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Background: Biological sex should be included as an important variable in clinical research studies to identify outcome differences
between men and women. Very few Lyme disease studies were designed to consider sex-based differences or gender bias as an
important component of the research design.

Methods: To assess sex-based differences in Lyme disease patients who were clinically diagnosed and reported remaining ill for six
or more months after receiving antibiotic treatment, we analyzed self-reported clinical data from 2170 patients in the MyLymeData
patient registry. We also reviewed previous Lyme disease studies for distribution of patients by biological sex according to stage of
illness, data source, and definition of disease used as enrollment criteria.

Results: In MyLymeData, women reported more tick-borne coinfections, worse symptoms, longer diagnostic delays, more mis-
diagnoses, and worse functional impairment than men. No differences were reported in antibiotic treatment response or side effects. In
our review, of clinical research trials and data sources, we identified a smaller percentage of women in studies of acute Lyme disease
and a larger percentage of women in studies of persistent illness. Samples and data sources that were more reflective of patients seen in
clinical practice had a higher percentage of women than randomized controlled trials and post-treatment Lyme disease studies.
Conclusion: Our results indicate that biological sex should be integrated into Lyme disease research as a distinct variable. Future Lyme disease
studies should include sex-based disaggregated data to illuminate differences that may exist between men and women with persistent illness.
Keywords: post-treatment lyme disease, chronic lyme disease, MyLymeData, Borrelia burgdorferi, tick-borne disease, gender bias,
sex-based differences

Introduction

An implicit and inaccurate assumption underlying most medical research is that aside from reproductive matters, men
and women do not differ substantially in their physiological and pathological response to disease.! Most research was
primarily conducted on men until 2015 when the National Institutes of Health (NIH) began requiring that sex be included
as a biological variable factored into research designs and reported in both animal and human studies.” Consideration of
sex is now seen as critical to the interpretation, validation, and generalizability of research findings. However, in the case
of Lyme disease, only a handful of papers have meaningfully analyzed differences linked to sex.’

In the USA, Lyme disease, which is caused by the spirochete Borrelia burgdorferi, is transmitted by the black-legged ticks
—Ixodes scapularis and Ixodes pacificus. The Centers for Disease Control and Prevention (CDC) estimates that 476,000 new
Lyme disease cases occur annually in the USA.*® If diagnosed and treated promptly, most patients recover without
complications.® However, even patients who are diagnosed early can remain ill after antibiotic treatment.® In a recent study,
43% of patients reported persisting symptoms six months or more after early treatment with 14% reporting functional
impairment, and only 57% of patients were classified as having recovered from their illness.® Many patients are not diagnosed
and treated early for Lyme disease, which further increases their risk of remaining ill after initial antibiotic treatment.”*®

Clinical studies of patients with persisting Lyme disease symptoms following antibiotic treatment have used different
research definitions to enroll patients. A number of NIH-funded studies have used the randomized controlled trial (RCT)
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design with stringent study entry criteria that excluded 89-99% of patients who sought to enroll.”~'* In 2006, the Infectious
Diseases Society of America (IDSA) proposed standardized research criteria based on the CDC surveillance case definition
called post-treatment Lyme disease syndrome (PTLDS).'* More recently the name of this clinical category has been
simplified to post-treatment Lyme disease (PTLD). Enrollment criteria based on the NIH RCT and IDSA PTLD definitions
select for a small subgroup of patients who are clinically diagnosed with persisting illness following Lyme disease diagnosis
and treatment.*® These restrictive research definitions are collectively referred to in this study as RCT/PTLD.

Unlike RCT/PTLD studies, physician cohort studies depend more on clinical case definitions and use less restrictive
inclusion criteria that encompass patients typically seen in clinical practice.'*'® The current analysis focuses on patients
who remain ill six or more months after antibiotic treatment, and we refer to these patients as having persistent or chronic
Lyme disease (PLD/CLD). This definition conforms more closely with the definitions used by clinicians and represents
real world data that is more generalizable to patients seen in clinical practice.

Despite males having a slight predominance in acute Lyme disease (ALD) studies, PLD/CLD appears to be more
common among women than men in the clinical treatment trial literature.™'”'* However, aside from specifying the relative
proportion of men and women enrolled, these clinical treatment trials do not offer significant insights into differences
between men and women because none of the NIH trials and very few of the other clinical studies conducted to date were
designed to consider sex differences or gender bias as an important component in their research design.”''-'*!%1¢

To address the lack of information about sex differences and gender bias in PLD/CLD patients, we present an analysis
of data from the MyLymeData registry, which includes over 2000 patients with PLD/CLD. The goal of this project is to
describe sex-based differences in PLD/CLD related to symptom severity, diagnostic delays, misdiagnosis and functional
impairment, as well as treatment response and side effects. We also examine variations in the percentage of women included
in clinical studies based on stage of disease and research definitions employed in the studies. To our knowledge, this is the
first PLD/CLD study using a large sample that includes sex-based differences as an integral part of the research design.

