals as secure online platforms allow patients to con-

veniently access information from their electronic health rec-

ords and asynchronously interact with their providers for any 

medical issues including transportation barriers for access to 

healthcare [5]. Millions of patient portal messages offers us a 

great opportunity for studying transportation barriers reported 

by patients. In this work, we explored the feasibility of cutting-

edge deep learning techniques for identifying transportation is-

sues mentioned in patient portal messages with deep semantic 

embeddings as language representation. The successful crea-

tion of annotated corpus and identification of 7 transportation 

issues proved the feasibility of this strategy. The developed an-

notated corpus pave the way for developing an intelligent tool 

to automatically identify transportation issues from millions of 

patient portal messages in the future.  

We characterized the patient users who reported the transporta-

tion issues with respect to their personal and social factors such 

as age, gender, race, and geographic location. The patients who 

are 30-64 years old, not married or legally separated, or rural 

residence have higher possibility to report transportation issues 

for healthcare access, compared to the general users. The single 

patient may experience no ride to make an appointment without 

spouse or life partner’s support. The patients in the rural regions 

could have transportation issues due to long distances and 

lengthy times to reach needed healthcare services [3]. Studies 

show that transportation barriers to health care have a dispro-

portionate impact on individuals who lives in rural communi-

ties [11].  

For the annotated sentences with transportation issues, we per-

formed topic analysis using clustering methods and identify 7 

different transportation issues: no transportation, no ride, car 

problem, weather issue, road issue, and transportation cost. It is 

interesting that our method detects financial challenge, one of 

social determinants that implicitly correlates to transportation 

issues. The patient-reported transportation issues such as lack 

of vehicle access, inadequate infrastructure and transportation 

costs could offer a good picture of transportation issues about 

access to healthcare services. The pertinent stakeholders could 

make multiple strategies based on these findings to reduce 

transportation barriers for access to healthcare by patients.  

Conclusions 

The increasing volume of patient portal messages provides us a 

valuable opportunity for studying transportation barriers re-

ported by patients. The successful creation of annotated corpus 

and identification of 7 different transportation issues showed 

the feasibility of our method to identify transportation issues 

from vast text documents with deep semantic embedding meth-

ods. The identified specific transportation issues could shed 

light on how to reduce transportation gaps for patients during 

access to healthcare. The disparity among different patient pop-

ulations suggest an opportunity for reducing transportation bar-

riers for certain patients for improving patient-centered care.  
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