Materials and Methods

Data Sources

The MyLymeData patient registry was launched in 2015. Participants were recruited through blogs, social media, emails,
outreach to clinicians, and professional conferences. Since its launch, the registry has enrolled over 17,000 patients,
aggregated an extensive survey response database, and published four peer-reviewed studies.'®*°* Data used in this
study were obtained from the LymeDisease.org patient registry, MyLymeData, Data set dated April 27, 2017. Permission
was obtained from the dataset owner LymeDisease.org to access and use the data in the current study.

The registry records comprehensive responses of participants’ illness experiences, including symptoms, diagnostic
testing, functional impairment, treatment response and side effects. Survey items reflect recommendations from the
Agency for Healthcare Research and Quality (AHRQ), and include government survey items derived from the National
Health Interview Survey (NHIS), the CDC Behavioral Risk Factor Surveillance System (BRFSS), the Centers for
Diseases Control (CDC) Healthy Days Measures, and peer review literature for Lyme disease.”> A beta version of the
MyLymeData survey was pilot-tested and adjusted to increase accuracy.

Patient data contributed to the registry are self-reported, de-identified and held confidential. The MyLymeData patient
registry uses the same technology and platform that serves NIH patient registries. The registry received ethical approval
from the Advarra independent review board and all patients were fully consented and agreed to allow their de-identified
data to be used for any and all research projects approved by LymeDisease.org. The analysis of the anonymous survey
data for this study was exempted from review by the University of Washington Human Subjects Division Review Board
because it did not meet the definition of direct human subject research.

Study Participants
Patients included in this study were United States residents who reported being diagnosed with Lyme disease by
a physician and remaining ill for at least six months after antibiotic treatment thereby satisfying the definition for
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PLD/CLD. Figure 1 shows the original sample of 4719 respondents and the inclusion/exclusion criteria that resulted in
a final sample of 2170 PLD/CLD patients, comprised of 1839 women and 331 men.

Although a more nuanced approach is sometimes appropriate, the sample in this study was limited to those who
defined their biological sex as male or female. Respondents were asked to specify their biological sex as “male, female or
other”. Four respondents who identified their sex as “other” were excluded from the sample.

Table 1 shows the demographic characteristics of the sample used in the study, which was predominantly female
(85%) with an average age of 49 years. The sample also positively skewed towards higher education and income levels
than the general population. These demographics conform with other studies of patients with PLD/CLD.'%:!4.15.24

Methodology Overview

The aim of this study using data from the MyLymeData patient registry was to determine whether men and women with PLD/
CLD differ significantly with respect to symptom severity, diagnostic delays, misdiagnosis, functional impairment and
antibiotic response. Each characteristic of interest was categorized dichotomously as either present or absent or by magnitude
using 0/1 coding as more fully described in the findings. For example, the severity of each symptom reported (none or mild, 0,
vs moderate to very severe, 1) was analyzed to determine whether men and women reported similar symptom severity.

Due to the fact that our sample is predominantly female, we compare the sex-specific proportions in our analysis.
Because the variables of interest are categorical in nature and there are substantially more women than men, we tested for
statistical significance using the Fisher’s Exact Test, which is nonparametric and therefore requires no underlying distribu-
tion assumptions. The assumption of fixed row and column totals required for Fisher’s Exact Test is met with our analysis.

The null hypothesis under consideration for our study was that men and women do not differ for the attribute under review.
An alpha threshold of 0.05 was used to determine statistical significance. In most of the cases where statistical significance was
demonstrated, the observed p-value was much less than this threshold. All analyses were performed using SAS®™ JMP® 16.0.

We also compare the percentage of women included in US studies based on whether their Lyme disease was acute or
persistent, and whether the data sample was clinically oriented (eg, PLD/CLD) or reflected a more restrictive research
focus (eg, RCT/PTLD). Data sources were chosen that contained disaggregated data on the proportion of men and

Survey Respondents

n=4,719
Excluded
n =827
_ Dup/Inc (120)
o Not US Resident (375)
No Clinical Diagnosis (328)
Y Sex Unknown (4)
Eligble Participants
n = 3,892
PLD/CLD*
n=2,170
Female <l o Male
n=1,839 n=331

Figure | Inclusion and exclusion criteria for the MyLymeData study.
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Table | Demographic Characteristics of Respondents

Characteristic Total Sample (%) Sex®

Male Female

2170 331 (15%) 1839 (85%)

Mean age * SD (years) 49 + 14 52+ 16 48 = 14
Education®
High school or less 173 (8%) 12% 8%
Some college or associate degree 706 (34%) 31% 35%
Bachelor degree 658 (32%) 31% 32%
Graduate school degree 529 (26%) 26% 26%

Family income®

Less than $25 k 282 (17%) 14% 17%
$25-50 k 296 (17%) 16% 18%
$50-75 k 311 (18%) 18% 19%
$75-100 k 217 (13%) 14% 13%
>$100 k 587 (35%) 38% 34%
Geography*

East 695 (32%) 38% 31%
Midwest 302 (14%) 12% 14%
South 595 (28%) 24% 28%
West 564 (26%) 26% 26%

Notes: *Does not include 4 patients who selected “other”. ®Does not include 104 patients who skipped or
selected “prefer not to answer”. “Does not include 477 patients who skipped or selected “prefer not to
answer”. “Does not include 14 patients who skipped or did not indicate a state.

Abbreviation: SD, standard deviation.

women in the sample or outcome and were characteristic of the category at issue (eg CDC surveillance data and acute
disease). The sources include both traditional research samples (eg randomized control trials) and real world data.
Two stages of disecase were evaluated: patients with ALD and patients whose symptoms persisted for six or more
months after treatment. Data sources involving patients who remained ill for six months or more following antibiotic
treatment were further divided into studies/sources that used restrictive RCT/PTLD eligibility criteria (eg randomized
controlled trials or PTLD studies) and physician cohort studies that used less restrictive inclusion criteria and encompass
patients typically seen in clinical practice.'*'® Table 2 lists the data sources for ALD, RCT/PTLD and PLD/CLD.

Results
Our study used data from the MyLymeData patient registry to explore the sex-based differences in PLD/CLD patients for
the following attributes:

Diagnosis, diagnostic delays, and misdiagnosis
e Symptom severity

Functional impairment and activity limitations

Antibiotic response and side effects

Distribution of women in research samples and data sets

These categories provide a framework to evaluate the differences between men and women with PLD/CLD.
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Table 2 Data Sources for ALD, RCT/PTLD, and PLD/CLD That Include Sex-Disaggregated Data

Studies that Include Sex-Disaggregated Data by Study Sample Population

ALD RCT/PTLD PLD/CLD*
CDC Surveillance (Schwartz 2017)'° SLICE Study (Aucott 2022)*° | Clinician Study (Donta 1997)'° (Donta 2003)'®
SLICE Acute Samples (Aucott 2022)° NIH RCT (Fallon 2008)° Uncontrolled Retreatment Study (Fallon 2012)%

Lyme Biobank Acute Samples (Horn 2020)*” | NIH RCT (Krupp 2003)'? Clinician Study (Citera 2017)"*

NIH RCT (Klempner 2001)'" | Lyme Biobank (Horn 2022)%

NIH RCT (Klempner 2001)'" | Patient Registry, MyLymeData (Figure 1)

Notes: *The PLD/CLD studies/data source inclusion criteria ranged from self-reported diagnosis to physician diagnosis, with some samples requiring

either a history of an EM rash or positive serology in addition to clinician diagnosis.
Abbreviations: ALD, acute Lyme disease; RCT/PTLD, randomized controlled trials/post-treatment Lyme disease; PLD/CLD, persistent/chronic Lyme

disease.

Diagnosis, Diagnostic Delays, and Misdiagnosis
Table 3 shows the diagnostic and clinical characteristics of the sample broken down by biological sex, including
recollection of a rash, existence of positive laboratory tests, diagnostic delays and presence of tick-borne coinfections
(Babesia, Anaplasma, Ehrlichia, Bartonella, Rickettsia, Mycoplasma and Tularemia) as previously described.”’ There
was no statistically significant difference between the sexes on either rash rates or positive laboratory tests, although
six percent more men reported a rash than women. The rate of tick-borne coinfections for men was 75% compared to

81% for women (p=0.020).

Table 3 Clinical and Diagnostic Characteristics of MyLyme Data Sample

Characteristic All Male v Female % | P (Fisher’s Exact)
Clinician diagnosed® 100% N/A N/A
PLD/CLD® 100% N/A N/A
Recollection of EM rash® 45% 51 v44 >0.05
With supportive lab tests® 82% 80 v 83 >0.05
| or more coinfection® 80% 75 v 81 0.020

Diagnostic Delays

Diagnosed within | month’ 8% I1v8 >0.05
Diagnosed at late stage® 82% 76 v 83% 0.0019
Diagnosis delayed = 3 years" 55% 49 v 57% 0.0036
=10 clinicians before diagnosis' 35% 25 v 36% <0.001

Notes: “To be enrolled in MylLymeData, patients must have self-reported US residency and diagnosis by
a healthcare provider. ®The stage of illness for all patients included in this study is PLD/CLD, which was defined
as remaining ill for 6 months or more after treatment with antibiotics for 10-21 days. “Because of a branching
error in the initial survey, patients were re-asked this question. This data includes the 554 in this sample who
responded to the revised question.’Responded affirmatively to “My Lyme disease diagnosis is supported by
positive laboratory testing (such as Western Blot or Elisa)”. Does not include 76 patients who responded “don’t
know”.°Responded affirmatively to question “I have been diagnosed with a tick- borne co- infection”. Does not
include 282 patients who responded “don’t know”.'Reported that the period of time that went by between the
onset of symptoms to an accurate diagnosis was less than one month. Does not include 3 patients who skipped
the question. ®Patients who reported that their Lyme disease remained untreated for six months or more after
symptom onset. Does not include 8 patients who skipped the question, 84 who responded “other”, and 44 who
responded “don’t know”. "Does not include 3 patients who skipped the question. ‘Does not include 10 patients
who skipped the question and 60 who responded “don’t know”.
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Diagnostic delays were common. Nearly three-quarters of those included in our sample reported that they were not
diagnosed until six or more months following symptom onset, more than half reported diagnostic delays of 3 or more
years, and about a third visited 10 or more clinicians before receiving a Lyme disease diagnosis. Women were more
likely to have been diagnosed at late stage (83% versus 76%, p=0.0019), to have waited three or more years from
symptom onset to diagnosis (57% versus 49%, p=0.0036), and to have seen 10 or more physicians before being
diagnosed (36% versus 25%, p=<0.001). There was no statistically significant difference between women and men
who were diagnosed within one month when treatments are more likely to be effective, but very few participants in our
sample (<10%) were diagnosed this early.

As Table 4 describes, 79% of participants reported being initially misdiagnosed with another condition and 76%
reported specifically being misdiagnosed with myalgic encephalomyelitis/chronic fatigue syndrome (CFS) (46%),
fibromyalgia (FMS) (47%), and/or a psychiatric illness (55%). Women were more likely than men to report being
misdiagnosed initially (80% versus 71%, p=0.0006) and to have been misdiagnosed with CFS (48% versus 39%,
p=0.0081), FMS (50% versus 26%, p=<0.0001) or with a psychiatric condition (56% versus 46%, p=0.0024).

Symptom Severity

Participants were asked about the severity of each of twelve common symptoms of Lyme disease (fatigue, muscle aches,
joint pain, sleep impairment, neuropathy, cognitive impairment, memory loss, psychiatric symptoms, gastrointestinal
distress, headache, twitching, and heart-related conditions). Patient responses were categorized as a binary variable
(none/mild versus moderate/severe/very severe). Men and women were compared for symptoms rated moderate to very
severe. These results are illustrated in Figure 2.

Women reported greater symptom severity for all but twitching, cognitive impairment, and heart-related conditions.
Results were statistically significant for six of these symptoms: fatigue (85% versus 80%, p=0.0210), muscle aches (73%
versus 64%, p=0.00006), joint pain (71% versus 60%, p=0.0001), sleep impairment (68% versus 61%, p=0.0108),
gastrointestinal complaints (52% versus 46%, p=0.0202), and headache (49% versus 39%, p=0.0007). The percentage of
women experiencing more severe symptoms for neuropathy, memory loss, and psychiatric illness was higher than for
men, while a higher percentage of men reported more severe twitching, cognitive impairment, and heart-related
conditions. However, these differences were not statistically significant.

Functional Impairment and Activity Limitations

In Table 5, we describe the degree of functional impairment of participants using survey items pertaining to self-rated
health status, bed days, and use of special equipment (for example a cane or special bed). These questions were derived
from government questionnaires (eg NHIS, the CDC Healthy Days Measures, and the BRFSS) and extensive population-

Table 4 Misdiagnosis

Misdiagnosis All% Male v Female % | P (Fisher’s Exact)
Prior misdiagnosis (any condition)® 79% | 71 v 80% 0.0006

CFs® 46% | 39 v 48% 0.0081

FMS® 47% | 26 v 50% <0.0001

Psychiatric disorder® 55% | 46 v 56% 0.0024

CFS or FMS© 50% | 45 v 52% <0.0001

CFS, FMS, or psychiatric condition® 76% 63 v78% <0.0001

Notes: *Includes patients who reported receiving any misdiagnosis prior to their diagnosis of Lyme disease. Does
not include | patient who skipped the question and 80 who responded “don’t know”. °Only includes patients who
specified being misdiagnosed with CFS, FMS or a psychiatric condition prior to their diagnosis of Lyme disease.
“Includes patients who either reported being misdiagnosed with CFS or FMS or both. ‘Includes patients who
reported being misdiagnosed with any combination of the following: CFS, FMS or a psychiatric condition.
Abbreviations: CFS, chronic fatigue syndrome; FMS, fibromyalgia syndrome.
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Fatigue 85%
80%
Muscle Aches 73%
64%
Joint Pain 71%
60%
Sleep Impairment 68%
61%
Gastrointestinal 52%
46%
Headache 49%
39%

Figure 2 Symptom severity in men versus women. Upper bars: women; Lower bars: men. Women reported greater symptom severity that was statistically significant for six
symptoms: fatigue (p=0.0210), muscle aches (p=0.00006), joint pain (p=0.0001), sleep impairment (p=0.0108), gastrointestinal complaints (p=0.0202) and headache
(p=0.0007).

level data exists on these measures. We also assessed disability status in a question asking participant to identify their
primary form of work.

The number of bed days reported in our study greatly exceeds those reported for the general population. More
specifically, only 8% of the general population report 8 or more bed days annually, while 61% of our PLD/CLD
population report 8 or more bed days over a six-month period.*®

Similarly, the percentage of participants who report having to rely on special equipment due to their Lyme disease is
quite high (> 19%) compared to the US general population (11%).?° Three-quarters of participants reported fair/poor self-
rated health status compared to 15% of the general population and 33% of patients with fibromyalgia.**>'

Self-rated health status is the first question in the SF-36 instrument and is considered to be a highly prognostic single question
method to predict mortality and healthcare utilization.>® This single question item was also used in the Krupp NIH-funded Lyme
disease retreatment study.'> Men and women did not differ substantially in their reported rates of fair/poor self-rated health status.
However, in all other cases, women fared worse than men on a statistically significant basis. Women were more likely to report
that as a result of their Lyme disease, they were disabled (36% versus 30%, p=0.030); required to use special equipment (20%
versus 15%, p=0.0122) or had to spend more time in bed over the last six months (63% versus 49%, p=<0.0001).

Antibiotic Treatment Response and Side Effects
We assessed treatment effectiveness using two questions: One focused on the effectiveness for the patient’s current
antibiotic treatment, while the other focused on effectiveness of treatment over time since antibiotics were first initiated.

Table 5 Quality of Life Impairment, Activity Limitations and Functional Impairment

Quality of Life or Limitation All% Male v Female % | P (Fisher’s Exact)
Self-Rated Health Status (Fair or Poor)? 74% 73 v 75% >0.05

Disability® 35% 30 v 36% 0.030

Special Equipment® 19% 15 v 20% 0.0122

8 or more Bed Days* 61% 49 v 63% <0.0001

Notes: *Patients were asked to report their health status as excellent, very good, good, fair or poor. Only those who
responded fair or poor are included in this table Does not include 2 patients who skipped the question. ®Patients who
described their main form of work as disabled (whether or not receiving disability benefits). Does not include 2 patients who
skipped the question. “Patients who reported that they were required to use special equipment, such as a cane, wheelchair,
a special bed, or a special telephone because of their Lyme disease. Does not include 2 patients who skipped the question and
47 who responded “don’t know”. %Patients who reported staying in bed for 8 or more days (a half a day or more) during the
past six months because of their Lyme disease. Does not include 2 patients who skipped the question.
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Nearly half (45%) of those respondents on antibiotics reported that their current antibiotic treatment was moderately to
very effective and more than half (57%) reported improvement over time from antibiotics since initiation.

The existence of side effects was assessed with two questions. The first question pertained to side effects associated
with current treatment, while the second assessed whether patients who were not taking antibiotics did not do so because
of side effects. Approximately 8% reported troubling side effects associated with their current antibiotic. Twenty-percent
of those who reported not taking antibiotics did not do so because of side effects. No significant differences between the
sexes was observed in treatment effectiveness or side effects associated with treatment.

Distribution of Women in Research Samples and Data Sets

Figure 3 illustrates the percentage of women included in US studies categorized based on whether the stage of disease
was acute or persistent and whether the data sample was more clinically oriented (PLD/CLD) or reflected the more
restrictive research enrollment criteria of RCT/PTLD studies. Research definitions used in any single study vary, but, in
general samples included in PLD/CLD studies are more heterogenous than samples of RCT/PTLD because sample
inclusion criteria are less restrictive. As shown in Figure 3, there is substantial variation in the percentage of women
included in research and data samples associated with different disease stages and research designs. ALD studies enrolled
the lowest percentage of women (mean 42%, range 37-47%); RCT/PTLD studies enrolled a greater percentage of
women (mean 58%, range 44-72%), and PLD/CLD samples, which used broader enrollment criteria, included the

highest percentage of women (mean 77%, range 66—88%).

Category Study/Data Source Count Percentage of Females Per Study/Data Source
Acute Aucott (2022) 234 47%
Avg 42% Horn 1 (2020)* 196 2%
Range 37% - 47%
Horn 2 (2020)* 102 37%
CDC Surveillance (Schwartz 2017) 269,973 43%
RCT/PTLD | Aucott(2022)** 32 #2%
Avg 58% Fallon (2008) 23 61%
Range 44% - 72% Krupp (2003) 28 54%
Klempner 1 (2001)* 25
Klempner 2 (2001)* 39
PLD/CLD | Donta(1997) 277
Avg 77% Donta (2003) 235
REER 688 88Y. | i o {1508] 23
Citera 1 (2017)* 537
Citera 2 (2017)* 782
Citera 3 (2017)* 236
MyLymeData (Johnson 2022) 2,170 85%
Lyme Biobank (Horn 2022)** 73 88%

Figure 3 Average percentage of women by study and disease category. *Horn 1= EM rash; Horn 2 = Symptoms & diagnosis (no rash); Klempner |= Seronegative w EM rash;
Kempner 2 = Seropositive; Citera |= Clinician diagnosed; Citera 2 = Internet survey; Citera 3 = Clinician diagnosed AND validated EM rash OR + lab test). **Personal
communications with authors 2022. See data sources in Table 2 for references.

Abbreviations: RCT/PTLD, Randomized controlled trial/post-treatment Lyme disease; PLD/CLD, Persistent Lyme disease/chronic Lyme disease.
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Discussion

As recently recognized by the NIH, basic and medical research should include biological sex as one of the variables in
study design.” Biological sex has been shown to influence susceptibility to infection, pathophysiology, immune
responses, clinical presentation, disease severity, and response to treatment.*® Biological sex can directly impact initial
response to pathogens as well as the course of disease progression through different genetic pathways (including the role
of X and Y chromosomes), anatomic niches, immunological profiles, and hormonal environments.**

In our study, women more often reported tick-borne coinfections, diagnostic delays, misdiagnosis, greater symptom
severity, and functional impairment (Tables 3—5). No significant difference in treatment effectiveness or side effects was
seen. Our sample consists of patients with PLD/CLD and is predominantly female.

Looking across different studies and data sources in Lyme disease, we also noted a smaller percentage of women enrolled
in ALD studies compared to studies of persistent illness, coupled with a greater percentage of women enrolled in more
clinically-oriented studies compared to those using restrictive research definitions common in RCTs and PTLD (Figure 3).

Diagnosis, Diagnostic Delays, and Misdiagnosis

Until recently, most research was conducted primarily on men and our current medical knowledge is based on a male-
centric research perspective used to diagnose and treat patients. Over the last decade, it has become increasingly clear
that women are more likely than men to experience diagnostic delays or misdiagnosis for a wide range of conditions.”

Sometimes misdiagnosis occurs because men and women have distinct biological systems and women fall outside the
established symptoms, physical findings or diagnostic laboratory reference values that were based on male-centric research.*®
Women are also misdiagnosed or treated differently than men based on gender bias, which is largely a societal construct.>® For
example, women with acute myocardial infarction are more likely than men to have their symptoms characterized as “atypical”,
receive less thorough evaluations and fewer medical interventions, have lower hospital admission rates and suffer poorer
outcomes.***” They are also twice as likely to have cardiac symptoms misdiagnosed as a mental illness.*®

In Lyme disease, research has suggested that sex-based biological differences may occur with rash presentation and
test positivity rates used to diagnose the disease. One recent study found that in Lyme disease men have larger rashes
than women, with male rashes averaging 2.18 cm larger than female rashes.’® Similarly, some research suggests that
commercial Lyme disease testing favors men over women, with men having more positive ELISA tests and Western
blots.>!'7234%41 CDC surveillance test requirements that specify five positive bands on a Lyme Western blot and require
that rashes equal or exceed 5 cm in diameter potentially underestimate female cases.” Thus clinicians who follow the
CDC surveillance definition for diagnosis may misdiagnose more women than men.

In our study, a larger percentage of men (51%) than women (44%) recollected an EM rash, although this result was
not statistically significant. We also did not find a significant difference between men and women in positive laboratory
test rates. However, our survey question asked patients whether they had received “any” positive test result and answers
may reflect multiple laboratory tests. Our sample’s high rate of positive laboratory tests (82%) suggests this possibility.
As a result, our data cannot tell us whether women needed more tests than men before testing positive, or whether
laboratory tests are more sensitive in men than in women, as the literature suggests.

Gender bias appears to be important in Lyme disease. In our study, women were more likely than men to experience
diagnostic delays and/or to be misdiagnosed with FMS, CFS, and/or a psychiatric illness (Table 4). Lyme disease is
frequently confused with other female-dominated conditions such as CFS, FMS, and psychiatric illness.***> Although
some symptoms of these conditions overlap, the pattern of symptoms in PLD/CLD differs from that seen in FMS, CFS
and depression.**

Unlike Lyme disease, FMS and CFS have unknown etiologies, no diagnostic testing, and no curative treatments. They
are diagnosed by ruling out similar illnesses.***> The high risk of misdiagnosis, 82% positive laboratory test rate, and
45% rash rate seen in our study suggest that Lyme disease is not being eliminated as a potential cause before CFS or
FMS are diagnosed. Similar issues may be at play in the misdiagnosis of Lyme disease as a psychiatric illness, because
neuropsychiatric symptoms are common in Lyme disease.> The IDSA PTLD enrollment criteria specifically exclude from
research samples anyone who was diagnosed with FMS or CFS “before the onset of Lyme disease™.'> As our study

International Journal of General Medicine 2023:16 heeps: 2565

Dove:


https://www.dovepress.com
https://www.dovepress.com

Johnson et al Dove

indicates, it is important to identify patients initially misdiagnosed with CFS, FMS, or psychiatric disorder after the onset
of Lyme disease symptoms and ensure that they are not inappropriately excluded from research studies.

Since misdiagnosis and diagnostic delays postpone treatment of the underlying illness, the biases documented in our
study may increase the development of PLD/CLD in women disproportionately.

Symptom Severity
Some PLD/CLD symptoms are common in the general population; however, recent studies have found that patients with

PLD/CLD experience these symptoms more frequently and with greater severity.****47 A

recent study by Aucott
discovered that, even with early diagnosis and treatment, women are four times more likely than men to meet the
research criteria for PTLD.® Our analysis lends support to these findings. Women had more severe symptoms than men
for all but three of the twelve symptoms, six of which were statistically significant. A study of 235 patients with EM rash
or positive Lyme serology identified no sex-based variations in PLD/CLD symptoms.>* However, the study’s male
sample was small (40 men vs 123 men in the Aucott study and 331 men in our study). Small sample size is known to
increase the risk of reporting false-negative findings.*®

The reason women have worse symptoms is unknown, but may be related to sex-based differences in cytokine
response to Lyme disease infection.*” Emerging research on the role of cytokines in chronic pain and fatigue that focuses

on the immune system interaction with the peripheral and central nervous systems may help us learn more in this area.”*

Functional Impairment and Activity Limitations

The proportion of subjects in our sample who reported functional impairment substantially exceeded those in the general
population. Significantly more patients reported fair/poor self-rated health than either the general population or patients
diagnosed with FMS. The functional impairment reported here is consistent with the findings of other researchers that
patients with PLD/CLD may suffer a degree of disability equivalent to that of patients with congestive heart failure.""

With the exception of self-rated health status, women reported more limitations than men on all other measures,
including bed days, disability, and the need to use special equipment (Table 5). This may reflect the greater symptom
severity experienced by women (Figure 2).

Although self-rated health status, bed days, and equipment limitations are included in major government population
health surveys, they are not widely used to assess functional limitations in Lyme disease. The fact that responses to all of
these questions substantially exceeded the rates reported in the general population, however, suggests that these highly
validated and widely used single-item survey measures should be used more broadly in Lyme disease research.

Antibiotic Treatment Response and Side Effects
The high antibiotic treatment response rate in this study is noteworthy, with nearly half of the sample indicating that their
current medication was moderately to very effective and more than half (57%) reporting some improvement with
antibiotic treatment over time. This conforms with our previous study using the broadly used and highly validated
Global Rating of Change (GROC) scale with a separate MyLymeData sample. In that study 52% reported some
improvement and 34% reported improving moderately to a very great deal.'®

Our findings are also in line with the 64% level of fatigue improvement reported in the Krupp et al study.'> The
Fallon et al study results also suggest that for a subgroup of patients with more severe impairment in pain or physical
functioning, a course of repeated IV antibiotic therapy can result in sustained long-term benefit.”*® Although these
studies used different outcome measures and entry criteria, it is important that the real world evidence of our studies
support the results of these two NIH funded RCTs. The concordance of these studies underscores the effectiveness of
antibiotic treatment approaches for some patients with PLD/CLD in clinical practice. The risk/benefit trade-off of any
treatment approach should be considered in the individualized context of shared medical decision making.

It is well known that sex-based differences may affect treatment outcomes and adverse events in men and women.**>!
However, in our sample, no significant differences between men and women were observed in reported effectiveness or
side effects from antibiotic treatment. Donta’s two clinical trials comparing male vs female antibiotic response yielded
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mixed results.'>'® Our investigation focused on any antibiotic treatment as opposed to individual antibiotics, and a study
of individual antibiotics may provide different results.

Distribution of Women in Research Samples and Data Sets

A greater percentage of men than women are represented in CDC surveillance data.'® In contrast, results from a variety
of studies show that women are more likely than men to develop PLD/CLD or PTLD after antibiotic treatment for Lyme
disease.>'® In other diseases, men and women vary in their biological response to infectious diseases.>*** Different
bacterial pathogens exhibit a sex preference in acute infection, with most showing a male bias.** In some infectious
disorders, women have a heightened antiviral, inflammatory, and cellular immune response, which is crucial for pathogen
clearance but may produce more severe symptoms and symptoms that persist longer in women than in men following
acute infection.** Both HIV/AIDS and COVID exhibit this tendency.**** In one COVID study, 69% of participants
developed long COVID. Despite making up only 36% of total patients in that study, 82% of women developed long
COVID.” In Lyme disease, women may produce more inflammatory and inhibitory cytokines than men in response to
Borrelia infection, increasing the risk of PLD/CLD.*

Instances where data from both acute and persistent illness samples are available from a single data source may
provide the best insights into the distribution of women in research studies or data sets. In one longitudinal investigation,
the female population was 47% in ALD, but 72% in PTLD.**° This significant disparity in gender representation
suggests that biological factors may play a role, given that strict research definitions were used for both ALD admission
requirements and PTLD outcome characterization.® The Lyme Biobank samples also include more women in their PLD/
CLD samples than in their ALD samples (37-41% ALD vs 88% PLD/CLD).>”*® A major insurance claims analysis
reported a relatively even proportion of males (49%) and females (51%) in the ALD sample, but substantially more
females (68%) than males (58%) with PTLD-related diagnosis defined by fatigue, musculoskeletal symptoms, peripheral
neuropathy, arthropathy, and other non-specific signs or symptoms.*®

Strengths and Limitations

The strengths and limitations of this study in large measure reflect the factors inherent in observational trials and the use
of single point-in-time self-reported data from patient registries where samples are self-selected. A strength of patient
registries is that they are more generalizable than RCTs because they have fewer inclusion and exclusion criteria and
reflect real-world behavior and practices.”* Even though observational research cannot prove cause and effect or supplant
rigorous RCTs, leveraging data generated by patient registries can play a critical role in developing the evidence base that
informs decisions made by patients, providers, and policy makers to improve patient outcomes.>

The sample used here does not represent the full spectrum of disease in Lyme patients because the registry primarily
attracts patients with PLD/CLD. These patients may be more likely to develop PLD/CLD as a result of diagnostic delays,
may be more severely ill and may experience greater functional impairment. However, this sample is clinically
appropriate for the analysis conducted here on PLD/CLD. A systematic literature review of all ALD, PLD/CLD, and
PTLDS studies is beyond the scope of this paper. Hence, the studies and data sources delineated in Table 2 are not
intended to be exhaustive, but rather to exemplify sex-based differences between the different data sources generally.

It has been observed that women have a greater willingness to engage in internet surveys.’® A recent study analyzed
the proportion of males and females that participated in symptom tracker studies for eight different diseases and
concluded that participation rates also depend on sex-based disease prevalence.’’

There was no outside physician diagnostic confirmation of patient reported data in the registry. However, self-
reported information may improve the accuracy of patient data and has been found to have acceptable levels of reliability
when compared to medical chart information.’® Most government population-based surveys, such as the BRFSS and
NHIS, rely on self-reported data, as do many clinical trial outcome measures, including the SF-36 used in NIH-funded
PLD/CLD trials.

Finally, our data did not include a sufficient sample of people across races or who identify across the gender spectrum.
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Conclusion
Few Lyme disease studies have reported or analyzed sex on a disaggregated basis. In this study, we found:

e Women had higher rates of coinfections.

e Women had longer diagnostic delays, saw more doctors before receiving a diagnosis, and were diagnosed at a later
stage of illness than male patients. They were also more likely to be misdiagnosed in general, and were more likely
to be misdiagnosed with CFS, FMS, or a psychiatric disorder in particular (or any combination of these conditions).

e Women had more severe symptoms and were more likely than men to report being disabled, spending more days in
bed, and requiring special equipment as a result of their PLD/CLD. Self-reported health status was equally impaired
for men and women.

e There was no statistically significant difference between men and women in treatment response and side effects
from antibiotic treatment, with the majority of both men and women reporting some improvement in symptoms
since the beginning of their antibiotic treatment.

e A smaller proportion of women are included in ALD samples, while a larger proportion are included in samples for
persisting illness. Clinically-oriented PLD/CLD samples had a higher proportion of women than samples from
RCT/PTLD studies using more restrictive inclusion/exclusion criteria.

The substantial variation in the proportion of women included in data for ALD compared to RCT/PTLD or PLD/CLD
data sources indicate that there is a compelling need for use of sex-disaggregated sample inclusion data as well as
outcome data in future studies to increase our knowledge of the role of sex-based differences in Lyme disease. The
greater rates of diagnostic delays and misdiagnosis in women illustrated here likely play a large role in the fact that more
women than men develop PLD/CLD. The extent to which biological factors also contribute to the greater prevalence of
PLD/CLD in women should be a central focus of future research.
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